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. et que la parole humaine est comme un chaudron félé, ou nous battons des
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... and language is like a cracked kettle we beat out tunes for bears to dance to,

while all the time we want to move the stars to pity.
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CHAPTER 1

AlM OF THE STUDY AND INTRODUCTION TO
THE EXPERIMENTAL WORK




introduction

1.1 ANTIBCDIES AND IMMUNE COMPLEXES

Specific protection against disease resulting from infecticn with pathegens like
viruses, bacteriae, fungi and parasites depends on the two arms of the immune
system, i.e. antigen-specific antibody producing B-cells and antigen-specific T-cells.
The T-cell receptor, which confers antigen-specifity to the T-cel, is a
membrane-bound molecule. T-celis carrying the membrane antigen CD4 (cluster of
differentiation} are critically involved in the intiation of immune responses by
recognition of processed antigen, cyiokine production and cell-cell interactions with
other lymphoid cell types. CD8-positive cytotoxic T-cells recognize antigenic
determinants displayed on foreign, neoplastic or virally infected cells, and mediate
killing of these cells or suppression of viral replication. This is called the celiular
response.

B-cells produce antibodies, proteins that can recognize and bind molecular
structures with high specificity and affinity. This is called the humoral response, as
the antibodies are secreted in the body fluids. Antibodies produced by antigen
specific B-cells can be regarded as secreted receptors. Antibodies are involved in
protection against antigens accessible to the biood and lymph flow. Specificity of the
antibody molecule resides in the two identical antigen-binding sites (Fab) located on
the two iops of the Y-shaped molecule. Effector functions of antibodies include
neutralization of toxins, agglutination of pathogens, virus neutralization, complement
activation, opsonization and ADCC (antibody-dependent cell-mediated cyiotoxicity).
Several of these effector functions are dependent on the tail of the Y-shaped
antibody, the Fe-part.

Binding of an antibody to its complementary antigen results in the formation
of an immune complex. Circulating immune complexes are rapidly cleared from the
body by a number of processes, including ingestion and degradation by
mononuciear phagocytes. However, a fraction of these immune complexes localizes
in the foliicies {germinal centers) of lymphoid organs, where they are involved in
antigen presentation for B-cell responses.

Antibodies can also have disease-promoting effects, for example if they
(cross-yreact with self-antigens, leading to autcimmune phenomena, or when they
enhance viral infectivity, through binding and internalization  of
virus-antibody-complement complexes via Fe- and C3-receptors. Both antibody
formation and follicular immune complexes are discussed in detail in chapter 2.

In view of the wide array of functions of antibodies and follicular immune
complexes in immunity, 2 detailed understanding ¢f the mechanisms involved in
generation and regulation of antibody formation is necessary. Such understanding
will help to manipulate antibody formation to induce protection against infectious and
autoimmune diseases. In addition, it will allow improvement of strategies for the
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chapter 1

generation of anticedies applicable in research, diagnosis and therapy.
1.2 AlM OF THE STUDY

The aim of the studies presented in this thesis was to investigate the
formation of epitope-specific antibody and the mechanisms involved in the
localization of resuling antigen-antibody immune complexes in lymphoid follicles.
These issuss were addressed both in experimental animals and in clinical material.
HIV-1 (human immunodeficiency virus type 1) was studied as an infectious pathogen
because of its lymphotropic nature, its histopathological effects on the lymphoid
microenvironment, and because of the urgent need for HIV-1 specific antibodies for
research purposes and a betfter understanding of the HIV-1 specific antibody
response.

1.3 THE N SITU APPRCACH

Immunological research relies heavily on in vitro methods, & reductionistic
approach using isolated and purified cell populations to study lymphoid cell function
in vitro. However, in vivo, different cell types display distinct migration routes and
distinct compartments of [ocalization. Cells are exposed 1o the influence of locally
present accessory cells, interleukins and the extracellular matrix. i vitre studies
necessarily disregard this complex organization of the lymphoid organs. As a
consequence, lymphoid cell functions and interactions as seen in vitro reflect the full
potential of such cells, but the events actually occurring in vivo are dictated and
restricted by the lymphoid microenvironment. The immunocytochemical in situ
approach aillows the study of in vivo events at a given moment in time. Therefore,
we chose to address the questions of this thesis with the in sity approach, using
existing and new (chapter 5) immunocytochemical methods. These methods are
explained in figure 1. In situ studies offer several distinct advantages: cells are
studied in their natural microenvironment, excluding tissue culture artefacts;
anatomical localization of antigen, infected cells, accessory cells and antibody
forming cells (AFC) can be correlated; resulis can be quantitated using
computer-aided image analysis, and the sensitivity of the techniques used is high in
the sense that a single cell can be visualized in a section of a complete organ.

1.4 INTRODUCTION TO THE EXPERIMENTAL WORK
The chapters 4 to 7 describing the experimental work of this thesis are

preceded by chapter 2 which provides an overview of the events taking place in the
lymphoid microenvironment during the antibody response. Chapter 3 summarizes

11
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those aspects of HIV-1 infection, the HIV-1 specific immune response and vaccineg
development which are relevani to the studies of this thesis.

Chapter 4 is concerned with the requirements for follicular trapping of immune
complexes. in the mouse model, we studied trapping of immune complexes of
defined size and composition in splenic foliicles. In addition, we studied the possible
involvement of splenic macrophages and marginal zone B-cells in trapping of
immune complexes.

Chapter 5 describes the development of new methods to study HIV-1 specific
antibodies present in antibody forming cells and immune compiexes in sity. Synihetic
peptides were coupled to detector enzymes to ailow detection of epitope-specificity
of locally present antibody. Different fixation procedures that inactivaie HiV-1 were
evaluated for application in immunocytochemistry with aniibodies and
antigen-enzyme conjugates.

in chapter 8, methods developed in chapter 5 were used to detect HIV-1
specific antibody forming cells in human lymph nodes.

in chapter 7, neutralizing monocicnal and polycional antibodies against
pre-selected sites within the V3-domain of HIV-1 gp120 were generated with
synthetic peptides and extensively characterized in immuno{cytolchemical and
funciional assays.

In chapter 8, main pcints emerging from the experimental studies are
discussed in the context of antibody formation, follicular trapping of immune
complexes and vaccine development.

FIGURE 1. IMMUNOCYTOCHEMICAL TECHNIQUES USED

1a) Detection of intracellular or membrane associated antigen, using antigen-specific enzyme-abeied
antibody as a probe. Detection is either direct using & single antibody, or indirect using a labeled
second antibody specific for an isotype determinant. intracellular antigen can aiso be detected using
this method (not shown for reasons of clarity).

1b) Detection of intracellular of membrane associated antigen-specific antibody, using the
corresponding enzyme-labeled antigen as a probe. The antigen in the cenjugate can be a proiein,
a synthetic peptide or a hapten. Protein-specificity, epitope-specificity and hapten-specificity can be
determined with these conjugates, respectively.

1¢) Simultaneous detection of epitope-specificity and isotype produced. Epitope-specificity is
detected as described under b, using a synthetic peptide-enzyme conjugate. The isotype of the
antibodies produced by the AFC is determined using an isotype-specific antibody, labeled with
another detector enzyme. As the enzymes produce different colours, double staining is possible.
1¢) Detection of antigen-specific antibody present in immune complexes in lymphoid follicles.
immune complexes are retained on the surface of follicular dendritic cells (FDC), Using
antigen-enzyme conjugates as in Panels b and ¢, free antigen binding sités can be detected. if all
antigen binding sites have already been occupied by antigen /i vivo, no conjugate will be bound
despite the presence of the specific antibody.

12
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CHAPTER 2

CELL-CELL INTERACTIONS:
IN SITU STUDIES OF SPLENIC HUMORAL IMMUNE
RESPONSES

This chapter is adapted from:

CELL-CELL INTERACTIONS: /N SITU STUDIES OF SPLENIC HUMORAL IMMUNE
RESPONSES

Jon D. Laman ", Alions J.M. Van den Eertwegh *, Eric Claassen ' and Nico Van
Rooijen ?

1. Department of Immunciogy and Medical Microbiology, Medical Biological
Laboratory TNOQ, Rijswijk, The Netherlands

2. Department of Histology, Medical Faculty, Vrije Universiteit, Amsterdam, The
Netherlands

In: immune system accessory cells, eds. L. Fornusek and V. Vetvicka, CRC series,
CRC press inc., Boca Raton, in press
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ceill-cell interactions

2.1 INTRORDUCTORY REMARKS
AiM OF THE CHAPTER

The aim of this chapter is t© concisely discuss the cell-cell interactions
oceurring in the splenic lvmphoid microenvironment leading to the production of
antigen-specific antibodies after experimental intravenous immunization. The spleen
is an important lymphoid organ, involved in immune reactions against ail types of
antigens that may appear in the circulation. The central role of the spleen is
emphasized by the fact that this organ is guantitatively the main lymphoid organ
involved in lymphocyte recirculation (reviewed by Pabst, 1888) and iis role in the
prevention of opportunistic post-splenectomy infections as demonstrated in
autctransplantation studies (cf. Claassen et al, 1888). ls complex anatomical
organization with distinct compariments coniaining specialized cell types, ailows for
the different cell-cell interactions necessary for the generation of the humoral immune
response.

We will focus mainly on the murine spleen, which we have studied in detail
using immunocytochemical technigues permitting functional in situ studies of
structurally intact tissue. it should be noted that inter-species differences in structure
and function of iymphoid crgans exist (¢f. Claassen, 1981b). Extrapolation of animal
studies to the human situation should therefore be performed with caution. We will
successively discuss the architecture of the spleen, the routing of antigens in the
spleen, celi-cell interactions occurring during responses against different types of
antigen, the role of antigens trapped in lymphoid follicles, analysis of humoral
immune responses in human tissue and the completion of the humoral immune
response.

CLASSIFICATION OF ANTIGENS

We will separately discuss the cell-cell interactions required to generate
humoral responses against thymus dependent (TD) and thymus independent (T1)
antigens because the initial events seem to be different for the responses to these
artigens. However, we will argue that the final differentiation of B-cells uliimately
leading to plasma celis is identical for these antigens. In this study we will basically
divide the antigens in soluble or particulate on the one hand and TD or Tl on the
other. in table 1, 2 number of frequently used model antigens is listed with some of
their properties.

By definition, B-cells can not responcd o TD antigens {proteins, some
particulate antigens) without T-cell help. As a consequence, these antigens do not
give rise to a response in nude mice because of the lack of a functional thymus. Ti

16



TABLE 1. PROPERTIES OF SOME EXPERIMENTAL ANTIGENS USED IN THE MOUSE

TYPE OF ANTIGEN UPTAKE BY PRESENTATION BY POLYCLONAL  MEMORY ISOTYPES
B ACTIVATION
THYMUS DEPENDENT
SOLUBLE proteins {OVA, BSA, KLH) rpM IDC, B-cells - + laM/laG
and peplides (> + 15 AA) - + "
PARTICULATE liposomes with protein mzM (rpM ?) ? + »
SRBC P IDC, B-cells + "
Lactobacillus mzi FDG,IDC,iB-cells + "
THYMUS INDEPENDENT TYPE 1
SOLUBLE LPS ipM B-cells direct + * g
Dextran-sulfate ? B-celis direct + - lgvi
PARTICULATE Brucella abortus mzM mz and {B-cells + * lgM/lgG
THYMUS INDERPENDENT TYPE 2
SOLUBLE dextran mzi FDGC, 1B-cells - - lgG3/igG
Ficoll (and HES) mzM FDC, iB-cells - + "
detoxified LPS pM 7 - k. "
PARTICULATE liposomes {no protein) mzM mzB-cells, FDC - . none
haptenated liposomes mzt mzB-cells, FOC lgM

+ = still under discussion, IDC = interdigitating cells, rp = red pulp, mz = marginal zone, M = macrophags, rpM = red pulp macrophages, mzM =
marginal zone macrophages, FDC = iolficular denditic cells, 1B-cells = follicular B-cells, BSA = bovine serum albumin, OVA = ovalbumin, KLH = keyhole
limpet hemocyanin, SABC = sheep red blood cells, BCG = Bacille Calmette Guerin, LPS = lipopolysaccharide, HES = hydroxyethyl starch. Gerritse et
al, (1990, 1991) have described the use of Lactobacillus as antigenic carrier. Some of the listed interactions of antigens with different cell types are still

speculative,

=
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celi-cell imteractions

antigens on the other hands can directly stimulate B-cells to proliferate and
differentiate into plasma cells, by definition without requiring T-cell help. Direct
activation can be achieved either by a mitogenic component {e.g. lipid-A in
lipopclysaccharide [LPS3]), or by crosslinking of antigen specific membrane
immunoglobulins on B-cells. This s due 1© the repetitive structural character of the
antigen, as in the polysaccharide of bacterial capsules. The different modes of direct
activation are reflected in the subdivision of Tl antigens in types 1 and 2. The
bacterial capsule consisting of polysaccharide and lipid-A is the typical TI-1 antigen.
TI-2 antigens are model antigens which do not occwr in nature: they are obtained
by detoxifying TH1 antigens by removing the lipid-A component. The polysaccharide
Ficoll is the most widely used TI-2 antigen. Both Tl-1 and 2 antigens elicit a
response in nude mice, but Ti-2 antigens do not elicit a response in CBA/N mice
(Scher, 1982). Responses tc T2 antigens require an intact spleen but in vitro
stucies by several groups did not provide satisfactory data for a consensus on
whether a single celi tvpe was responsible for this splenic dependence (¢f. Claassen
et ai., 198Q; 1891a).

The seemingly contradictory resuiis on the involvement of T-cells and T-cell
factors led to the proposals ¢ classify Ti-1 and Ti-2 antigens depending on their in
vive behaviour and relation 1 marginal zone cell types (Claassen et al., 1887) or
their requirement for lymphokines (Th2) or lack thereof (Ti-1) (Goud et al., 1988),
rather than the initial classification based on immunological response in certain
mouse strains (Chused et al., 1878). In this paper, however, we will adhere o the
classical subtyping as described by Chused &t al.

2.2 ARCHITECTURE OF THE SPLEEN

Macroscopically, the spleen ¢an be divided into the red and the white pulp.
The red pulp consists of erythrocytes and nucleated ceils like lymphocytes,
megakaryocytes and macrophages {(Van Rooijen et al., 1989k). The white pulp
contains immunocompetent cells in which three compartments can be distinguished:
the periartericlar lymphocyte sheaths (PALS), the follicles and the marginal zone. The
structure of the spleen is directly related to the vascularization of this lymphoid organ
(figure 2): the spleen has an open circulation and a closed circulation. In the open
circulation, blood enters the spleen at the hilus through the spienic artery, which
ramifies into trabecular arteries. 8Small arterial vessels leave the trabeculae as so-
called central arterioles, which become gradually surrounded by lymphatic tissue,
called the periartericlar lymphocyte sheath (PALS).

The follicles are giobular structures attached to the PALS and consist mainly
of resting B-cells and follicular dendritic cells (FDC). The marginal zone, which
surrounds the PALS and the follicles, contains B-cells, macrophages and relatively

18



chapter 2

FIGURE 2. SCHEMATIC REPRESENTATION OF THE CRGANIZATION OF THE MURINE SPLEEN

C = central arteriole, ip = inner PALS, op = outer PALS, F = foflicle or (germinal) certer, F¢ =
follicte corona, MZ = marginal zone, T = trabecular artery, R = red pulp, 8 = sinus, ta = lymphoid
sheath around terminal arteriole. Open squares = B-cells, closed squares = antibedy forming celis
(AFC), open triangles (in op) = migrating B-lymphoblasts, circles = T-cells, closed triangles (in
op) = migrating T-blasts, closed stars (in MZ) = marginal zone macrophages, open stars =
marginal metallophilic macrophages, double stars (in F) = foliicular dendritic cells (FDC), square
double stars (in ip) = interdigitating cells, asterisks {in rp) = megakaryocytes, triangles (in ) =
acid phosphatase positive red pulp macrophages.

Reticular fibroblasts and transient blood cells in the red pulp, such as enythrocytes, thrombocytes,
granulocytes and moenocytes, are not shown,

X represenis a bloodvesse! shunting the blood directly into a sinus, Y represents a terminal arteriole
opening into the red pulp, Z represents a terminal artericle opening inte the marginal zone.

The B and T lymphoblasts as indicated by open and closed triangles, respectively, are in a stage
of development where they can not yet be detected using antigen-enzyme conjugates and cytokine
specific antibedies. Arrows indicate the direction of migration of these lymphoblasts.
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celi-cell interactions

FIGURE 2. IMMUNOCYTOCHEMISTRY CF SPLENIC CRYOSTAT SECTIONS

& um sections of murine spleen are shown (unless indicated otherwise) after acetone fixation and
incubation with monocional antibodies and/or antigen-enzyme conjugates. C = central arterfole, f =
follicle, m = marginal zone, p = periartericlar lymphocyte sheath (PALS), r = red pulp, t = terminal
arteriole. Unless otherwise indicated, immunocytochemical technigues have been described in detail
by Van Rooijen et al. (1989b). Al photomicrographs have been taken with an Olympus Vanox-
S/AH-2 photomicroscope.

3a) Brown: T-cells in the inner PALS (Thy-1/HRP; Thy-1 has been described by Ledbetter and
Herzenberg, 1878). Blue: B-celis in the outer PALS (anii-mouse-IgM/HRP; anti-igM has been
described by Braun and Unanue, 1880) Note: few T-cells are present in the MZ and almost none
in the follicles.

3b) Brown: T-cells (as in Fig. 3a). Red: all splenic macrophages demonstrated by staining for
endogenous acid phosphatase activity.

3c) Dark ring: T-cells (as in Figs. 3a and 3b). Red spots: marginal metallophilic macrophages
stained by revelation of endogenous non-specific esterase activity.

3d) Red: B-celis, showing both membrane and cytoplasmic staining (anti-lgv/HRP; Braun and
Unanue, 1880). Blue/violet: anti-TNP AFC 5 days after immunization with TNP-KLH (TNP-AP).

3e) Rat spleen. Blue: anti-TNP AFC 5 days after immunization with TNP-KLH {TNP-AP).

3% Rat spleen. Blue: anii-TNP AFC; red: marginal zene and metallophilic macrophages (ED3/HRP)
5 days after immunization with TNP-Ficoll.

3g) Red: all splenic macrophages after staining for endogenous acid phosphatase. Black: all
phagocytic cells in black by functional uptake of intravenously administered carbon particles.

3h) Follicular localization of TNP-Ficoll. Blue-green marginal zone macrophages (cytoplasmic
staining) and follicularly trapped antigen (antd-TNP/5-gal} 5 days after immunization with TNP-Ficoll,
Note also small spots of antigen in red pulp macrophages.

3i) Follicular localization of TNP-Ficoll. Brown: antigen (anti-TNP/HRP) Red: anti-TNP AFC and
follicular immune complexes (TNP-AP}, and violetl: interferon-y producing celis {DB-1/AP; refer to Van
den Eertwegh et al., 1891b, for experimental detail).

3]} Section made 24 hours after intravenous adminisiration of liposomes labeled with & yellow
flucrescent hydrophobic label (Dif). Yellow: marginal zone macrophages, displaying intense
cytoplasmic labeling after uptake of liposomes, and surface binding of liposomes 1o follicular B-cells
{Claassen, in press, a).

3k} Human lymph node biopsy of an HIV-1 infected individual. Red: p24-specific AFC (p24-HRP;
refer to Laman et al, 1991b, for experimental detail).

30 Detail of Fig. Si. Note direct judaposition of specific anti-TNP AFC (blue) and IFN-y producing
cells (red), suggesting a direct involvement of IFNw in the reguiation of antibody production,
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few T-cells,

Small terminal arericles, also caled marginal zone bridging channgls
(indicated as Y in figure 2), fraverse the white pulp (PALS and marginal zone) and
open into the red pulp, where they are surrounded by small sheaths of active
lymphoid cells. in the red pulp, the blood flows in small channels, formed by reticular
cells, and is subseguently collected by the venous sinuses which drain into the
gfferent splenic venule. Other terminal artericles (indicated as Z in figure 2) open
directly into the marginal zone, where due to the reduced flow the first cell-cell
interactions between immunocompetent cells like T-cells, B-cells, and macrophages
may Qocur.

A third type of terminal arterioles (indicated as X in figure 2) shunts the arterial
blood flow directly through arteriales into the efferent venule. This latter type forms
the closed circulation of the spleen.

in the mouse, the PALS can be further subdivided into the inner PALS and
outer PALS. The inner PALS consists mainly of resting T-cells mainly (figure 3a).
There is no preferential localization of T-helper (CC4+) or T suppressor-Cytotoxic
(CD8+) calis (Claassen et al., 1889), but no CD8+ cells are present in the B-cell
domains. Furthermore, interdigitating cells (IDC) are also found in the inner PALS.
These are shown in figure 3b as weakly acid phosphatase positive red spots in the
T-cell area around the central artericle, IBC are strongly MHC (major
histocompatibility compiex) class Il (Ia) positive. Studies with two different monoclonal
antibodies against dendritic cells have shown that IDC in situ are identical to the
dendritic cells isolated in vitro (Breel et al., 1887). Dendritic cells in vitro are
extremely potent accessory cells in the Inducton of T-celi dependent responses
(Inaba and Steinman, 1987); this potency therefore seems 10 compensate for their
low frequency of occurrence.

The outer PALS is predominantly populated by B-cells and some T-cells
{figures 3a-c} and macrophages (figure 3b). A special subset of macrophages can
be found at the border of the PALS and the marginal zone. In view of their staining
with silver they were termed marginal metaliophilic macrophages. These cells are
actually iocated in the marginal zoneg with processes protruding into the outer PALS.
They contain non-specific esterase {figure 3c; Eikelenboom et al., 1878) and can be
stained for acid phosphatase (figure 3b), but they have low phagocytic capacity
{figures 3g and j). In the mouse they are specifically recognized by the monoclonal
antibody MOMA-1 (Kraal et ai., 1988). Antibody forming cells {AFC) in the spleen are
found mainly around the terminal arterioles {(figure 3d), but also in high numbers in
the outer PALS (figures 3d-e).

Postioned in a concentric ring around the marginal metallophilic
rmacrophages, another macrophage subset can be found within the marginal zone:
the margnal zone macrophages. These macrophages are la negative, acid
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phosphatase positive and have extraordinary phagocytic capacity combined with a
strategic localization with respect to the white pulp cappillaries, aliowing them 1o
meet and ingest antigens efficiently. in the mouse they are recognized by
monoclonal antibody ERTR-2 and in the rat by EDS (which aiso recognizes marginal
metallophilic macrophages, figure 3f). These celis can also be recognized by their
uptake of T2 antigens such as the sciuble antigen TNP-Ficoll (trinitrophenyl-
Ficoll}{figures 3h and i), or particulate antigens like hapienated liposomes (figure 3j).
The marginal zone further consists of a particular population of B-cells which are
u-positive and d-negative (figure 3a; Maclennan et al., 1982).

Follicles mainly consist of resting B-celis, easily identified with an anti-lgh
antibody as shown in figures 3a and d. Primary follicles show an even staining
pattern and predominantly consist of smal B-cells (figure 3a). Upon antigenic
stimulation one observes the generation of secondary foliicles, alsc called ‘germinal
centers’, consisting of a follicle center with resting cells and a follicle corona (or
mantle zone) with blast-ike activated B-cells (figure 3d). The follicles are interspersed
with follicular dendritic cells (FDC), a cell type specifically recognized by monoclonals
like EDS in the rat (Jeurissen and Dikstra, 1986) or DRC-1 in man. The dendrites of
the FDC form an intricate network, called the follicular web, where follicular B-cells
ie in close assocation with the FDC. This close contact hampers
immunocytochemical studies of, for example, expression ¢f cell surface markers by
FDC, because it is difficult 1o establish to which cell the stained membranes actually
belong. In addition, the close association of follicular cells complicates the purification
of intact FDC for in vitre studies (cf. Heinen et al., 1988). FOC are thought to presem:
antigens in the form of immune complexes, which they retain on their surface by F¢
and C3 receptors. Localization of antigens/immune complexes on FDC can be
observed during natural infections {e.g. Récz et al., 1888} and experimental immune
responses (figure 3i). The trapping ability of FDC can also be used to functionally
visualize this cell type by administering in vitro preformed immune complexes, such
as peroxidase-anti-peroxidase (PAP)(cf. Laman et al, 1850a). Mechanism and
function of follicular trapping of antigens are discussed in detail below.

2.3 ANTIGEN ROUTING AND HANDLING IN THE SPLEEN

ENTRANCE OF ANTIGENS INTO THE SPLEEN

Antigens reaching the spieen via the circulation may have entered the body
directly into the bloodvessels. Antigens may also reach the spleen indirectly, i.e. they
may gain access to the lymph flow anywhere in the body and subseguently reach
the circulation e.g. via the ductus thoracicus after passing one or more lymph nodes.
Such antigens are carried inte the spleen by the splenic arteries and are discharged

24



chapter 2

from the iterminals of the white pulp capillary network, between the cells in the
merginal zone. This marginal zone separates the white pulp from the red pulp and
plays an importart role in the distribution of celis, antigens and immune complexes
over the different compartments of the spleen.

An alternative pathway for the introduction of amtigens into the spleen is
provided by the IDC of non-lymphoid organs and the Langerhans celis of the skin.
Particulate antigens can be processed by resident macrophages in non-lymphoid
tissues and transferred to IDC, which transport the antigen {Austyn et al., 1888z;
Larsen et al., 1890) and present it to T-cells in the PALS of the spleen. Analogously,
Langerhans cells in the skin pick up antigens directly or after processing by skin
macrophages. Subsequently they migrate through the lymph vessels, where they are
called veiled cells, to eventually present the antigen in the ivmph nodes and spleen,
where they are called IDC.

HANDLING OF ANTIGENS BY SPLENIC LYMPHOID CELLS

Antigens that have arrived in the spienic marginal zone will be ingested by
macrophages in the marginal zone itself or, after following the main blood flow to the
red pulp, by the red pulp macrophages. A small proportion of the antigens is carried
into the white pulp. This part may be ingested by the marginal metaliophilic
macrophages at the outer border of the white pulp or by the white puip
macrophages in PALS and foificles. The main fraction of such macrophage-ingested
antigens is completely degraded, but a small proporiion of the ingested antigens is
processed and presented to the T-cells of the immune system (Unanue, 1884). Other
antigen presenting cells are the interdigitating cells {IDC) in the central parts of the
PALS and the B-cells.

Both of the latter cell types are much more efficient in processing and
presentation of small soluble antigens than macrophages, but they seem not to be
able to process large particulate antigens. For example, protein antigens
encapsulated in liposomes cannct be processed by B-celis owing to their inability
o Internalize and degrade the encapsulaied antigen (Dal Monte and Szcka, 1888).
Just like B-cells, IDC cannot process those amtigens that reguire extensive
intracellular degradation. Processing of particulate antigens by macrophages,
followed by transfer of the processed antigens to IDC or B-cells, which in turn
present the (possibly further processed) antigens 1o T-cells, is a well-established
phenomencn i vitro (Roska and Lipsky, 1985; Kapsenberg et al., 1886; Wright et
al., 1987). However, as yet there is little evidence that this transfer also occurs in
vive. Macrophages are reguired for the immune response against fiposome-
associated antigens {Claassen et al,, 1887; Su and Van Rooijen, 1888). An obligatory
role for macrophages has also bsgen demonstrated in, for example, the immune
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response against particuiate bacterial antigens (Ziegler et al, 1887).

Probably because of their sirategic position at the end of the white pulp
capillaries (Van Rooiien et al., 1888b}, marginal zone macrophages ingest a large
proporiion of all particles entering the spieen. Recent observations support the idea
that marginal zone macrophages are required for the processing of the pariiculate
TD antigen trinitrophenylated sheep red bicod celis (TNP-SEBC) (Delemarre, 1980).
B-cells lie between the cytoplasmic processes of marginal zone macrophages
(Dikstra et al.,, 1885), a location which may facilitate the transfer of processed
antigens to the latter celis. The strong acherence of B-celis to freshly isolated
marginal zone macrophages has been demonstraied in vitro (Humphrey and
Grennan, 1981), confirming the interaction between these cell types. For IDC which
are already present in the spleen, the most obvious mechanism is that the IDC-T-
cell clusters in the inner PALS obtain the processed particulate antigens from white
rulp macrophages that are present in the inner PALS (Van Reojen et al, 1888b).

Recently, an alternative route of antigen presentation 10 B-celis was described
{Szakal et al., 1888), by means of immune complex coated beads (iccosomes) which
detach frcm the dendrites of FDC.

Using TNP-specific antibodies, we found that TNP-Ficoll, a Ti-2 medel antigen,
is located in the marginal zone macrophages as well as in the foliicular areas shortly
after intravenous injection. The marginal zone macrophages take up TNP-Ficoll and
retain it for long periods of time {up o several weeks). The follicular localization of
TNP-Ficoil is strong shortly affer injection but starts to decrease gradually after a few
days (Van den Eertwegh et al., submitted). The follicular locaiization of TNP-Ficoll
may represent binding to follicular dendritic cells and/for follicular B-cells and may be
the result of complement activation by the antigen (see alsc part V).

In conclusion, the fate of an antigen arriving in the spleen is largely dependent
on its characteristics, i.e. soluble vs. parliculate, protein vs. polysaccharide,
complement-activating capability, complex-formation with antibody.

2.4 CELL-CELL INTERACTIONS DURING THYMUS-DEPENDENT ANTIBODY
RESPONSES

CELL TYPES REQUIRED FOR HUMOCRAL RESPONSES TO TD ANTIGENS

iniial studies on the localization of the humoral immune response in the
spleen were based on staining of reactive (blastiike) ivymphoid cells with methylgreen
and pyronin for DNA and BNA, respectively, {Langevoort, 1863) and demonstration
of g contairing cells (Van Ewiik et al, 1977; Eikelenboom et al., 1882). These studies
aiready pointed to a development of ig-producing cells {of the B-cell iineage) in the
peripheral parts of the PALS, and the development of lymphoblasts (of the T-cell
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lineage) in the central paris of the PALS. Lymphoid follicles, comprising the
remaining white pulp, also showed a clear nistological blast cell reaction upon
antigen administration {Langevoort, 1963). Their germinal centers, characterized by
the large scale proliferation of B-ceils, ware thought to be invoived in the géneration
of B-memory cells (reviewed by Thorbecke, 1880).

The marginal zone, PALS and follicles are compartments where cell-cell
interactions occur and in these areas the humoral immune response will be initiated.
it is now generally agreed that at least three different cell types are involved in
antibody responses against thymus dependent antigens. Cells of the B-lineage are
ultimately producing the specific antibodies. These B-cells are "helped’ by T-cells (the
CD4+ T-cells). The CD4+ T-helper celis in tum require the processing and the
presentation of the fagmented TD antigens by accessory celis, such as
macrephages, IDC or B-cells, depending an the nature of the antigen. Much effort
has been devcted 1o determine the relative confribution of diiferent accessory celis
fo immune responsses against distinct antigens.

A role for macrophages in the precessing of antigens as an intial step in
immunity has been the subject of numercus studies since the early 1860s
(Weissman and Dukor, 1870; Unanue, 1984; Delovitch, 1888; Katz, 1888). in the
1870s IDC were identified and were shown t0 be able to present antigens to T-
celis (Steinman and Nussenzweig, 1980). The last decade has seen a rapidly
increasing body of literature on B-cells as being higly efficient in processing and
presentation of antigens to T-cells, through the use of thelr membrane-associated
antigen-specific immunoglobulins (Ashwell, 1888; Abbas, 1888; Mancza et al,, 1988).
We have shown that soluble protein antigens like human serum albumin [HSA),
which failed 1o elicit a detectable antibody response when injected intravencusly in
mice, did induce a substantial response when they were targeted 1o macrophages
by incorparation in liposomes. In vive elimination of the macrophages in the spleen
reduced the response significantly (Claassen et al., 1887, Su and Van Rooien,
1889). From these studies it appears that B-cells and dendritic cells cannot handle
certain (particulate TD) antigens without pre-processing by macrophages. In
conclusion, the characteristics of the antigen determing which cell type will function
as the principal accessory cell, viz. particulate antigens by macrophages and sciuble
antigens by IDC and B-cells.

INITIATION OF THE HUMORAL RESPONSE TC TD ANTIGENS
Expression of surface markers, cell-cell contact and cyiokine secretion by
accessory celis and T-cells are essential recuirements for the differentiation process

of B-cells, as demonstrated by in vitro studiss (Noglle and Snow, 1880C; Parker,
1980). These studies showed that direct physical cell-cell contact between antigen
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presenting B-celis, macrophages or IDC, and T helper cells is required for activation
of T-cells. Activation induces the expression of novel surface antigens on these T-
cells, which provide the major growth stimulus to B-celis. This event induces
enhanced B-cell RNA synthesis and the development of B-cell responsiveness 1o
cytokines, which are produced by activated T-cells. These cytokines act at distinct
steps in the B-cell activation pathway (effects of cyiokines on T-cells are not
discussad here). Cviokines fke 11, B2 and -4 support the growth and
proliferation of activated B-cells, while cthers, such as IL-4, IL-5, -6 and FNwy act
as differentiation factors (Abbas, 1888). Kupfer et al. (1881) recently showed that
after in vitre mixing of antigen specific T-helper cells and B-celis, T-helper-B-cell
couples were formed. This interaction resufted in a local, polarized cytokine
production by these T-cells at the contact-site with the antigen-specific B-cells. They
proposed that T-celis are able to induce seleclive and specific B-cell responses in
this way. In vivo studies with cyickines and cytokine-neutralizing monocional antibody
have already provided evidence on the role of cytokines in immunoglobulin isotype
selection (Finkelman et al., 1880).

Recently, we demcensirated that during the humoral response against the TD
antigen TNP-Bacile Calmete Guerin (TNP-BCG), T-cells producing IFN-y are
localized in the outer PALS, around the terminal artericles, and in the red pulp {(Van
den Eertwegh, 1881a). These data are supported by the findings of Gessner et al.
{1880), who found that IFNwy producing celis are localized in small clusters
predominantly in the white pulp and less freguently in the red puip of spleens of
mice infected with ivmphocytic choriomeningitis virus, which evokes a TD antibody
response. This is in accordance with data of Claassen et al. (1886e), who
demenstrated that the majority of specific antibedy forming cells directed against a
variety of TD and 11 antigens were also localized in these compartments, suggesting

that T-cell-B-cell interactions may take place in the outer PALS, terminal artericles
and red pulp.

ANTIBODY PRODUCTION BY TD ANTIGEN SPECIFIC B-CELLS

As discussed ebove soluble antigens may be processed directly by marginal
zone B-cells, while macrophages located in the marginal zong of the spleen ingest
particulate antigens and transier processed antigen to neighbouring B-cells. B-cells
in general reach the spleen by the crculation, locate in the marginal zone and
subsequently reach the PALS and the follicle (Van Ewik and Nieuwenhuis, 1885). 1
has been suggested that antigen-specific B-cells, upon antigenic stimulation, migrate
from the marginal zone into the adjacent cuter parts of the PALS (Van Rocijen et al,,
168680; Liu et al., 1988). On arrival in the PALS, B-cells encounter numerous T-cells,
among which are T-cells of the appropriate antigen-specificity. The chance of

28



chapter 2

antigen-speciic B and T-cells mesting is optimized by this migration {c¢f. Van Rooijen
et al., 1986b; Van Rooijen, 1880a). Close T-cell-B cell contact may be reguired for
effective signalling by cytokines. As a result of T-cell help, antigen-specific B-cells
differentiate intc specific antibody forming cells (AFC).

The fact that 2 large proportion of all B-celis in the outer PALS ultimately
differentiate into AFC implies that these antigen-reactive B-cells were preselecied
before entering the PALS. Antigen-specific B-cells are thus greatly enriched in the
small population of B-cells in the outer PALS. In addiion, the ratio between specific
T-cells and non-specific T-cells in the adjacent inner PALS is also enhanced because
of the antigenic stimulation of T-cells occurring in the 1DC-T-cell clusters. One of the
most restrictive factors in the inductive mechanism of antibody production - the
chance that the antigen-specific B-ceil meets a T-cell of appropriate specificity - is
thus postulated t¢ be promoted and regulated by the microenvironment in a very
efficient way.

Using antigen-enzyme conjugates for detection, AFC are generally first

detected in the cuter PALS. This is irespective of the type of antigen used, the
primary or secondary character of the response, or the isotype produced.
How do the IDC, with their characteristic localization between the T-cells in the inner
PALS (Veerman and Van Ewik, 1875}, fit into this scheme? Rapid clustering of
T-cells and IDC has been shown 1o occur in vitre independantly of antigen and MHC
(naba and Steinman, 1886). It is assumed that upon comtact with antigen, non-
antigen specific cells leave the clusters while antigen-specific T-cells are activated
(Austyn et al., 1888b). Given the strategic position of the T-cells (in contact with the
IBC in the inner PALS and the antigen-presenting B-cells in the outer PALS), it is
possible that both T-cell-B-cell and IDC-T-cell contact are required for optimum
induction of an antibody response. If sc, the most cbvious sequence of events is
that the IDC-T-cell contact in the inner PALS 1akes place before the T-cell-B-cell
contact in the outer PALS, because the latter seems o represent the last cell
interaction of the B-cells before their differentiation into antbody-forming cells.
Alternatively, specific B-cells may contact the T-cells while these are still in the
IDC-T-cell clusters.

The IDC-T-cell and the B-cell-T-cell interactions may well have different effects
on T-cells. The induction of proliferation of antigen-specific T-cells may be the main
function of the IDC-T-cell clusters (Van Ewik et al, 1977). Since the ratio of antigen-
specific over non-antigen-specific T-cells increases as a result of this proliferation, the
chance that antigen-presenting B-celis may meet the appropriate T-cells is enhanced
accordingly. The physical contact of the T-cell with the antigen-specific B-cell may
induce the actual release of cylokines that regulate antibody production by the
B-cell.
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2.5 CELL-CELL INTERACTIONS DURING THYMUS-INDEPENDENT ANTIBODY
RESPONSES

CELL TYPES REQUIRED FOR THE HUMORAL RESPONSE AGAINST T-ANTIGENS

The spleen plays an important role in the protection against bacterial
pathogens such as Strepfococcus pneumoniae, Neisseria meningitides and
Haemophilus influenzae {Amlot and Hayes, 1885). Foliowing splenectomy, patients
are at high risk for fulminant infections due to these bacteria. Specific antibodies
providing protective immunity against these bacterial infections are mainly directed
against the polysaccharide component of the bacterial capsule. The polysaccharide
component is classified as a Ti-2 antigen (Rijkers and Mosier, 1285). The
polysaccharide with the lipid-A is 2 Ti-1 antigen. The presence of the spleen seems
1o be important in the primary encounter of this antigen, whereas secondary
responses can also iake place at sites outside the spieen (Koch et al., 1882).

The involvement of the spieen in TI-2 responses has led ic the suggestion
that specific subsets of B-cells are present in the spleen or that another component
of the splenic micrcenvirenment is crucial for the response of B-cels to Ti-2
antigens. In particular the marginal zone macrophages of the spieen have received
much Interest in this respect. These macrophages, which specifically take up and
retain carbohydrate macromclecules such as TNP-Ficoll (a TI-2 mocel antigen), have
been suggested to play a role in the processing and presentation of TI-2 antigens
{Humphrey, 1885). However, macrophage elimination studies (Claassen et al., 1886¢c
1987; 1988k}, studies using splenic autotransplants (Claassen et al, 1989) and
functional biocking of polvsaccharide uptake by marginal zone macrophages (Kraal
et al., 1888) showed that the presence and polysaccharide uptake by these celis are
not required for T2 responses. Functional data on the function of marginal
metaliophilic macrophages are scarce, but necnatal injections with antibody MOMA-1,
which specifically recognizes these macrophages, suppressed the antibody response
to TC and Ti-1, but not to Ti-2 antigens (Kraal et al., 1988).

INITIATION OF THE HUMORAL RESPONSE TO Ti ANTIGENS

As mentioned above, we recently demonstrated that shortly after injection of
TNP-Ficoll, the antigen is located in the marginal zone macrophages as well as in
the foliicular areas. The marginal zone macrophages fake up TNP-Ficoll and retain
it for long pericds of time {up o several weeks). The follicular localization of
TNP-Ficoll is strong shortly after injection but starts to decrease graduaily after a few
days (Van den tertwegh et al., submitted). The follicuiar localization of TNP-Ficoll
may represent binding to follicuiar dendritic cells andfor to follicular B-celis. At the
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lightmicroscepical level we cannot discriminate between these two cell types. This
could implicate that TNP-Ficoll may be able 1o activate B-celis directly, without
requiring a processing/presentation step by marginal zone macrophages. This is in
agreement with previous experiments in which marginal zone macrophages were
eliminated in vivo without affecting the TI-2 immune response (Claassen et al., 1887;
1888b; Kraal et al., 1889). Elimination of macrophages resulied only in an increase
of the humoral immune response when lower doses of TNP-Ficoll were used. This
indicates that marginal zone macrophages ingest the antigen so effectively that they
limit the amount of antigen needed for a maximal response (Claassen et al, 18812},

A spectiic role of B-cells in the TI-2 immune response was already suggested
by experimants with neonatal mice and CBA/N mice, which carry an X-linked
immunodeficiency. TNP-Ficoll was not able to activate B-cells of these mice, which
are also characierized by the absence of the Lyb-5+ antigen (Scher, 1982). Letvin
et al. (1881), Morrisey et al. (1881) and Fuitz ot al. (1988) have shown that le-
expressing cells are required for the Ti-2 response. Marginal zone macroghages do
not express this molecule, whereas marginal zone B-cells do.

Cn the basis of data discussed above, we hypothesize that the following
events initiate the humoral immune response ¢ TNP-Ficol after intravenous
administraticn: 1. TNP-Ficoll binds guickly 1o marginal zone macrophages, FDC
and/or follicular B-celis. 2. B-cells may be ejther stimulated directly, or the FDC
present TNP-Ficcll to antigen-specific B-cells, which subsequently bind TNP-Ficoll.
3. TNP-Ficoll drives these resting B-cells into the G, stage of the cell cycle, resulting
in regponsiveness to T-cell derived lymphokings (Monroe et al, 1983). The uptake
of TNP-Ficoll by marginal zone macrogphages is analogous to the uptake, killing and
pracessing of capsular bacteriae during infections, The follicular localization of
TNP-Ficoll may represents the binding of capsular bacteriag and/or capsular antigens
from bacteriae, released by the marginal zone macrophages, 1o FDC and/or B-cells.

The role of marginal zone macrophages in the response against TI-2 antigens
is thus not primarily antigen-presentation, but rather removal and degradation of
antigen/bacieria, reducing the total antigen load and alsc the amount of antigen
available for presentation. The actual initiation of the humoral response against Ti-2
antigens is most likely a function of FDC and B-cells.

ANTIBODY PRODUCTION BY Tl ANTIGEN SPECIFIC B-CELLS

Primed B-cells migrate io the cuter PALS and follicles of the spleen. These
primed B-cells can have cell-call contact with T-celis of appropriate specificity iocated
in the inner PALS, which are subsequently activated and secrete cytokines. in turn,
these cytokines stimulate the G, B-cells to proliferate and differentiate into specific
antibody forming cells. These differentiating specific B-cells and activated T-cells
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leave the white pulp aiong the sheaths of lymphoid tissue surrounding the terminal
artericles {figure 2). Some of these specific differentiating cells stay in the lymphoid
tissue surrounding the terminal artericles and deveiop Inte specific antibody forming
cells, releasing specific antibcdy into the blocdsiream. Another part of the specific
AFC leave the spleen through the red pulp to the circulation and migrate into
exirasplenic sites, such as the bone marrow and other lymphoid tissues. The
activated T-cells differentiate and exert regulating and differentiating effects on the
antigen-specific B-fantibody-forming cells partly by direct cell-cell interaction and/or
by release of cviokines during physical imeraction with B-cells (Van den Eertwegh
and Claassen, 1991c).

We recently investigated whether IFN-y is involved in T1-2 responses as in vitro
data indicated a downregulating rele of this cyiokine (cf. Van den Eeriwegh et al,,
1881b). By means of immunohistochemical technigues we found that IFN-y is active
in T-2 Immune response and is preduced predominantly by T-cells (either CD4+ or
CD8+) and to a lesser degree by natural killer calis. During the peak of the immune
response  antigen-specific antibody forming cells were judaposed o T-celis
producing IFN-y in the outer PALS, terminal ariericles and red pulp {figures 31 and
3D, suggesting & direct cell-cell interaction. DeKruyff et al. (1885) showed that a
direct interaction between antigen-specific T-cells with antigen-activated B-cells is a
prerequisite for T-cell activation and cytokine production by T-cells in TI-2 immune
respeonses Jn vitro. QOur experiments suggest that antibody forming cells may be
regulated by IFN-y, produced by T-cells, and possibly by direct cell-cell interaction
with T-cells. The late appearance of IFN-y producing celis and the juxtaposition of
these cells to TNP-AFC is more suggestive for a role of IFN-y in reguiation than for
involvenent in the initiation of antibody production. This has aiso been suggested
by Mond and Brunswick (1987), who demonstrated in vitro that IFN-v suppressed
the number of plague forming celis to TNP-Ficoll, whereas addition of IFN-
neutraizing moncclonal antibodies enhanced the response 1o TNP-Ficoll. Preliminary
in vivo studies of our group, in which mice were treated with [FN-y neutralizing
antibodies, suggest that IFN-y is one of the down-regulating factors in Ti-2 immune
responses. Identification of other cyickines invelved in regulation is currently under
investigation.

In summary, TI-2 aniigens induce production of cyickines by T-cels.
Therefore, despite their classification as T-independent, T-cells are invclved in the
response against TI-2. K these cylokines are an absolute requirement for these
responses is not known yet. If they are, the occurrence of Ti-2 responses in nude

mice may be explained by cytckine production by macrophages or natural Kiler
cells.
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MIGRATION OF AFC DURING T! ANTIBODY RESPONSES

As we hypothesized earlier (Van Rooiien et al., 1888b), there is a single
migration pathway for antibody forming cells directed against different types of
antigens. This is reflected for instance in the localization pattern of specific AFC in
a Tl-2 response. To illustrate this, one can best compare the TD response against
TNP-KLH (keyhole limpet hemocyanin) shown in figure 3¢ with the T2 response
against TNP-Ficoll shown in figure 3f. Both figures represent rat experiments but
similar, though less clear, images were cbtained in the mouse as shown in figures
3d and 3i, respectively. Basically, the AFC are mainly found around the terminal
artericles and in the outer PALS, irrespective of the antigen used.

In a typical TI-1 response the localization pattern is expected to be identical
to that of Ficoll, as Ficoll is 2 model antigen lacking only the lipid-A component.
However, due 10 the drastic effects of lipid-A on the migration of ivmphoid and non-
lymphoid cells (as described in detail by Groeneveld et al., 1986), exact localization
patterns are difficult to determine in a bona fide TI-1 response. For this reason we
trinitrophenylated both normal lipopolysaccharide (LPS) and the detoxified (no
lipid-A) version and observed a localization pattern for detox-LPS specific AFC,
identical to that for other antigens (Claassen et al,, 1986c). One can easily imagine
that cell-cell interactions are even more difficult to study in a Ti-1 model in vivo.
However, the direct and polyclonal activation of B-celis by TI-1 antigens all but
excludes the importance of the microenvironment and cell-cell interactions in this
response.

ISOTYPES PRODUCED DURING TI ANTIBCDY RESPONSES

An impornant difference in the humoral response egainst type 1 and type 2
Ti antigens is the isotype of the antibodies produced. In a typical Ti-1 response,
mainly IgM is found, whereas in a typical TI-2 response IgM, IgG8 and IgG1 are
found in the mouse, and IgG4 and IgG1 in man are found. In a splenic
autotransplantation and regenération model in mice, we recently showed that the
isotype of the antibodies fermed in a typical TI-2 response could be at least partly
regulated by marginal zone macrophages. This was expressed in a temporary
inability (up to ten weeks) of the animals or autctransplants t¢ produce IgGt
antibodies directed against the T2 antigen. Upon return of the marginal zone
macrophages this capability was fully restored {Claassen et al., 1989; 18912).
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2.6 FOLLICULAR TRAPPING OF ANTIGENS
MECHANISM OF FOLLICULAR TRAPPING

After the first administration of & TD antigen, a primary humoral immune
response is initiated and immune complexes are formed as soon as antibodies
appear in the circulation {Klaus et al, 1880). Immune complexes are aisc formed if
specific antibodies against the antigen are already present in the circulation when
the antigen is administered e.g. for the generation of a secondary respeonse. In such
cases the distribution of the antigen is akered when compared o uncomplexad
antigen. Antibody-complexed antigens are ingesied by macrophages as we
discussed for non-antivody compiexed antigens, but especially phagocytosis of small
and soluble antigens will be faciliiated in comparison with their non-opsonized
counterparts. A small proportion of the antibody complexed antigens are trapped in
the fellicle centers on the cell processes of the FDC and retained for long periods
of time (Tew et al.,, 1980) via Fc receptors (Nossal et al, 1868) and complement
tactor C8 receptors (Klaus and Humgphrey, 1988}.

A longstanding controversy with regard to follicular trapping is the possible
celi-mediated transport of immune complexes from the marginal zone 10 the follicles.
As discussed previously {Laman et al,, 1890a}, many authors have claimed that
different cell types, inciuding lymphocytes, macrophages and migrating FDC
precursers transport immune complexes. MHowever, several other lines of evidence
{including studies with immune compiexes and immunologically inert coal particles)
indicate that migration of immune complexes may be passive, by simply following
the bioodstream. We have shown that in vive elimination of spienic macrophages
and & large proportion of marginal zone B-celis does not influence trapping of
peroxidase anti-peroxidase complexes, indicating that these cell types are not
required for transport of immune complexes. In addition, we found that remnants of
dead macrophages iocalized to the follicles (Laman et al.,, 1880a). Although it could
be argued that antibodies directed against self-antigens can mediate trapping, it is
unlikely that antibodies against macrophages are present. This implies that these cell
remnants may localize here without being transported by cells, and that they are
retained without involvement of antibodies. We can not exclude, however, that
macrophage remnants activate or carry complement components, mediating
retention in the follicle,

In summary, compoeunds may remain trapped in lymphoid follicles by four
mechanisms: 1. By binding with specific antibodies and subseguent binding 1o the
Fe-receptors of the FDC. Antibodies may be present as a result from a previous
contact with the antigen, as cross-reactive antibodies or as ’'background-
housekeeping’ antibodies (Bos, 1890). However, complement depletion studies point
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out the requirement for complement activaticn (Kleus and Humphrey, 198€). i is not
clear whether Fc-receptors alone are able o retain all immune complexes. 2. By
binding with specific antibodies, followed by complement activation and subsequent
binding to the F¢- and C3-receptors of the FDC and of C3-receptors of germinal
center B-cells. 3. By direct activation of complement, without involvement of
aniibodies, and subsequent binding to C3-receptors of the FDC. 4. By deposition
in the follicular web by the blocdstream, without involvement of specific antibodies
or complement. We will use the term 'follicular trapping’ to cover all four mechanisms
described above.

FUNCTIONS OF IMMUNE COMPLEXES TRAPPED IN LYMPHCID FOLLICLES

It is thought that antigen which is preserved exiracelluiary in an undegraded
form as immune compiex on the FRC has a crucial role in the generation of
B-memory cells in the follicles (Klaus et al. 1980; Van Rocijen, 188C). The free
antigenic determinants in such trapped compiexes would select antigen-specific
precursors of B memory cells, resuiting in the deveiopment of antigen-specific
memory. Klaus and Humphrey (1977) demonstrated that complexes formed at
equivalence of antigen and antibody or in slight antigen excess are far more effective
than antigen alone in generating memory. C3 is reguired for the localization of
complexes within splenic lymphoid follicles and the capacity of immune complexes
to prime B-celt memory is abrogated by depriving mice of C3.

In zdditicn, it has been suggested that the exposure and obscuring of
epitopes present in immune complexes may fine-tune the titer of circulating
antibodies (Tew et al., 1880). Evidence has been cbiained from adoptive transfer
studies that the continuous presence of antigen, possibly as immune complexes in
the follicles, is required for the maintenance of B-cell memory {Gray and Skarvall,
1988; Colle et al, 1988). & has also been demonstrated that follicular immune
complexes are involved in idiotypic regulation mechanisms (Klaus, 1978). Recent
electronmicroscopic and in vitro evidence (reviewed by Szakal et al., 1889} indicates
that FDC may release immune complex-coated beads, termed ‘iccosomes’. These
iccosomes are ingested by antigen-specific germinal center B-cells and tingible body
macrophages, processed, and subsequently presented to T-cells, which then start
to produce iL-2,

TRAPPING OF TANTIGENS

Humphrey (1881} found that hapten-conjugated polysaccharides (T2
antigens) were poorly degradable and persisted for long periods of time in the
circulation. IgM anti-TNP responses after immunization with TNP-Ficoll persisted for
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at least @ weeks. We found that shortly after injection of polysaccharide-conjugates,
antigen is retained in relatively large quantities in the follicles, disappearing gradually
but remaining detectable up to 21 days after immunization (figure 3h){Van den
Eerbwegh et al, submitied). This specific localization may be explained by direct
activation of the alternative complement activation pathway by polysaccharides
(Grifioen et al., 1891), or by complex formation of antigen with 'background-
housekeeping antibodies’ (Bos, 1980} which subsequently activate the classical
complement activation pathway. In both mechanisms complement is active.

Complement depletion studies have demonstrated that antibody responses
against Ti-2 antigens were only impaired when low doses of antigen were used
(Matsuda et al,, 1978). Taken together, these results suggest that follicular trapping
could play a role in the induction of TI-2 immune responses. When high doses are
administered, the concentration of the antigen may be sufficient for the direct
activation of B-calls, and requires no antigen presentation by the FDC. Later on in
the immune response, trapped antigen is still present on the FDC, which may be
suificient for sustained stimulation of antigen-specific B-cells, ieading to a persistence
of adeguate serum leveais of antigen-specific antibodies.

in contrast to TD antigens, activation of B-cells in TI immune responses
requires no processing step of the antigen. This may explain the different roles of
antigen retained by follicuiar dendritic cells in TD and Tl immune responses. In case
of TI-2 immune responses, antigen localized in the follicles may play a2 role in the
induction and continuation of humoral immune responses, whereas in TD immune
response immune complexes are active in the development of memory B-cells,

2.7 TERMINATION OF THE HUMORAL IMMUNE RESPONSE

Two major aspects of the termination of the humoral immune response have
only recently been studied in more detail in vivo, viz. downreguiation and memaory
formation. Downregulation of the immune response probably occurs through a
combination of a variety of mechanisms including regulator cells, idictype-anti-
idiotype interactions and apoplosis, which are discussed below.

REGULATOR CELLS

Several cell types can produce cytokines which may downregulate the
hurmnoral immune response: this has already been discussed above.

T-celis bearing Lyt-2, 2 marker for the putative T-suppresser cell, are mainly
found among the resting T-cells of the inner PALS and 1o a lesser extent in the
marginal zone and red pulp (indicating that this may be migrating cells), but
seidomly in the folicles (cf. Van Ewik and Nisuwenhuis, 1885). In view of this
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localization patiern which does not overlap with the compariments we identified for
T-B interactions {as discussed, this is most notably the outer PALS), a majer role for
Lyt-2 positive cells in sugppression of humora responses in the spleen is not directly
evident.

Becent in vifre studies have shown that human class l-restricted T-cells
{Barmaba et al., 1880) and murine class ll-resiricted (Shinohara et al,, 1988) antigen-
specific T-cells can be generated which selectively kill antigen-specific B-cells. This
would provide an efiective downregulating mechanism for the humoral immune
response. The /n vivo relevance of these findings has yet to be established, however.

IDIOTYPE-ANTHIDIOTYPE INTERACTIONS

Anti-idictype antibodies bind to unigue immunoglciulin (Ig) variable (V) region
determinants of antibodies, designated the idiotype or id. This property of anti-ids
can identify clonally related AFC populations, discriminating between AFC with subtle
V region differences. We emploved a two color direct double immunohistechemical
staining to identify B-cells producing aniibodies specific for the hapien arscnate
(Ars), using Ars-antigen-enzyme conjugates and ant-id antibodies. We cbserved
extensive idiotypic heterogeneity within ciustered AFC In spleens, demonsiraiing
close physical association between idiotypically related, but not identical, B-celis
(Brown and Claassen, 1888;19889;1880). Such co-localizing AFC may either be
clonally derived, having experienced V region mutations causing differences in Id
expression, or they migrate in close proximity. The latter possibility seems the most
likely explanation, since tightly clustered antigen-specific AFC with no detectable
clonal (idiotypic) relationship were alsc often detected. Alternatively, these AEC may
co-localize after cessation of migration upon exposure ¢ antigen.

Seif-antigen specific antibodies can be detected in the cyioplasm of AFC
immunghistocchemically by using antigen-enzyme conjugates for detection. In this
way, the specificity of the antibodies can be detected before they have complexed
with the self-antigen in the blood or in tissues. With this antigen-enzyme approach
we have identified auto-anti-allotype specific AFC antibodies in spieens and bone
marrow of neonatally allotype-suppressad rabbits (Claassen and Adler, 1888a; Adler
and Claassen, 1889}. Using a modification of this technique, we have also identified
auto-anti-id producing AFC in spleens of mice after secondary immunization with
antigens that stimulate high production of idiotype. A seguential staining procedure
allowed the detection of both id and anti-id (which are crossreactive) producing AFC
in the same tissue. Id and autc-anti-ld were commonly found in close proximity
around the terminal arterioles and some in the outer PALS. This localization is similar
to that of other AFC, suggesting that AFC may actively downregulate each cther at
the microenvirenmental level (Brown and Claassen, 1981).
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APOPTOSIS

The process of programmed cell death, apoptosis, protably executed by
macrophages through an interaction of their vitronectin receptor and the target cell
(Savill et &k, 1880), may be critically involved in the downregulation of the humoral
immune response. Apoptosis has been described 10 be responsibie for the seff
antigen-driven deietion of auto-reactive cells during T-cell development (Jenkinson
et al,, 1888). Furthermore, Liv &t al. (1888) have shown that the deletion of B-cells
expressing immunogiobulin of low affinity, is also antigen-driven and probably cccurs
in the germinal centers by apoptosis. Although these studies are concerned with
selection and afinity maturation in the early phases cf the response it is quite well
possibie that gpoptosis is involved in termination of the response also. Howsever, on
the basis of our localization studies, we predict that this phenomenon will not occur
in the germinal centers but around the tarminal artericles and in the outer PALS.
Therz is as yet ne experimental evidence for this and further experiments are clearly
needed in this area.

MEMORY FORMATION AND MAINTENANCE

B-cell memory formation and maintenance are of fundamental scientific interest
but ailso have far-reaching practical implications for the design and appilication of
vaccines. As discussed above, antigen is stored in the form of immune complexes
for proienged periods of time on FDC in the follicles. These cemplexes seem to be
involved in the generation of B-cell memory. This identifies the follicles as the site for
the generation and maintenance of memory. Evidence has been oblained that the
germinal center is an important site for selection and differentiation of virgin B-cells,
including heavy chain class switching (Kraal et al., 1982} and hypermutation {Ape!
and Berek, 1880). The process of affinity maturation may be directly linked to
memory formation.

Jacob et al. (1981) have proposed that the distinct populations of AFC arising
in the germinal center and the periphery ¢f the PALS after primary immunization with
2 hapten-protein conjugate may use distinct differentiation routes. Germinal center
AFC would arise from single founder celis that follow a process of somatic
hypermutation and selection, resulting in intraclonal competition for antigen among
mutated sister cells. Foci of AFC in the PALS would reflect interclonal competition
between unrelated clones expressing unmutated V region gene segmenis.

A major gquestion rslated 16 B-cell memeory is how memory B-cells attain their
prolonged ffespan. Recent evidence indicates that the proto-oncogene Bol-2, an
inner mitcchendrial protein, is able to block programmed cell death of B-cells and
axtends the persistence of both immuncgiobulin secreting cells and memory cells
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(Nufiez et al,, 1991; Liu et al., 1881).

In view of findings described by Liv et al. (1888), the folficle is probably not
the only compartment invoived in memory formation, as these authors could also
detect hapten binding B-cells in the marginal zone after immunization with a
haptenated TD antigen. These cells were designated as memory cells because of
thelr capacity t© mount a secondary immunea response. However, it should be noted
that these experiments were performed in the rat and that no such cells could be
demonstrated in mice {our unpublished results; Liu et al,, pers. comm.). The fact that
these hapten-binding cells in the marginal zone could also be demonstrated after
immunization with haptenated Ti antigens {Zhang et al, 1888) and that they were
dependent on antigen persistence (Colle et al., 1988) suggests thai the marginal
zone 18 a sericus candidate in harbouring or recruiting memory B-¢cells. This would
be advantageous with respect to the optimal microenvironment provided here for
the encounter of these celis with anfigen and subsequertly with the cell-cell
interactions required for a fast secondary immune response.

The studies of Zhang et al. (1888) and Colle et al. (1888} provided new
information for the longstanding discussion on memory formation by Tlantigens. i
seems clear now that some Tl-antigens can evoke B-cell memory. This may be
dependent on the Ti-antigen used, as we have not been able to find evidence for
B-cell memory against TNP-Ficall (unpubl. results).

In conclusion, recirculating memory B-cells preferentially migrate into germinal
centers (Vonderheide and Hunt, 1890) and the marginal zone harbours relatively
sesslle antigen-binding cells which could be responsible for secondary responses.
As antigenic stimuiation has been implicated in altering B-cell migration in the spleen
{Sprent and Lefkovitz, 1878; Gray et al., 1984b), It is possible that memory B-cells
generated in lymph node germinal centers stop recirculating when exposed o
antigen captured in the spleen, causing AFC of diverse specificities 1o accrue around
antigen depot sites (Brown and Claassen, 1881}, It should be noted, however, that
B-cell memory formation and germinal center géneration can be geénerated with
immune complexes made in antibody excess without the generation of a detectable
immune respense (Kraft et al., 1888). The mechanism underlying this phencmenon
is not ciear, but the authors speculate that the covering of ail epitopes on the
antigen by specific antibody may lead to a dissociation of the germinal
center/memory pathway on the one hand, and the primary humoral response on the
other.
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CHAPTER 3

HIV-1 INFECTION
AND THE HIiV-1 SPECIFIC ANTIBODY RESPONSE
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3.1 HiV-1: IDENTIFICATION AND TRANSMISSION

AIDS (acquired immune deficiency syndrome) was identified as a new disease
entity in the American homosexual community in the early 1980's. Due to
malfunctioning of the immune system, patients fall prey to a multitude of infectious
pathogens and neoplasms. Scepticism of the general pubiic, some public health
officials and politicians, and in addition of individuals within the homosexual
community frustrated early atlempis fo slow down the epidemic and to initiate
scientfic research, allowing the iliness o spread 10 iImmense social cost {described
in detail by Shilts, 1987). HIV-1 infection and AIDS now represent a formidable socio-
economical threat, in view of the large number of infected persons worldwide
(Blattner, 1981).

After the first successiul isclation of the human retrovirus HIV-1 (previously
aiso called LAV, HTLV-ll and ARV) by Barré-Sinoussi et al. (1883), this virus was
agtivlogically linked {0 AIDS by a2 multitude ©f studies (Papovic et al., 1884; Galio et
al,, 1984). HIV-1 belongs to the Lentivirinae subfamily of retroviruses which induce
slowly progressive disease characterized by long clinical latency periods and
involvement of the central nervous system. Cl4-carrving lympheid cells critically
involved in immune function are target of HIV-1 infection (see below) as well as celis
in the central nervous system. HIV-1 is present in body fluids ke blood, semen,
cervical secretions and saliva. Transmission can occur horizontally through
blood-blood contact, unprotected anal or vaginal intercourse, or verlically from
mother to child during pregnancy or delivery (reviewad by Blattner, 1891) &t is
thought that both celi-free virus and virus-infected celis can transmit infection. Tha
initial clinical identification of AIDS, the discovery of HiV-1, its linkage to AIDS, and
the question whether AIDS is a new disease or conversely an ancient African
disease, have been extensively and eloquently reviewed by Grmek (1890).

The years following the discovery of HIV-1 have seen an extremely rapidly
growing body of knowledge concerning the biology of the virus, including genomic
organization and reguiation, genetic variability and bicchemical composition.
Comparatively, understanding of in vive host-virus interactions has lagged behind,
due to the greater complexity of such studies and the lack of an adequate {small)
animal model. As tc this day, the actual mechanisms underlying
immunopathogenesis of AIDS are largely unknown. To place the work presented in
this thesis in the broader context of HIV-1 infection, a condensed background on
HIV-1 and AIDS is given below. Where possible, the reader is referred 1o recent
reviews for extensive discussion and additional original publications.
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3.2 VIRAL STRUCTURE

The genome of HiV-1 consists of two single sirands of BNA, containing the
typical retrovirus genes gag, pol and env, which encede the proteins of the caore
nucleocapsid, the viral enzymes and the membrane proteins, respectively. The
genome contains at least six additional genes, of which the functions are not all
clear yet (teble 2). Discussion of the molecular biology and biochemistry of HiV-1 is
beyond the scope of this thesis: these subiects are reviewed extensively by Greene
{1991) and Vaishnav and Staal (1891).

TABLE 2. HIV-1 GENE PRODUCTS AND THEIR FUNCTIONS

GENE PROTEIN FUNCTION

STRUCTURAL
gag p55/53 precursor
p7 binds to the genomic RNA
pS present in nucleoid core
p17 associated with inner surface of lipid bilayer
forld main constituent of inner shelf of nucieocapsid
pol p51/p66 subunits of reverse transcriptase: RNA 1o DNA transcription
pi0 protease: cleavage events during final budding
p32 endonuclease, integrase: integration of viral DNA-duplex into host genome
p13 ribonuclease: partial degradation RNA-template
env ap1s0 precursor
gpl120 external membrane protein mediating CD4 binding and membrane fusion
gpat transmembrane protein involved in fusion
REGULATCRY
vif p23 infectivity factor
vpu pi6 promotion of efficient release of budding virions from cell surface
vor P15 unclear: weak transcriptional activator
tar p14 transactivator of ail viral genes
rev p18 post-transcriptional regulator of structural gene products
nef pa7 unclear: previously implicated in downregulation of gene expression and

latency

Hiv-1 shows high genetic variability throughout the genome but most notably
int the envelope region. The core proteins are mere conserved. Field isolates consist
cf & mixture of highly related virai varianis (cf. Goudsmit et al., 1881}, indicating that
in vivo variation of the virus may occur. This mechanism of antigenic drift may be
promoted by Immune pressure exerted by antibodies and celiular responses, and
is favoured by the high mutation rate of HIV-1, Emerging new varianis can escape
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immune surveillance effecied by antibodies (Albert et al., 1990; reviewed by Nara et
al,, 1991) or cytotoxic cells (Takahashi et al., 1989).

The complete virion structure of HIV-1 is shown in figure 4. The env-precursor
protein gp160 is intracellularly cleaved to gp41 and gp120. gp41 is & transmembrane
molecule {both in the virus particle and in virus-infected cells) that contains a putative
fusion sequence at the hydrophobic N-terminus (Gallaher, 1987). gp41 is associated
with gp120 through non-covalent bonds. This association is weak allowing HIV-1 to
shed gp120-molecules {Gelderblom et al. 1985; Schneider et al,, 19886). Soluble CD4,
the cellular receptor for HiV-1 {see below), can release gp120 from gp41 on the
membrane of the virion (Moore et al,, 1890). Both gp41 and gp120 are present as
oligomers, but dependent on the experimental approach used dimers, trimers or
tetramers composed of two dimers are found (reviewed by Gelderblom, 1991).
Mcrphological studies indicate that gp120 is present on the viral membrane as a
trimer (Gelderblom, 1891).

gp 120

) ' Reverse
’ transcrptase
gp 4t - \ @
_ Q 0\
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stranded RNA

p17
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FIGURE 4. STRUCTURE OF HIV-1

The structural proteins of the envelope glycoprotein and the nucleocapsid are shown. In the
nucleocapsid, the two strands of RNA and the reverse transcriptase are drawn. As the lipid bilayer
is derived from the membrane of the host cell during the budding process, host proteins can be
present in the virion. Adapted from Greene (1891).
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In the gp120 moiety of the env-gene, five variable and six relatively conserved
regions have been identified. gpi120 is highly glycosylated with N-linked
carbohydrates. The third variable domain of gp120, V3 (also designated as V3-
loop, V3-domain or principal nautralizing determinant: PND), has been extensively
studied in view of s role in evoking neutralizing antibodies (see bslow). The
V3-domain consists of 38 amino acids (in the case of isolate llIB) which form a loop
as a result of disulfide-bonding of cystein residues at positions 303 and 338
(Gregory et al.,, 188C)(see also figure 5). V3 is essential for infectivity (Kowalski et
al., 1987) and plays a role in virus-celi and cell-cell fusion (Freed et al., 1980). it has
been hypothesized that proteolytic cleavage of V3 by cell surface or endosomal
proteinase is necessary for fusion 10 occur and that neutralizing antibodigs directed
against V3 prevent this cleavage (Clements et al., 19981). The presence of positively
charged amino acid residues may promote the fusion function of V3 (Callahan et al.,
1891). V3 has alsc been implicated as a primary determinant of macrophags tropism
of HiV-1 strains (cf. Takeuchi et al., 1981; Hwang et al., 1891).
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FIGURE 5. AMINO ACID SEQUENCES OF THE Hiv-1 V3-DOMAIN

The aming acid sequence of the third variable domain of gpt120 of two HIV-1 variants is showr. [IB
is the intensively studied first isolate of HIV-1, which seems o have an exceptional primary amino
acid seguence (Barré-Sinoussi et al, 1983; Ratner et al, 1985). Sequences similar to those
contained in the MN V3-domain are much more prevalert in naturally occurring infactions (LaRosa
et al, 1990; Zwart et al, 1991). The V3-domains are drawn to emphasize differences in primary
amino acid sequence: note the absence of the G {glutamineg} and R {arginine) residues in MN. The
figure does not reflect the three-dimensional foiding of the V3-domain, which is not known at
present.
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3.4 THE INFECTIOUS PROCESS AND DISEASE PRCGRESSICN

The tropism: for CD4-carrying cells is conferred o HIV-1 by gp120 (Dalgleish
et al,, 1884; Kiatzmann et al,, 1884; Maddon et al.,, 1986). The gp120 binding site of
CD4 is a relatively short segment that spans amino acids 40-80 of the first domain,
which is structurally related to the second complementarity determining region of
immunoglobulin ight chain (CDR2). The CD4 binding site on gp120 is discontinuous,
involving five regions which are probably brought together by intramolecular foiding
o interact with the relatively smail site on CD4. In addition, oligomerization of gp120
molecules may be involved in CD4-gp120 interaction. The affinity of the gp120-CD4
interaction depends largely on the virus strain and the Km has been estimate 1o be
in the order of 4 x 10° M (reviewed by McDougal et al.,, 1991).

It is thought but not yet substaniiated that the interaction of gp120 with CD4
leads to exposure of the fusion peptide in gp4!, allowing fusion to take place.
Internalization of CD4 is not required for infection which can occur through virus-celi
fusion {Bedinger et al., 1888; Maddon et al., 1988). Other as yet unidentified cell
structures may be involved in virus entry. The formation of syncytia (multinucleated
giant cells} in vitro by fusion of HiV-1 infected cells with other CD4-expressing cells
(Sodroski et al, 1986; Lifson et al, 1986) is thought to involve the same
mechanisms as virus-celi fusion,

HiV-1 is able to infect celis in the central nervous system that lack
demonstrable expression of CD4. This pathway may invoive galactosyl ceramide as
a receptor (Harouse et al, 1991). The tropism of HIV-1 for cells of the central
nervous system is related to the neurclogical disorders seen after HIV-1 infection
{reviewed by Price et al.,, 1888).

NUMBER OF INFECTED CELLS AND VIRAL LOAD

The number of latently and actively MIV-1 infected cells in vive is a matter of
debate. jn situ hybridisation studies (Harper et al., 1988) indicated that 1 X 10° lymph
node cells and PBMC (.e. lymphocytes and monocytes) of AIDS patients contain
HIV-1 mRNA, reflecting active replication. PCR-studies showed that asymptomatic
patients have one provirus molecule per 6,000 to 8,000 PBMC, while AlDS patients
have one provirus moiecule per 700 to 3,300 PBMC (Simmonds et al., 1990).
Schnittman et al. {1989} have provided evidence that the CD4+ T-cell is the principal
reservoir of HIV-1 in PBMC. In AIDS patients, HiV-1 DNA was detected in more than
1 per 100 PBMC, but HIV-1 expression was found in about 1 per 1,000 PBMC.
Schnitman et al. {1891) have also demonstrated that active viral expressicn, as
evidenced by HIV-1 mBNA, occurs at all stages of HIV-1 infection. Ho et al. (1989)
have shown that infectious HIV-1 can be recovered from plasma and PBMC of all
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asymptomatic and symptomatic individuals tested, with higher titers for the latter
group. in asymptomatics, 1 in 50,000 PBMC harbored HIV-1, for symptomatics this
ratio was 1 in 400. k has been suggested that a relation exists between increasing
viral burden and disease progression {cf. Schechter et al,, 1981).

A muititude of signals can lead to activation of latent HIV-1 provirus in vifro
(reviewed by Rosenberg and Fauci, 1891). Which factors govern activation of HiV-1
iatently present i vivo is currently unknown.

HiV-1 variants differ in biological properties as defined by cell tropism
{monocytes/macrophages, T-cells), growth characteristics (slowly growing 1o low
fiters vs. rapidly growing to high titers) and induction of syncytium formation
{syncytium inducing vs. non-syncytium inducing: SYNSI). i has been hypothesized
(Miedema et al., 1880) that after initial infection, highly virulent Si strains are
effectively suppressed by the immune system. Variants growing at low rate persist,
possibly present in cells of the monocyte/macrophage lineage. The infidelity of the
reverse transcriptase leads to constant generation of new variants. Virulent variants
take advaniage of the breakdown of the immune system that may result from
depletion of T-memory cells and/or dysfunction of antigen presenting cells. The
outgrowth of virulent strains eventually induces AIDS. Antigen presenting cells such
as macrophages and dendritic cells can alse be infected with HIV-1, interfering with
antigen presentation to B- and T-cells.

[t has been shown that dendritic cells in the peripheral blood of infected
persons can be infected by HiV-1, leading to dysfunction in antigen presentation to
T-cells, and to depletion of the dendritic cell population (Macationa et al, 1990).
Infection of the dendritic Langerhans cells in the epidermis is a matter of controversy
bui a recent extensive study showed that these cells are not principal reservoirs of
the virus {Kalter et al., 1991).

The significance of syncytium formation by HIV-1 infected cells (Lifson et al,,
1886; Sodroski et al,, 1985) for disease progression is unknown, as syncytia are
seldomly found in lymphoid tissues or peripheral blood, It cannot be excluded that
the in vivo half life of syncytia is short, limiting the chance of detection.

HIV-1 AND AUTOIMMUNITY

Several regions of HIV-1 showing molecular mimicry with host proteins have
been identified, which may lead to direct functional mimicry or indirect immunological
mimicry (reviewed by Bjork, 1891). Funciional mimicry is thought to occur as a result
of a homology between HIV-1 and neurgleukin, a factor promoting neuronal
profiferation. in this way, HiV-1 may inhibit neuronal growth. Immunological mimicry
may result from homologies between HIV-1 and three regions of HLA class |, a site
in HLA class | (Grassi et al,, 1981) and sites in human immunoglobulin IgA2, 1gG2
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and igG4. A recent study (Kion and Hoffmann, 1891) has shown that immunization
of mice with lymphoid celis of another murine strain results in production of
antibodies against gp120 and p24, demonstrating the HLA/MHC properties of HIV-1
proteins. Auto-antibodies against lymphocyte surface antigens, HLA-antigens and
immunoglobulins have indeed been detected in HiV-infected persons (Bjork, 1981).
These antibodies may be involved in impairment of T-helper cell responses,
activation of B-celis by crossiinking of surface immunoglobulin and other autoimmune
reactions. Evidence has been found that immunization of rhesus macagues with a
human T-cell line (C8168) devoid of virus may confer protection against subsequent
intravenous chaflenge with SIV (Stott et al, 1891). The explanation that this
orotection results from homologies between HIV-1 and HLA seguences is highly
speculative at this moment.

HIV-1 INDUCED HISTCPATHOLOGY OF THE LYMPH NODES

HIV-1 infection is accompanied by extensive histopatholegy of the lymph
nodes, Studies of lymph node biopsies taken from infected persons at various
clinical stages of disease have revealed a correlation of the histopathology with
progression of the disease. A histopathological staging scheme has been developed,
based on routine histology and immunccytachemical staining of iymph node secticns
{tables 3a and 3b)(cf. Récz et al., 1986; Ost et al, 1988). The morphology of the
follicles is crucial to this staging scheme.

Initially, many hyperplastic follicles are found. In the subsequent stages the
follicles are progressively destructed, eventually leading to the compiete loss of
lymph node structure, with a concurrent [oss of lymphoid elements. A prominent
feature of HIV-1 related histopathelogy of the lvmph nodes is the destruction of the
foliicular dendritic cell network, As FDC are critically involved in B-cell responses (see
chapter 2), their destruction may be related 1o B-cell defects seen in HIV-1 infected
persons. There are as yet no satisfactory explanations for the plethora of
pathological events occurring in the lvmph nodes. It is paramount however, that
the profound disorganization of the lymph nodes will be reflected in lymphoid
function.

Chapter 8 of this thesis addresses the destruction of FDC and HIV-1 specific
B-cell responses in situ. HIV-1 infection also correlates with histopathology of the
spleen and thymus. These organs have been far less well studied as only autopsy

material and no biopsy material is usuaily available, and they will not be discussed
here.
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3.5 B- AND T-CELL FUNCTION DURING HIV-1 INFECTION

HIV-1 infection evokes cellular immune responses {reviewed by Riviere, 1981;
Nixon and McMichael, 1991): 1. ADCC directed against the viral envelope is exerted
by natural killer (NK) cells armed with antibody. 2. Cytotoxic responses directed
against epitopes of gag, pol, nef and env are exerted by CTL. These responses can
be MHC class | or class l-restricted. 3. Suppression of viral replication is exerted by
an as yet uncharacterized diffusible factor secreted by CD8+ T-cells. The
significance of ths different cellular immune responses in limiting viral spread and
progression of disease remains to be elucidated.

Cne of the hallmarks of HIV-1 infection, the disappearance of CD4+ T-cells,
is not understood. Several mechanisms have been proposed, including lytic effects
of budding virions, toxic effects of accumulating viral mRNA or proteins, syncytium
formation, and cytolytic attack of uninfected CD4+ T-cells that display processed
gpr120 determinants by specific CTL. It is clear that solving this issue is of crucial
importance to understand HiV-1 induced pathology and design adequate therapy.

T-cell functional defects precede the decline in CDé4+ T-cell numbers
(reviewed by Miedema et al, 1980; Shearer and Clerici, 1891). First, responses to
recall antigens are lost, followed by those io alloantigens and finally those to
mitogens. These qualitative defects may be the result of one or more of the following
factors: failure to produce IL-2, selective loss or inactivation of T-memory cells,
defects in antigen presenting cells or presence of inhibitory soluble factors like
autoantibodies (see below), gp120, tat protein cr transforming growth factor beta
{Shearer and Clerici, 1981).

B-CELL FUNCTION IN HiV-1 INFECTION

A number of B-cell abnormalities has been reported to occur in HiV-1 infectad
individuals {reviewed by Lane and Fauci, 1985; Amadori and Chieco-Bianchi, 19380].
These abnormalities include changes indicative of hyperreactivity but also of
immaturity/non-responsiveness. Polyclonal hypergammagiobulinemia is found in
asympiomatics and in sympiomatics as evidenced by increased immunogliobulin
levels, including gD, increased numbers of B-cells secreting immunocgiobuling in
vitro, and increased production of immunoglobulins in vitro, HIV-1 specific antibodies
form a major compenent In this response as B-cells from seropositive individuals
spontaneously produce anti-HIV-1 antibodies in vitro {e.g. Amadori et i, 1888).

In vitro stimulation of B-cells with pokeweed mitogen {PWM) and/or
Epstein-Barr virus has been used to detect HIV-1 specific antibody procduction in
seronegative individuals (Jehuda-Cohen et al., 1890) and 1o discriminate between
maternal antibodies and antibedies produced by chidren bern o HIV-1 infecied
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TASLE 3a. HIV-RELATED LYMPHADENOPATHY: HISTOPATHOLOGICAL CRITERIA

FOLLICLE INTERFOLLICULAR SPACE

PHASE . RREGULAR FOLLICULAR HYPERPLASIA (IN PGL)

- follicles increased and erdarged - hypercelivlarity

- bizarre follicle shapes - predominant celf types: lymphocyies,

- centroblasts dominant macrophages

- mutiple starry sky macrophages - incivicual epithelicid and giart cells

- regular fibre structure - lymphoblasts, immunoblasts

- mantle zane intact - small capillary and venule proliferations
- high mitosis rate - nests of IDC

PHASE II. BEGINNING OF FOLLICULAR DESTRUCTION (IN PGL AND ARC)

- large #regularty formed follicles - reduction of cell density
- depletion of centroblasts, FDC and starmy sky macrophages - smait groups of epithelicid cells
- ireguiarly formed and broken mantie zone with monocyteid - monoeytoid B-ymphocytes
B-lymphocytes - reduction of lymphoblasts and immuncblasts
- incipient dissolution of the réticular fiver structure - nests of IDC
- angioneagenasis

PHASE jlIl. PROGRESSIVE FOLLICULAR DESTRUCTION (IN ARC AND AIDS)

- large, incistinctly dermarcated, faging (‘exploding’} andfor - increased angionecgenesis
shrirtking follicles - redugtion of lymphocytes ang IDC
- loss of mantle zone - increased number of macrophages
- depletion of menocytoid B-lymghocytes - depiletion of monocytoid B-lymphocytes
- marked reduction of germinal center celis and Starmy sky
macrophages

- marked increase in lymphocytes
- incipiertt vascularization of large fading foliicles

PHASE iv. FOLLICULAR INVOLUTICN AND ATROPHY {IN ARC AND AIDS)

- hyalinisation of shrinking follicles - marked increase in angionecgenesis

- vascularization of fading fellicles - further reducticn of lymphocytes and IDC

- follicles occupied almost exclusively By lymphocytes - marked increase In macrophages and plasma
cells

PHASE V. COMPLETE LOSS OF LYMPH NODE STRUCTURE (N AIDS)

- ‘maked’ connective tissue structure

- diffuse digtribution of macrophages, plasma celis and
scattered lymphocytes

- hyaline plaques and foci of vascular proliferation as
follicle remnants

- accasicnally extreme angioneogenesis
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TABLE 3b. HIV-RELATED LYMPHADENOPATHY: IMMUNOHISTOCHEMICAL CRITERIA

FOLLICLE INTEREOLLICULAR SPACE

PHASE I IRREGULAR FOLLICULAR HYPERPLASIA (I PGL)

- dominance of CD18+ cells (B-cells) - onset of inversion of CO4/CD&-ratic (initiatly
« alf germinal center cells express MLA-DR due to increase in CDE-+-cells)
- Intact network of KiMa+ FDC - numercus CDE8+ macrophages
- marked proliferation of FOC and iymphoid ¢gils in the - increased KiM1+ and CD1+ IDC
germinal center (KIS7} - proliferation of lymphoid cefis and IDC
- fewer CD4+ lymphocytes - viral proteins in masrophages, IDC and some
- numercus D68+ macrophages lymphacyies
- viral proteing in macrophages. FOC and some lymphocytes - numerous HLA-DR+ T-lymphocytes

- numerous CD4-, CD8-, CL3+ ceils

PHASE li. BEGINNING CF FOLLICULAR DESTRUCTION (IN PGL AND ARC)

- reduction of B-ceils - progressive decrease in CD</CD2 ratio

- injial disimegration (tearing) of the FDC network (decrease in CD4+ cells)

- increase in CD4+, CO8+ and HLA-DR+ ymphocytes - decling in proliferation activity

- decline in proliferation activity - increase in macrophages {CO688+) andg AFC
- viral proteing as in Phase | - increase in endothelium

- numerous HLA-DR+, CR4+, D8+ lymphocytes - numerous CL4-, CD8-, CO3+ cells

PHASE Ill. PRCGRESSIVE FOLLICULAR DESTRUCTION (IN ARC AND AIDS)

- marked reduction of CD15+ cells - marked further reduction in CD4/CD8 ratio

- diffuse depletion of FQC - increase in macrophages (CD&88+) and AFC
- increase in CDB+ cells, few CD4+ cells - decrease in viral protein containing cells

- residual proffferative activity - moderately numercus HLA-DR+ ymphocytes

- viral protein containing celis

PHASE IV. FOLLICULAR INVOLUTION AND ATROPHY {IN ARC AND AIDS)

- germinal center cells almost entirely replaced by CD8+ celis - extrerne reduction or absence of CD4+ cells
- macrophages and isolated CD4+ iymphocytes - sparse HLA-DR+ lymphooytes
- viral protein containing cells

PHASE V. COMPLETE LOSS OF LYMPH NODE STRUCTURE (IN AlIDS)

- very high numbers of macrophages and AFC
- scanered CD8+ lymphocytes

- few CD4+ lymphocytes

- viral protein comaining cells
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methers (Pahwa et al., 1989; De Rossi et al., 1981). However, mitogen stimulation
can alse suppress HIV-1 specific antibody production in vifro by 2 mechanism that
is dependent on the presence of CD8+ T-celis (De Rossi et al, 1881). Terpstra et
al. {1889) have found that B-cell unresponsiveness to PWM is seen from
seroconversion on. This defect seems o be intrinsic to the B-cell, and is not due to
reduced CD4+ T-cell function. Although the numbers of circulating B-celis are
normal, an increase in activated B-cells as defined by expression of the transferrin
receptor, and a decrease of resting B-celis {Leu-8 positive) is $sen in seropositive
individuals. AIDS-patients show an increase in circulating immature B-cells {CALLA-
positive: CD10)(Mariinez-Maza et al., 1987).

Conflicting data have been obtained with regard to immunization of HIV-1
infected individuals. Discrepancies may be related to limited numbers of subjects
studied and differences in the experimental design. In general, anticody responses
to immunization with pneumoccceal antigens are impaired in patients with AIDS-
related complex {ARC) or AIDS, and somewhat less impaired in symptomless
HiV-infection. Pre-immunization titers are alsc lower in both symptomatics and
asympiomatics. Feduced responses have also been seen for T-dependent recall and
neo-antigens (reviewed by Pinching, 1881).

This broad spectrum of B-cell abnormalites occurring during HIV-1 infection
is poorly understood thus far. Although some studies show that B-cell lines can be
infected with HIV-1 in vitro (cf. Dahl ef al., 1880), there is no evidence for infection
of B-cells jin vive. Schnittman et al. (1986) have shown that HiV-1 directly stimulates
B-cells 1 proliferate and differentiate, Pahwa ot al. (1885} found both stimulatory and
inhibitory effects of HIV-1 proteins on B-cells. The presence of T-cells was required
for the stimulatory effects (see also Yarchoan et al,, 1886). it is not known wheather
the concentrations of HIV-1 proteins used in vitro in these studies represent
meariingful physiclogical concentrations. Many groups have tried to cerrelate B-call
activation to Epstein-Barr virus (EBV) infection, but no clear relationship could be
established.

IL-8, an interieukin involved in stimulation of B-cells, is induced in PBMC in
vitrc by live and inactivated HIV-1 (Nakajima et al.,, 1989), and IL-6 was found to be
cruciat for in vifro synthesis of total and anti-HIV immunoglobulins (Amadori et al.,
1881). Increased IL-6 production was also found in HIV-1 infected persons (Breen
et al,, 1880), but not in the study of Amadori et al. (1891). This increased IL-6
production may be related to the signs of B-cell activation during HIV-1 infection.

Using human CD4+ T-cell clones, Macchia et al. {1991) showed that HIV-1
infected CD4+ cells can induce aniigen-independent, contact dependent peolyclonal
B-cell activation. This is an intriguing finding that has to be explored further, and has
to be shown to be operational i vivo.

A recent study by Berberian et al. (1881) showed that HIV-1 seropositive
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individuzls show a striking deficit of B-cells expressing the rearranged VH3L gene.
In seronegative subjects, these cells are normally abundant in the blood and the
lymphoid mantle zone, but absent from the germinal center. These data point to a
maturational arrest of B-cells at the germinal center stage, but the underlying
mechanism is not clear.

ANTIBODY RESPONSE AGAINST HIV-1

All HIV-1 structural and regulatory proteins evoke specific circulating
antibodies in infected persons. The serologic profile after primary infection shows a
variable latency period {weeks to months) followed by an IgM response which
declines after some time, and a subsequent IgG response, which is sustained.
Antibodies to p24 (Lange et al., 1886}, reverse transcriptase and the viral protease
seem to have prognastic value, as a decline in titer precedes the development of
AlIDS. In general, antibody titers against all HiV-1 proteins are lower in AlIDS-patients
than in asymptomatics. Antibodies to gp4t are an exception to this rule as titers are
comparable during different stages of the disease. An additional parameter in
serclogy is the presence of p24 antigen: when anti-p24 antibody levels decling, a
rise In circulating p24 anfigen is usually seen. Formation of soluble immune
complexes of p24 and anti-p24 influences the presence and detection of both p24
antigen and specific antibodies. Teeuwsen et al. {1881) have found that the number
of functionzlly active B-cells producing p24-specific aniibodies may be reduced
during progression towards AIDS.

Antibodies capable of neutralizing HiV-1 infectivity or HIV-1 induced syncytium
formation in vitro have been found in infected individuals. gp120 and most notably
its third variable domain (V3) seems to be the mgjor target for this neutralizing
activity. QOther neulralization epitopes have been identified on pi7 and gp4il
(reviewed by Goudsmit et al., 1991; Nara et al.,, 1991). In chapter 7 of this thesis
specific antibodies to probe the role of distinct V3-seguences in neutralization are
described. The V3-neutralization epitopes seem to be sequential epitopes. However,
evidence has been obtained that disconiinuous neutralization epitopes are present
on HIV-1 gp120 (Steimer et al, 1881; Ho et al,, 1881).

It should be noted here that neutralization of vira infectivity by antibody is a
fully operationally defined term. Neutralization may result from simple aggiutination
of virions, or from obscuring the binding site of the virus from ks ligand, but this
latter possibilitly seems t© be an exception. Neutralization can aiso result from
induction of conformational changes preventing infection or conversely from the
prevention of conformaticnal changes which are required for infeciion {reviewed by
Dimmock, 1887). The isotype of the aniibody can determine the mechanism of
neutralization. Therefore, the mechanism of neutralization has to be determined for
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every combination of an antibody and its complementary neutralization epitope.

HIV-1 specific antibedies and complement may promote progression of the
disease by enhancing celiular infection by antibody dependent enhancement (ADE)
involving the Fc-receptor, and complement mediated enhancement {CDE) invoiving
the complement receptor (Takeda et al, 1988; Robinson et al., 1988).

3.6 VACCINE DEVELOPMENT

Worldwide, considerable effort is devoied to the development of vaccines
preventing AIDS. In general, a vaccine can induce sterile immunity, preventing
infection most probably by induction of high levels of virus-specific antibodies, or
systemnic immunity, preventing disease either by antibodies, cytotoxic T-celis or both.
It is unknown whether sterile or systemic immunity for HIV-1 can be achieved with
a vaccine.

in theory, the following immunogens can be used: live attenuated or
recombinant virus; whole inactivated virus; natural subunit products; recombinant
DNA subunit products; synthetic peptides or anti-idiotypic antibodies. Conventional
vaccine strategies using attenuated or inactivated pathogens will probably not be
acceptable for HIV-1 as recombinatory everts and the infidelity of the reverse
transcriptase may generate new virulent variants. in addition, complete inactivation
or removal of infectious virions from vaccine preparations can not be achieved with
certainty.

Current successes in vaccine trials in primates using formalinized SIV
{(Murphey-Corb et ai., 1990; cf. Stott et al., 1891), recombinant gp120 (Berman et al,,
1880) and a combination of synthetic peptides and recombinant antigens (Girard et
al, 1891) have boosted cptmism regarding the development of an ant-Hiv-1
vaccine, This opiimism has been tempered by the finding that the cel lines used o
prepare experimental vaccines may contribute to protection (Stott et al., 1881).

HIV-1 vaccine studies face several difficuliies. First, it i as vet unknown
whether protective immunity against HIV-1 can be evoked with a vaccine, and, if so,
which immune effector mechanisms effect this protection. Second, the ideal Hiv-1
vaccing shouid not only protect against disease, but should also evoke antibodies
that prevent HIV-1 infection from ocurring at the mucesa (i.e. by local production of
IgA antibodies), and HIV-1 infection cccurring in the bloodstream (l.e. by circulating
IgG and igM). This issue is further complicated by the fact that HIV-1 may also be
transmitied intraceliularly, where it cannot be reached by neutralizing antibody. Once
infecticn has been established, antibodies and cyictoxic cells may not be abie 1o
clear &l virus from the body. Third, HIV-1 displays high genetic variability,
complicating the construction of an immunogen evoking broad-spectrum immunity.
As sterilizing immunity is not achisved, the vaccinated HIV-1 infected patient remains
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infectious for other individuals. Mowever, construction of & vaccine which slows down
disease progression, albeit not capable of eventually preventing AIDS, woulc aiready
be a magjor achievement.

Several studies included in this thesis address the difficulties described above.
Methods developed to study HiV-1 specific antibody responses in sity {chapter 5)
can be used 0 evaluate humoral responses evoked by HNV-1 infection or by
candidate vaccines &t the mucosa. For construction of candidate vaccines, it is
important to define epitopes evoking antibodies capable of cross-neutralizing
different HIV-1 viral strains, Monoclonal and poiyclonal antibodies are useful reagents
in this respect (D'Souza et al., 1891). In chapter 7 such variant specific and group
specific neutralizing antibodies were raised using synthetic peptides. In addition,
these antibodies can be used to study mechanisms involved in virus-celi fusion and
syncytium formation. Finally, they are of use to probe the role of selected amino acid
sequences in determining celi tropism, growth characteristics and syncytium inducing
capacity.
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ABSTRACT

Studies concerning the localization of immune complexes in lymphoid follicles
and the involvement of these trapped immune complexes in the regulation of the
immune response have thus far been performed with poorly defined complexes in
terms of size and composition. For that reason, the minimum requiremenis for
frapping in terms of number of antigen- and antibody moiecules present in immune
complexes could not be determined.

We here describe the production and in vive use of a monomeric HSA-HRP
antigen-enzyme conjugate, readily demonsirable in cryostat sections and ELISA. This
conjugate was obtained by combining the glutaraldehyde coupling-method with
chromatography to fractionate monomeric and multimeric constituents. SDS-PAGE
analysis showed that the conjugate consisted of a single molecular species of 108
kD, whereas the often used periodate oxidation coupling method vielded a
heterogeneocus popuiation of multimeric, cligomeric and monomeric molecules.

We investigated the minimal size requirements for the composition of immune
complexes tc be trapped in murine spleen follicles using three different conjugates
{monomeric HSA-HRP, muliimeric HSA-HRP and mutimeric HSA-HRP-Penicillin) and
a panel of anti-HSA and anti-Penicillin monccional antibodies. We demonstrate that
the smallest immune complexes, consisting of one aniibedy and two conjugate
molecules, do not lecalize in splenic follicles. Immune complexes prepared with a
single monoclonal antibody localize in follicles only if the epitope recegnized occurs
repeatedly on the antigen.

The relevance of these results for physiclogical follicular trapping of protein
antigens is discussed. The described methed for the production of monomeric
enzyme-labeled protein applicable in histochemistry and ELISA should prove useful
to prepare other conjugates of defined size for studies of trapping and other
applications.

INTRODUCTION

A small fraction of antigen-antibody immune complexes iocalizes in lvmphoid
follicles of lymph nodes (Hurmphray and Frank, 1887) and spleen (Van Rooijen,
1672} directly after formation during the humoral immung response or after passive
administration of immune complexes pre<formed in vitre. These trapped immune
complexes remain present on the surface of follicular dendritic cells (FDC) for
prolonged periods {Mandel et al., 1980; Tew et al,, 1880). Follicular trapping requires
the presence of specific antibody with an intact Fe-portion {Herd and Ada, 1888) and
the presence of complement (Papamichal et &, 1875). Mouse immunoglobulin
isotypes can be ranked in the order IgG2, g1 and IgA of decreasing trapping
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ability whereas IgM does not seem to mediaie trapping (Klaus, 1979; Phipps et al,,
1880). This paralieis the ability of the different isotypes 1o activate compiement, with
the exception of IgM.

Several functions have been ascribed 1o these persisting immune complexes:
they could be Involved in the antigen-specific feedback regulation of the humoral
immune response by the exposure and coverage of antigenic determinants (Tew et
al.,, 1980). This mechanism could be responsible for the cyclical production of
antibody as seen in several experimental systems (Weigle, 1975). Klaus showed that
immune complexes evoke anti-idiotypic responses, compatible with network theories
of immunoreguiation. He also demonstrated that immune complexes formed in
antigen-excess are far more effective in generating B memory celis than antigen
alone (review by Klaus, 1882 and Klaus et al., 1980). Cn the other hand, immune
complexes formed in antibody excess may inhibit the generation of memory B-cells
in the foliicles (Van Booijen, 1880). In two recent elegant studies (Szakal et al., 1988;
Kosco et al, 1988) immung complexes-coated beads, termed iccosomes, were
reported to detach from the dendrites of the FDC. These iccosomes are
subsequently endocytosed by tingible bedy macrophages and germinal center B-
cells. These cells are capable of in viiro presentation of i vive cbtained antigen to
T-cells.

In addition to these physiological functions of fallicular immune complexes, we
have hypothesized thai they may be involved in human immunodeficiency virus
(HIV-1) induced histopathology {Laman et al,, 1989). Mechanism of follicular trapping
of different types of antigens (thymus dependent and thymus independent), and the
role of follicular immune complexes have been discussed in more detail by Laman
et al. (in press, a).

Thus, a body of evidence exists that immune complexes trapped in lymphoid
follicles are involved in the regulation of the immune response and the generation
of immunological memory. This warrants further investigations into the mechanisms
underlying trapping and interactions of immune complexes with cells present in the
follicte. Until now, studies concerning irapping have been performed with poorly
defined complexes in terms of size and antigenic structure. It is important {0 define
minimal size/compaosition requirements of immune complexes with respect ¢
questions which such as which immune complexes will trap and which will not and
if epitopes in Immune complexes are exposed or coverad, influencing the immune
response. Therefore, the aim of the present study was to develop an antigen-
enzyme conjugate of defined size for use in enzymehistochemical studies of immune
complex frapping.

A monomeric HSA-HRP conjugate was produced and used to investigate the
minimal size requirements of immune complexes to be frapped. We determined #
small, trimolecular immune compiexes, constructed from one anti-HSA antibody and
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two conjugate molecules, localize in murine spienic follicles. In addition, using a
multimeric HSA-HRP-Penicilin (Pen) conjugate and anti-Pen monocional antibodies
(MAb), we determined if an antibody of a single speciicity is sufficient t¢ mediate
trapping if its epitope occurs repeatedly on the antigen,

MATERIALS AND METHODS

ANIMALS

Female BeD2(F1)-mice (Bomholtgard, Rye, Denmark), aged 8-18 weeks, were
kept in macraion cages under a 11 h dark/13 h light regime at 20 oC with free
access to acidified water {pH 3.0) and pelleted mouse food (Hope Farms, Woerden,
The Netherlands).

ANTIBODIES AND CHEMICALS

Polyclonal rabbit anti-HSA hyperimmune serum was obtained from the
Netheriands Red Cross Blocd Transfusion Service (Amsterdam, The Netherlands)
and mouse ant-HSA MAb SA (igG1) from Sanbio (Uden, The Netherlands). Mouse
anti-HSA antibodies 1,2 and 3 were 2 kind gift of Prof.dr. G.J. Fleuren (University of
Leiden, The Netherlands). The anti-Pen MAb 4,7 and ¢ (IgG), which recognize
different sites of the hapten Penicillin (Pen), have been described by de Haan st al.
(1879; 1985). Diaminchenzidinetetrahydrochloride {DAB) was obtained from Sigma
Chem. Co. (St. Louis, MO), horseradish percxidase (HRP; RZ 3.0} from Boehringer
{(Meannheim, FRG) and human serum albumin (HSA) from Mies (UK. Cther
chemicals were purchased from Merck (Darmstadt, FRG).

PRODUCTION OF MONOMERIC HSA-HRP

HSA (25 mg in 2 mi G.15 M NaCl} was dialysed 18 h against G.13 M NaCl,
Monomeric HSA was fractionated from trimeric and dimeric HSA by column
chromatography on Uitrogel AcA-44. HSA was coupled 0 HRP bv the two-step
glutaraldehyde method according 10 Avrameas and Termynck (1871) as modified
by and Streefkerk {1878). 10 mg HAP was dissoived in 0.2 ml 8.1 M phosphate
ouffer (pH 6.8), containing 1.25% glutaraldehyde. After 18 h at room temperature the
solution was chromatographed on Ulirogel AcA-44 1o remove excess glutaraldehyde
and cligomeric HEP {Boorsma and Streefkerk, 1978). The fractions containing the
monomeric activated HRP were pooled and concenirated to 10 mg/ml and the
monomeric HSA (5 mg in 1 m! 0.15 M NaCl) was added. The pH was raisec to 8.0-
2.5 with 6.1 M scdium carbonate-bicarbonate buffer (pH £.5), Affer 24 hat 4 oC, ¢
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mi of 0.2 M lysine-HC! solution was added. To separate monomeric HSA-HRP from
uncoupled HSA and HRP, the reaction-mixture was filirated on Ultrogel AcA-44 once
more and the appropriate fractions were pooled, concentrated and stored at -20 oC
until use. Using simitar methods, we have previously produced multimenc TNP-gpoly-
L-lysine-HRP conjugates {Ciaassen and Van Rooijen, 1885).

PRODUCTION OF MULTIMERIC HSA-HRP AND HSA-HRP-PEN

HSA-HRP was prepared according to the pericdate methed {(Avrameas and
Ternynck, 1871; Wilson and Nakane, 1878). 4 mg HRP was dissolved in 1 ml
distilled water. After addition of 0.2 ml of a fresh 0.1 M NalC4 solution the mixture
was stirred for 20 min (colour turned from brown io green). The solution was
dialysed against 0.01 M sodium acetate buffer pH 4.4 a1 4 °C for 20 hr. The pH was
raised to 9.5 by adition of 20 microliter 0.2 M sodium carbonate-bicarbonate buffer
(pH 8.5) and immediately 4 mg HSA was added in 1 mi 0.01 M sodium carbonate-
bicarbonate buffer (pH 8.5). After gentle mixing, the reaction was allowad 1o proceed
for 2 hr at room temperature. 0.1 ml of a2 freshly prepared sodium borchydride
solution (4 mg/mi distilled water) was added and the mixture was left at 4 oC for 2
hr. Hereafter the solution was dialysed against PBS and stored at - 20 °C.

HSA-HRP-Pen was prepared by adding 30 mg Pen to 10 mg mulimeric HSA-
HRP in 2 ml PBS. The pH was raised to 10 by the addition of 0.1 M NaQH. The
reaction was allowed to proceed for 8 h. Thereafter the reaction mixture was
dialysed against PBS. The number of Penicilioyl groups introduced was determined
by the penamaldate method (Parker et al,, 1862).

ANALYSIS OF CONJUGATES AND IMMUNE COMPLEXES

Melecular weight and purity of the different conjugates was assessed by
$D8-polyacrylamide gel elecirophoresis (SDS-PAGE) by running 40 microgram
samples on 1 mm thick sleb gels (7-17%) essentially as described by Laemmii
(1970). Size of immune complexes and their constituents was determined by running
samples in the same concenltrations as used in the in vivo experiments over a
Superose-8 column (Pharmacia; range 5-5.000 kD; 10 mm x 30 cm). PBS was used
as elution buffer at a flow rate of 0.3 ml/min. The eluent was monitored at 280 nm
with a UV-1/214 ultraviolet menitor (Pharmacia). The column was calibrated with

markers of known molecular weight such as IgG (150 kD), HSA (69 kD), and HRP
{40 kD).
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PREPARATION, ADMINISTRATICN AND DETECTION OF IMMUNE COMPLEXES

50 microgram of the conjugate was thoroughly mixed with a twe-fold molar
excess of the antibody in PBS in a total volume of 200 microliter per mouse. This
mixture was incubated for 1 h at 37 oC to allow complex formation and njected
intfravenously immediately hereafter. Mice were sacrificed 24 h after injection of
immune complexes by cervical dislocation and spleens were snap-rozen in liquid
nitrogen. 8 micrometer sections were fixed in acetone for 10 min and air-dried. HRP-
activity was demonstrated by incubation with AEC (3-amino-8-ethylcarbazole) for 10
min. 4 mg AEC was dissolved in 250 microliter N,N-dimethylformamide, and added
to 9.75 mil sodium acetate buffer (0.05 M, pH 5). Just before use, 50 microliter 3%
hydrogenperoxide was added. The reaction was stopped by transferring the slides
1o PBS. Slides were mounted with glycerol/gelatin.

RESULTS

To obtain a monomeric antigen-enzyme conjugate, monomeric HSA was
mixed with monomeric glutaraldehyde activated HRP. After the coupling reaction the
mixture was chromatographed to dispose of uncoupled HSA and HRP. Figure 1
shows the elution pattern of this last purification step. Protein (HSA and HRP) was
detected at 280 nm and HRP at 408 nm. Peak | represents the monomeric
conjugate: appropriate fractions were pooled and concentrated. Peak i represents
the non-conjugated HSA; peak il represents non-conjugated HRP. From the elution
voiume a MW of 108 kD was destermined for the conjugate. Figure 1 shows that the
gfficiency of the glutaraldehyde method is rather low: the conjugate in peak |
contains only a small amount of the total protein.

Monomeric HSA-HRP conjugates and the muttimeric HSA-HRP-Pen conjugates
were analysed by SDS-PAGE (figure 2). A mixture of components of known
molecular weight, including HSA (69 kD) and alkaline phosphatase {100 kD;
Claassen et al., 1988) was used for reference. The electrophorsasis pattern shows the
differences in MW and homogeneity of the coniugates prepared by the twe different
coupiing procedures: periodate treatment of HRP yields a heterogencus population
of multimeric molecules of different MW. Scme of these molecules are too large to
even enter the running gel and they accumulate in the stacking gel (stacking gel not
shown). The medified glutaraldehyde coupling method gives rise o a pure
monomeric HSA-HRP conjugate with 2 MW of 108 kD. In additicn to the band of the
conjugate, a 88 kD band of HSA and two bands of approximately 40 kD which
represent the two different iscenzymes of HRP in the commercial preparation can
be seen.

After preparation of the HSA-HRP-Pen conjugate, the penamaldate method
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FIGURE 1. ACA-44 COLUMN CHROMATOGRAPHY OF THE HSA-HRP CONJUGATION-MIXTURE

The reaction mixture of monomeric HSA and monomeric giutaraldehyde-activated HRP was applied
1c a 60 X 2 cm AcA-44 column, equilibrated with PBS pH 7.0, and eluted with the same buffer at
z flow rate of 3.7 ml/em2/hr. 2.3 ml fractions were collected. Fractions were analysed at 280 nm
{protein optimum) and 403 nm (HRP optimum)., Peaks, indicated as I, il and Ili, represent the
monomeric MSA-HRP, non-conjugated HSA and non-conjugated HRP, respectively, See Results

section for further discussion,

revealed that an average of 7 Penicilioyl groups was present per 100 kD HSA-HRP.
The MW of the different antibodies, conjugates and immune complexes was
determined by gelchromatography on a Superose-8 size exclusion column (range
5 - 5,000 kD). Results {summearized in Table 1) again demonstrate the difference in
size of conjugates, depending on the coupling method used. The MW of the immune
complexes also demonstrates the difference in size between immune complexes
mace with polycional or monocional antibodies: anti-HSA MAD are able to link only
two molecules of the monomeric conjugate whereas polyclonal anti-HSA gives rise
1o immune complexes of high MW by extensive crosslinking.
After intravenous administration of immune complexes of different size and
composition, murine spigen sections were treated enzymehistochemicaily to reveal
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FIGURE 2. SDS-PAGE ANALYSIS OF HSA-HRP

CONJUGATES

Lane A: muitimeric MSA-HRP, prepared by the periodate
oxidation method. Lane B and lane C: two monomeric
HSA-HRP conjugates. Lane D: low melecular weight
markers. Molecular weight in kD is indicated at the right.
A fraction of the multimeric HSA-HRP {Lane C) was to¢

large to enter the running gel and remained in the

stacking ge! (not shown).

MOLECULAR
WEIGHT

- 155 KD

- 109
- 100

- 69

TABLE 1. MOLECULAR WEIGHT OF IMMUNE COMPLEXES AND THEIR CONSTITUENTS AS
DETERMINED BY SIZE EXCLUSION CHROMATOGRAPHY

SAMPLE

HSA

HRP

HSA-HRP (monomeric)

HSA-HRP {mukimeric)

HSA-HRP-PEN

anti-HSA MAB (1, 2, 3 and 8A}

anti-HSA hyperimmune serum (HY)}

HSA-HMRP (monomeric) + HY

HSA-HRP (monomeric) + anti-HSA 1,23 and SA

HSA + HY
HSA + anti-HSA 1,23 and SA

MOLECULAR WEIGHT IN kD

68

40

109

109 - >500
102 - >500
150

150

>500

370

=500
>500
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HRP-activity. Resuits are shown in Table 2. The different conjugates were all readily
detectable in histological sections when complaxed with HY. Monomeric HSA-HRP
did not localize when complexed with one or more of the anti-HSA MAD. This resuit
was confirmed with several concentrations of the different MAb (data not shown).
Multimeric HSA-HRP locaiized when combinations of anti-HSA MAb are used, but
was only trapped if anti-HSA 1 15 used as single complexing antibody. Figure 3
shows the histciogical pattern of follicular wapping of HSA-HRP. As a reference,
frapping of peroxidase-anti-peroxidase is shown.

HS8A-HRP-Pen was found in spienic foliicles after compiexing with either anti-
Pen 4 or 7 but not after complexing with anti-Pen 9. interestingly, anti-Pen ¢ does
not mediate trapping and this antibody blocks the trapping process mediated by
anti-Pen 7, even if the conjugate is incubated with amti-Pen 7 for 30 min prior to
addition of anti-Pen 9. Trapping through anti-Pen 4 is not influenced by the addition
of 8.

TABLE 2. ENZYMEHISTOCHEMICAL DEMONSTRATION COF IMMUNE COMPLEXES IN MURINE
SPLENIC FOLLICLES

COMPLEXES INJECTED . HRP-ACTIVITY IN SPLENIC FOLLICLES
HSA-HRP (multimeric) + HY +
HSA-HRP (monomeric) + HY +
HSA-MRP (monomeric) + ant-HSA 1 + 2 + 3 + SA +
HSA-HRP (muitimeric) + all combinations of 2 anti-HSA MAbL -+
HMSA-HRP (multimeric) + anti-HSA 1 +

HSA-HRP (multimeric) + anti-HSA 2 -
HSA-HRP (mulimeric) + anti-HSA 3 -
HSA-HRP (multimeric) + arti-HSA SA

HSA-HRP-Pen + HY

-
HSA-HRP-Pen + anti-Pen 4 +
HSA-HRP-Pen + anti-Pen 7 +
HSA-HRP-Pen + anti-Pen 9 -
HSA-MRP-Pen -+ anti-Pen 8 + 4 +
HSA-HRP-Pen + anti-Pen 8 + 7 -
HSA-HRP-Pen + ani-Pen @ + 7 + 4 +

* Mice received an iv. injection of the complexes dissolved in PBS. Four mice were tested per
combination.
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FIGURE 3. LOCAUZATION OF
IMMUNE COMPLEXES IN SPLENIC
FOLLICLES

Mice received an intravenous injection
of immune complexss. Cryostat
sections of the spieen were stained
with AEC to reveal HRP-aclivity,
resuiting in bright red staining. Red-
stained immune complexes form a
lattice between the celis of the follicle.
Figure 3a. Localization of commercial
peroxidase-anti-peroxidase immune
complexes (PAP; Dakopatts; 200 uf
undiluted, Lv.), to show normal follicular
jocalization of immune complexes
(arrows). Counterstained with
hagmatoxylin. x 100. Figure 3b.
Localization of monomeric HSA-HRP
complexed with anti-HSA hyperimmune
serum (HY) (@rrow). Not counterstained.
X 200.

DISCUSSICN

With the aim 1o study the minimal size requirements for follicular trapping of
immune complexes, we constructed a pure monomeric HSA-HRP antigen-enzyme
conjugate by a modification of the glutaraldehyde coupling method of Avrameas and
Ternynck (1971). The monomeric conjugate reacted well in histological sections after
in vivo administration and in an ELISA-system.

Commercially obtained HRP and HSA preparaticns both contain monomers
and small ameunts of dimers and trimers, To prepare & monomeric conjugate it is
therefore necessary to first purify the monomeric fractions of both proteins before
coupling. HRP was chrematographed after glutaraidehvde activation and the
mongmeric fraction was added to chromatographed, moncmeric HSA. To separaie
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the conjugate from free HSA and HRP, the reacfion-mixiure was again
chromatographed. SDS-PAGE analysis showed that a pure monomaeric fraction with
a MW of 108 kD was obtained. This MW was in accordance with the data from size
exclusion chromatography. in contrast, the perfodate coupling method gave rise to
a heterogenous population of monomeric to large polymeric molecules. The
uncoupled HSA and HRP found in SDS-PAGE analysis may result from dissociation
of the conjugate during sample preparation {including boiling in SDS). Alternatively,
pseudo-conjugates (Deen et al., 1890} of HSA aspecifically sticking to HRP may have
formed, which do not dissociate during column chromatography.

A drawback of the giutaraldehyde coupling-method is the rather low vield of
conjugate: only a small fraction of both proteins is coupled. The surplus of activated
HRP cannot be used again but the antigen, which is usually more precicus, can be
recycled, if necessary.

The coupling of HRP not only adds 40 kDD 1o the 68 kD moiety of HSA, but
may also affect the accessibility of antibody epitopes on the HSA-molecule. Our daty
obtained with size-exclusion chromatography show that the monomeric HSA-HRP
conjugate can only form smal trimolecular immune complexes with a mixture of
ant-HSA MADb whereas normal HSA alsc gives rise to larger immune complexes.
Apparently, HEP together with the MAB that binds first obscures the binding site for
the second antibody. This did not hamper the in vivo studies, however, as the
anti-HSA hyperimmune serum was able to generate large complexes.

HRP contains only few lysing residues with free epsilon amino-groups which
can be activated by glutaraldehyde but globular proteins have many of these
accessible aming groups (Boorsma, 1983). For that reason, the final monomeric
conjugate can contain many sterically different molecules with HRP attached in
several orientations to distinct sites on the protein, interfering with antibody binding.

The size-defined HSA-MRP conjugate enabled us to prepare immune
complexes of predefined size and composition, with which we sought to define the
minimal size requirements for immune complexes to localize in lymphoid follicles. The
minimal size of immune complexes is important when one considers that the
antibody-responses 1o different epitopes on complex protein antigen may not evolve
simultanecusly. it is likely that the most immunogenic epitope will also be the first
to evoke a humoral response. Are these first-appearing antibodies capable of
mediating follicular trapping when this epitope is expressed only once on the antigen
and crosslinking of the aniigen to form large immune compiexes will thus be
impossible? To address this question we prepared small immune complexes,
consisting of one antibody and two conjugate molecules and immung complexes
formed with one MADb against one type of repeated epilope. These immune
compiexes have only ¢ne Fe-poriion and are thus inable to activate complement.
Cur data show that whereas immune complexes of high MW, fermed with palycional
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anti-HSA and monomeric HMSA-HEP, do localize, the rimolecular complex does not.
This indicates that, i the antibody response against complex antigens s indeed
staged in reactions to epitcpes of different immunogenicity, smaill immune complexes
formed by the frst-appearing antibedy against a non-repeating apitope will not
iocalize in the follicies of lympheid organs. Taken together with the fact that IgM, the
first-appearing immunogiobulin isotype in the primary respense, & not able to
mediate trapping, these data argue against & role of follicularly trapped immune
complexes in early events of the immune response.

With the HSA-HRP-FPen conjugate and the anti-Pen MAL we demonstrated that
antibodies of a single specificity can mediate trapping if the complementary epitope
occurs repeatecly on the antigen. This indicates that an in vivo response against
oniy one type of repeated epitope will be sufficient i evoke frapping. An interesting
observation was the fact that anti-Pen 8, contrary tc 4 an 7, is not able o mediate
trapping and even blocks the effect of 7. We speculate that this reflects a proceass
of sterical hindrance that abrogates the complement-activating function of the Fe-
portion or blocks the Fe-recegtor binding domains on the Fe-moiety.

Qur conclusions are in agreement with data described by Embling et al.
{1978): these authors studied trapping reguirements not with immune complexes
proper but with preparzations of aggregated human IgG. They found that trimerization
of IgG is a minimal requirement for rapping 10 occur. Their and our results confirm
the nction that the ability of immune complexes 1o fix complement is crucial 1o their
subsequent follicular localization (Papamichall et al, 1873). This complement-
cdependence is generally explained by the transport of immune complexes from the
marginal zone to the follicular center by B-cells carrying Fo-receptors and C3&-
receptors {Brown et ai, 1871; Klaus and Humphrey, 1888). Only complexes that
contain C3-fragments and Fe-portions would be crosslinked on the surface of
marginzal zone B-cells strongly enough {¢ be transgoried into the follicle. The inability
of igM to mediate trapping would be related o the lack of igM Fe-receptors on B-
cells. This explanaiion may not be sufficient however, because experimental evidence
indicates that immune compiexes may aisc reach the follicle without cell-mediated
transport {cf. Laman et al., 1890). Maeda et al. {1888) have provided evidence that
locally produced C1g may be involved in retention of immune compiaxes in lymphoid
follicles.

In conclusion, the descrined coupling-method cffers the possibility to construct
size-defined conjugates of use in in vive enzymehistochemical and i
immunochemical  technigues. With such conjugates the reiations between
composition, anatomical localization and the function of immune complexes in
immunoregulation can be studied.
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SUMMARY

The role of murginal zene mucrophuges, marginal metallophilic mucrophunes (marzinzl metalle-
phils) and marginal zone lymphocyles in the [oiliculur trapping ol immune complexes wus
investigated in u detailed climinution and repopulation study. Intruvenous injection of Hiposome-
encapsulated dichioromethylene diphosphonute (CLMDP) resulied in a complete and lasiing
climinution of marginal zone macrophages and marginul metallophils, while the number of marginal
rone B-lymphocyles wus 1emporarily reduced. By means of image analysis of light-microscopic
imuges we quantified the repopulution ol the ubove cell types and the presence of immune complexes
during the repopulution process. Trapping of peroxidase-anti-peroxidase complexes was reduced up
to Day 3 aller administration ol ClMDP-liposomes. but reached control values on Day 3. before
reappeurance of the different cell types. Therelore. marginal zone macrophages and marginal
metallephils are neither directly nor indirectly involved in the trunsport of immune complexes to
splenic lollicles. It is unlikely that marginai zone B cells pluy a role in the transport of complexes. usu
substantiul reduction in B-¢ell number did not impuir follicular trupping. At different time-points
alter treatment with Cl;M DP-liposome treatment, three macrophage markers (veid phosphatase,
ligund for ERTR-9 und ligund lor MOMA-2) were found in splenic follicles of several animals, but
not in control umimils. The presence of these macrophage markers in splenic (ollicles implies that
soluble and particulate ool remnants migrate 1o the follicle and are rewdined there without the
involvemnent of specific untibody und complement. Collectively. the data showing trupping of
immunc complexes despiic the absence of several cundidate transporter eell types und the lociilization
ol cellulur remnants Lo splenic follicles provide evidence ugainst a cell-mediated transport of immune
complexes. The datis urguc in favour ol diffusion us u trunsport mechanism of both immunc and non-

immune cormpounds 1o the follicle,

INTRODUCTION

Smull quantitics of immunc complexes locubize in the lollicles of
lymph nodes (Humphrey & Frank, 1967} und spleer {Van
Rooijen, 1972) shortly ulter injection of preformed complexcs.
or us s00n as complexes ure formed in the primary reponse. This
process 1s calfled immune complex- or anligen-trapping.
Trupped complexes remain undegraded in the (ollickes lor
prolonped perieds (reviewed by Mandel ¢ af.. 1980) and are
belicved to be involved in the generation und maintenance of
immunological memory, the feedbuck inhibition ol antibody
wynthesis und anti-diolypic reactions to self-idiotopes (reviewed
by Klaus er el 1980).

Abbreviations:  ChMDP,  dichloromethvlene  diphosphenute
(DMDP); FDC, folliculur dendritic eell; HRP, horseradish peroxidase:
PALS. periarieriolur lymphogyle sheuth; PAP, peroxidase- anti-peroxi-
duse: PBS, phosphate-bulfered saline.

Correspondence: Dr J. D. Lamun. Immunology, TNQ-MBL, P.O.
Box 45, 2250 AA Rijswijk, The Netherfands,

Trapping o an untigen tequires the presence of spesific
antibody with un intet Fe-portion (Herd & Ada, 1969) und the
presence of complement {Papamichail er gf , 1975}, us complexex
ure bound by C3b-receptors and Fe-receptors on the surface off
the extensions of the follicular dendritic eells (FDC) (Nossal o/
al., 1968; Hanna & Szakal, 1968).

Opinions differ as to the mechanism by which immune
complexes migrate [rom the marginal Zone 16 the follicle centre.
This migration could be cither passive by diffusion or active
through complex-carrying celis. Several authors have postu-
lated active transport by lvmphoceytes (Veerman & Van Roo-
ijen. 1975: Brown ¢t ¢f., 19711 Gray ¢r af., 1984: Heinen er af.,
19%86: Braun er ol 1987). Mucrophages (While. French & Stark.
1970) and migruting FDC-precursers (Szakal, Holmes & Tew.
1983} have aiso been suggested as complex-transporting cells.

Passive transport 10 the follicles has been demonsirated with
peroxidasc-unti-peroxiduse {PAP) complexes {Kamperdijk,
Dijkstra & Ddpp. 1987) and with immunologically inert
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particles (Chen, Adams & Steinman, 1978; Groeneveld. Eike-
fenboom & Van Reoijen. 1983).

Recently. we developed a model in which splenic mucro-
phages are climinated with liposome-encapsuluted dichloro-
methylene diphosphonate (CLMDP) (Van Reoijen & Van
Nicuwmegen. 1984: Van Rooijen & Claassen, 1988). One day
after intravenous administration of drug-filled liposomes, mar-
zinal zone macrophages, marginal metallophilic macrophages
(marginal mewilophils) and red pulp macrophages disappear.
Maurginal zone B eells are reduced in number. but are not
completely eliminated (Claassen, Kors & Van Rooijen. 1987:
Van Rooijen, Van Nicuwmegen & Kamperdik, 1985). This
model allows studices on the function of the different cell types as
they have differential repopulation kinetics.

The aim of the present study, therelore, was to determine il
marginai zone macrophages, marginal metallophils and margi-
nalzone lymphocyvies (T and B cells) arg involved in the trapping
of immune complexes in murine splenic follicles, gither by active
transport or by maintaining the microenvironment necessury
for the migration of complex-transporting cells. To this end. we
investigated the correlation between the presence of the ditferent
cell types in relation Lo follicular trapping of PAP compiexes.

MATERIALS AND METHODS

Experimenial design

Mice received an intravenous injection of 200 ul of u CLMDP-
liposome suspension containing 2 mg CLMDP on Day 0. On
Day —1.1.2.4,.8.12, 16 and 32, a second injeetion with 200 gt
PAP was given. Each group consisted of four mice. Controls
consisted of mice given 200 ul phosphate-buflered saline (PBS)
or 200 ul PBS-containing liposomes. Twenty-four hours after
adminstration of PAP. the spleen was taken and [rozen in liquid
nitrogen for histe- and immunochemistry, The experiment was
performed twice: onee with B6D2 and once with BALB/c mice.

Aninals

Male {B6D2)F| mice {Bomholtgard. Rye. Denmark) or BALB/c
mice (TNQ Central Animal Faclity, Rijswijk, The Nether-
lands), aged 8~16 weeks, were kept in macrolon capes under a
11 hr dark/13 br light regime at 20° and were given acidified
water (pH 3} and pellcted mousc food (Hope Farms, Woerden.
The Netherlands) ad {ibitum.

Chemicals and reagents

3-Amino-9-gthylcarbazole, cholesterol. nuphtol AS-Bl-phos-
phate and 3.3-diaminebenzidine were obtained from Sigma
Chemicul Co. (St Louis, MQ). CI;MDP was a kind gift from
Precter and Gumble (Cincinnuti, OH). PAP (rabbit), rabbil
anti-rat Ig-horseradish peroxidase (HRP) and rabbit ant-
mouse IpM-HRP, were obtained from Dako (Copenhagen.
Denmark) and Cuappel Lab. (Cochranville, PA), respectively.
Monoclonai antibodies (mAb) MOMA-1 used 1o demonstrate
marginal metallophils (Krazl & Janse. 1986} and MOMA-2.
used as 3 pan-macrophage marker (Kraal, Rep & janse, 1987),
were a kind gift from Dr G. Krzal. Vrije Umiversiteit. ERTR-9,
used 10 demonstrate marginal zone macrophages (Dijkstra of
of.. 1985; Van Viiet, Melis & Van Ewijk. 1985). was 2 kind gift
from Dr C, D. Dijkstru, Yrije Universiteit. Thy-1 a kind gift
from Dr Kraal (Ledbetter & Herzenberg, 1979) was used w0
deteet T cells.

72

Prepuration of ChM DP-liposomes

Multulemellar Biposomes were prepared as deseribed earlier
(Vun Rooijen & Van Niewwmegen. 1984). Te summuarize the
procedure bricfly. 86 mg phosphatidylcholine und & mg choles-
terol were dissolved in chlorolorm in a round-bettomed Rask.
By vacuum rotury evaporation at 37 . thin film wus lermed on
the wall of the flask. C1LMDP (1-89 g dissolved in 10 mi PBS) was
enclosed by pentle shaking for 10 min. The suspension was Kept
for 2 hr at room temperature and sonicated for A min a1 20 at
50 Hz, Aflter an additional 2 hr at room lemperature [rec
ClI,MDP was removed by centrfugation (100,080 g, 30 min).
Liposomes were resuspended in 4 mi PBS. The amount of
liposome-cncapsulated CLMDP wis determined according to
Ciaassen & Vun Rootjen (1936).

Hisrachemistry and immuanocyochemisery

Cryostat sections (8 um) of spleen tissue were fixed In acetons
containing 0-02% H,O: 10 minimize endogenous peroxidasce
activity lor 10 min (Sireelkerk, 1972). In order 1o detect PAP
complexes. sections were fixed without H+O» und stained after
air-dryving with 3-umino-9-cthylcarbuzole (AEC) for 10 min
(0-4 mg/ml in 0-05 m acclale bufler, pH 5-0; AEC was first
dissolved in 62-5 pifmg NN-dimethyiformamidc). The reaction
was stopped by trunsferring the slides to PBS. Acid phosphatase
activity was demonstrated by incubation with naphtol AS-BI
phosphate and pararosaniling for 3015 min 2t 37 . Monoclonal
antibody swining wus performed by incubating scctions. alter
afr-drying and fixing in scetone/H=0a. for | hr at 3 . with the
appropriatedifution of the mAb supernatant, Ansed three times
in PBS und incubated with the approprizte conjugate und
normal mouse serum for Thrat room temperiure. After rinsmg
three times in PBS. HRP activity was demonstruted by incubu-
tion for 10 min with 3 3-diaminobenzidine (0-5 mgimi in 0-03 v
Tris-HCi, pH 7-6, containing 0-01'% H:0:}). The reuction was
stopped by transferring the shdes to PBS. Slides (either
counterstuined or not with huematoxylin for 15 scconds) were
mounted in glycerin—gelatin or in malinel after dehydration.

Quantification of cefl markers

Histochemical results were quantified on an Artek counter
(model §80; Farmingdale. NY) coupled to un external video-
microscope. The total stuined surfuce was twken for imapge
analysis, as described before (Claussen er ¢f.. 1988}, Results were
scored on coded sumples {blind) with automated data gathering.
Data were analysed with the two-sumple Student’s f-lest for
comparison of two cmpirica] means in « nermally distributed
population (Suchs, 19%84). Statistical significance was assumed
when P<0-03.

RESULTS

Trapping of immunc complexes after administration of CLMDP-
liposomes

Trupping of immune complexes at any given time alter treat-
ment with CLEMDP-liposomes was indistinguishuble from the
histological pattern seen in untreated controls. Figure Tu clearly
shows this for PAP complexes injected § days after administra-
tion of CI:MDP-liposomes. However, & decrease in the detect-
able atnount of immung complexes was observed when PAP was
given I (Fig. e} or 2 days ulter CI;MDP-liposomes (Fig. 2). A
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Figore 1. Section of o splenic follicls of o mouse which reecived PAP (a) % duys ulter, (b} § day before, or (¢ [ day after ClMDP-
liposemes. The staning in () s comparabic with stuining observed in mice that received no liposomes. (d) Shows a section ol a spleni¢

toilicle of « mouse that received ClaM DP-liposomes but ne PAP, demonsirating MOMA-

activity. The mouse was kitled 16 duys after

administration of the lipesomes. Sections were counterstained with huematoxylin, Magnification x 75, Bar represents 100 um. R, red

palp: F, Tollicle; P, penurieniolir lvmphocyte sheuth.

simitur decrease was also observed when PAP was given | day
before ClMDP-liposomes (Fig. 1b), This deerease was of only
very short duration becuuse PAP complexes given 3 duvs alter
CLMDP-liposomes were found in quantitics identical to con-
trols. No further decrease. or increase, wus observed when
complexes were administered  at later time-points  aller
Cl:MDP-liposomes (Fig. 2).

After administration of C1.M DP-liposomes, and subsequent
elimination of macrophages {rom the spleen. macrophage

proteins {markers) were [ound in the splenic loflicles of several
animals in o dendritie pattern resembling immune complex
trapping. Acid phosphatuse (characteristic for all macro-
phages), ERTR-S-ligund  (marginal zone muacrophages).
MOMA-1-ligand (marginal metallephils) and MOMA-2-Kgand
(pan-macrophage marker) were found dispersed between the
cells comprising the splenic follicle. Membrane markers reacting
with ERTR- und MOMA-2 were demonstrable in the lollicles
up to Day 32 (and up 1o Day 6

: results not shown), while acid
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Figure 2. Imape anzlysis data of staining for PAP complexes trapped in
splenic lollicles. Mice were killed at 0, 1. 2, 3, 5,9, 13, 17 and 32 days.
ClMDP-liposomes (LIPO) were injected at Day ¢ und immune
complexes | day before kiliing, as indicated in the columns. Data ure
expresied as the mean of two experiments and o total of elght animals
{see the Matenals and Methods). C. control.

phosphatase activity decreased after Day 3. Figure 1d demon-
strates MOMA-2 activity in a splenic folbicle, in 2 web-like
structure similar to the paitern characteristic for trapping.

Eliminztion of ph
cells in the spleen

ges and Ted of marpinal zone B

After intravenous injection of Cl:MDP-liposomes. a rapid
decline in splenic macrophages was observed. identical to
experiments deseribed before (Van Rooijen & Claassen, 1988
Van Rooijen, 1989). In the present study we precisely quantified
the charactenstic markers of macrophages. Teellsand Beells to
obtain quantitative data in additien to alrcady available
gualitative histological findings. The ¢nzyme-histochemical
data of acid phosphatase staining show that all macrophages
were already climinated from the red pulp or marginai zone 2
days after administration of CL.MDP-liposomes. This finding
was confirrmed when the two marginal zone subpepulations off
macrophages were detected by means of spegific antibodies and
immunohistochemistry (Fig. 3b), instead of by acid phospha-
tase histochemistry.

No effect of Cl:MDP-liposomcs was observed on the
(relatively low) number of white pulp {follicles, inner periarier-
iolar lymphocyte sheath) macrophages (Fig. 3a) or T cells (Fig.
3c). A two-fold reduction in the number of B cells in the
marginal zone (MZ) was obscrved around 2 days after treatment
(Fig. 3¢).

Repopulation of eliminated spienic celis

A rapid recovery 10, statistically significant, normai numbers of
MZ B cclls was already observed within | week after administra~
tion of Cl.MDP-liposomes (Fig. 3c). Red pulp macrophages
repopulated more slowly but reached normitl numbers around
17 days after treaiment. However. murginal zone macrophages
und marginul metallophils were much slower in returning, o
their normal location and numbers in the spicen. It was not until
Day 13 that marginal metallophils were again localized in the
marginal zoene, and only around Duy 33 that a normal number
and localization was restored. The first marginat zonc magro-
phages (ERTR-9 positive) cells were visible on Day | 7. bul these
cells did not possess characteristic marging! zone macrophage
morphelogy nor did they localize in the marginul zone. At 32
days after treatment only few bonu fide marginal zone macro-
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Figure. 3, Image analysis duta of histochemical stainings for different
murine cellular murkers. (2} Acid phosphatase (pan macrophuge
murkery. (——} red pulp and marginal zone; (----) PALS and lollicles.
{b} MOMA-1t (~——) und ERT-9 (----) (markers lor marginal metulo-
phils and marpinal zone macrophuges. respectively. (¢) Thy-1 (—) and
IgM (---} {markers for T und B eclls, respectively. Data {each point} are
expressed as the mean of twe expuviments and 4 total of cight antmals
(see the Materials and Methods).

phages were observed und full restoration wus observed 65 days
after treatment (data not shown). This slow repopulution of
muarginal zone macrophages wus z2lso observed in an expen-
mental system ysing chronic injection of sphingomyclin con-
taining liposomes {Claassen cf of.. 1988).

DISCUSSION

The present study shows that eomplete elimination of marginal
zone macrophages and marginal metallophils and a substantial
reduction in the number of marginul zone B cells does not
prevent [ollicular trapping of PAP complexcs. Furthermore, we
demonstrated follicular loculization and retention ol magro-
phage determinunts releused from dving macrophages after
chmination of these cells. We 'conclude Lthat none of the
investiguted cell tvpes is requited lor the active transport of
immunc compiexes. but that this process accurs through passive
diffusion.

Despite many publications, the mechanism of immunce
complex trapping and the function of trapped complexes huve
remained elusive. Reecent reports suggesting a role of trapped
complexes in restimulution of B-miemory cells (Gray & Skarvail.
1988) and in the destruction of FDC in AIDS (Laman ¢f «f..
1989) warrant further studies en Tollicular immune complexes.
We here focused on the possible cell-mediated transport of
immune complexes, using uan iz rice macrophage climination
meodel.

Elimination and diflerential repopulation of macrophuges in
the spleen with ClaM DP provides u convenient model to study
functional aspects of macrophuge subsats. A panel of in rire
experiments confirmed the specificity of the method for mucro-
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phages. Macrophages were the only cells that were uffected
teliminated) after incubation of cell suspensions [rom lymphoid
tssues with CLLMDP-liposomces. No other cells were damuged
or reduced in numbers und no effecis on protein synthesis. cell
growth, antigen presentation and {untigen-specific) T-cell pro-
liferution were observed (Claussen. Van Rooijen & Clzassen,
1990). It should be kept in mind. however. thut during the first
4-5 duys alter in rico CLMDP treatment non-specific effcets on
other ¢ells thun magrophages can be observed. Aller injection.
first the macrophages. and only these, take up large amounts off
lipasomes, which are degraded by lipuses, afier which the drug is
released and the macrophage is killed. The dead mucrophuges
releuse their Tvsosormad content. resulting in non-specific damage
to surrounding cells (e.g. B celis: Fig. 3¢). In the red pulp this
duamage is not as conspicuous as in the margnal zone {(Van
Ruoijen of of . 1983), since eells are replaced more rapidly in the
former compariment. Consequently. the resulis obtained inany
study with o macrophage climination model through CLMDP-
liposomes shoukd be curefully interpreted with respect to the
first 4-5 duays, us the number ol marpinal zone B cells has been
reduced in addition Lo complete climination of magrophages,
The dita in the present study obtuained between Days Sund 14
arc therefore the best reflection of a spleen without macro-
phayes.

Qur present results cleurly show that complete removal of
marginal zone macrophages and marginal zone metullophils
does nol impuir follicular trapping ol immunc complexes. These
two mucrophuge types are therefore not involved 1n the active
transport of these immung ¢omplexes orin the muintenunce of'u
microcnvironment necessury (or the migration of other com-
plex-transporting eells, 1t has been suggested that B cells are
capable of transporting immune complexes by binding them to
their Fe- and C3-receptors. B cells have been shown o ransfer
immunccomplexes to FDC in rifre (Heinen er af., 1986; Braun ¢/
wl 1987) [Uix uncertain, however, that this transler route is also
the main route /o rire, To date, no studics deseribing lurge
numbers ol migrating immune complex-bearingoells i sira have
been published. [1is also doubiful il the quantities of complexes
loculized in the lollicles could be accounted for by the relatively
small amounts that lymphocytes cun trunsfer. In view of the
present data, showing that immune complexes sull localize
normally when a substantial fraction of the B-cell population is
gone, a role of these cells in immune complex transport is not
likely. Qur findings are in agreement with the data ol Kamper-
dijk er @i, (1987) who. on the ultrustructural level. demonsiruted
that PAP complexes penctrated towards the follicies of the
Iymph nodes in a randem distribution afler lootpad injection.
showiny no preference in adherence t¢ lymphoid or non-
lymphoid cells.

The presence of various mucrophage markers, released as
remnants {rom dying maerophuges. in splenic Tollicles shorly
ufter treatment with CLaMDP-liposomes is u strong indication
that non-untibody-complexed compounds may loculize in sple-
nic follicles. 1t is difficult 10 picture how and why trapping-
mediuting antibedies apainst maerophage surfuce markers and
an ubiguitous cnzyme-like acid phosphatase would be presentin
heuithy ammals. In a control experiment (results not shown)} we
injected purified acid phosphatase intravenously und were uble
10 demenstrate follicular localizutien of this enzyme alter | day.
We therefore conclude that trunsport and retention of these
compounds can ke pluce without the involvement of comple-

ment and antibodies. This non-specific retention is mediated by
unknown structural clements. but it may be hvpothesized that
mechanical retention is provided by the tight network of B cells
und intertwining dendrites of the FDC. An alternative explana-
tion for the presence of mucrophape murkers in follicles would
be that macrophage membrane ragments carry C3b-lragments
and.or immune complexes with [ree Fe-portions mediating
trapping. This would not explain localization of ucid phospha-
tase. however. Folliculur localization of ecllulur non-immune
compounds is in agreement with datu from Cohen ef al. {1966).
Chen er al. (1978) und Groeneveld e &/, (1983). who found that
immunologically inert carbon particles, which are unable to
evoke un immung response or 10 activale complement, do
Tocalize in the follicles.

We suggest that the following events tike place in [olliculur
trapping. Firsl, immurne complexes reach the marginal zone
from the blood stream via the white pulp terminal capillaries.
Subsequently. they diffuse o the follich centre wnd ure rewnined
on the surface of FDC by Fe- and C3-receptlors. which make
contact with their ligands in the complex. This association 1s
stable and muy remain intact for a long time. Non-immune
compounds atso diffuse into the follicular web formed by the
dendritic cell processes where they cun be retuined lora few days
to several weeks. This muay depend on the seluble (ucid
phosphatase) or piarticulate (membranc determinants; ERTR-9,
MOMA-1 and MOMA-2} nature of the compound. This
retention is purely mechanical. The present results support the
maodel proposed by Groeneveld e «f. (1983): lor both mmmune
complexes und non-immune compounds migrution is pussive by
diffusion while retention is active and specific only for the
former,
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Mazy infectons cvoke a strong Bumeral immune response.
Some (e.g.. HIV-1, EBV, CMV) also lead to disorders of che
Bcell system. Data conceraiog cell dysfuncrion are largely
derived from in vitro studics, which necessaeily exclude adl
microcavisonmental influcnces. The aios of this study was
to develop 1 tool for the invesdgation of cpitope specific hu-
moml immune responses in vivo. Mice were immunized with
one of two syathesic peprides, both 21 amine acds loag and
homologous to regions of the HIV-1 gpt60, Cryostat sectioas
of spleen and lymph nodes were incubated with the corre-
sponding peptide coupied to dlkaline phosphatase and simul-
tancously incubared with peroxidase-conjugazed mbbit an-

Introduction

fofection with the human immunodeficiency vins type 1 (HIV-1)
evokes 2 humoral as well as a cellular immune response, but it re-
mains obscure why this response does not lead te protective immu-
nity {21). HIV-1 infection and subsequent development of AIDS
is als6 accompanied by striking changes in lymphoid architecrure
2nd composition of the lymphoid tissues {22) and by several dis-
orders of the B-cell compartment, such as polyclonal B-cell prolifer.
ation, bypergammaglobulinemia (15). and B-cell infiltrares in spleen
and lymph nodes. These defecrs of the B-cell compartment have
not been sufficiendy explained as yer. As we recently discussed,
immune complexcs trapped in lymphoid follicles may be pivoral
in the development of lymph node pathology 20d defects in anti.
gen presentzton in ATDS (34). Relationships between antbody pro-
files and the rourte of infecton (23) and the differene HIV pro-
teins (13} have been described, but the mechanisms underlying these
relacions remain undear. Studies of these phenomena could bene-
fat gready from analysis of the in situ distribution and kinetics of
specific aotibody-forming cells (AFC) in biopsy of autopsy mare-

! Correspondence te: Dx. Jon D. Laman, Depe. Immunolegy. TNO-
MBI, POB 45, 2280 AA, Rijswijk, The Netherlaads.
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sisera specific for mouse immunoglobulin isotypes. We were
able 10 show simuteancous detcction of cpitope specificiry,
isotype, and localizadon of antbody-forming cells and wm-
mune complexes in tigsue sectons. It should prove useful
for in vivo investigation of the development of specific (¢.g.,
anu-HIV-1) humoral immune response, the determination
of B-ccll specificity in lymph node mfeitrates. and che role
of immune complexes in lymph node pathology. (J Histo-
chem Cyrochern 38:457-462. 1990)

KEY WORDS: AIDS; Alkaline phesphatase; Antibody-forming cells;
Epitope; HIV-1; Immune compleoxes; Inmuaocyrochemistry; Mouse;
Synchetic peprides.

rial from paticnts or animals, such as chimpanzees infected with
HIV-1 or macaques infected with SIV.

In caslier studies we demonstrated that antigen-specific anti-
body-forming cells and immune complexes could be demonstrated
in vivo by antigen—enzyme conjugates (29). In these studies we used
intace proteins, thereby making an analysis of the epitope specific-
ity of antibody-forming cells or immune complexes impossible. Be-
cause certain epitopes of proteins clearly are of more interest thao
others [e.g., molecular mimicry with selfdeterminants (14), virus-
neutralizing epitopes], the presence of antbedies direcred against
these sclected epltopes is of great importance.

The aim of this study, therefore, was to develop a method to
study the cpitope specificity of B-cell responses against HIVA, or
other antigens, in tssucs of HIV-l-infected patients or animal
models. To this end, two peptides homologous 1o conserved regions
of the HIV-1 gp160 and gpl20 were produced by solid-phase syn-
thesis. After immuntration of mice with the fiec peptide ora pep-
tde—cerrier conjugate, B-¢clls producing antbodics againse the syn-
hetic pepride could be demonstrated by incubating cryosear sections
with 2 peptide-alkaline phosphatase conjugate. Iamurocytochem-
ical double staining permitted the simulmancous derection of iso-
type and peptide specificity.
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Materials and Methods

Animals, Fernale BALB/A mice were bred at the TNQ breeding facii-
ity. Animals $-16 weeks old were used for immunizations and were kept
under GLP protacol with frec access te pellered food and acidified water
{pH 3). Experiments were performed under the auspices of Durch Vereri-
aary Inspection, as described in the law on Aaima! Experiments,

Peptide Synthesis and Pusificadon. Two peptides were synthesized by
solid-phase synchesis according to Merrificld (18) on polystytene resin (1%
cross-linking), using 2n automated peptide synthesizer (SAM-2: Biosearch,
San Rafael, CA). The reacrion sequencs was performed according 1o the
standard protocol using tertiary-butyl-oxyearbony! amine acids with the
following side chain protecuion: Lys-2-chlorecarbobenzoxy, Glu-beazyl. Gly-
benzyl, Cys-terviary-buryimerczpto (Fluka AG. Buchs, Switzesland and
Bachern AG, Bubenderf, Switzerland}. Final deblocking and cleavage from
the resin was performed by treatment with thioanisol and hydrogen fluo-
tide for 90 min at 0*C. Resin, thicanisol, and cleaved pepride were sepa-
rated by cther extraction followed by extraction with 3% acetic acid. After
kyophilization, peprides were ceduced with 10 equivalent threo-i,4-
dimercapto-2,3-butanechol, pH 8, for 1 hrand lyophilized. Gei filtration
of the crude peptide was performed on Sephadex-G15 (Pharmacia; Plicata-
way, NJJ. using 5% (v/v) acetic acid a5 the eluent, For analysis by HPLC
{high-performance liquid chromatography: Pharmacia). a reverse-phase
ulrrasphere C18 column, 1¢ x 250 mm (Beckman Instruments; Palo Alto.
CA). was used, applying a lincar gradient from 15% to 40% soludon B
{0.1% triflusroacetic acid in acetonitrile) into solution A {0.1% wiflucro-
acetic acid in water) for 15 min at 2.3 ml/min. Aming acid analysis was
petformed on the hydrolized pepuide using pre-columan dervatization of
the amine acids according te Janssen et al. (11). confirming the expected
composition.

Conjugation of $ynthetic Peprdes. Peprides were coupled to carrier
proteins (kevhole limper hemmecyanin, bovine serum albumin. or tetanus
toxaid) via the cystein residue with the bifunctional coupling agent MBS,
according to a modificd method described by Van Denderen et al. (28).
A 10 mg/ml sofution of the carier in 0.1 M sodium phosphate (pH 7) was
activared ar 4°C with 2 200-fold melar excess of MBS, Afrer sirring for
13 min, buffer was added to 2.5 mi and the solurion was filtrared over a
PD10 column (Pharmacia) and concentrated to 2 my/ml A 100-fold molar
ax¢ess of pepride was added for keybole impet hemocyanin and a 50-fold
excess for bovine serum albumin and retanus toxeid, The soludon wasstirred
60 min a1 room remperature and conjugates were stored ar —20°C.

Peptides were coupled to AP by means of glutaraldehyde, with 2 medifi-
cation of the method for xntibody—enzyme coupling as previously described
{7). A 2 mp/mi AP solution was dialyzed ovemnight ar 4°C against 0.2%
glutaraldchyde in PBS. After extensive dialysis of the carrier solution against
PBS, the peptide was added to the carrier sclution (2 mg/ml in PBS) and
the mixrure was incubated overmight at 4*C. The reaction was stopped with
0.2 M bysine-HCl during 2 hr at 4°C and the mixoure was dialyzed againgt
PBS. Conjugates were mixed with an equal volume of glycerol and stored
at -20°C.

Imnmtunization Procodures. Mice (7 = 16) were primed subcuraneously
in the upper side of both hind feer with 23 pp of the peptide or pep-
tide—artier conjugate in PBS pet foor, mixed with an equal volume of Specol,
awaser and oil adjuvant (3}, kindly provided by Dr. A. Bianchi, CD Lelystad.
Afrer 3 weeks che mice were boosted 1n the same way. Controls were cither
not treated or immunized with Specol-PBS or immunized with irrelevant
peprides/conjugates. Sera waken ar time of saerifice were tesed in an ELISA
as previously described (4) with 2 polyclonal goat anti-mouse immunogleb-
ulin antibody (KPL Labs: Gaithersburg, MD) conjugated to AP.

Immunocytechemical (Doubic) Staining. Mice were sacrificed by cer-
vical distocation, and spleen and poplitcal lymph nodes wese snzp-frozen

in liquid nicogen. Eight-pm cryvostar sections were fixed for 10 min in fresh
acecrone conmining 0.62% (v/v) hydrogen peroxide.

For rewelation of anu-peptide AFC only. secrions were incubared for
3 hr a1 foom temperature {or overnight 2t 4°C) with the peptide-AP con-
jugate diluted 1:25 ro 1:125 in 0.1% bovine serum albumin/PB3 (wiv).
Slides were rinsed thrice with PBS and stained for AP according to Bur-
stone, with modifications (8). Bricfly. 5 mg naphthol AS-MX phosphate
was dissolved in 250 pl N.N-dimechylformamide and added to 40 ml Tris-
HCI buffer (0.1 M, pH 8.5}, Ten myy Fast Blue BB base was suspended in
250 wl of 2 N HCI, and 250 ul 4% sodiurm nitrite soludon added. After
1-2 min, this mixture was mixed slowly with 40 ml buffer. T inhibit en-
dogencous alkaline phosphatase acdvity. 2 mM levamisole was added 1o
the substrace solution. The solution was filtered o remove any precipirare,
and the reaction was allowed to proceed for 15-60 min ar 37°C by vertical
incubation in Coplin jars. $taining was monitered with a light microscope
o prevent over- or understaining, Staining was stopped by trunsferring the
slides to PBS. Scctions were countenstained with hemaroxylin and mounted
in glycerol-gelatin,

Double smining, was performed in cither 2 one-step or z wo-step pro-
cedure. In the two-step procedure, sections were incubated overnight at
4C with unlabeled rabbit anti-mqusc sotype-specific antsera (Miles; Weasp,
The Netherlands) together with the peptide-AP conjugate diluted 11250
(approx. 0.04 mgiml) in 1% bevine serum zlbumin/PBS. Scctions were
rinsed three rimes with PBS and incubated with goat anti-rabbir [g-HRP
{Drkoparts; Glostrup, Denmark). diluted 12200 in 1% bovine serurm albu-
min/1% normal mouse serum in PBS, for 30 min at room remperature.
After washing three times with PBS, AP activiry was revealed as deseribed
above. Slides were rinsed once and HRP activity was rovealed with 3-amino-
S-cthylcarbazole. Four mp were dissolved in 250 il NN-dimethylformamide
znd added 1o 9.75 ml sodium acerare buffer (0.05 M, pH $). Just before
use, 90 k! hvdrogen peroxide was added. The teaction was monitered with
a light microscope and allowed o proceed for 7-10 min.

Ia the ene-step procedure, sections were simulraneously incubared over-
night ar 4°C with the peptids-AP conjugate and HRP-labeled anti-mouse
sotype-specific andsera diluted 1350 {apptox. 0.4 mg/ml) in 1% bovine
serem albumin in PBS, Scruons were washed three rimes with PBS, and
AP and HRP zctivities were demonstrated as described above.

Sectipns were incubarted, a5 2 negative conurol, with unconjugated AP
orwith AP coupled to a peptide that had a0t been used for immunization
of the animal under investigation. Cther controls included spleens of non-
immunized mice, and spleen and popliteal lymph nodes of animals im-
munized with the adjuvanr only.

Results

Synthesis of Peptides Homologous to HIVI Regions

T syntheric pepuides, SP 68 and 5P 69, were produced with Mez-
rificld solid-phase syathesis, and purified. SP 68 is 2 21-mer, over-
lapping the site (marked *} where cleavage of gpi6d into gpl20
and gp41 oceurs (24), with the sequence Thr-Iys-Ala-Lys-Arg-Arg-
ValVal-Gln-Asg-Glu-lys-Arg*Ala-Val.Gly-Tle-Gly-Ala-Leu-Cys. A
carboxyrerminal Cys was added for coupling to carricr proteins via
- SH residues. SP 69 s a 2i-mer homologous to amine acids 254
o0 274 of env from the second conserved domain of gp120 and is
partially homologous to neuroleukin, Ho and coworkers {10,16) have
shown that this region of gpl20 is important for HIV-1 infecrivity
and antibody neuttalization. The sequence is Cys-Thr-His-Gly-lle-
Arg-Pro-Val-Val-Ser-Thr-Gla-Leu-Leu-Lew.Asn-Gly-Ser-Leu-
Alz-Glu,
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EPITOPE-SPECIRIC DETECTION OF ANTIBODIES IN VIVO

ELISA Analysis of Sera

The ELISA datz (not shown) confirmed the presence of antibodies
in the peripheral blood specific for the synthetic pepride used for
immunization. $era were tested on different coatings and revealed
acrivity against the cotresponding peptide, either directly coated
as free peptide or coated asa peptide-prorein conjugate. Specific-
ity was confirmed by the lack of reactivity against the other pep-
tide {or pepride—protein conjugare) and against Lrcicvant protein
(bovine serum albumin). The tissues used for immunocytachemis-
ry were thus derived from mice that were confirmed o be specifi-
cally reacrive against the pepride used for immunization.

Immunocytochemical Revelation of
Pepride-specific AFC

Coupling of synthetic peptides to proteins can be performed with
a varicty of coupling agents (3). In this case we chose coupling
through the amino groups on both $P and cnzyme by means of
glutaraldehyde. The convenciona} glutaraidehyde coupling method
(1) is performed by adding the cross-linker to a soludon containing
both elements to be coupled. This resules not oaly in conjugate
formation bur alse in ineffoctive homopolymers of both proteins.
By modifying a method we described before for the detection of
anti-allotype AFC with antbody—enzyme conjugates {7), we suc-
cceded in conjugare formation without any homopelymers. To ob-
tain this, the enzyme is first activated with glutaraldehyde, puri-
fied {to remove fice glutaraldehyde), and the SP is subscquently
added. This resules in i SP-AP conjugare with SP bound, in vatious
orienmtions, through N-terminal and g-amino groups. The coo-
jugates obtained using chis new methed for coupling of SP to en-
zymes (proteins) proved very cfficient in both immunchistochemis-
try and ELISA assays (data aot shown).

Incubation of cytospin preparations or tissuc sections of lym.
phoid tissues taken from immunized animals will resuit in bind-
ing of these conjugates by oxtra- or intraceliular antibodics presear
in immune complexes and AFC (Figure 1), tespectively, After im-
munocytochemistry of the SP-AP-incubated sampies the AFC will
stain blue, as shown in Figure 1a. In spleen sections of immunized
mice, 20-80 AFC were detected per secrion {Figure 13), Specific
AFCwere also found in cach lymph node section (up to 200/secdion)
fter subcutaneons immunization of mice with either conjugated
of free SP 68 and 8P 69 (Figures 22-2¢). Ocaasionally 2 blue-stained
honeycomb partern characteristic for immune complex mapping
in lymphoid follicles was obsetved {Figure 1b). Control sections
incubared with unconjugated AP or with the non-corresponding
{68-AP on 69 mice and vice versa) peptide-AP conjugare did not
show staining of cells. Spleens of uncreated mice did not stain with
pepuide-AP conjugates. Popliteal lymph nodes of mice stimulaced
subcutaneously with Specol oniy showed few (10-25) blue-stined
cells per section (Figure 2d).

Double Immunocytochemisiry for Detection of
Lorype and Specificity
To simultaneously demonstrate pepride specificity and isotype of
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the AFC, cryostat sections were Incubated with both the correspond-
ing peptide-AF conjugate and a rabbir and-mouse IgG (or
1gM)-HRP conjugare. Antibodics recognize the SP and thus bind
the SP-AP conjugate (~= blue). These antibodics zre also recop-
nized by an HRP-iabeled anti-isotype antibody (— red). As Figure
2 shows in detail, after saining for AP and HRP three types of
cellscould be disunguished: blue cells producing anti-peptide an-
tibodies of unkoown isotype, red cells producing ancibodies of the
isotype under jnvestigation but not recognizing the peptide, and
violer (intermediarely)-stained cells producing anti-pepride anti-
bodies of this particular isotype. Double-stained violer AFC-
producing IgG (arrows in Figure 22) 2nd IgM (Figures 2b and 2¢)
zntibodies specifically directed against the peptide were readily de-
rectable. The localization of these AFC in lymphoid Hssuc was similar
to what we have described before (31). ARC were found in the spleen
in the outer periarteriolar iymphocyte sheath and in the sheaths
of lymphoid tissue surrounding the terminal arterioles (Eigure 1z).
In the lymph nodes, AFC were found mainly at the boundary of
the extrafollicular zone of the peripheral cortex with the deep cor-
tex {Figure 2a) and areund the medullary cords (Figure 2b), bur
enly 2 few cells were found in the follicles. The ratio of peptide-
specific AFC of IgM over IgG origia was approximately 211, and
g differences in localization patterns berween the ewo sotypes were
observed.

Discussion

The present study deseribes a fast and specific approack ro analyze
the in situ AFC responsce against synthetic peptides of HIV- with
respect to localizaton, epitope specificity. and isotype. This new
direct immunocyrochemiczi techrique ¢nables in vive detection
of HIV-] epitope-specific AFC and imrmune complexes during the
development of AIDS. It can be used in che study of several cell
phenomena relevant to the histopathogenesis of AIDS (14), which
are very difficult to investigate with in vite methods.

HIV-1 synthetic peptides, and their recognition by antibodies,
have been used (in vitro) in serological studies of scropositive sub-
jects (6,12.17) and in functional studics of anti-HIV-1 ¢ell-medizred
mrmunity (2,19,26). We have previously been successful in raising
poly- and monoclonal antisera against synthetic peptides homolo-
gous to humaa IgG; (4) and the ber—abl breekpoins: region (28)
that crossreacted with the native protein. In 2 paralle] line of re-
seacch, we have developed immunocyrochemical methods for de-
rection of AFC specific for protein andigens, such as HSA, and hap-
tens such a5 TINP and penicillio [for revicw sec £29)]. These methods
were used to analyze the development and localizarion of the hu-
moral response in the murige splecn (30). Combining these two
approaches, we reasoned that synthetic peptides, mimieking epi-
topes of 2n anrgen, could alse be used as detector molccudes, al-
lowing epitope-specific detection of antibodies dixected against thar
antigen in vivo. Furthermore, synthetic peptides ate already estab-
lished as detector molecules in various assays (e.g., ELISA, immu-
aoblot) as coating for antibody capture from samples such as sera.
The experiments described here demonstrate the feasibility of this
oew application of synthetic peptides as amlytcal tools in the study
of the ia vivo immune response.

Immunization of mice with free synthetic peprides (SP 68 2nd
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69) ot syatheric peptides coupled to carrier proteins led to the de-
velopment of specific AFC, and these could be detected by incu-
bation of ¢ryosections with 2 conjugate of SP coupied to a detector
cazyme. The different consrols (incubation of scctions with another
pepude-AP conjugate: incubation of sections with uncenjupzted
AP; non-immunized mice; mice immunized with Specol only) con-
firm the specificity of this methed. The incidental peptide-reactive
AFC in conrols immunized with the adjuvant only may be the
consequence of the polyclonal activation by Specol. resulting in
B-cells producing erossreactive antibedies. This adjuvant-induced
rezxcrivity will, of course, not be present in lymphoid tissue from
HIV.l-infected patients. Care should be tken in construcrion of
SP-cozyme conjugates, and especially in validation of their speci-
ficity. Too many SP molecules coupled to an enzyme molecuic lead
to recognition (apubody~SP) but not to staining due o (partiad)
inactivagion of the enzyme. On the other hand. too fow SP molecules
lead 10 fecognition and staining only of high-affinity antibedics,
and preferentially of the IgG isotype, Validation of SP-enzyme con-
Jjugates can casily be performed in an ELISA or ELISPOT assay anal-
ogous to what we recencly deseribed for detection of antibodies
directed against insulin with protein—enzyme conjugates (32).

HIV-1 infection and development of AIDS are accompanied by
2 wide spectrum of immunological abnormalicies (15). Although
an HIV-1specific cellular as well as humoral immuae respense is
mounted, little evidence for protective immunity has been found,
and it i believed that a large proportion of the infected persons,
if aot all, will eventually progress to AIDS (21). Abnormalities of
the B-cell compartmens in AIDS include polyclonal bypergam-
maglobulinemiz, poor in vitre B-cell respores to both T-dependent
and T-ind cpendent zntigens (27), and dramartic changes in aum-
ber and distabution of Bcells in the lymphoid tssues (22). The
present approach coables us 1o study the HIV-L specificity, or lack
thereof, of these B-cclls 1o vivo. This can be accomplished either
by use of SP or by use of HIV-1 proteins such as gpl20 (native/
tecDNA produced).

it has been suggested that other viruses, such as EBV, may be
invoived in the development of B-cell disorders (15). EBV-specific
B-tells can now be studicd for the presence of both antigen and
specific antibody, by making usc of SP derived from EBV sequences
or EBV proteins.

Immune complexes that are trapped on the surface of follicular
dendritc cells in the lymphoid follicles may be invelved in the
histopathogenesis of AIDS by acting as a targee for cyrolytic cclls
(14). The close intertwining of follicular dendritic celis and sur-
rounding cells poses enormous problems i obraining intact ¢ells
for in vitro studics of the roi¢ of immunc ¢comploxes. Furthermore,
the fact that these cornplexes zre usually formed in antibody exeess
prohibits their detection through recognition of trapped antigen
by specific antibodies. The current method, with gither SP or pro-
tein coajugates, is especially suited for antigen-specific deteetion

of immune complexes by means of the remaining free andgen com-
bining sites (Fab).

Apart from its location in the immune systemn, BIV- has a to-
pism for the central nervous system and evokes ncurological ab-
normalitics (20). The local production of anti-HIV-1 antibodies has
been calculared (25) and demonstrated (9), but the ofigin of these
antibodics is unclear. Incubation of cryostar sections of relevant brain
tissue with the gbove-described conjugaccs would enable the de-
tection of HiV-1-specific AFC in the brin.

By making usc of enzymes instead of fluorochromes, we avoid
potential problems like autofluorescence and fading of the label
However, if precise quantitation of intracellular antibodies is re-
quired fiuorochromes can be preferred, as discussed previously (8).

The described method thus provides a tool for studying the fine
specifieity of the humoral immune response against any antigen
In situ, provided thar the DINA sequence of amine acid sequence
of the antigen is known. Furthermnore, many other applications of
these $P-cnzyme conjugates can be envisaged (e.g., in recepror-
ligand studies, ELISA, ELISPOT).
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INTRODUCTION

Infection by human immune deficiency virus type 1 (HIV-1) evokes enormous changes in
the organization and function of the microenvironment of lymph nodes and spleen. In three
progressive stages, ranging from follicular hyperplasia to lymphoid depletion, the lymph
nodes degenerate. In the terminal phase of the disease, the architecture of the lymph node
18 lost, lymphoid depletion has occurred, and the network of follicular dendritic cells
(FDCs) is destroyed (2). The disruption of germinal centers and FDCs (2,3) may be the
basis for the development of B-cell disorders (4) in the acquired immune deficiency
syndrome (AIDS). Litdle is koown about the mechanisms that govern the progressive
damage to the lymphoid organs during the development of AIDS, although they may be the
key to HIV-induced immunopathogenesis. Especially, the role of B cells and immune
complexes (ICs) during development of histopathogenesis has received little attention. We,
therefore, developed an immunocytochemical method to study epitope specificity, isotype
and anatomical localization of HIV-specific antigen-forming ¢elis (AFCs) and ICs.
By incubation of tissue sections of lymphoid material with syntbetic peptides (SP) coupled
to detector enzymes, epitope specificity of locally present antibody can be demon-
strated. Anti-isotype sera allow double staining for the detection of the isotype (1). In the
present study, we determined if recombinant (rec) gpl20 could also be used in thess
techniques, and we compared SP and rec gpl20 with HIV- and STV-infected cell lines as an
antigen source.
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MATERIALS AND METHODS

Animals

Female Balb/c mice were bred at the TNG breeding facility under specific-pathogen
free (SPF) conditions and maintained in Makrolon cages with free access to acidified

water {pH 3) and pelleted food. Animals were used for immunization at the age of 12-20
weeks,

Antigens

SP 68, a 21-mer homologous to the cleavage site of HIV-1 gp120 and 41 (amino acids
506-525), was synthesized and purified as described before (1). Rgpl20, SIVmac251-
infected HUT78 and HIV-1 (HTLV-UIB)-infected Sup-T1 were 2 kind gift of Dr. P.
Bentvelzen and coworkers (TTRI-TNG, Rijswijk, The Netheriands).

Immunizations

Synthetic peptides: three mice were immunized twice with a 3-week interval in both hind
footpads with 25 ug of the SP suspended in Specol, a water and oil adjuvant, in a volume
of 50 ul. Rgp120: Two mice were immunized as described for the synthetic peptides but
two additional groups were immunized with 50 and 100 ug, respectively. Virus-infected
celis were killed by fixation with etharol (final concentration 70%) and stored at —20°C.
Before use, they were washed three times with phosphate-buffered saline (PBS).
SIVmac251-infected HUT78: 5 mice were immunized twice with a 3-week interval in both
hind footpads with 0, 5 x 10% 5 x 10%, 5 x 10% or 5 x 10° cells suspended in Specol in 2
volume of 50 ul. HIV-1-infected Sup-T1: Four mice were immunized twice with a 3-week
interval in both hind footpads with 0, 5 x 10°, 5 x 10% or 5 x 10° celis suspended in Specol

in a total volume of 30 ul. A second group of four mice received the same doses suspended
in Specol in a volume of 200 p! intraperitoneally.

ELISA and Immunocytochemistry

Five days after the booster immunization, serum was teken and tested in ELISA as
described previously (5), with a goat-antimouse total immunoglobuiin G (IgG)—alkaline
phosphatase {AP) (KPL). The splecn and popliteal lymph nodes were taken and snapfrozen
in liguid nitrogen. Eight-micrometer cryostat sections were fixed for 10 min in fresh
acetone, containing 0.02% H2O2. After air drying for 10 min, sections were incubated for
16 hr with antigen-AP conjugates or anilgen-horseradish peroxidase (HRP) conjugates
(10 pg/md) at 4°Cin 0.1% bovine serum albumin (BSA) in PBS. Conjugates were produced
as described previously (1,6). Sections were washed three times with PBS and stained for
AP or HRP as previously described (6) and mounted in glycerol/gelatin. Double staining
was performed for mice immunized with SP 68 by simultanecus incubation of tissue
sections with SP 68-AP and polyclonal rzbbit-antimouse isotype-HRP antisera (Miles),
specific for IgM and IgGy. Subsequently, sections were stained for AP and for HRP after
washing once with PBS.

RESULTS AND DISCUSSION

The aim of this study was to compare the ability of different types of HIV antigens (ic,,
synthetic peptides, rgpl120, and virus-infected celis) to evoke antibody responses and to be
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Table 1 Application of Different Antigens in Immunization and

Detection of Specific B Cells

Antigen Evokes serum titers Use as detector ligand
5P 68 Yes Yes

rgpl20 Yes Yes
SIVmac251-HUT No NT
HIV-SuPtl No NT

NT = not tested.

used as detector molecules for immunocyiochemical detection of AFCs in tissue sections.
The results (summarized in Table 1) show that both synthetic peptides and rgp120 give
rise to circulating antibodies, and that they can be used as detector molecules in immuno-
cytochemisiry. In the dose range used, SIV- and HIV-infected cells do not give rise to
anti-gp120 or anti-SP tters.

Figure 1 shows ELISA data of sera tested on coatings of SP and rgp120. It is clear that
1gp120 is a potent antigen with the adjuvant Specol (Fig. 1A). The SP 68 is also able to
induce specific antibodies (Fig. IB). Virus-infected cells are not able to evoke responses
against either SP or rgp120 (Fig. 1A and 1B). Three alternatives may explain this finding:
(a) The quantity of the antigen in the cell preparations is too Jow. (b) Ethanol fixation has
disrupted the antigenic structure of the determinants. (c) Cross reactivity between rgp120
and SIVmac251 glycoproteins is low. The fact that cell preparations in a strong adjuvant
are poor inducers of humoral responses may be relevant for vaccination strategies with
recombinant prokaryolic organisms which express HIV protein. This problem may be
overcome by the use of recombinants expressing high levels of antigen, immunization with
higher doses of cells, the use of recombinants replicating in the host, or a combination of
these options.

Immunocytochemical staining with rgp120-HRP and SP 68-AP allowed detec-
tion of specific AFCs and immune complexe¢s. Figure 2 shows a group of specific
AFCs in a lymph node section of a mouse immunized with SP 68, Double staining
with SP 68-AP and polyclonal rabbit-antimouse Ig sera coupled to HRP allowed
discrimination between (2) antigen-specific AFCs of unknown isotype; (b) AFCs pro-
ducing antibodies of the isolype under imvestigation, of unknown specificity; and
(c) AFCs specific for the SP, producing antibodies of the isotype under invesiigation
(results not shown). Mice imrnunized with the adjuvant only showed few or no cross-
reactive cells.

CONCLUSIONS

This study shows that both recombinant HIV proteins and synthetic peptides can be used
to induce humoral respomses in mice. Furthcrmore, these reagenis can be used in
immunohistochemistry to detect specific AFCs and ICs in tissuc scciions of patient
and apimal material. Such studies will help o elucidate the mechanisms involved
in lymphoid histopathogenesis, B-cell (dys)function, and fluctuations of antibody
titers. Recently, we showed that both protein-cnzyme and peplide-enzyme conjugales
can be used successfully for the detection of HiV-specific B-cells in human lymph
nodes (7).
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Figure T Responses in ELISA of mouse sera after immunization with different HIV/SIV—antigens.
1:100 dilutions of sera are shown. Each bar represents an individual mouse. FP = footpad immuniza-
tion, IP = intraperitoneal immunization. (A) Evaluation on a rgp120 coat shows that rgpi120 induces
good responses, whereas HIV-1 and SIVmac~infected celis are ineffective. 1, 2, and 3 represent mice
injecied with 25, 50, and 100 ug rgpli20 per injection, respectively. For zgpl20, reactivity of sera
three weeks after priming is 2lso shown. 48, 9-12 and 13-16 represent increasing doses of virus-
infected cells as indicated in the Materials and Methods section. (B) Evaluation on 2 SP 68 coat shows
that the SP induces specific responses, whercas the infected cells induce no antibodies cross reactive
with this epitope. 1-3 represent the mice immunized with the SP 68. 4-16 represent the same sera as
shown in (A).
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Figure 2 Photomicrograph of a lymph node section of 2 mouse immunized with SP 68 and siained
with SP 68-AP. Darkly siained SP 68-specific AFCs surround a lymphoid follicle.
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Summary. Cryostat-sections of biopsies from HIV-in-
fected patients or HIV/SIV-infected experimental ani-
mals pose 3 bichazard risk to laboratory workers. The
cbjective of this study was 1o select a procedure that
appropriately [(ixes cryo-sections and reduces the risk
of HIV-1 infectivity. This inacuvation procedure should
preserve antigen binding capacity of host-produced anti-
bodics and the antigenic structure of cpitopes present
in these tissues, while retaining sufficient morphologic
detail. We tested the cffect of seven different established
fixation-inactivation procedures for HIV-1 on the detec-
tion of specific antibodies and membrane markers, com-
pared to acetone fixatien as a reference. Frozen sections
of spleens from mice immunized with trinitrophenyl
(TNP)-Ficoll were incubated with TNP-alkaline phos-
phatase to detect specific antibody-forming cells and fol-
licular immune complexes containing TNP-specific anti-
bedies. In addition. sections were stained with mone-
clonal antibodies directed against IgM (187-1), T-cells
(anti Thy-1). and marginal metallophilic macrophages
(MOMA-1). Five procedures proved useful as they gave
results similar to regular acetone {ixation. In contrast,
wo procedures with a methanol-containing fixative ob-
scured both antigen binding sites and membrune anti-
gens. Subsequently, these five sclected procedures were
tested on glass slide preparations of HIV-1 infected cell
lines, expressing HIV-1 determinants defined by mono-
clonal antibodics, Finally, the procedures were tested
on scetions of an HIV-1 infected human lymph node,
for detection of HIV-specific B-cells. We show that [ixa~
ton-inactivation in 0.37% {(v/v) formaldechyde in PBS
for 10 min at room temperature and 0.5% paraformal-
dehyde (w/v) in PBS for 10 min at room temperature
are the methods of choice, combining preservation of
antigen binding sites (Fab), membranc antigens, and
HIV-1 determinants with good tissue morphelogy.

Offprint requeses to: 3.0, Lumuan

Abbreviations - AFC-antibody forming cell; AP - sikaline phospha-
tuse: MAD — monoclonal antibody: HIV-1 — humun immunodeli-
cieney virus type 11 HRP - horseradish peroxiduse: TNP — trinitro-
phenyl

Introduction

Immunocytochemical staining of cryopreserved human
immunoedeficiency virus type 1 (HIV-1) infected tissues
poses a biohazard risk. as this virus 1s not completely
inactivated by freezing or by routine 10-min acetone fix-
ation (Fauvel et al. 1989). This preblem can be solved
by using a fixation procedure which alse inactivates vir-
ions present in cryostat sections. General procedures for
inactivation of cell-free or cell-associated HIV.1 have
been deseribed. including treatment with chemical com-
pounds and heart (Martin ct al. 1983, 1987 Resnick ct al.
1986 Spire et al. 1984, 1985: Hanson et al. 1989). How-
ever. a procedurc applicable in immunocytochemistry
should allow the antipenic structures and antibodies in
the tissue to remain intact for subsequent immunocyto-
chemical detection by means of antibody and antigen-
enzymce conjugates, respectively. Although the effect of
HIV-1-inactivation on antigen detection has been as-
sessed with fluorochrome-labeled antibodies in ¢ell sus-
pensions (Lifson et al. 1986) and cell-smears (Fauvel and
QOzanne 1989). these studics did not address the question
whether antigen specific antibodies present in tissue sec-
tons are still able to bind the complementary antigen.
We have developed techniques to detect specific ant-
bodies in tissue sections with antigen-enzyme conjugates
(reviewed by Van Rooijen and Claassen 1986) and used
these to jnvestigate the humoral immune response (re-
viewed by Van Rooijen ct al. 1989), Recently, we showed
that epitope specificity of antibodies directed against
HIV-1 can be determined in tissue sections using synthet-
ic peptide~enzyme conjugates (Laman et al. 1990a; La-
man etal. 1991). These studies are based on the use
of cryopreserved and acetone-fixed tissues. To reduce
the biohazard risk of studies using infected material. 1t
was desirable to find a suitable fixation-inactivation pro-
cedure, allowing subseguent Immunocytochemistry. It
has been deseribed that epitopes on antibodics present
in tissue sections are very sensitive to the fixation ap-
plicd. hampering their detection using isotype-specific
antibodies (Boersma ct al. 1988, 1989). In addition, de-
tection of specific antibodies of varying affinity in tissue
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sections using antigen-enzyme conjugates may be more
sensitive to the effects of different fixation procedures
than detection of antigens using selected high-affinity
antibody preparations (Van Rooifen 1987). The aim of
this study. thercfore, was to identify a fixauon-inactiva-
tion protocol for cryo-scetions that does not interfere
with ¢ither antigen-cnzyme staining or MAb-staining.

Seven fixation-inactivation procedures deseribed m
the literature for cffective HIV-1 inactivation were com-
pared to acetone fixation as a reference at three different
levels. First, in non-infected murine spleen the following
parameters were tested: intracellular antibedies. anti-
bodics present in follicular immune complexcs. three
MAb-defined ceil membrane markers and overall mor-
phology. Second, on slide preparations of infected-cell
suspensions, HIV-determinants were deteeted  using
MAb's. Third. in a lymph node biopsy of an HiV-1
infected person, HIV-specific B-cells were detected using
antigen-cnZyme conjugates.

We show that two of the fixation-inactivation meth-
ods are detrimental to staining with both antigen-en-
zyme conjugates and MAD. whereas three give accept-
able results and two maich the reference.

Materials and metheds
Animals

Maule (B6D2)F1-mice (Bomholtgird, Rye. Denmark) aged 8-16
weeks, were kept in macrelon cages under an 11 b dark/13 h light
regimen at 20° C and were given aadified water (pH 3} and pelleted
mouse [ood (Hope Farms. Woerden, Hellund) ad Iibitum. Experi-
ments were performed under the auspices of the Dutch Veterinary
Inspection. according (o the law on Animal Experiments. Mice
were immunized intravenously with 20 pg TNP-Ficoll. which
evokes both IgM and IgG antibody forming <ells at the time of
sacrifice (Claassen et al. 1986).

Fixation-inactivarion procedures

Seven different (xation-inactivation procedures (Table 1) were
compared 1o {ixation in acetone containing (.02% H,0. (10 min)
as 2 reference, a routine methed providing o fIxation suitable for
simultancous MAb-bused and antigen-enzyme immunocylochemi-
cal staining (Van Rootjen and Claassen 1956, However, acetonc
fixation doecs not inactivate all HIV-1 reverse transeriptise activity
{Fauvel und Qzunne 1989). Acetone (pro analysi), formaldehyvde,
paruformaldehyde und methunol were purchased from Merek
(Darmstadt, FRG). Paraformaldehyde was dissoived by wurming
to 60° C: pH was adjusted with NaOH. H.Q; was added to the
acerone to inhibit endogencus peroxiduse activity (Streefkerk
1972). All procedures were carried out al room temperature. Sce-
tjons were air-dried after acetone fixution (control). acetone-metha-
rol (1) and acctone-methunolfethunol/methunol (1), After parafor-
maldehyde (1) sections were washed once with PBS und adhering
PBS was shuken off prior (o subscquent acetone treatment.

Aniibodies and antigen-enzyme conjugares
Three rat ant mouse MAb {all 2 kind gift from Dr. G. Kraal,

VUA, The Netherlands) specific lor munne cell markers were used:
anti Thy-1 ($9AD2.2) (Ledbetter un Herzenberg 1979) lor T cells.
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MOMA-1 (Kraul und Junse 1986) for marginat metallophilic mac-
rophages and 187-1 for membrance bound IgM. MADb 1044-34 and
1044-13 are murine untibodies obtained through synthetic peptide
immunizition, and they bind to a delerminant on the third vanable
domain of HIV-1 gpi20 (manuscript submitted for publicution).
CLB 14 iy o monoclonal antibody aghinst HIV-1 p24 (Tersmetic
ot ul. 1989} and was kindly provided by Dr. M. Tersmeuc {CLB.
Amsterdum, The Netherlands). Optimal ditutions for MAD™s were
determined by titration (not shown}.

TNP-ulkaline phosphatase (TNP-AP) wus produced 2s de-
scribed before (Cluassen und Vun Roofjen 1984). Recombinant p24
{2 kind gift of Transgene, Strasbours. France) and recombinant
gp160 {a kind gift of Pasteur Vagein, Val de Reuil. France) were
coupled to HRP us deseribed before (Laman et zl. 1991).

Tissue processing and immunocytochemistry

Mouse spleent lisswe: detection of specific AFC and membrane
markers. Five days aflter immunization, the mice were killed by
cervical dislocation und spleens were snapfrozen in liquid nitrogen
in aluminum contsiners which were stored at ~20° C. Cryosuut
sections (8 pm) were kept overnight in a scaled box with humidified
atmoesphere. For deicetion of TNP-specilic AFC and immune com-
plexes in lymphoid follicles, sections were fxed uccording to the
different protocols (s. Table 1), sections were incubated for t6 h
at 4° C with TNP-AP (1:125) in PBS containing 0.1% (w/v) BSA.
After rinsing three times with PBS. TNP-AP incubuled scctions
were stuined as deseribed previeusly (van Rootjen and Cluassen
1986). resulting in a blue precipitate. Briefly. § mg naphthol AS-
MX phosphate was dissolved in 256 ul N N-dimethylformamide
and added 0 ) ml Fris-HC buffer (0.1 M, pH 8.5). Fast Bluc
BB buse (10 mg) was suspended in 250 pl 2N HCL und 250 pl
4% sodium nitrite solution was added. After 1-2 min. this mixture
was added to 90 ml baffer. To inhibit endogencous alkaline phos-
phatase activity, 2 m M levamisele was udded 10 the substruie solu-
tion. The solution was filtered to remove any precipitate, and the
reaction was allowed to proceed for 30 min at 37° € by vertical
incubation in coplin jurs. Steining was stopped by transferring the
slides to PBS. Slides were counterstained with hematoxylin and
embedded with glycerol-gelatin.

For detection of membrane markers, sections were fixed (Ta-
ble 1} and incubated for 1 k at room temperature with the appro-

Table 1. Fixation-inactivation procedures used

Fixation-inactivation Minutes  Reference
R Acctone +0.02% (v/iv) H.O. 10 Vun Rooijen
(reference) and Claassen
1986
1 Acetonc-methanol {:1 + 20 Fauvel and
0.02% (v/v) H.O4 Qzanne 1959
I Acctone-methanol 1:1 + 20 ibid
0.02% (vjv) H.0,
Fotlowed by 70% cthanol 10
Fellowed by methune! 10
M 0.1% (wiv) Puraformaldehyde 20 imd
in PBS (pH 7.5)
Followed by acctone + 20

0.02% {vjiv) H20.

IV 0.37% (v/v) Formaldchyde in PBS 10 Lifsen
ctal. 1986
v 8.37% {v/v) Formaldechyde in PBS 30 ibid
VI 0.5% (w/v) Paraformaldchyde i0 ibid
in PBS (pH 7.6)
VI 0.5% (w/v) Paraformaldehvde 30 ibid

in PBS (pH 7.6)
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Table 2. Swining intensities of TNP-AP

- . : .
and monoclonal antibodies after different TNP-AP MOMA-1 THY-1  IgM” B cells Morphology  Totul
fixation-inactivation procedurcs Tnta  Extra  MMMe  Techls  Cytoplsm  SigM
R ++ ++  ++ T+ o 4
ios - - + + - + +
m - - - - - - +++ -
o+ - + + - + R =
A T + - - B ++
Voo - + +e o 4t + -+ +
VI 4+ o+ ++ + + +++ ++4 o+ +
VI + +++ ++ + -+ + ++ +

Scctions were assigned a semi-quantitutive label. compured 1o the scetone-lixed control
(R) {+ + by delinition) on the folowing seaie: — =negative, 1o staimimgr at all; = =poor
stuining: + = acceptable; + + = good. compurable o centrol; 4 + + =better thun control.
TNP-AP staining is diflerentiated in intracellulur antibodies in specific plasma cells and
antibodics present in immune complexes trapped in fymphoid follicics. Anti-IgM staining
is differentiated in intracellular IgM of plasma eclls and Sigm of resting ¢clls, Morphology
of the tissue sections is differentiated for the AP und the HRP staining, Overall performance
of the progedures Is indicated in the last ¢olumn

priate dilution of the antibody in PBS containing 0.1% (wjv) BSA.
Alter rinsing three times with PBS. u Rabbit anti-Rat IgG horserad-
ish peroxiduse {Duko., Glostrup, Denmark} conjugate in PBS con-
taining 0.1% BSA and 1% normul mouse scrum was applied for
30 min ot room temperature. After rinsing three times with PBS,
horseradish peromiduse activity was revealed with DAB. Brefly,
20 mg 3,3-diaminobenzidine-tetruhydrochloride was dissolved in
A0 ml Trix-HCL (0.05 M. pH 7.6). Just before use 50 pl 3% H.O,
was added, The slides and substrate were placed in coplin jars
and the reaction was atlowed 1o proceed for 10 min. Shides were
counterstuined with hematoxylin and embedded in glyeerol-gelatin.

Infected coll line: derection of HIV-1 antigens. Aliquots {10 ph) of
Sup T1 eells (107 cells/m)} infected with HIV-1 (strain [1IB) in
vitro were allowed to dry on glass slides prior to fixation-inactiva-
tion. Alter fixalion-inactivation according to procedures R. 11,
Voand VIL they were stuined with MAD's 1044-34 and 1044-13
specific for a gp1 20 fincar determinunt und o MAb (CLB-14) specif-
ic for p24 for 1 h, followed by incubution with rabbii anti-mouse
1G AP (Bochringer, Munnheim, FRG} and amplification with
APAAP (alkaline phosphatuse-anti alkaline phosphatase). Stuining
was performed with BCIP (S-dromo—4-chloro-3-indolvlphosphate)
and NTB (nitro blue tetrazolium) as u subsitale, producing a black
precipitaic. Procedures [ und 1 were not applied here in view of
the preceding results of the muring tissuel IV and VI were not
applied here because the fonger incubutions (V und VII) pave ac-
ceptable results.

Human Iveph rode biopsy: detection of HiV-f specific AFC. Frosh
crve-sections were made of a lvmph node biopsy {(code 388/89)
known 10 conlain p24- und gpl60-specific B-cells (Laman ct al,
1991). Alter fxation-inuctivation uccording Lo procedures R. and
11 to VI, sections were stuined with p24-HRP, gp160-HRP and
unconjugated HRP as deseribed before (Lamun et ul, 1991). Proce-
dures 1 and II were omitted in view of the preceding results of
the murine tssue.

Results

Mouse spleen tissue © detection of specific AFC
and membrane markers

The results of immunocytochemical staining with an an-
ugen-enzyme conjugate {TNP-AP) and different MAbBs

after fixation«-inactivation of eryo-sections arc shown in
Table 2. Antibody forming cclls and immune complexes
were found in the same amounts and localization pattern
as described before (respectively: Claassen et al. 1986;
Laman etal 1990b). Although acctone-methanol (I)
and acetone-methanol followed by cthanol and metha-
nol (II) gave excellent ussue morphology (Fig. 1), the
antigenic profile of the tssue changed drastically. there-
by making immunocytochemistry impossible. The com-
bination of paraformaldehyde and acetone (I11) resulted
in good morphelogy and acceptable staining of intracel-
tular antibodies and membrane markers. but obscured
specific antibody trapped in splenic [ollicles in the formu
of immune complexes. The free antigen binding sites
nresent in these immune complexes can rormally be
demonstrated by incubation with labeled antizen. For-
maldehyde in PBS (0.37% v/v) for 10 min (IV} showed
rood morphology. good detection of intracellular anti-
bodics and membrane markers, and cxcellent detection
of immune complexes and surface [gM. Incubation with
this fixative for 30 min (V) resulted in strongly reduced
signals for immunec complexes and surlace IgM., Parafor-
maldehyde in PBS (0.5% w/v) for 10 min (V1) resulted
in good tissue morphology and staining for T ¢ells and
marginal metaliophilic macrophages, excelient B cell
staining but a reduced sigmal for immune complexes.
Incubation with this fixative for 30 min (VII) reduced
the detectibility of intracellular antibodies in B cells.

Infected cell line: detection of HIV-1 antigens

Detection of the MAb-defined determinants on infected
cells was comparable to the acetone reference procedure
{R) for procedure ViI, and gave somewhat lower signals
for 1T and V (Fig. 2}. In addition to the procedurcs
described here, the MAb-defined determinants are resis-
tant to the fixative normally used for these suspensions.
¢.g. acetone-methano! (1:1) for 10 min, fellowed by 70%
cthanol for 30 min {results not shown). It should be not-
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TNP-AP

Fig. 1. Immunocytochemistry of murine spleen sections after differ- Arrows indicate folficular immune complexes. Middle column:
ent fixation-inactivation procedurss, Thres stainings are shown for MOMA-1 staining for marginal metallophilic macrophages. Righr
ali procedures (refer to Table 1). Loft colwmn: TNP-AP stuining colum: 187-1 staining for IgM. Bar in lower right panel indicates
for TNP-specific antibody [orming ¢ells and immune complexes. 100 pm. Scc “Results” section for details
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b

Fig. 22—¢. Immunocytochemistry of cell line preparations after dif-
ferent fixaticn-inactivation procedures. After fixation-inactivation,
sections were ingubated with MAD 1044-34, followed by a rabbit
anti-mouse [2G HRP conjugate, to detect the expression of the
HIV-1 gp120) third vanable domain. a acetone fixation (R} b 30 min
formaldchvde (V). ¢ 30 min paraformaldchyde (V1I). Note that
for the stainings illustrated in Figs. 2 and 3 distinet substrates have
been used (producing a red and a black color, respectively: sec
*Malterials and methods®), resubting in different staining Intensities.
See *Results* section for details

Fig. 3a—¢. Immunocytochemistry of human lymph nede biopsy scc-
dons after different fixation-inactivation procedures. Alter fixa-
tion-inactivalion, sections were incubated with p24-HRP 1o detect
p2d-specific antibody and stained with AEC. a acetone fixation
(R). b 10 min formaldchyde (IV). ¢ 10 min parafermaldehyde (VI).
See *Results” section for details
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¢d that the MAb™s 1044-13 and 1044-34 recognize a lin-
car determinant. as they have been generated with a
synthetic peptide. Linear determinants are expected 1o
be more resistant to denaturation than discontinuous
cpitopes, which rely on the three-dimensional folding
of the pretein.

Humarn [ymph node biopsy:
derection of HIV-1 specific AFC

B cells containing antibody specific for HIV-1 p24 could
be detected in numbers comparable to the reference pro-
cedure after IV, VI and VII (Fig. 3), while V resulted
in some loss of signal. After procedure 111, specilic cells
could still be found. but in lower pumbers than after
R. However. faintly-staining gp160-specific B cells could
only be detected after R. and lower numbers after III.
Procedures IV to VII resulted in a marked increasc of
the endogenous peroxidase activity of granulocytes,
complicating the interpretation of staining results. This
problem may be solved by addition of H. Q- to the fixa-
tives to inhibit endogenous peroxidase activity. In addi-
tion, after fixation with formaldehyde or paraformalde-
hyde, sections of the human lymph node biopsy get a2
fatty appearance and seem to dehydrate quickly (see alse
Figs. 3a—¢): it is therefore important to start washing
steps and incubations quickly.

Discussion

In this study we show that 0.37% formaldehyde (v/v)
(10 min} and 0.3% (w/v) paraformaldehyde (10 min}, de-
scribed in the literature to inactivate HIV-1 {cf. Fauvel
and Ozanne 1989: Lifson et al. 1986). can be used o
fix crye-scctions without interfering with antigen-en-
zyme staining for specific antibedies and MAb-staining
for membranc markers and an HIV-1 determinant.
Three other methods are uscful, although staining inten-
sities may be reduced compared to acetone fixation.
Cryostat-sections of biopsies from HIV-infected pa-
tients or HIV/SIV-nfected experimental animals pose
a bio-hazard risk to laboratory workers. Standard ace-
tone fixation for 10 min prior to iImmunocytochemistry
a3 used in many laboratories is not sufficient to cradicate
all HiV-1 activity in contaminated specimens (Fauvel
and Ozanne 1989). A procedure which inactivates HEV-1
in sections before. during or directly after fixation would
therefore be useful to restrict the infectious potential
of the tssue. Heat-inactivation of HIV-1 (30 min at
36 C) 15 effective (Spire et al. 1985), but is not suitable
for tissue sections as it would negatively influence anti-
genicity and morpholegy. HIV-1 can be inactivated by
chemical compounds such as sodium hypochloride. alco-
hol. acetone/methanol, quaternary ammonium chloride.
lysol, Nonidet-P40, glutaraldehyde, formaldechyde and
paraformaldehyde (Fauvel and Ozanne 1989; Hanson
ctal. 1989 Lifson ¢t ai. 1986: Martin ¢t al. 1985, 1987
Resnick ct al. 1986; Spire etal. 1984, 1983). For this
study. we chose seven rapid and simple fixaton-inactiva-
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tion procedures, which were expected to preserve anti-
genic structure and tissue morphology.

Our results clearly show that 10 min incubations with
formaldchyde and paraformaldchyde give satisfactory
results that even exeeed the reference for some of the
parameters tested in murine spleen tissue (Table 2). For-
maldehyde {IV. V) may be preferred over paraformalde-
hyde (VI, VII) as the detection of antigen-binding sites
in immune complexes is considerably better, Longer in-
cubation times with formaldehyde and paraformalde-
hyde or paraformaldchyde lollowed by acetone give
iower signals than the control [or some parameters (Ta-
ble 2). especially the detection of antibodics present in
follicular immune complexcs. However. incubations for
30 min with {ormaldchyde or paraformaldchyde per-
form well for the MAb's, and may thus be useful for
special applications. Fauvel and Ozanne (1989) showed
that acctone-methanol (I in this study), acetone-metha-
nol followed by ethanol and methanol (II) and parafor-
maldehyde followed by acctone (IIT) resulted in lower
signals in immunoflucrescence assays. Lifson cral
(1986) showed that 0.37% formaldehyde in PBS per-
forms well as a fixative for detection of cell surface anti-
gens by flow cytometry. These findings are confirmed
by our immunocytochemical data.

It is worth noting that extracellular antibodics in fol-
Heular immune complexes are more susceptible to fixa-
ton-cffects than intrucellular antibodies in specific B
cells (first two columns Table 1}. This effect may be a
consequence of antigen-cnzyme based staining: detec-
tion of immune complexes is based on the presence of
free antigen binding sites in the complexes. Necessarily,
only ene antigen binding site (Fab) per antibody mole-
cule will be available for binding of the conjugate, since
the other Fab is bound to the antigen in the immune
complex (Van Rooijen ¢t al. 1989), In contrast, no anti-
gen is present in antibody-forming cells. so that both
antigen binding sites of intraceilular antibodies are avail-
able for the conjugate. This difference may influence
both the amount of conjugate bound and the avidity
of the binding. Alternatively. the differences between in-
ra- and extracellular anubodies may result from their
accessibility to the fixative. [n comparison with the other
fixations including the reference, 10 min formaldehyde
fixation (IV} shows better detection of extracellular anti-
bodies. It is not clear by what mechanism formaldchyde
promotes the detection of extracellular antibodies but
a possible explanation is that extracellular antibodics
are immebilized through the crosslinking effect of for-
maldehyde (Brandtzacg 1982). Experiments performed
to detect MAb.defined HIV-1 antigens in infected cell
line suspensions and HIV-specific AFC in & human
lymph node biopsy after different fixation-inactivation
procedures. yield essentially the same conclusions as the
murine tissue. However, faintly staining AFC specific
for gp16C detected in lvmph node sections after acetone
fixation are no longer deiectable after most other proce-
dures. Possibly. gp160-anubodies in these B cells have
lower affinity than the p24-antibodies, resuliung in a
higher susceptibility 10 denaturing conditions. Also. the
human lymph node sections are more prone to morpho-
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logical changes after formaldehyde (IV. V) and parafor-
maldehyde (VI, VII) treatment (Fig, 3a—) than the mur-
ine tissucs. However, these changes do not prohibit the
identification of specific AFC.

A major point emerging [rom the data presented in
this study is that the three-dimensional structure of the
antigen-binding site of both murine and human anti-
boedies in tissue sections s resistant to the denaturing
cffects of scveral fixatives.

It is clear that fixaton-inactivation as described here
is no guarantee for sterility of sections because residual
HIV-1 activity was not assessed, but these procedurcs
do add an additonal level of safety. Effectivity of inacti-
vation protocols is strongly dependent on the system
used (e.g. cell free virus vs. infected cells) as was shown
by Aloisie and Nicholson (1990} in their study of HiV-1
inacuvation by 1% paralormaldchyde solutions. Care
should be taken in preparation. storage and use of {ixa-
tive-inactivators to prevent them from becoming stale,
inactivated or diluted {refer to WHO guidelines, anon..
1989).

In conclusion, we have shown that several procedures
are suitable for fixation-inactivation to reduce the bioha-
zard rigks of HIV-1 infected frozen tissues used in im.
munoccytochemisiry. These procedures allow subsequent
immunoecytochemical detection of specific antibedies.
ccll surface antigens and virus determinants, They may
prove useful in daily practice in histopathological labo-
ratories.
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Synthetic peptide conjugates with horseradish peroxidase
and B-galactosidase for use in epitope-specific
immunocytochemistry and ELISA
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Synthetic peptide-alkaline phosphatase conjugates can be used to detect the epitope specificity of (i)
antibody-forming cells in vivo by immunocytochemistry: (i) of antibody secreting cells in vitro by
spot-ELISA: and (ii) antibodies in solution by capture ELISA. The availability of svnthetic peptide-cn-
Zyme conjugates using detector enzymes other than alkaline phosphatase would offer several important
advantages, for example in double staining approaches.

This paper reports the production of synthetic peptide-horseradish peroxidase conjugates and syn-
thetic peptide-3-galactosidase conjugates. A peptide of 21 amino acids (SP 29) was coupled to peroxidase
in seven differing molar ratios of peptide over peroxidase. ranging from 1:3.4 to 1:375, using periodate
oxidation of the enzyme. SP 29 was coupled 1o B-galactosidase in four molar ratios ranging from .25 w0
10, using glutaraldehyde pre-activation of the enzyme. The enzyme activity of the different conjugates
was determined. the conjugates were tested in direct capture-ELISA with peptide-specific monoclonal
antibodies, and the conjugates were tested in immunocytochemistry 10 detect peptide-specific B cells.
The results show that the conjugates perform best if the peptide is coupled to the enzyme at relatively
low molar ratios (1-30). The availability of these new peptide-enzyme conjugates broadens the applica-
bhility of synthetic peptides for detection purposes in several assay systems,

Kev words: Synthetic pepiide: Epitope: Peroxidase: B-Galactosidase: Alkaline phosphatase: Periodate: Glutaraldehvde: Conjugu-
tion: Immunocytochemistry: ELISA
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Abbreviarions: AEC, 3-amino-S-¢thyl carbazole: AFC. anti-
body-forming cell; AP, alkaline phosphatase: 8-Gal, 8-galac-
tosidase: BSA, bovine serum ajbumin; ELISA, enzyme linked
immunosorbent assay: HRP, horseradish peroxidase: MAb,
monoclonal antibody: ONPG. e¢-nitrophenyl-2-o-galac-
topyrangside: OPD. o-phenylenediamine-dihydrochloride:
PBS. phosphate buffered saline: SP. synthetic peptide.
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In previous work we have used synthetic pep-
tide-alkaline phosphatase (SP-AP) conjugates for
immunocytochemical detection of antibody-for-
ming cells in cryostat sections. This technique,
which was developed with alkaline phosphatase
(AP) as the detector enzyme. permits epitope-
specific analysis of antibody responses in experi-
mentally {(Laman et al.. 1990) or clinically (Larman



chapter 5.4

et al., 1991) derived lymphoid tissue. The use of
synthetic peptides in antigen-based immunocyto-
chemical analysis of antibody production in vivo
complements other approaches which use whole
proteins or haptens {reviewed by Van Rooijen et
al., 1989}, Such conjugates can also be used in
ELISA (Gerritse et al., 1991), and in spot-ELISA
{Sedgwick and Holt. 1936 Vos et al.. 1990). The
technical possibilities of such studies would be
significantly broadened by the availability of con-
jugates made with detector enzymes other than
AP, such as peroxidase (HRP) and B-galactosi-
dase (B-Gal).

The aim of the current study was to develop
appropriate SP-HRP and SP-8-Gal conjugates.
These conjugates can be useful in doubie la-
belling experiments when studying reactivity
against overlapping epitopes or determining the
isotvpe of specific antibodies produced. and may
offer advantages in situations where there is high
endogenous AP activity in the tissue under inves-
tization (c.g.. kidney and gut). SP-AP conjugates
were produced by glutaraldehyde activation of
g-amino groups of the AP using a dialysis method.
This method was also used to produce SP-8-Gal
conjugates. HRP. however, is an enzyme encapsu-
lated by a large carbohydrate shell and the avail-
ability of s-amino groups is low. prohibiting the
use of glutaraldehyde as a coupling agent. We
therefore chose to use the periodate oxidation
method (Wilson and Nakane. 1978) to produce
reactive aldehyde groups in the carbohydrate
shell. An additional advantage of this approach
may be that HRP activity is better preserved by
not using the few available e-amino groups from
the protein core for coupling.

For both HRP and gB-Gal. conjugates with
different melar ratios of peptide over enzyme
were preduced. Evaluation of enzyme activity and
testing in ELISA and immunocytochemistry
showed that conjugates made using the lower
molar ratios of SP over enzyme performed best.

Materials and methods

Animals and immunization
Female BALB /¢ mice were bred at the TNO
breeding facilities. Animals 8~16 weeks old were

used for immunization and were kept under GLP
protocol with free access 1o pelleted food and
acidified water (pH 3). Experiments were per-
formed under the auspices of the Dutch Veteri-
nary Inspection. as desecribed in the law on Ani-
mal Experiments. Animals received an intraperi-
toneal injection with 15 ug SP 29 in the water
and oil adjuvant, specol (Bokhout et al., 1981).
mixed 11:9 {v/v) with PBS. A second injection
with 50 pg was given 8—13 months after the first.
5 days after the booster injection. spleens were
taken and frozen by immersion in liquid nitrogen.
Serum was used for ELISA analysis.

Model peptide

SP 29 (Boersma et al., 1989} was produced by
Merrifield solid phase synthesis procedures (Mer-
rifield, 1963) as described previously (Van Den-
deren et al. 1989} This 2l-residue peptide is
derived from the hinge region of human IgG2
and has the following amino acid sequence:
DKTVERKCCVECPPCPAPPVA (MW 2394
Da). SP 29 induces antibody responses in
BALB /¢ mice without coupling it to an immuno-
genic carrier. and monoclonal antibodies (MAb)
binding to different regions of the peptide are
available (Boersma et al.. 1989).

Peptide-AP conjugation

SP 29 was coupled to AP (MW 65 kDa. Sigma,
St. Louis, MO) by means of the glutaraldehyde
dialysis method (see Claassen and Adler. 1988).
Briefly, 2.3 mg AP PBS was dialyzed overnight at
4°C against 0.2% glutaraldehyde in PBS. After
extensive dialysis of the activated AP against PBS.
the peptide was added to the enzyme solution (2
mg/ml in PBS} and the mixture was incubated
overnight at 4° C. The reaction was stopped with
0.2 M glycine-HCl during 2 h at room tempera-
tere, followed by dialysis against PBS. The conju-
gate was stored at 4°C. We have observed that
pootly soluble synthetic peptides may be coupled
to AP in the presence of urea (Gerritse et 2l.,
1991).

Pepride-HRP conjugation

SP 29 was coupled to HRP by means of a
modification of the periodate method (Wilson
and Nakane. 1978). To determine the optimal
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ratio of peptide over HRP during coupling, two
series of conjugates were produced: In the first
set, the amount of HRP was kept constant while
the amount of SP was decreased. In the second
set, the amount of SP was kept constant while the
amount of HRP was varied. 6 mg HRP (Sigma.
Type VI, MW 40 kDa) was activated with 3 mg
NalQ, in 1.5 m! de-ionized. 22 um filtered water
for 20 min at room temperature in the dark, 150
wl ethylene glycol were added. The solution was
divided into aliquots {4—400 pl) and mixed with
the appropriate volume of SP 29 (20-100 ul from
2 10 mg/ml stock solution in PBS). Final volumes
(550 | for the conjugates with constant SP, 237
u! for those with constant HRP) were kept con-
stant by adding buffer. In all cases the pH was
adjusted to 9-9.5 with NaHCO, and solutions
were mixed for 2 h at room temperature. 50 pl of
sodium borohydride (4 mg,/m! in distilled water)
were added to the 530 wl aliquots and 25 ul to
the 237 ul aliguots followed by stirmng for 2 h at
4°C, 50 wl or 25 1l of 0.2 M glycine in PBS were
added, followed by strmming for 1 h at room tem-
perature. Comjugates were dialyzed overnight
against PBS at 4°C, concentrated to 150 wl by
means of centrifugation in an Ulirafree-MC con-
centrator (Millipore), mixed 1:1 with glycerol
and stored at —20°C until use. The theoretical
molar ratios of the different conjugates are listed
in Table I (see results section).

Pepride-B-Gal conjugation

SP 29 was coupled to 8-Gal {E. coli-derived
B-p-galactoside galactohydrolase, MW 540 kDa.
Boehringezr, Mannheim, F.R.G.) by means of the
glutaraldehyde dialysis method as used for SP
29..-AP. 3.5 mg B-Gal were dissolved in 550 wl
water and dialyzed against 200 ml PBS containing
0.2% glutaraldehyde at 4° C overnight. After ex-
tensive dialysis of the activated B-Gal against
PBS. the peptide dissolved in water at 5 mg/ml.
was added to 0.5 mg of the enzyme in different
molar ratios (see Table II). Final volumes were
kept constant by adding buffer. Further process-
ing was done as described for SP 29..-AP. Molar
ratios of 1.23-10 were chosen since previous ex-
periments (results not shown) had demonstrated
that of conjugates with molar ratios of 10-1250.
only SP 29,,8-Gal showed good performance

88

characteristics in capture ELISA. while SP 29.:,-
B-Gal and SP 29,.,-8-Gal precipitated during
coupling.

In addition to the glutaraldehyde activation
coupling protocol, SP 29-8-Gal conjugates were
prepared by adding MHS (maleimidohexanoyi-n-
hydroxysuccinimide ester. Pierce. Rockford, il)
to a mixture of -Gzl and the peptide. MHS
coupling is effected through free SH through
groups and amino groups. MHS was chosen in-
stead of the more commonly used MBS (m-
maleimidobenzoyl-N-hydoxy-succinimide cster)
because MHS does not give rise to salt precipi-
tates. The molar ratios of peptide over £-Gal
were 10. 50, 250 and 1250, using 0.5 mg of 3-Gal.
The conjugate made with an SP/B-Gal ratio of
1250 precipitated. The other conjugates showed
B-Gal activity comparable to unconjugated S-Gal,
However, a capture ELISA with two different SP
29 MAb showed no signal whatsoever and im-
munocytochemistry was also negative (results not
shown). This approach does not yield useful con-
jugates, possibly because of extensive internal
coupling of this peptide containing SH groups of
four cysteines, and extensive coupling between
the peptide and the B-Gal, disrupting the anti-
body epitopes.

Determination of HRP and B-Gal enzyme activity
in the SP-enzyme conjugates

To determine HRP activity after the conjuga-
tion procedure. the SP 29-HRP conjugates were
compared with non-conjugated HRP. “log dilu-
tions of samples (based on HRP concentration) in
20 wl sodium phosphate buffer (0.1 M. pH 5.0)
starting at 0.28 wg/ml were mixed with 50 .l of
OPD {o-phenyvlenediamine-dihydrochloride; Ko-
dak 1078054) at 2 mg/mi supplemented with 0.3
wul/ml 30% .0, in sodium phosphate buffer in
round bottom 96 well microtiter plates (Falcon
3911). The reaction was allowed to proceed in the
dark at room temperature for 10 min, and OD;4,
was read with an automated ELISA reader (Mul-
tiskan. Titertek),

To determine 3-Gal activity after the conjuga-
tion procedure, SP 29-8-Gal conjugates were
compared with non-conjugated £-Gal. “log dilu-
tions of samples (based on B-Gal concentration)
in 20 wl sodium phosphate buffer were mixed
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with 50 u!l of ONPG substrate {o-nitrophenyl-g-
p-galactopyranoside, Pierce. Rockford, IL) in 96-
wells microtiter plates. ONPG substrate consists
of 3mM ONPG. 10 mM Mg(l, and 0.1 mM
B-mercaptoethanol in PBS. The reaction was al-
fowed o proceed in the dark at room tempera-
ture for 30 min and QD was read with an
automated ELISA reader.

Direct capture ELISA

The presence of the SP 29 in the conjugates
was detected by means of a capture EL1SA with
three different SP 29-specific MAD (Boersma et
al., 1989) and using MAb of unrelated specificity
as negative controls. MAb 25-1.2 (mouse IgG1)
and MADb 25-2.1 (mouse IgM} bind to the C
terminal part of SP 29. MAD 25-4.1 (mouse IgG1)
binds to the N terminal part of SP 29. MAb
239-1.1 (mouse IgG1) is specific for FITC. MAb
24-3.3 (mouse IgG1) is specific for an idiotype
determinant of human IgGl kappa. MAD were
coated to the wells of $6-wells microtiter plates at
a concentration of 10 pg/ml in PBS in 25 xl /well
overnight at 4° C. Non-specific binding sites were
blocked with 100 wl of PBS with 0.1% gelatin ar
25°C for 15 min. After washing five times with
PBS containing 0.05% Tween. 20 x] samples of
*log dilutions of the conjugates in PBS-gelatin
starting at 1 pg/ml were incubated for 1 h at
25°C, After washing five times with PB3-Tween.
HRP and B-Gal activities were revealed as de-
scribed in the previous section,

Immunocytochemisiry

To derect antibody-forming cells (AFC) con-
taining antibodies specific for SP 29, immunocy-
tochemistry was performed using SP 29-HRP and
SP 29-2-Gal conjugates. 8 m cryostat sections of
spleen tissue of immunized mice were kept in a
box with humidified atmosphere overnight, air
dried for 1 h and incubated overnight at 4°C
with SP 29-HRP conjugates diluted to 40, 13.3
and 4.4 pg/ml based on the amount of peptide
added during coupling, in PBS containing 0.1%
BSA (wsv). 13 pg/ml was subsequently used as
an effective and ecoromical working dilution. SP
29,.-AP served as a reference. Spleen sections of
non-immunized mice and sections incubated with
PBS-BSA without conjugate served as negative

controls, After washing three times with PBS,
HRP activity was reveaied by staining with AEC,
resuiting in bright red staining. as deseribed pre-
viously (Van Rooijen et al.. 1989). Sections were
evaluated for the numbers of AFC present, as
compared with the SP 29.,-AP control.

Double staining with SP 29,,-AP and SP 29,.-
HRP conjugates to demonstrate any overlap of
binding of these two types of conjugate by AFC
was performed by incubation with 15 u/ml SP-
HRP for 2 h at 4°C, followed by simultaneous
incubation with both conjugates diluted to 15
nl/mlin PBS-BSA overnight. After washing three
times with PBS. staining was performed for AP
with Fast Blue BB base, resulting in a blue pre-
cipitate, followed by washing once with PBS and
staining for HRP with AEC. Incubation with only
one of the conjugates. followed by staining for
botk AP and HRP, served as controls.

SP 29-8-gal conjugates were diluted to 40, 20
and 10 pg/ml based on the amount of peptide
added during coupling. B-Gal activity was re-
vealed according o Bondi et al. (1982). Briefly.
sections were incubated at 37 ° C for 40 min with
12.5 wl of solution A (10 mg X-Gal (5-bromo-4-
chloro-3-indolyi-g-p-galactopyranoside, Boeh-
ringer. Mannheim, F.R.G.) in 300 gl dimethyi-
formamide), mixed with 500 wl solution B (7 ml
PBS supplemented 1.1 mM MgCl, and mixed
with 300 xl water with 50 mM K,Fe(CN), and
500 e} water with 50 mM K Fe(CN),. Sections
were rinsed with PBS, counterstained with hema-
toxylin and mounted in glycerol/ gelatin.

Results

Production of SP 29-HRP and SP 29-8-Gal conju-
gates

Seven SP 29-HRP conjugates were produced
by coupling different amounts of peptide and
HRP. either by changing the amount of HRP or
the amount of peptide added (Table I). SP 29-5-
Gal conjugates were produced by coupling differ-
ent amounts of peptide to 2 fixed amount of
B-Gal (Table ITI). The molar ratios indicated in
Tables I and II are based on the amount of
protein added during coupling. Dialysis of the
conjugation mixtures would have removed uncou-
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TAELE 1

RELATIVE CONCENTRATIONS USED IN PRODUC-
TION OF SP 29-HRP CONJUGATES BY PERIODATE
OXIDATION

Numerical subseripts of the conjugares correspond to the
molar ratio of SP over HRP used for ceupling, + indicates
good perforrnance, + indicates that conjugats may be useful

despite lower signals.

TABLE 11

RELATIVE CONCENTRATIONS USED IN PRODUC-
TION OF SP 29-3-GAL CONJUGATES BY GLU-
TARALDEHYDE PRE-ACTIVATION

Numerical subseripts of the conjugates correspond to the
molar ratio of 8P over B-Gal used for coupling. + indicates
good performance, + indicates that conjugate may be useful
despite lower signals, — indicates poor performance.

Caonjugate SP29 HRP SP/HRP Overall

Conjugate SP28 B-Gal SP/B-Gal Owerall

©e ne molar petformance HE “e maolar pertormance
added added ratio added added ratic
SP 29,-HRP 500 1,800 5 - SP29,,8-Gal 22 500 10 *
SP 29..-HRP 500 360 23 + SP 29.-8-Gai 11 500 5 +
SP2%,,-HRF 300 70 115 + SP 29, 8-Gal 56 500 25 -
3P 294.cHRP 300 15 373 + SP29,4-B-Gal 285 300 1.25 -
SP29.,-HRET 100D 500 33 -+
5P 29,,-HRP 500 500 17 +
SP 29, -HRF 100 500 33 +

pled SP 29 and the final number of SP-molecules
actually coupled to a single enzyme melecule
were unknown.

Determination of HRP and B-Gal encyme activity
in the SP-enzyme conjugates

Ta determine whether the enzyvmatic activities
of HRP and B-Gal were affected by the coupling
with HRP. a titration series of the different con-
Jugates in a microtiter plate was tested with the

CAPTURE ELISA Modb 25-2.1 and 5P-HRP
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appropriate substrate and analysed with an auto-
mated reader. No significant differences in enzy-
matic activity of the conjugates were found when
compated with the non-conjugsted enzyme (data
not shown),

Direcr capture ELISA

To determine whether the peptide was present
and accessible in the different conjugates. pep-
tide-specific MAD were coated to the wells of
microtiter plates in a capture ELISA. The results
with MADb 25-2.1 (specific for the C terminal part
of SP 29) shown in Fig. la demonstrate that the

CAPTURE ELISA MAD 25-2.1 AND SP-BLTA-GaL
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Fig. 1. Direct capture ELISA for detection of SP 29 in SP 29-HRP and SP 29-8-Gal conjugates conjugates. A titration series of the

conjugates was tested with SP 29-specific MAD as capture antibody. In the legend, the different conjugates are indicazed by their

molar SP /enzyme ratics. Results of MAb 25+2.1 {(mouse IgM}, which binds to the C-terminal part of SP 29, are shown. a: SP-HRP

conjugates, For clarity, a single line. representing the conjugate with molar ratio 34 has been drawn for conjugates with molar ratios
5,23, 17 and 34. b: SP-B-Gal conjugates. For clarity, a single line, representing the conjugate 2.5 has been drawn,
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TABLE Il

IMMUNOCYTOCHEMICAL DETECTION OF SP 8-
SPECIFIC AFC WITH SP-ENZYME CONJUGATES

Numbers of AFC found in frozen spleen sections of mice
immunized with SP 29 with SP 29-HRP and £-Gal conjugartes
were compared with the SP 29.,-AP conjugate. The number
of AFC found with 5P 29-AP was 100-200 AFC/section
(+ + + per definition). 10-100 AFC/section are indicated by
+ +. 1-10 AFC/section are indicated by +, absence of AFC
is indicated by —. A indicates non-specific staining through-
out the section,

Immunization None SP 29
conjugate

None - -

SP 29.,-AP - + o+
SP 29,-HRP - +
SP 29.,-HRP - ++ +
SP 29,5-HRP - +

5P 29,,.-HRP - +
SP29,,-HRP - + +
SP 29,,-HRP - ++
SP 29, ,-HRP - +
SP 29,,-58-Gal - +

5P 29.-8-Gal - R,
SP 26, ¢-B-Gal A A

SP 29, .-B-Gal A A

conjugates made with higher molar ratios of SP
over HRP {(SP 29, .-HRP and SP 29:,.-HRP}
gave lower signals while the conjugates made in
the range from 3.4 to 34 all performed better and
showed the same pattern of reacuvity, MAb 25-1.2
(also specific for the C terminal part of SP 29)
gave results similar to MAb 25-2.1 {not shown).
The negative control antibody 239-1.1 did not
bind the conjugates (results not shown). In addi-
tion, MAb 25-4.1. specific for the N terminal part
of SP 29 did not bind any of the SP 29-HRP
conjugates. nor the SP 29-AF conjugate. The 5P
29-8-Gal conjugates, made in molar SP/B-Gal
ratios of 1.25-10. all reacted similarly with MAb
25-2.1 in the capture ELISA. The N terminal

epitope on SP 29, as defined by MAb 25-4.1.
could also not be detected in these conjugates.

Immunocytochemisiry

To determine whether SP 29-HRP and SP
29-8-Gal conjugates could be used to detect spe-
¢ific AFC in tissue sections, and to determine
which conjugates performed best. spleen sections
of mice immunized with SP 29 were incubated
with the different conjugates. The results ob-
tained are tabulated (Table 11} and illustrated in
Fig. 2. The numbers of AFC counted correlated
directly with the anti-SP 29 serum titers of the SP
29 immunized mice as determined by ELISA
(results not shown). It can be seen in Table III
that conjugates made at lower SP/HRP ratios
performed best in immunocytochemistry. Conju-
gate SP 29,-HRP. which performed well in sin-
gle staining (Fig. 2a). was subsequently combined
with SP 29-AP (single staining for SP 29-AP
shown in Fig. 2b) in a double staining procedure.
If both conjugates perform similarly. antibodies
present in the cytoplasm of any SP 29-specific B
cell should be able to bind both types of conju-
gate, resulting in a violet colour after staining for
AP and HRP. The great majority of SP 29-specific
B-cells did show this intermediate colour (Fig.
2¢). demonstrating equal performance of SP
29..-AP and SP 29.,-HRP.

SP 29.-8-Gal conjugates could successfully be
used in Immunocytochemistry. detecting the same
numbers of SP 29-specific AFC as AP and HRP
conjugates {Table IIf and Figs. 24 and 2e¢). How-
ever, the staining of individual AFC was less
iniense than with AP or HRP conjugates. B-Gal
has a tendency to produce precipitates without
clear margins (Fig. 2¢). Also, high-level binding
of the conjugate may lead to extensive precipita-
tion of substrate, resulting in dark flushed spots
which obscure the cellular aspect (Fig. 2¢). No

Fig. 1. Immunocytochemical staining of AFC in spleen secticns of an SP 19 immunized mouse with different SP 29-enzyme

conjugates. a: Staining after incubation with 3P 29.,-HRP. showing only red cells. X 500. b: staining after incubation with SP

2925-AP. showing only blue cells, %X 500. ¢ staining after incubation with both SP 29,,-AP and SP 29..-HRP showing double stained

ceils, which indicates that both types of conjugates have been bound by antibodies present in the same AFC. Sections shown in a, &

and ¢ all received the complete treatment. with staining for both AP and HRP. X500, 4: swining after incubation with SP

29:-8-Gal. showing blus-green cells, x330. ¢: detailed view of 5P 29-specific AFC. stained with SP 19.-8-Gul. showing darkly
flushed spots without clear cell margins. > 1000,
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endogenous B-Gal activity was observed in the
splenic tissue using the staining conditions ap-
plied here. SP 29,4-5-Gal and SP 29, ,5-8-Gal
gave strong non-specific staining throughout the
splenic tissug. This may be explained by the fact
that dilution of the conjugate on the basis of the
peptide added can result in high enzyme concen-
trations. High concentrations of non-conjugated
B-Gal do not show this non-specific staining.

Discussion

This study shows that conjugates of synthetic
peptides with peroxidase and synthetic peptides
with B-galacrosidase are useful in imrnunocyto-
chemistry and ELISA procedures, and can be
produced with relatively simple coupling proto-
cols.

We have previously shown that antigen speci-
ficity of B ecells can be determined in tissue sec-
tions by means of antigen-enzyme conjugates. ¢.g.
protem-enzyme or hapten-enzvme conjugates (re-
viewed by Van Rooijen et al., 1989). We have
subsequently extended this type of analysis by
developing synthetic peptide-enzyme conjugates.
Such conjugates permit the detection of the epi-
tope specificity of antibodies present in the cyto-
plasm of AFC. In combination with isotvpe-
specific antisera. double staining for epitope
specificity and isotype is possibie (Laman et al.,
1990). These technigues permit the in vivo analy-
sis of specific B cell responses. not only in tissues
from experimental animals, but also in ymph
node biopsies from HIV-1 infected persons (La-
man et al.. 1991). The SP-AP conjugates used in
those studies were made with the glutaraldehyde
dialysis method. In refated work. we have shown
that synthetic peptides can be coupled to proteins
using glutaraldehyde {Zegers et al.. 1990) and
carbodiimide (Deen et zl, 1990). Although these
methods were developed for immunization pur-
poses (where the integrity of the carrier protein is
of lesser importance), they may also be applicable
for enzymes, since the conjugation of enzymes is
not in principle different from the conjugation of
other proteins.

The availability of conjugates of other detector
enzymes (such as HRP or 8-Gal) and peptides

would extend the potential of SP-enzyme conju-
gates in the immunocytochemical analysis of epi-
tope specificity. Firstly. immunocytochemical
double labelling studies can be performed show-
ing cross-reactivities of antibodies for different
peptides. taking advantage of the substrate sys-
tems available for other enzymes. Other groups
have described the use of B8-Gal as a tracer in
imrunocytochemistry (Bondi et al., 1982), analy-
sis of cell suspensions (Leenen et al., 1987), and
in a double stzining approach with HRP (Saka-
naka et al, 1988).

Secondly, SP-HRP or SP-8-Gal conjugates can
be used if high endogenous AP-activity is present
in the tissue under investigation. for example in
sections of the gastrointestinal tract or the kid-
ney. Thirdly, SP-HRP conjugates can be used for
the simultaneous detection of epitope-specifity
and isotype. in combination with AP-labeled Iso-
type-specific antibodies.

Apart from their application in immunocyto-
chemistry, SP-AP. SP-HRP as well as SP-8-Gal
conjugates ¢an also be used for capture-ELISA
and spot-ELISA {(plaque-ELISA) systems (Sedg-
wick and Holt, 1986: Vos et al. 19%0). For cap-
ture-ELISA. it may be useful to coat the plate

with an antiserum to the isotype(s) under investi-

gation. followed by the antibody sample and with
the conjugate as the third step. This approach
may lead to higher signals, compared with direct
coating of the peptide for conventional ELISA,
and also to lower background activity. Further-
more, this method permits isotype-specific analy-
sis of peptide reactivity.

Qur datz demonstrate that coupling of 8P 1o
HRP by means of pericdate oxidation is feasible
and vields the best conjugates at relatively low
SP/HRP ratios. Differences in HRP activity of
the conjugates are marginal (data not shown).
implying that enzyme activity is not influenced by
changing the amounts of SP and HRP. An expla-
nation for the lower signals of SP 29, -HRP and
SP;,¢-HRP in the capture ELISA may be that
high numbers of SP determinants on HRP lead to
intensive multiple binding of the conjugate
molecules, occupying many antigen-binding sites.
and thus limiting the access of other conjugate
molecules to the antibodies. No differences in
B-Gal actvity of the SP 29-38-Gal conjugates were
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abserved as compared with untreated 8-Gal and
the differences in reactivity in the capture ELISA
were negligible.

Although high SP substitution rates may have
a negative effect on conjugate performance. it is
clear that mulitiple binding improves the sensitiv-
ity of antigen-enzyme conjugates by increasing
the avidity of binding, Therefore. the presence of
at least rwo SP determinants per enzyme molecule
is required. Further reduction of SP/HRP ratios
may result in conjugates containing HRP with
only one or even no SP molecules coupled. In this
respect. it is important 10 realize that coupling of
a peptide o a detector enzyme such as HRP is
very different from coupling an Ig molecule to
HRP (Wilson and Nakane., 1978). In the first case
small molecules with low molecular weight (2354
Da for $P 29) are coupled to the 40 kDa HRP
moiety, whereas in the second case 40 kDa
moelecules are coupled to 130 kDa Igs. These
considerable differences in size will influence the
biological acrivities of the conjugated molecules,
the zccessibility of their epitopes and active sites.
and their penetrative capabilities. From this point
of view, SP-enzvme conjugates may compare
favourably with Ig-enzyme conjugates.

The reactive aldehvde groups of HRP induced
by oxidation can react with primary amino groups
of the protein. which are present in Iysine residues
and in the N terminal amino acid. The fact that
we cannot detect SP 29 in the HRP or the 8-Gal
conjugates using MAb 25-4.1, may be explained
by the presence of two lvsine residues and the N
terminal amino acid in the epitope recognized by
this antibody. Coupling the peptide through these
NH. groups presumably disrupts this epitope.
preventing binding of the antibody specific for
this epitope. It should be realized that SP 29
contains many reactive groups {¢.g.. four cysteine
residues with SH groups. amino groups of the
lysine and the amino terminus. the terminal car-
boxyl group and the carboxyl groups of the two
glutamic acids residue). For other peptides it may
be necessary to re-titrate peptide and enzyme to
determine optimal conditions.

The production of SP-8-Gal conjugates seems
to be less permissive of variations in the molar
ratios of SP and enzyme than the SP-HR? conju-
gates. This may also be explained by the presence

of numerous reactive groups in SP 29. Although
SP 20-8-Gal conjugates can be produced success-
fully and used in immunocytochemistry, the stain-
ing pattern of S-Gal precipitates is less than
ideal. HRP and AP are clearly to be preferred
and B-Gal conjugates may be useful for triple-
staining approaches or other special applications.
However, a definite advantage of 8-Gal is the
absence of endogenous enzyme activity under the
present experimental conditions.

In conclusion, we have described quick and
simple coupling protocols for the production of
synthetic peptide-horseradish peroxidase and syn-
thetic peptide-3-Gal conjugates applicable in sev-
eral immunological assays.
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AIDS 1989, 3:543-548

Sir,

immune complaexes on feilicular dendritic cells as a target for cylolytic cells in AIDS

HIV infection and subsequent development of immune
disorders and AIDS is accompanied by profound degen-
erative changes in lymphoid tssues, ulimately resuling
in massive hmphoid depletion. The mechanisms underly-
ing these changes have ver not been definitively explained.
although they are essental 10 the understanding of the
pathogenesis of AIDS which, in turn, is necessary for the
development of an effective therapy. We propose here an
hypothesis that accounts for the extensive destruction of
follicular dendritic cells (FDC) as seen in ATDS.

Lymph-node changes in HIV infection can be divided
into three main stages, ranging from hyperplasia w0 ar-
rophy, which are thought 1 reflect successive stages of
the disease [1]. These sages are: (1) follicular changes,
found mostly in persistent generalized mphadenopathy
(PGL), and including lymphadenitis with explosive follicu-
lar hvperplasia, increased numbers of CD8+ cells in ger-
minal centers and 2 moth-eaten appearance of the dam-
aged FDC nerwork: (2) both in PGL and AIDS, follicu-
lar hvperplasia and involution can be observed within the
same hmph node, follicles show a bumed-our aspect, the
FDC network being disrupted: (3) imphadenitis with in-
voluted follicles and hmphoid depletion, which is almost
exclusively found in AIDS; only remnants of the FDXC net-
work are then present. The majority of the remaining iym-
phocvies are CD8+.

FIC, in the follicles of lymph nodes and spleen, tap im-
mune complexes (IC) by C3b- and Fe-receptors on their
cell membrane. Trapped IC, exposing free antigenic de-
terminants [2], are retained over long periods of gme and
are involved in the regulztion of antibody aters [3] and the
generaton of B cell memory [4]. They may also function
as 2 persistng antigen resenoir for contnuous re-sgmu-
lation of antgen-specific B-cells [3]. Destruction of these
celis will result in a severely ajtered hmphoid microenvi-
ronrnent and muldple immune injutes.

Massive destruction of FDC in AIDS as a result of bud-
ding of virions, as suggested previously [6], has not been
confirmed and is unlikely since only a very small number
of lymph-node cells is actaally infected {7]. We propose
that FDC become targets for cyvtolvtic cells because of the
special properties of HIV components in trapped IC.

The presence of HIV particles/antgens in {C between
the processes of FDC has been confirmed with electronmi-
croscopical and immunocviochemical methods [1]. Molec-
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uiar mimicry between HIV gp4l and MHC class 11 B 1 do-
main {8] and between HIV gp120 and class I B chain [9)
have been described. These homologous sequences could
give rise 1 a high density of psewdo class [ determinants
on the FOC through their presence in the trapped IC.

We suggest the following sequence of events in the
breakdown of the FDC nerwork: in the eary stages of in-
fection. IC formed in the humoril response against HIV
localize vn FDC. This results in an enhanced expression
of MHC class 1-like determinants through the presence of
gpal and gpl20 in IC. Anutomical co-localization of FIDC
and CD¥+ lymphocvies, lving in gaps of the discontnuous
endothelium lining the marginal sinus has been described
in peuple with PGL [10]. These CDS+ cells may exert lysis
through: class - restricted his after recognition of antigen
present in 1C; antibody-dependent cellular cvtotoxicit: or
Ivsis after recognition of pseudo class 1T determinants {al-
tered class 1), This hvsis will result in retrograde damage
0y the FDC, gradually dissolving the FDC network and al-
lowing entry of more effector cells. A chemotactical effect
of HIV components, which have been shown 10 possess
several different innate biological properties, could also in-
Huence the focalization of ¢ytotoxic vinphocvies,

The low expression of MHC class II on FDC in com-
binaton with the exclusion of CD8+ cells from follicles
in healthy individuals may reflect a protective mechanism
EUNSL SIUTOCVIOIVSLS,

If our hypothesis ix correct, HIV epitopes which induce
1C-medizted hvsis of FDC should not be included in (sub-
unit) vaccines, so as 10 avoid damage 1o these antigen-pre-
senung cells in vaccinated individuals,

Jon D. Laman, Eric Clagssen, Nico ¥Yan Rooijen™ and Wim J.A.
Boorsma. TNOC Medical Biological Laboratory. Department of im-
munology. PO Box 45, 2280 AA Ruyswyk ZH, *Vrije Universitent, Medical
Faculty, Department Histology, P.O. Box 7101, 1007 MC Amsterdam.
the netherfands.
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HIV-1 antibodies in human iymph nodes

Immunocytochemical determination of antigen and epitope
specificity of HIV-1-specific B cells in lymph-node biopsies
from HIV-T-infected individuals

jon D. Laman, Paul Racz*, Klara Tenner-Raczi, Maren Klasmeier*,
Marianne J. Fasbender, Conny Neelen, Netty D. Zegers, Manfred DietrichT,

Wim J.A. Boersma and Eric Claassen

Knowledge about B-cell dysfunction and HIV-specific antibody production is
necessary for the understanding of both HiV-1-related immunopathology and the
tvaccine-induced) humoral immunity involved in protection against AIDS. This paper
describes the application of recently developed methods to detect epitope specificity
of B cells in lymph-node biopsies with antigen—enzyrme conjugates. Cryosections of
five lymph-node biopsies from HIV-1-infected individuals and four control tissues were
stained with a panel of HIV-1 antigen—enzyme conjugates: recombinant HIV-1 proteins
(gp160, gp120 and p24), labelled with perexidase, and synthetic peptides representing
neutralizing epitopes from gp120 and gp41, iabelied with alkaline phosphatase.
Antibody-forming cells (AFCs) were detected in all the HIV-1-infected biopsies with
gp160, gp120 and/or p24, in numbers up to 350 per section. AFCs producing specific
antibodies against peptide 107 (SP 107), representing the neutralizing epitope 586—608
of gp41, were detected in one patient. These techniques allow correlation of in vivo
function of-B cells with lymph-node pathology, clinical stage of the disease and
serological data. Their potential for the elucidation of HIV-related immunopathogenesis
and the development of vaccines is discussed.

AIDS 1991, 5:255-262

Keywords: HiV-1, AIDS, lymph-node biopsies, immunocytochemistry,
antigen—enzyme conjugates, synthelic peptides, epitope-specificity, specific B cells.

introduction

Shortly after the recognition of AIDS as a new defi-
ciency of the immune system. it was documented that
not only T cells but also B cells showed functional ab-
normalities {1-3]. In addition to data derived from serol-
ogy and i vifro experiments, histopathological stud-
ies descrbed changes in the organization and composi-
ton of the microenvironment of lymph nodes [4] and
spleen [56] in HIV-l-infected individuals. In the ma-
jority of Ivmph nodes with exuberant follicular hyper-
plasia [4,7]. Castleman-like lymphadenits [4,8-10]. and
angioimmunoblastic hmphadenopathy-like mphadery-
ags [7.9.10]. increased numbers of plasma cells and their

precursors were found in the follicles or in the pulpa or
in both. It is not clear, however, whether these antibody-
forming cells (AFCs) produce HIV-specific antibodies or
whether they result from non-specific polycional activa-
tion of the B-cell system.

Although it seems reasonable to assume thart a relation-
ship exists between histopathology and in witro func-
tonal and phenotypical abnormalides of B cells, there is
as yet no satsfactory explanaton for either the progres-
sive histopathology or the defects of B cells. Furnther stud-
ies on specific B cells are indispensable a3 their andbod-
ies are involved in both disease-limiting {(virus neurraliza-
ton) and disease-promotng {Fe-receptor-mediated entry
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[11-13]} effects. The need for more knowledge regard-
ing HlV-specific B cells is emphasized by the fact that
most vaccine strategies aim o induce high tters of neu-
tralizing anthodlies.

We have recently developed methods to study the specific
humoral response 77 t7wo by means of antigen—enzyme
conjugates [14] and used these to describe the different-
aton pathway of specific AFCs in the mouse spleen [15].
The use of HIV-1-derived synthetic peptides coupled with
derector-enzymes allowed the detection of epitope speci-
ficity of B cells in 2 mouse model [16]. The application
of these techniques to biopsies from infected patients or
experirnental animals can contribute to the understand.
ing of B-cell abnormalities seen during HIV infection.

The aim of the current study was 1o show that the appli-
cation of these wechniques on lymph-node biopsies from
Hiv-infected individuals s feasible and ¢an vield valuable
information on antibody production during infection. We
show that HIV-1-specific AFCs ¢an be detected with both
protein— and synthetic peptide-enzyme conjugates, thus
allowing the determination of antgen and epitope speci-
feity.

Matertals and methods

Patient materials

Seven lymph nodes were chosen from the biopsy mate-
rial sent for diagnostic purposes 1© the Deparmment of
Pathology of the Instrute for Tropical Medicine, Ham-
burg, Germany. The material includes vmph nodes of
five patients seropositive for HIV-1 and two ymph nodes
with follicular hyperplasia not refated o HIV infection. In
all cases the lymph-node changes were accompanied by
a marked plasmacytic reaction, Antibodies to p24, gp4dl,
£p120, and gp160 were detected by Western blot in all
the HIV-l-infected individuals, The most refevant clinical
and histological dara are summarized in Table 1. Two ad-
ditional negative control tissues were included: a clinically

removed human tonsit (designated TYUA) and a spleen
from 2 najive Balb/C mouse {designated Baib).

Antigens

Recombinant HIV proteins were obtained from the
following sources: p24 from Transgéne (Strasbourg,
France); gpl60 from Pasteur Vaccins (Val de Reuil,
France);, gp120 from ABT (Cambridge, Massachuserns,
Usa) through the Medical Research Council {MRC) AIDS
Directed Programme reagent repository (NIBSC, Potters
Bar, UK),

24 (MetAla-p23) is a modified derivative (Prolsl-
Leu3T1) of the HIV-1 major core protein produced in £s
cherichia coli and is dissolved in sodium phosphate/NaCl
buffer; the sample purity is > 95%. Rec gpi20 is pro-
duced in a baculovirus expression system and is dis-
solved in phosphate-buffered saline (PBS); the sample
purity is > 90%. gpl6d [17] is secreted in the culture
medium of BHK 21 celis infected by the recombinant
vaccinia virus VV 1163, After purification, the antgen i
dissolved in PES.

HIV-1 synthetic peptdes (SPs, listed in Table 2) homol-
ogous 1o neulrslizing and/or highly conserved epitopes
were selected from the literature and synthesized accord-
ing 1o Merrifield solid phase procedures as described pre-
viously [22].

Production of antigen—enzyme conjugates
Protein-horseradish peroxidase (HRP) conjugates were
produced with the NalQ,-oxidation procedure as de-
scribed previously {14] in 2 1:1 (wyw) ratio of HRP
1o HIV protein. Synthetic peptide—atkaline phosphatase
(AP) conjugates were produced as described previously
[18]. Briefly, 2mg AP was activared by dialysis against
0.2% glumaraldehyde in PBS overnight at 4°C. After ex-
tensive dialysis of the carrier solution against PBS, the
peptide was added 1o the carrier soludon (2mg/ml in
PBES) and the mixture was incubated ovemight ar 4°C.
The reactdon was stopped with 0.2M lysine-HC for 2h
at 4°C and the mixture was dialyzed against PBS. Conju-
gates were mixed with an equal volume of glycerol and
stored at —20°C.

Table 1. Lymph-node biopsies in relation to clinical stages [according 1o the Centers for Bisease Control (CDO] of HivV-refated disease.

Blaod (cells % 1041

Lymph-node histology

Paticnt ARa/sox CDC stage D4 cos Sie of blopsy Type p4/CC FOC damage
38289 a7 years/male ns A B89 Cervical F ++ + -+
388/89 37 years/male V8 %0 530 Inguinal AlLD-ike + Only remnants
399169 34 years/male KS) VD k] 700 Axillary F +++ +
845/89 25 yrarsf/iomale ns 450 1000 Inguinal F 4+ + + 4+
1001/89 32 years/male ue 180 500 Axillary f + 4+ + ++
750/89 49 years/male Control NA NA Inguinal ¥ - -
1117/89 28 years/male Cornrel MNA NA Cervical F - -

GG, germmal centre; FOC, follicular dendritic cells: F, foflicular type; AILD, angioimmunoblastic lymphadenopathy; KS, Kaposis sarcoma; NA, not analysed.
Damage to FOC: - (the network is intacty; + + lapproximarely 25% of the notwork is destroyed); + + -+ (up to 75% of the network is destroyed). core
for p24 in GC + + + + lall G are positvel + + + (50% of the CCs are positive); + + (approximately 33% of the CCs are positivel; + lone GC or

remnants of FOC are positivel.
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Epitope specificity of B cells in lymph-node biopsies Laman et al.

Table 2. Synthetic peptides used for detection of HIV-1-specific B celis.

e, Protein Residues Sequence Remarks Reference
% EP120 254-274 “CTHCIRPYVSTQLLLNGSLAE Neuroleukin homologue 18l
98 gpd1 519-538 > AVGIGALFLCFLCAAGS TMTAC Cleavage site gp120/gpd1 1191
100 P41 616632 “CPTNASTSNKSLEQITNN Neutrallzing epitope (]
m jaal 586608 “CRILAVERYLEDQQLLEIWCCSTK Neutrallzing cpitope 21]
103 gp120 298-314 “CSVEINCTRPNNNTRKS! Neutralizing epiope V3-doman [20]

*C indicares a cystene residue added for coupling purposes; > indicates the gp120/gpdT cleavage sie.

Tissue processing and immunocytochemistry

Immediarely after surgical removal, the vmph nodes were
placed in physiclogical saline and ransported 10 the de-
partment in 4 coneainer containing ice-cold water. Time
differences between removal of the tissue and snap-freex-
ing it in liquid nitrogen were 1-6 h, Material was frozen
in plastic airtight containers filled with Tissue-Tek em-
bedding medium and stored at —70°C. Cryosections of
Sum were cut at —20°C and stored overnight in 2 box
with humidified atmosphere at room temperature, Sec-
tons were fived in fresh acetone {analytical grade), con-
mining 0.02% H>O, w0 inhibir endogenous peroxidase
activity, for 10 min. Sections were air-dried for at least
30 min at room temperature and transferred 1o PBS {Tris-
NaCl) for 30min. Prorein—enzyme conjugates were di-
luted to 20 pg/ml in PBS with 1% w/w bovine serum al-
bumin {BSA) while SP-AP conjugares were diluted 1: 100
in PBS/BSA. As negative contrels, sections were incu-
bated with PBS/BSA, uniabelled HRP or unlabelied AP.
Antigen—enzyme conjugates were incubated overnight at
4°C in a box with a hurnidified ammosphere.

After washing four times with PBS, HRP activity was re-
vealed by staining with 3-amino-S-ethylcarbazole (AEC)
twice for 10min as described previously [14]. AP activ-
ity was revealed with Fast Blue BB salt and AS-MX phos-
phate. Brefly, 50 mg FBB salt was dissolved in 500p!
dimethylformamide (DMF) and 25 mg AS-MX phosphate
was dissolved in 500 ul DMF, and both were added to
50 ml Tris buffer (0.5 M, pli8.2). Levamisole (20 mg) was
added 1o inhibit endogenous AP acuvity. The solution
was filtered (coarsely) before use, The reaction was al-
lowed to proceed at room temperature for 10min and
was then repeated with fresh substrate after washing the
sections once in PBS. This substrate formulaton resulied
in good specific stining and a significant reduction in en-
dogenous AP activity of human tssue when compared
Tvith the procedure used routnely for animal sections
14].

Double staining with gplG0-HRP and SP101-AP was per-
formed by simultanecus incubation of the vo conju-
gates, followed by staining twice for AP, washing once in
PBS and stining twice for HRP. Control sections were in-
cubated with either PBS/BSA, gplG0-HRP or $P101-AP,
and were subjected to the same staining procedure. Sec-
uons were embedded in glvcerol/gelatn either direcdy
or after counterstaining with hematoxin for 1 min. The
number of AFCs per section was determined by counting
conjugate-binding cells in non-counterstained sections

112

with conventional light microscopy. After HRP stiining,
AFCs could be distinguished from granulocytes by the
bright-red homogeneous staining of the AFC cytoplasm,
leaving a clear white spot representng the nucleus. En-
dogenous HRP actvity in granulocytes was wasily disun-
guishable from specific staining as it gave rise 1o dark-red
clumps of precipitate without cellular aspect. Endoge-
nous AP actvity was low and restricted mainly to vessels
and posed ne problems for the identification of specific
AFCs. The surface area of eight sections per biopsy was
determined {in mm?) by computer-zided image analysis
(MCID software, Imaging Research Inc., Brock Univer-
sity, St Cathasines, Onwrio. Canada) of images obwmined
with an HTHMX-1 camerz (High Technology Holland BV,
Eindhoven, The Netherlands).

In addition, damage to follicular dendritic cells (FDCs),
as well as the presence of gag proteins of HIV-1 in germi-
nal centres, was analysed. Air-dried cryostat sections were
fixed in acetone for 15 min at room temperamre and in-
cubated with monoclonal antibodies specific either for
FDCs (DRC-1. Dakopats, Glostrup, Denmark; diludon
1:30) or for HIV-1 p24 (BT3, Biotech, Rockville, Mary-
land, USA; dilution 1:800). We used the alkaline phos-
phatise AP-and-AP (APAAP, Dimnova, Hamburg, Ger-
many) technique to visualize the ansbodies {23].

Resuits

Lymph-node cryostat sections from HIV-1-infected indi-
viduals were probed for the presence ¢f HIV-1-specific B
cells using immunocytochemical staining with antigen—
enzyme conjugates. To correct for the differences in size
of the lymph-node biopsy secdons, data are shown as
number of AFCs per surface area. The average surface
area of a biopsy section was obtained by measuring eight
sections by image analysis (see Materials and methods
section) and calculation of the average and standard de-
viation of the mean: biopsy 383/89, 35 £ 1 mm?; biopsy
388/89, 63 £ 2mm?: biopsy 399/89. 33 £ 2 mm?; biopsy
846/89, 35 £ 1.5mm?% biopsy 1001/89. 27 + Zmm?
biopsy 750/89, 25 £ 2 mm?; biopsy 1117/89. 32 £ 2mm;
tonsil TVUA, 53 = 3mm?, and spleen Balb, 7 £ 1 mm2.
The average surface area of lymph-node biopsies is
3amm?. Datz are expressed as number of AFCs per
Hmm?.

Immunocvtochemical staining with protein~HRP conju-
gates revealed AFCs specific for gpl60, gpl20 and/or
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Fig. 1. Presence of antibody-forming cells (AFCS) in biopsies after
staining with protein—horseradish peraxidase (HRPH conjugates.
Numbers of AFCs per 40 mm? are shown on a log scale. No sig-
nificant numbers of AFCs were found in the negative controls,
whereas alt HIV-T-positive lymph nodes contained AFCs produc-
ing antibadies reactive with one or more of the conjupates. =;

phosphate-buffered saline; %, HRP; B, gp160; , gpi20; [, p24.

2000 £ 1

Number of stained cells per 40 mm?
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Tissues

Fig, 2. Presence of antibody-forming cells (AFCs) in biopsies af-
ter staining with synthetic peptide-alkaline phosphatase (SP-AP)
conjugates. Mumbers of AFCs per 40mm? are shown on a log
scale. Biopsy 388/8% shows high rnumbers of SP10T-AP-binding
AFCs, 8, phosphate-buffered saling; O, AP: 22, $P69; 13, 5P98:
i, SP100; B SP107; 1Y, SP103.

p24 in mphnode sections from all padents infected
with HIV-1 (summarized in Fig. 1 and ustrated in Figs
<ga, d-f). p24 and gp160-specific AFCs were found in all
patents, while gpi120 responses were lower or absent
(399/89, 1001/89). As can be seen in Fig. 1, up 1o 350
AFCs specific for an HIV protein {p24) could be found
per section. In biopsy 388/89, which shows the strongest
response, about 650 AFCs are involved in the anti-gp160
and anti-p24 humoral response.

Immunocyiochemical stining with SP—enzyme conju-
gates revealed 170 B cells specific for $P101 (homolo-
gous w a neutralizing epitope of gp41) in a section of
biopsy 388/89 (Figs 2 and 4b). To show that these AFCs
can bind both the SP and the homologous sequence
in the whole protein, we performed a double staining
with gpl60-FHRP and SP101-AP. The results, shown in
Figs 3 and 4c, demonstrate that most cells binding the

SP101-AP also bind the gpl60-HRP, resulting in a vio-
let colour. This is ¢vidence that the peptide as synthe-
sized has the same conformation as the original sequence
present in the recombinant gp16G.

Low numbers of AFCs binding the SP-AP conjugates
were found in several biopsies, but the possible cross-re-
activity with AP did not permit the conclusion that these
cells were HIV epitope-specific.

AFCs were mostly found around the follicles in the in-
terfollicular zone of the peripheral cortex. Occasionally,
some AFCs were found in the follicles, AFCs were dis-
ributed singly or in small groups (two to six cells), sug-
gesting clonal development (Figs 4e and f).

200

AL

120 1

Number of stained cefis per section

PBS £p160 $P101
Conjugate

Fig. 3. Presence of antibody-forming cells (AFCs) in biopsy 388/89
after double stainmg with gp760-horseradish peroxidase (HRP)
and synthetic peptide 107-alkaline phosphatase (SP101-AP). In-
cubations of four sections from biopsy 388/89 with four differ-
ent conjugate combinations were perfermed. Numbers of blue,
red or violet AFCs per section are shown on 2 normal scale. The
numbers demonstrate that most SP107-reactive cells also bind
the gp160, confirming the cross-reactivity between peptide and
protein. . . red; =, blue; . violet.

gp160/SP 101

No cells cross-reactive with the conjugates were detected
in the contol tssues. Control incubatons with PBS
showed very linle endogenous HRP activity (except for
the red pulp of the mouse spleen}, while some endoge-
nous AP activity was present, especially in the blood ves-
sels. Control incubation with unconjugated AP and HRP
revealed incidental cross-reactive AFCs in 388/89 (Fig, 1).

Discussion

This study shows that protein and epitope specificity of
HIV-1-specific B cells can be determined in tissue sec-
tons of lymph nodes from HiV-infected individuals using
antigen—enzyme conjugates. This is the first dme a hu-
moral HIV-specific response in human lymphoid dssue
has been demonstrated 7z st Functional abnormalities
of the B-cell compartment during HIV-1 infection have
been well documented [1-3] and include elevated serum
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immunogiobulin levels, presence of circulating immune
complexes, inability 1o mount an appropriate wmumune re-
sponse after immunization, ¢levated numbers of sponta-
neous plagque-forming cells, enhanced responsiveness to
B-cell growth factors, and refracioriness o the normal
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fig. 4. Antigen and epitope specificity of HIV-specific B
cells. () gpiel-specific B cells in biopsy 388/8%9 stained with
gpb0-horseradish peroxidase (HRP; red). (b) Synthetic pep-
tide {SP) 10i-speciic B cells in biopsy 388/89 stained with
SPi01-alkaline phosphatase (AP; blue). to Double staining with
8P 160~HRP (red} and SP101-AP (bluel. The section shows red cells
which are gp160-specific or double-stained violet cells (note: no
blue cells) that bind the SP101-AFP as well as the homologous
sequence present in the gpl60. (d) p2é-specific B cells located
mainly in the interfollicuiar zone of the peripheral cortex. One
positive cell in a follicle (Pl {e} Group of p2d-specific B cells in
biopsy 388/89, suggesting clonal development. if) p24-specific B
celis in the interfollicular zone of the peripheral cortex. [g) gp160-
specific B cells localized as in ).

signals for B-cell activaton. There is as yet no satisfactory
explanaton for the B-cell abnormalities during HIV-1 in-
fection and the fluctuation in tters of antbodies against
different HiV-1 antigens,
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Immunocytochemical detection of HIV.speciic AFCs in
intact tssues complements the serological and 7 vitro
dara. It has high sensitvity, excludes iz rifro artefacts and,
in generad, allows the study of specific antibody produc-
tion in relaton to the hmphoid microenvironment [24].

In the present study, considerable numbers of AFCs pro-
ducing antbodies specific for p24, gp160 and gp120 were
detected in ymph nodes from HIV-infected individuals.
The specificity of this reaction was confirmed using HIV-
1-negative control dssues and incubations with medium
or the uncoupled derector ensyme. The numbers of spe-
cific AFCs found are comparable to those found in exper-
imental amimals killed at the pesk of the response after
secondary immunization with protein antigens [14]. In
those experimental semings, animals received prime and
booster injections with a purified, non-replicating ant-
gen. In contrast, during natural HIV-1 infection in hu-
mans, the replicative antigen is continuously present, Ap-
parenty, this resuls in chronic stimulation of B cells fol-
lowed by production of specific antibody in these pa-
tents. Previous invesdgations have shown deposits of gag
proseins and the presence of HIV-1 in the germina cen-
tres in association with FDCs of ymph nodes [25] and
spleen [7]. it has also been documented by repeated
hmph-node biopsy specimens thar HIV antigens persist
in germinal centres for long periods of dme [26,27). The
stimulatory properties of HIV-1 virions, proteins and syn-
thetic peptides 77 viro have been described [28-31]. Itis
concevable thar HIV antigens locadized in germinal cen-
tres have a similar stimulatory effect on germinal centre
B cells. In addition, functional alteratons of B cells dur-
ing HIV infection may be related 10 the progressive de-
struction of the network of FIXCs [25]. These cells are
thought 10 be involved in the presentadon of antgen in
the form of immune complexes to B cells for the forma-
ton of memory B cells [32], the regulation of antibody
titers [33.34] and possibly for antibody production [35].
The FDC network is an essental homing and supportive
element for B cells, and their destruction (possibly as 2
result of cytolydc artack [36]) may be crucial © B-cell
dysfuncton,

The znatomical localization of the HIV-1-specific AFCs
around the follicles and distributed more andomly in
the medulla is reminiscent of that found in animal lymph
nodes [14,37.38]. The fnding thar specific B cells are of-
ten found in small groups may reflect clonal development
(Fig. 4e and ).

The chance of finding epitope-specific B cells reactive
with the synthetic peptides used here is small. First, the
virus i$ hypervariable, and it is not known with what
vires strain the patents are infected and how the epi-
tope Is represented in this strain, Second, the number
of B cells reactive with a shont sequence is smaller than
those reactive with the whole protein, Finally, the re-
actvity against an cpitope may be dependent on the
sage of the disease. However, with the 3P101, repre-
senting an extensively described determinant from the
immunodominant part of gp41 21,3941}, we were able

10 detect specific AFCs in one patient. Double stain-
ing with gplG60—HRP showed that the peptide-reactive
cells cross-reacted with the whole protein, demonstrar-
ing that the conformation of the peptide and the cor-
responding native sequence is identeal. The low num-
ber of blue, apparenty only peptide-reactive. cells found
may be the result of stronger binding of the SP101-AP
conjugate than the gplG0~-HRP conjugate. Alternatvely,
blue-stained cells may result from the presence of AP-
cross-reactive antbody. It can also be argued that not il
SP101 molecules have the same conformation as the ho-
mologous sequence in the intact gp160: some B cells may
be specific for this other conformation. There is as yet
no obvious explanavon for the high reactivity of biopsy
388/89; systematic studies on more biopsies should show
whether this is an exception or whether this response is
associated with a special hiswlogical lymph-node panemn.

The antigen—enzyme techaique also allows the detection
of free antigen-binding sites present in immune com-
plexes trapped in lymphoid follicles [14]. The lymph
nodes used here showed p24 positvity in vmphoid folli-
cles 25 detected with monoclonal antibodies, We did not
detect trapped immune complexes, however, with the
p24-HRP conjugate or with any of the other conjugartes.
The most likely explanation for this finding is that all
antigen-binding sites are occupied by antigen, which may
be expecied 10 be present in excess. Alternatvely, bind-
ing of p24—HRP by follicular immune complexes may lie
below the detection level. A third possibility is that p24
is present in the germinal centres in uncomplexed form;
there is evidence from animal stdies that compounds
may localize in germinal centres without involvement of
antibody [42]. It is important t note that with mono-
clonal antbodies, gp120 has never been demonstrated
in germinal centres, and gpd1 only incidentally [43].

We now plan 10 test routinely 211 new biopsies for gp120-,
gp160- and p24-specific AFCs. In addition, we will use
these methods 1o evaluate the anti-simizn immunodefi-
clency virus response in macaques and the and-HIV re-
sponse in chimpanzees in forthcoming experiments

In conclusion, the current swdy provides a new ap-
proach 1o the study of FIV-1-specific B ¢ells in relation 1o
histopathology and clinical stage of the disease. Consider-
able numbers of plasma cells in a lymph-node section are
involved in ant-HIV responses. The use of synthetic pep-
tide enzyme—conjugates allows epitope-specific analysis
of natural or vacdine-induced responses. These methods
can be used to swudy infected human or animal tssues
and are appliczble for all pathogens from which purified
antigens are available or for which DNA or amino-acid
sequences are known,
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chapter 7

ABSTRACT

The third variable domain (V3) of the human immunodeficiency virus type 1
(HiV-1) external membrane glycoprotein gp120 is of crucial importance in eficiting
neutralizing antibodies in infected persons. Polyclonal {PAb) and monocional
antibodies (MAb) directed against selected epitopes within the V3-domain are
valuable tools to analyse the involvement of such segquences in neutralization and
1o define the relation between amino acid variability and immunologica! cross-
reactions. The aim of this study was to obtain such srte—specrf ic antibodies using the -
synthetic peptide approach.

We here report on a group-specific neutralizing PAb, two high-affinity Il
neutralizing MAb and two non-neulralizing MAD, all raised with synthetic peptides
derived from the V3-demain. A 15-aminc acid peptide overlapping the tip of the V3
domain of HIV-1 MN was used to produce a rabbit PAbL (W0/07). This PAb inhibited
syncytium formation induced by HIV-1 B and four field isolates.

A similar liIB-derived peptide was used to generate two murine IgG1 MAb
(lIB-V3-13 and lIB-V3-34). Pepscan-analysis mapped the binding site of HIB-V3-34
to the sequence IRIQRGPGR. The K, of liiB-V3-13 and [liB-V3-34 for gp120 was
8.8 * 107 and 1.6 * 10™ M, respectively. These MAb neutralized IlIB, but not MN,
and inhibited syncytium formation induced by HIB. They are applicable in ELISA,
immunocytochemistry and flow cytometry.

A peptide covering the left base of the V3-domain was used 10 generate two
murine IgG1 MAb (IiB-V3-21 and llIB-V3-26). The binding site of lIB-V3-21 was
mapped to the sequence INCTRPN. These MAb did not neutralize HIV-1, and did
not inhibit syneytium formation.

This study supports the notion that HIV-1 neuiralizing antibodies, suitable for
multi-assay performance, can be obtained with synthetic peptides, and that high
affinity MAb can be generated. Such site-specific antibodies are useful reagents in
the analysis of HIV-1 neutralization. In addition, the cross-neutralization of different
viral strains by PAb generated through single-peptide immunization is directly
relevant to vaccine development.

INTRODUCTION

The third variable domain (V3-domain) of the Hiv-1 external glycoprotein
gpi20 evokes & major fraction of neutralizing antibodies during a natural infection
(Goudsmit et al., 1988; Rusche et al., 1988; Javaherian et al., 1889}.' The V3-domain
is thought o consist of 36 aming acids which form a loop as a result of disulfide-
bonding of cystein residues at positions 3C3 and 338 (Javaherian et al, 198%;
Lecnard et al, 1880) see alsc Table 1). The V3-domain seems 10 be invelved in
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virus-cell fusion and cell-cell fusion (Freed et al., 1981) and its structural integrity is
impertant for viral infectivity (Kowalski et al,, 1887). Fusion may involve cleavage of
the V&-domain by cell surface or endosomal proteinase (Clements et al., 1881). The
nositively charged amine acids concentrated in the V3-region may function in binding
and fusicon (Callahan et al., 1891). Several studies using monocional antibodies have
confirmed the role of the V3-domain in viral infectivity (ﬁ\keronm et al., 1890; Durda
et al., 1980; Fung et al., 1987; Gomy et al, 1881; Kinney-Thomas et ai., 1988;
Linsley et al., 1888; Matsushita et al., 1888; Scott et al., 1890; Skinner et al., 1988).

The V3-domain is therefore considered o be an mportant determinant to
include in candidate vaccines. The exireme sequence heterogeneity of the
V3-domain in different isolates is 2 major cobstacle in vaccine development, but
recent seroprevalence studies provide evidence that certain motifs, especially
sequences highly homologous to V3 of the isclate MN, may be relatively conserved
(LaRosa et al, 1980; Zwart et al, 1891). Candidate vaccines including such
sequences may evoke antibodies capable of neutralizing a wide variely of naturally
occurring virus-types {Javaherian et al., 19¢1).

Monoclonal and polyclonai antibodies are useful reagents to analyse the role
of different epitopes of the V3-domain in neutraiization and to probe the relation
between primary sequence variation of HiV-1 and serolegical cross-reactivity iy vitro.
In additicn, antibodies are important tools in immunocytochemical approaches 1o
elucidate the meachanisms of HIV-1 induced immunepatholegy in situ. We recently
described methods to study HIV-1 specific B-cells in tissue sections of lymph node
biopsies using antigen enzyme conjugates (Larman et al., 1980L, 16%1a 1881¢, in
press, a). In combinaiicn with these techniques, MIV-1 variant-specific antibodies
applicable in immunocytochemistry would aliow study ©f specific antibedy formation
in relation to protein expression and antigen lccalization of the variant under
investigation.

The synthetic peptide (8P} approach is the method of choice to obtain
antibodies against pre-seiected linear sequences. Most groups use anti-peptide
PAb, however, and repeoris on HiV-1 neutralizing MADL raised with SP of the
V3-domain are scarce {Durda et al., 1990). In addition, virus neutralization may be
directly related tc eantibody affinity, a peoint which is ofiten overloocked.
Vaccine-induced circulating antibody should be of high affinity, allowing lower {iters
1o be effective {Layne et al,, 1988). Therefcre, the aim of the current study was i
generate high-affinity neutralizing murine igG MADb using SP derived from the V3-
domain. In addition, we sought to demonstrate the occurrence of antibodies
cross-neutralizing different HIV-1 strains after immunization with a single V3-derived
peptide 10 obtain further support for the concept of peplide immunization.
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MATERIALS AND METHODS

ANIMALS

Female Balb/C mice were bred at the TNQ breeding facilities. Animals 8-18
weeks old were used for immunization and were kept under GLP protocol with free
access to pelleted food and acidified water (pH 3). Female Flemish Giant rabbits
(outbred) of 6-8 kg were kept under the same condifions and used for immunization
al 15 months of age. Experiments were performed under the auspices of the Dutch
Veterinary Inspection, as described in the law on Animal experiments.

PEPTIDE SYNTHESIS

The different sequences from the V3-domain to be synthesized were selected
from Myers et al (1880). A terminal cystein residue was added for coupling
purposes (see also figure 1). Peplides were synthesized as described in detall
before {(Zegers et al, 1981) on RapidAmide resin beads using Fmoc protected
aminc acids {Dupont, USA) following the procedure as described for the RAMPS
System (Dupont, Medical Prod., Biotechnoiogy Syst., USA). Peptides were purified
using liquid chromategraphy on G15-8ephadex (Pharmacia) in 5% acetic acic.
Fractions were analyzed on z Beckman Ulirosphere 5 gm reversed-phase C18
column using a gradient of acetonitrile with 0.19% trifluoracetic acid. Fractions with the
same major compound and with high purity were pooled and lyophilized twice,
Amino acid analysis was performed 10 confirm the composition of the peptides.

CONJUGATICN AND IMMUNIZATICON

Peptides were coupled to KLH (keyhole limpet hemocyanin){Calbiochem, San
Diego, CA, USA) as an immunogenic carrier by means of MBS (m-maleimidobenzoyl-
N-hydroxysuccinimide ester){Pierce, Rockford, iL) as described in detail before
(Boersma et al., 1988). Briefly, coupling was performed by mixing MBS (200 mol/mol
carrier proiein) and the carrier on ice in PBS. After removal of the excess MBS, the
SP (100 mol/mol carrier) was added and the mixture was stirred for 30 min at room
temperatura,

Groups of three mice received injections of 25 ug of sither the free peptide
or the SP-MBS-KLH conjugate mixed with Specol (& water-in-oil adjuvant)
subcutaneously on the upper side of both hind feet. Antibody responses were
monitored with ELISA (enzyme linked immunoscrbent assay) on weekly taken serum
samples. After 4 weaks mice received a booster injection with the same dose and
via the same route. A mouse with a high respense on both peptide and recombinant

125



HIV-1 neutralizing antibcdies

gp120 was selected for fusion and received two additional injections, infraperiioneally
and in the hind feet. Four days after this second booster the spleen was used for
fusion.

Rabbit WO/07 was immunized three times with 200 xg of SP 155-MBS-KLH
intradermally in four places on the back. The first and second immunization were
given at day 0 and day 28 using Freunds complete adjuvant, the third was given at
day 52, using Freunds incomplete adjuvant. Serum samples were taken before
immunization and wo weeks after every immunization. The sampie taken afier
second immunization (first beoster) was tested in a synecytium formation inhibition
assay (SH). The animal was blec three weeks after the final immunization.

GENERATION OF MONCCLONAL ANTIBODIES

Fusion was performed according o Haajman et al. (1888). Briefly, 2 cell
suspension of spleen cells obtained four days after the second boost was mixed
with Sp2/0 cells in logarithmic growth in a ratio of 1001 and incubated with 40%
pelyethyiene glycol (PEG 400C, Merck) and 5% DMSOQ in PBS for 1 min, After
dilution of celis with BPM) they were incubated for 20 min & room temperature and
kept overnight in regular medium (RPM! 1840, 10% FCS [fetel calf serum], 2 mM
giutamine, 0.1 mg/mi streptomycine, 100 E/ml penicillin, 1mM sodium pyruvate and
0.05 mM beta-mercaptosthanol). Afterwards, they were cultured on selective medium
{regular medium supplemented with 1 xg/ml azasering and 0.1 mM hypoxanthine)
and tested reguiarly with ELISA. After one week of culiure the azaserine was
discontinued. Subclening of positive wells was performed by limiting dilution at C.5
cells/well. Ascites was produced injecting 10° hybridoma cells in €.25 ml PBS
intraperitoneally in Baln/C mice. Ascitic fluid was collected under anassthesia.

ELISA AND AFFINITY DETERMINATION

ELISA was performed as described by Boersma et al. (1888). Briefly, 86-well
pve-roundicttom microtiter plates were coated with S g protein/mi or 10 zg/mi of
the unconjugated SP over night at 4 °C. Non-specific binding sites were blocked
with 0.5% gelatin in PBS for 30 min at room temnperature. Plates were washed with
PBS 0.08% Tween 20. Samples were diluted in PBS/gelatin/0.05% Tween 20 and
incubated for 1 hr at 25 °C. Afler washing, a Rabbit anfi-mouse IgG-AP (alkaline
phosphatase) conjugate (KPL, Gaithersburg, MD, USA) was added and incubated
for 1 howr at 25 °C. After washing, AP-aciivity was determined with PNP
(paranitrophenylchosphate;  Boehringer, Mannheim, Germany) at 1 mg/ml
digthanolamine as the subsirate for 30 minutes &t 25 °C and optical density was
measured at 403 nm with a Titertek {Crganon Teknika) reader.
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Affinity of the MAb was determined in an ELISA system with rec gpi20
(Microgenesys), using the method of Friguet et al. (1985). Data were analyzed with
modifications for bivalency as described by Stevens (1887). Kiotz-plots were used
to determine the dissociation constants for the interaction of the anti-peptide
antibodies with gp120. Conditions were chosen such as 1o allow the calculation of
Kp with linear regression analysis according to Friguet et al. The equation used was
v =1 + 1/ak,. in this equation, a is the concentration free antigen and » is the
fraction of antibody bound.

PEPSCAN ANALYSIS

Pepscan analysis for mapping of the antibody binding site was performed
as described earlier (Geysen et al, 1884} by testing reactivity of MAb with
overlapping nonapeptides of the HIV-1 BH10 V3-domain. Nonapeptides were
synthesized on polyethylene rods, which were used in an ELISA system. Sequences
were obtained from Myers et al. (1980). Ascites of MAD lIB-V3-34 was used at a
1:75,000 dilution and ascites of lIB-V3-21 at 1:500. For MAb [B-V3-34, the
contribution of individual amino acids within the epitope was analyzed by testing
reactivity with & set of nonapeptides in which every aminc acid was replaced by all
possible cthers. Ascites was used at 2 1:100,000 dilution. Parent sequence for this
analysis was |{QRGPGRAF.

FLOW CYTOMETRY

To assess if the ligand of the MAb is expressed on the surface of MOLT-3
cells and whether the MAb can be used for flow cytometry analysis of infected cells,
cell surface staining was performed. MOLT-3 cells were washed three times in cold
sorter buffer (PBS/2% FCS/0.1% NaN,). 0.5 - 1 * 10° cells in sorter buffer were
stained with appropriate dilutions of the primary antibody and were incubated for 30
min at 4 °C. After washing three times, a FITC-iabeled secondary antibody was
added, followed by the same incubation and washing procedure. 100 x4l of 2%
paraformaldehyde was added and cells were stored in the dark at 4 °C untl use.
Controls included non-infected MOLT-3 cells, incubation with the secondary antibody
only, unstained cells and a positive control antibody reactive with gp120 on infected
MOLT-3 celis. A Coulier Epics C flow cytometer was used.

IMMUNOQCYTOCHEMISTRY

To determine if the ligand of MAb llIB-V3-13 and IIB-V3-34 was expressed on
infected cells, drops of HIV-1 B infected Sup-T1 cells (5 * 10%ml) were allowed to
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dry on glass slides. Slides were fixed with acetone/methanct (1:1 v/v) for 10 minutes
and viral activity was eradicated by subsequent incubation with ethancl {70%) for 30
min. After air-drying, slides were incubated with a tfitration series of the ascites of
iB-V3-13 and {liB-V3-34 in PBS containing 0.1% BSA (w/v) for 1 hour at 4°C. After
rinsing three iimes with PBS, slides were incubated with Rabbit anti mouse igG-
HMRP (horseradish peroxidase)(Dakeo) diluted 1:100 in PBS/BSA, supplemented with
1% (viv) FCS, for 30 min at room temperature. HRP acitivity was revealed by
incubating 10 min at room temperature with AEC (3-amino-S-ethylcarbazole) as
described in detall elsewhere (Laman et &., 1880b). Controls included incubation
with PBS/BSA only, omission ¢f the primary antibody and staining of uninfected
Sup-T1 cells.

HIV-1 NEUTRALIZATION ASSAYS

To test whether the different MAD and PAb have neutralizing capacity for HiB
and other HIV-1 strains, serum and ascites samples were tested in assays
operational in diferent laborateries. Generally, coded samples including a negative
control were used. SFI was performed as described previously {Gruters et al., 1987;
Matthews et al, 1987) with minor modifications. Briefly, H8 cells (5 * 10%well)
chronically infected with the HIV-1 isolates HTLV HIB (Popovic et al., 1984), or the
syneytium-inducing field isclates AMS 16 {Tersmette et al, 1888), ACH 105.33,
ACH 478.7 (Tersmette et al, 1988) or ACH 320.5 (Groenink et al, 1881) were
cocultivated in 96-well microtiter plates with high CD4-expressing Sup-T1 cells
(1.5 * 10%well) in the presence of twofold serial dilutions of the different antibodies.
After 16 h, syncytia were counted and 50% inhibition titers were determined, i.e. the
highest dilution of a sample that caused 50% inhibition of syneytium formation in
comparison to negative controls. A anti-HIV gammaglobulin preparation (HIVIG)
derived from a plasma pool of seropositive doners (Prince et al., 1888) was used
as a positive control.

In a ceil-free virus neutralization assay, 100 ul of two-fold serial dilutions of the
samples iested were mixed with 50 gl of diluted viral stock (viral infectivity 25-200
PFU/well). 100 »l medium containing 3 * 10° AA2 cells were added. Syncytia were
counted after culturing for 5 days at 37°C in the presence of 5% CO0, for 5 days.
Titers are expressed as the highest dilution where 80% reduction of syncyiia
formation compared to the viral controi is found.
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RESULTS
GENERATION AND CHARACTERIZATION OF ANTI-V3 PEPTIDE ANTIBODIES

The amino acid composition analysis of the peptides that were synthesized
was in accordance with the claimed sequence. The different peptides and their
iocation in the V3-domain are indiceted in table 1, together with the known V3-
sequences of the field isolates used in SFI.

TABLE 1. V3-SEQUENCES, SYNTHETIC PEPTIDES AND ANTIBODY BINDING SITES

PEPTIDE ISOLATE RESIDUES SEQUENCE OF V3-DOMAIN/PEFTIDE SHADED

SP 103 1B 298315 NCTRPNNNTEKSIRIQRGPGRAFVTIGKL.GNMRQAHC

SP 104 1B 314-328 CTRPNNNTRKSIRIQRGPGE GKL.GNMRQAHC

SP 155  MN 310324 CTRPNYNKRK KNIGTIRQ AHC
AMS 16 CTRPNNNTRKGIH! . . GPGRAVYTTGRIGDIRQAHC
ACH 3205 CTRPNNNTRKGIH! . . GPGRAFYAARKIGDIRQAHC
ACH 479.7 CTRPNNNTRKQIHI . . GPGRAFYTTRRIGDIRQAHC
ACH 105.33 ND

Full V3 sequences are shown and additional residues for SP 103. Numbering and sequences for
B are derived from Ratner et &l {1585); numbering and sequence for MN is according to Myers
et al. {1890). Peptides used for immunization are shaded. A cystein residue was added to the
N-terminus of SP 103 and the CHerminus of SP 104 and SP 155 for coupling purposes (not
indicated in the table). The binding sites of MAD 11B-V3-34 on SP 104 and of IlIB-V3-21 on SP 103
as determined by Pepscan analysis are underlined (see also figure 6 in chapter 8). Fuli stops are
introduced in the segquances 1o obtain consensus sequences. ND: not determined.

The polyclonal serum responses in peripheral blood of immunized rabbits and
mice and antibody production by hybridomas were screened by ELISA (resuits not
shown), using unconjugated peptide, peplide-conjugates and rec gp120 as coating
antigens. Depending on the ELISA titers of the animais, rabbits were bied to obtain
PAb and mouse spleens were used for fusion toc obtain MAb,

The PAb WO/07 reacted in ELISA with the immunogen SP 155 (MN)} and also with
SP 104 and rec gp120 (both HIB; resuits not shown). The palyclonal anti SP 155
serum and the MAb obtained after immuunization with SP 103 and SP 104 (izble 1)
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were further characterized as described below.

The affinity of MAb for rec gpl120 was determined in an ELISA-system
according to Friguet et al, (Friguet et al,, 1885) and Stevens (1887). Resulis are
shown in figure 1 and demonstrate that K, of lIB-V3-13 and 1I3-v3-34 is 8.8 * 10™
and 1.6 * 107 M, respectively.
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FIGURE 1. AFFINITY DETERMINATION OF MAB IIB-V3-13 AND [[B-¥3-34 FOR RECOMBINANT
GP120

Data are expressed as Klotz-piots. Linear regression analysis shows that for antibody HIB-V3-13,
v = 0.91931 + 6.8 * 107" * 1/a with a correlation coefficient R* = 0.985. K, = 8.8 * 107" M (figure
18). For amibody HIB-V334, /v = 0.88460 + 1.5828 * 10™ * 1/a with a correlation coefficient
R® = 0.884. K, = 1.6 * 10" M {figure 1b).
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2). The shoriest reactive sequence of HIB-V3-34 was found t© be QRGP; best
binding was found with the sequence IRIQRGPGRH (figure 2a; see aiso table 1).
iH1B-V3-13 has not been mapped, but may recognize the same site as it has been
obtained from the same subcloning as HIB-V3-34. [iB-V3-21 mapped to the
sequence INCTRPN (figure 2b; see also table 1).

To assess the contribution of individual amino acids to binding of MAb
lIB-V3-34, reactivity was tested with a set of peptides in which every residue of the
sequences IQRGPGRAF was replaced by all possible others. Results (figure 3} show
that the Q and GPG residues aliow no or few replacements, while the two R
residues allow more repiacements, and the |, A and F are fully permissive for
replacement.

EXPRESSION OF ANTIBODY-DEFINED EPITOPES ON HiV-1 lliB-INFECTED CELLS

To assess expression and accessibility of the epitopes of the MADL on infected
cells, HiB-infected MOLT-G cells were stained with [IB-V3-13 for flow cytometry-
analysis. Figure 3 shows that the 8P 104 sequence of the V3-domain is highly
expressed by infected cells, while non-infected cells show no staining with this
antibody. A more detailed analysis of the accessibility to antibodies of V3-epitopes
expressed on infected cells, on rec gpi120, and on gpl120 adscorbed to CD4-carrying
celis will be presented elsewhere {Lewis et al., in preparation).

Surface expression of the SP 104-determinant on HMIV-1 IliB infected Sup-T1
cells was assessed by immunocytochemistry using MAD HiB-V3-34. Figure 4 shows
expression on infected Sup-T1 cells. As expression of the determinant is dependent
on reproductive infection of an individual cell, non-infected or latently infected cells
do not stain. Apparently, the conformational structure of the linear SP 104-
determinant in the V3-domain is resistant to the denaturing effects of
acetons/methanol fixation, followed by ethanol treatment, This determinant is also
resistant to several other procedures for fixation and inactivation of HIV-1 (Laman et
al,, 1881¢).

HIV-1 NEUTRALIZATION BY ANT:-V3 PEPTIDE ANTIBCDIES

To assess if the different aniibodies SP immunization have neutralizing
capacity and If such neutralizing capacity is variani- or group-specific, neutralization
stucies were performed in two different assays, ie. SFl and celi-free virus
neutralization. The resulis of the SFI experiments are shown in table 2. High
neutralizing activity, speciiic for the HiV-1 B isolates was observed with
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PEPTICE
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FIGURE 2. PEPSCAN ANALYSIS OF ANTIBODY BINDING SITES

Binding sites of two MAD were determined by Pepscan analysis, using overlapping nonapeptides.
ELISA absorbancy values for binding of the antinody 10 the difierent peplides are shiown.

Figure 2a. Mapping of I1IB-V3-21, raised with 8P 103.

Figure 2b. Mapping of lliB-V3-34, raised with SP 104.

Note different scales used for abscorbance.

132



chapter 7

AT ASD HTLAGD amowacnm,m;z;
I
o I ——A— .
B e ——————— -
2 R — o g
e ———— V.
ﬂ | ————— s — . -]
P T ——— G S T YT OKT M TR
B e T ——————— 3 2
L T ER
. T U T — Ed
T ——————————— 3 TR
< L o ———— e — < M:
e ——————
3 B 2 b
® A 5 o
* El R
o by
7 =
N v
w .
v v .
[=3--3 L=k 150 158 el [=E==3 [s525) 10 150 pd--]
ADFTANCE 405 M ARLOROANCE. 405 N
AMNG AZID REFLACID AMND ACID RF_ACTD
) 7

Feaad AC0 URED
<ECHAAX0DZIFX_ IOTmO0

o
g
o
3

&
2
k5
8
£

'T"lil']iiillfifiif
pasiey ADD USED
o <2L4wr0u2IrI_10TmOOR

g
¥
§
8
g
§
B

ABLCAOANGE 0% M

AMNG AL REPLASTD
A

AN AT ROFUALID
El
1 [ — a
- ———— <
G =2
¥, ————— [
L | ———ii v

[ mmrm— g 3

LI ER
w "

8 3 %

Yo Ioowm
™ m

z } 2 ¥

i & 3 )

3 3 E i ———————
5 e ———
T T | —————
v T —————
w | ——

v  ——

a0 ono 100 150 o0 000 oz 106 130 00
ABGORUANCE 405 W4 ALSORCANDE 40% M
AMNG ACIE FEPLACED MG A0 REPLACED

4 F
-

A? a

c c

|23 -3

i v

¥ &

ios =

5 h T b
- “

g 5 §

b M <~ M

a N

: 5 ¢

b = %

E3 w % 2
; E
v v
w -

v Y
oo we 50 200 Qv 220

ey AT FEPLAT FIGURE 3. PEPSCAN ANALYSIS OF
MAB HE-V3-32 BINDING SITE

a0y LED UFED

Relative contribution of individual
amine  acids I the seguence

a
(ECaaTOpRErt . I0ONADNR

IQRGPGRAF to binding of MAD HIB-
V334 was assessed by testing
reactivity with replacement peptides

& AT

«

in which every amino acid was

repiaced by all possible others.

133



HIV-1 neutralizing antibodies

the MAD [lIB-V3-13 and 34. These two MAD, however, did not significantly neutralize
any of the four field isclates tested (nc neuiralization at the iowest dilution tested:
1:40).

PAb WO/07, raised against an MN V3-peptide (sample taken after first booster
iniection) exhibited low bui broadly neutralizing activity against HiV-1 lIB and four
field isclates. The V3-sequences of three of these isclates were determined and
revealed a high degree of homology with the MN seguence: AMS 16 (28/38
residues), ACH 320.5 (27/35 residues) and ACH 479.7 (30/35 residues){table 1).
Sequence homoliogies of field isciates with the MN V3-peptide SP 155 are: AMS 18
(12/15 residues), ACH 320.58 (11/15 residues) and ACH 478.7 (13/15 residues). The
sample taken after the second booster had a somewhat lower fiter in ELISA, and the
neutralization titers were decreased compared ic the first sampie. However,
significant neutralization of HIV-1 HiIB could still be demonstraied (data not shown).

TABLE 2. INHIBITION OF SYNCYTIUM FORMATION BY ANTI V3-PEPTIDE ANTIBODIES

ANTIBODY HIV-1 ISCLATE
s ACH 10533 AMS 16 ACH 320.5 ACH 479.7

A <40 <40 <40 <40 <40
li3-V3-13 Q000 <40 <40 <40 <40
B-V3-34 3200 <40 <40 <40 <40
[f1B-V3-21 <40 <40 <40 40 <40
lB-V3-26 <40 <40 <40 <40 <40
Wo/o7 32 84 84 64 32

HVIG 256 48 26 6 48

Patient isolates are T-cell tropic, syncytium inducing variants, obtained from patients of the
Amsterdam cohort of homosexuals (ACH) or from patients from Amsterdam not involved in the
cohort study (AMS). Antibody A is @ negative control antibedy. Data represent the reciprocal of 50%
inhibition titers. Lowest dilution tested was 1:40 for MAD and 1:10 for PAD. Neutralization titers of
HB-V3-13 and 34 are the average values of 2-4 experiments with duplicate observations. Titers for
fiiB have been standardized by re-calculating the titer of MIVIG to 286. Titers of HIB-V3-21, 26 and
WO/07 are data from one experiment with duplicate observations.

Cell-iree virus neutralization assays for the MAb gave essentially similar results:
#HB-V3-13 and 34 neutralized BB (HX10), but not MN. #IB-V3-21 and 28 did not
neutralize HX10 {tabie 3). Tiers varied betwesn assay-systems, which may be ithe
result of numerous variables like cell lines, culture condilions, and viral stock used,
and the percentage inhibition chosen 10 define neutralization. However, the trend was
the same in all experiments, with IIIB-V3-13 neutralizing at slightly higher dilutions
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than HIB-V3-34. Neuiralization by HB-V3-13, 34 and 21 has also been tested in

assays operational in three other laborateries, yielding essentially identical results {(not
shown},

LS R S S B B RS A B B S
L00

300

200

cells per channel

100

¢ 25 50 Ve 100 125 150 175
Log fluorescence (channel number)

FIGURE 4. FLOW CYTOMETRY OF HiV-1 lliB INFECTED MOLT-3 CELLS WITH MAB llIB-V3-13

To assess surface expression of the epitope of HIB-V3-13, MOLT-3 cells were analysed with flow
cytometry. Results from a represemtative experiment are shown. Continuous line represents
secondary antibody control on HiV-1 llIB-infected celis. Dashed line represents MADb [lIB-V3-138 on
uninfected MOLT-3 cells, Dotted line represents MAb [IIB-V3-13 on HIV-1 [liB-infected MOLT-3 celis.
Skewing of the dotted line to the right with respect to the control stainings demonstrates surface
expression of the MADL lIIB-V3-13 defined epitope on the V3-domain.
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TABLE 3. CELL-FREE VIRUS NEUTRALIZATION BY ANTI-V3 MAE USING AA2 CELLS

ANTIBODY HiV-1 ISCLATE

HiB MN
NHS <40 <40
10431 <100 <100
liiB-V3-13 6400 <100
iB-v3-34 3200 <100

Neutralization ¢f viral strains IlIB and MN by the MAD was tested in two separate experiments. Tiers
represent reciprocal of highest dilution giving 80% reduction in number of syncytia as compared
10 the viral conwrol. Titers below 10C are considered to be non-neutralizing. 1:100 was the highest
concentration of MADL tested. NHS is a negative human serum control of an HIV-1 seronegative
person. 1043-1 is a negative control ascites ¢of a clone that lost specificity during subcloning.

FIGURE S. IMMUNCCYTOCHEMICAL DETECTION OF THE SP 104 DETERMINANT ON INFECTED
CELLS

Panel a: contral staining with omission of the primary antibedy, showing ne staining. Panet b
staining with ascites of MAD lIB-V3-34, diluted 1:100,000, showing red staining of cells that express
the SP 104 determinant.
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DISCUSSION

This study reports the preduciion and characterization of both group-specific
neutralizing polyclonal antibodies and high-affinity variant-specific monoclonal Hiv-
neutralizing antbodies raised with synthetic peptides derived from the gpl120
V3-domain.

HIV-1 vaccine strategies are often aiming for the induction of high titers of
group-specific neutralizing antibodies, although it is not clear if 2 humoral anti-HIV-1
response can actually slow disease progression, prevent disease or prevent naturally
occurring infection. Such strategies are facing a number of problems, two of which
are relevant {0 the data presented here. First, hypervariability of HIV-1 complicates
the design of immunogens evoking broad-spectrum neutralization. Second, it is not
known how important the affinity of antibodies is for neutralizing activity,

Many studies have focused cn the V3-domain of gp126, which evokes the
major fraction of neutralizing antibodies during natural infection (Goudsmit et al,
1888; Rusche et al, 1988; Javaherian et al, 1988}, as a candidate immunogen.
Recent evidence indicates that sequence diversity of this domain is not as extensive
as thought previously (LaRosa et al,, 1880; Zwart et al., 1881) and that immunization
with a single immunogen can give rise to group-specific antibody responses
(Javaherian et al., 18280). Support for a role of anti-gp120 antibodies in protection
against HIV-1 has been provided by Emini et al. (1880), who have shown that in vitro
incubation with neutralizing antibody renders virus non-infectious for chimpanzees.
In addition, candidate vaccines eliciting gp120 and especialy V3-directed neutralizing
antibody responses provided protection of chimpanzees against challenge with
homologous virus after immunization with gp120 (Berman et al., 1980), or after
immunization with a combination of Inactivated virus, recombinant protein or V3-
peptides (Girard et al,, 18981).

These vaccine approaches are dependent on thorough analysis of the
contrivution of V3-sequences 1o antibody-mediated neutralization. In view of the
variability of the V3-cdomain, it is crucial to assess the contribution of single amino
acids to neutralization (e.g. Meloen et al., 198%8; Langedijx et al,, 1881) and 1o define
cross-neutralization patterns of related but distinct sequences. Variant- and group-
specific MAE and PADb are essential reagents in this respect. Several of these site-
specific antibodies are described in this paper.

The MAD HIB-V3-21 raised against the left-side base of the V3-domain did not
neutralize HiV-1 infectivity. Apparently, this sequence is not critical to binding or
fusion processes. This is in accordance with the hypothesis that the tip of the ioop
with the highly conserved GPGR sequence is critical for proper function. The flanking
sequences can be highly variable without abolishing in vivo infectivity as evidenced
by the field isolates obtained (Zwart &t al, 1891).
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The affinities of the MAb raised against the apex of the liib V3-domain are
high (6.8 * 10™ and 1.6 * 10"° M; antibody affinifies in general range from 10° M
1o 107 M), and they are comparable for both the reaction with rec gpi120 and
peptice (data not shown). Flow cytometry and immunocytochemistry showed that the
epitope recognized by the MADb was accessible on infecied ¢ells and in addition cn
rec gp120 adsorped to CD4-pesitive cells. Thus, these aniibodies may be of use in
probing the mechanisms of attachment and penetration of HIV-1 (Lewis et al,
manuscript in poreparation).

In neutraiization assays, neutralizing activity was only observed against the
HIV-1 §IB variant. This variant-specificity of MAb lIB-V3-13 and 34 may result from
the presence of the residues glutamin {Q) and arginin {R) in SP 104, which are only
found in B and not in more than 800 HIV-1 isolates from all over the world {Myers
et al., 1990; Wain-Hobseon et al., 1891). The possible role of these residues in binding
of MADL ilIB-V3-34 has been invesiigated using a set of peptides with every amino
acid replaced by all possible cthers. This analysis indeed showed that the presence
of the giutamin residue is crucial to antibody binding. A replacement peptide analysis
cf a panel of other MAbL binding to the V3-domain has been presented elsewhere
{Langedik et al., 1891). This study showed a corrélation between antibedy affinity
and neutralizing activity.

The FPAb WO/07 which has been raised with SP 185, exhibits broadly
nautralizing activity against HIV-1 llIB and four field isolates. This neutralizing activity
is insensitive 1o substitutions of 2-4 aming acids in the field isolates when compared
o the peptide sequence used for immunization.

These findings are in accordance with data on cross-neuiralizing polyclonal
antibodies, resuling from immunization with an MN peptide RP 142
YNKRKRIHIGPGRAFYTTKNIG(C) {Javaherian et al., 1890). This peptide is 8 amino
acids ionger than our SP 155 (sequence underlined in RP 142). These data support
the concept of peptide/subunit vaccines eliciting broad-spectrum neutraiization.

In conclusion, we have shown that single-peptide immunization can result in
group-specific HIV-1 neuirelizing antibedies, and that high affinity variani-specific
neutraiizing monocional antibodies can be generated with gp120 V3-peptides. These
antibodies are appliceble in a variety of (bic-)assays and will contribuie 10 the
deiineaticn of epitopes suitable for incorporation in candidate vaccines. In addition,
applicaticn of these MAbL in immunotoxin (e.g. Till &t al., 1888} and hetercconjugates
{Zarling et al., 1888} for in vive eliminaticn of infected cells can be envisaged, in view
of the surface expression of the V3-domain in vitro.
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8.1 INTRODUCTORY REMARKS

Detailed understanding of antibody formation in humans is desirable for
rational vaccine development and elucidation of the histopathology and
immunopathology of lymphoid organs cccurring during diseases affecting or
involving the lymphoid system. Although valuable informations can be derived from
serological studies and in vitro studies with peripheral blood lymphocyies from
human subjects, such data do not reveal local events occurring in human lymphoid
tissues, such as spleen and lymph nodes. Cbvious esthical and practical
considerations put restraints on experimental pretocols to study humoral responses
in situ in human lymphoid tissue. Such studies therefore have to rely on clinically
cbtained material. Data on in sitv humoral respones have thus far only been derived
from animal studies (cf. Van Rooijen et al., 1989b; Claassen et al., 1991b). However,
species-specific differences in structure and function of lymphoid tissues exist (cf.
Claassen et al,, 18810}, complicating extrapolation of data obiained in animal studies
tc humans.

In this thesis we therefore chose to investigate antibody formation and
follicular immune complexes in $itu in an integrated approach, using both iymphoid
tissues from experimentally immunized mice, and lymph node biopsies from humans
from HIV-1 infected persons, providing a clinically relevant model. The papers
included in this thesis show the advantages of the in situ zpproach for the
unraveling of the seguence of events occurring during antivody formation and
follicular immune complex localization. By using synthetic peptide-enzyme conjugaies,
techniques were developed to detect epitope specificity of antibody forming cells in
situ that were subsequently used fo visualize an anfigen- and epitope-specific
immune response directed against HiV-1 in human lymph nodes. To further unravel
the immune response against HiV-1, antibodies against selected epitopes were
producad and extensively characterized.

8.1 ANTIGEN SPECIFIC B-CELLS in sifu

Several studies included in this thesis have addressed the development and
localization of antigen/epitope-specific AFC jn situ, using antigen-enzyme and
peptide-enzyme conjugates for detection. Both In our animal studies and in human
lymph node tissue we did not detect the cells that actually contain speciiic antibody
in the follicles (Van Reooijen et al., 1889h; Laman et al,, 18800; 1891a). Follicular AFC
were only found in rabbits, dependent on the immunizaticn preiocet (Van Rooiien
et al, 1888b). in additicn, T-cells containing cytokines presumably invoived in
regulation of specific B-cell responses (IL-2, IL.-4 and IFN+y) are also found outside
the follicle (Van den Eertwegh et al, 18%1a-¢). This implies that the final stages of
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conversicn, from blast to actively antibody- or cytokine-producing cell, cccur outside
the foliicies.

However, other groups have reported that the plasmacellular reaction occurs
in the follicles (reviewed by Maclennan et al, 1991 and Szakal et al, 1888).
Recently, Jacob et al. {1981) extensively studied the primary humoral response
against (4-hydroxy-3-nitrophenyl)acetyl-carrier conjugates in situ. They found two
distinct populations of AFC: cne arising early (2 days) in the periphery of the PALS
and a second appearing on day 8-10 in the germinal centers. No evidence was
found that AFC migrate from the one population to the other. The germinal center
AFC contain low guantities of immunoglobulin that can nevertheless be detected with
antigen-enzyme conjugates, applying similar technigues as used in this thesis. Van
Rooijen (18380b) has hypothesized that memory B-cells in the follicles may directly
differentiate into AFC when two conditions are met: first, immune complexes with free
antigenic determinants shouid be present in the follicle. Second, circulating antigen
(i.e. free or in the form of soluble immune complexes) should be present. This
situation may be mimicked experimentally by using adjuvants which slowly release
the antigen or when a replicative pathogen is used.

in conclusion, the presence of AFC in the germinal center in the experimental
setting may therefore be related to: 1) The interval between immunization and
harvesting of the tissue for /n situ analysis. 2) The use of an adjuvant which may
change the primary character of the response (aluminum hydroxide in the study of
Jacob et al,, 1991). 3) The animal species under investigation. 4) The antigen/hapten
used for immunization. A more trivial explanation would be that AFC in the foilicles
contain low affinity antibodies or low quantities of antibodies, which are unable to
bind antigen-enzyme conjugates. This seems unlikely, however, because in that case,
one would expect to find a continuum of weakly stained cells inside the follicle to
brightly stained cells ouiside, when using antigen-enzyme conjugates.

In contrast to the exiensive information on local antbody production in
experimental animals after experimental immunization, little is known about naturally
accurring in situ humoral responses in humans. Therefore, we aimed to compare
specific antibody responses in lymphoid organs from humans suffering from
progressive infectious disease with those from immunized experimental animals. In
chapter 8, we have studied the in situ humoral response against proteins of HIV-1
in lymph node biopsies of HIV-1 infected individuals. Study of in situ antibody
formation against HIV-1 is essential to determine how the fropism of the virus for
CB4-carrying cells influences the humeoral response and how histopathology and
immunopathoiogy are related to local antibody production. Spleens of HIV-1 infected
persons are usually only available after the death of the patient. This material is not
usefu! for immunocytochemistry as it shows poor morphology, lvmphocyte depletion
and autocytolysis. In contrast, frozen lymph node biopsies provide valuable material
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for immunocytochemical analysis.

Two major conciusicns with regard to AFC emerged from this study. First,
the numbers of AFC found per square unit of tissue {up to about 300 per 40 mmY)
are very similar to those found after experimental immunization of animais, when
lymphoid organs are analysed during the peak of the humoral immune response.
Apparently, HIV-1 induces chronic stimulation of specific B-cells. Double staining with
antigen-enzyme conjugates and isctype-specific antibodies may reveal whether a
polyclonal activation of B-cells takes place, in addition to this HiV-1 specific
response. Second, HIV-t specific AFC were found solitary or as small clusters {up
0 6-8 cells), which may represent clonal expansions, around the follicles in the
interfoilicular zone of the peripheral cortex. Cniy as an exception specific AFC could
be found within the germinal center,

This localization of HiIV-1 specific AFC in human lymph node biopsies is very
similar to that of AFC found in the lymph nodes after experimental immunization of
rodents with model antigens (reviewed by Van Rooijen, 1887b; Delemarre, 1880).
The studies of rodent lymph nodes suggest that in T-cell dependent responses, B-
cells meet the required T helper cells at the border of the T-cell area, i.e. mainly at
the border beiwesn the exirafollicular zone of the peripheral cortex and the deep
cortex. These T-cells may be activated by antigen presentation by interdigitating cells
in the central parts of the deep cortex. Specific B-cells subseguently differentiate to
AFC curing migration along the periphery of the deep cortex 1o the medullary cords.
AFC may leave the lymph node via medullary sinuses and efferent lymph vessels
{Van Rooijen, 1987b). The localizaticn of HIV-1 specific AFC in the human lymph
node biopsies is fully accordant with this scheme. In conclusion, the ocalization and
magnitude of the humoral response in situ is comparable for experimental animals
and HiV-1 infected persons.

Beth in the spleen and the lymph nodes, antigen presentation and antibody
production are spatially separated, i.e. in the outer PALS and around the terminal
arterioles in the spieen; in the intrafollicular areas and the medulla in the lymph
node, Teleologically, it seems 10 make sense that the actual antibody production
does nct take place at the sites where antigen is presenied. Here, as a rule, the
pathogen has already been ingested, kiled and degraded, followed by presentation
of antigenic determinants. As the pathogen is rendered harmless, complexing of the
nen-viabie antigens with specific anfibody will not contribute to direct local protection.
Such complexing may actually prevent efficient antigen presentation and hamper cell-
cell interactions and migratory behaviour in these compartments. Secretion of
antibodies around the terminal artericles in the red pulp enables the specific
antibodies to reach the systemic circulation almost instantaneously, fo provide
effective systemic protection. In addition, AFC can enter the bloodstream and iocalize
1o cther parts of the body, such as the bone marrow. In this context it should be
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realized, of course, that detection of intracellular immunoglobulin does not
necessarily mean that the antibody is actually secreted in that specific location.

As discussed in chapter 2, it has become clear that antigen-specific antibody
forming B-cells and cytokine-producing T-cells show localization/migration patterns
that are independent of the type of antigen administered (i.e. T-cell dependent vs
T-cell independent and/or soluble vs particuiate). The compartmentalization of AFC
and cytokine-preducing T-cells implies that some compariments of the spieen (e.g.
follicles, inner PALS) are not well suited for activated celis 1o secrete antibodies or
to produce/receive activation signals ke cytokines. This underscores the importance
of the lymphoid microenvironment in facilitating or restricting interactions between
cells and activation signals.

8.2 FOLLICULAR IMMUNE COMPLEXES

The data presented in chapter 4 obtained with size- and composition-defined
antigen-enzyme conjugates, show that small immune complexes (i.e. consisting of
cne antibody and two antigen molecules) do not trap in splenic lymphoid follicles.
This is In accordance with the requirement for complement activation o mediate
frapping (Papamichail et al., 1875; Klaus and Humphrey, 1886), as interactions with
multiple Fe-portions are necessary to activate complement and the trimolecular
complexes only contain one Fe-portion. It aiso implies that Fc-receptors present in
the folicle are not able to bind immune complexes containing a single
immunogiobulin molecule. In chapter 4 it is shown that splenic macrophages and
marginal zone B-cells are unlikely to be involved in transport of immune complexes,
and that antigens can also be trapped in splenic follicies without involvement of
specific antibodies.

This experimental evidence led us 1o investigate the role of follicular immune
compiexes in vivo in humans. To this end, we focused on in sifu detection of HIV-1
immune complexes. Follicular trapping of HIV-1 proteins during a natural infection
is of importance for two reasons. First, in view of the possible functions of immune
complexes trapped in lymphoid follicles {see chapter 2), trapping of HIV-1 proteins
could be pivotal to proper immune responsiveness against this virus, including the
generation of B-cell memory. Second, the extensive and progressive histopathology
of lymph nodes seen during HIV-1 infection (see chapter 3) may be related to the
presence of HiV-1 antigens in the lymphoid follicles. We have hypothesized that
HIV-1 proteins in lymphoid follicles may serve as a target for CD8+ cytolytic cells
{Laman 2t al., 1889}, which invade the follicles during HIV-1 infection, resulting in the
cbserved severe damage to the network of follicular dendritic cells. Several other
patholcgic mechanisms initiated by HIV-1 and HIV-1 specific immune complexes in
the follicles have been suggested (e.g. Racz et al, 1988).
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However, i is not clear whather MIV-1 is present in the follicles in the form of
immung complexes. As a humoral response to HIV-1 occurs after infection (see
chapter 3), follicuiar trapping of HIV-1 virions andfor proteins would be expected.
HIV-1 wvirions and proteins have been demonstrated in the foliicles by
slectronmicroscopy and by immunccytochemistry using specific antbodies,
respectively {e.g. Récz et al., 1889). Strong follicular Jocalization of p24 is invariantly
found, compietely overlapping the specific staining for human FDC with the
monoclonal antibody DRC-1 (e.g. Récz et ai, 1988). In contrast, despite numerous
attempts by different groups, follicular localization of the transmembrane glycoprotein
gp41 and the external membrane glycoprotein gp120 has not been demonstrated
in lymph node bioosies using specific entibodies. Staining with HiV-1 antigen-enzyme
conjugates (chapters 5 and §) allows the detection of free antigen binding sites of
antibodies present in trapped immune compiexes. Mowsver, in our cublished series
of five patients, and in an additional ten biopsies from cther patients, we were
unable to demonstraie p24-, gpl160- or gpl20-specific antibodies trapped in
lymphoid follicles in the form of immune complexes.

There are several conceptual explanations for the presence of p24-antigen,
and the apparent absence of gp120 and gp41 and gpi120-, gp4i- and p24-specific
antibodies in the foliicles. First, the epitopes recognized by the antibodies used for
detection may be covered by host-produced antibodies, preventing binding of the
detector antibody. If indeed the antibody production by the host covers all epitopes,
then a situation of antibody excess would be achieved, leading to positive signals
with antigen-enzyme conjugates. Negative results with both antibody staining and
antigen-enzyme staining would only be found if there is compleie eguivalence of all
antigen binding sites of host antibodiss and their compiementary epitopes. This
possibility seems rather remote, however. As an example, figure 3k of chapter 2
shows p24-specific AFC in biopsy 1008/88 in which several hundreds of these
bright-staining cells were found. This considerable number of AFC points to high-
ievel production of anti-p24, presumably resulting in antibedy excess. The same
biopsy showed strong positivity for p24-antigen in the follicle, but had no free
p24-specific antigen binding sites. This argues against p24 being present in the form
of immune complexes. Second, all antigen binding sites of antibodies present in the
immune complexes may be occupied by their complementary epitopes, preventing
binding of antigen-enzyme conjugates. Third, gp120 and gp4! are in actuality not
present in the foliicles. This seems unlikely: as complete virions have been
demonstraied in the follicle, go120 and gp41 should be present, too. Fourth, p24
may be present in the follicles without being complexed by antibodies.
p24-expression in the follicle may rasult from productive infection of FDC by HiV-1,
presence of compiete virions in the follicle, trapping of p24 withcout involvement of
antibody or complement, or trapoing of p24 through direct activation of complement.
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Interactions of celi-free HIV-1, HIV-1 infected cells and HIV-1 membrane proteins with
complement compenents have been described. C1q in human saliva binds to rec
gpi120 (Su and Boackie, 1881). C1q has been implicated in refention of immune
complexes in lymphoid follicles of rat spleen (Maeda et al, 1888). Celi-ree HIV-1
activates complement in the presence of specific antibody through the classical
activation pathway, leading to formation of the C5b-8 membrane attack complex and
subseguent virclysis (Spear et al,, 1980). Complement alone does not lyse HIV-1 (cf.
Spear et al., 1891}. Sdlder et al. (1888) have shown that purified virus and rec gp160
trigger the complement system through the classical pathway. Virus-infected cells
trigger the alternative pathway of complernent activation (Soider et al., 1889). Yefenof
et al. (1891} have shown that both HIV-1 and HIV-1 infected monaocytic and T-cell
lines can fix C3 fragments through the alternative pathway. Discrepancies between
these studies may arise from different sources and concentrations of virus and
human serum used. it is not clear whether free p24 (i.e. not complexed by specific
antibody) can activate complement, leading to follicular trapping. Fith, presence of
immune complexes may depend on fluctuations in antibody titers against different
HIV-1 proteins during progression of disease (Lange et al, 1886). This is possible,
but in view of the long term retention of immune compiexes (Tew et al,, 1980} it is
not expected to be an all-or-none phenomenon.

The apparent absence of trapped HIV-1 containing immune complexes may
also be explained by technical limitations. First, quaniities of trapped immune
complexes may fall below detection levels by either anmtibodies or antigen-enzyme
conjugates. Second, antibodies used for detection of gp120 and gp41 may not be
sensitive enough, These possibilities can not be excluded with certainty, Third, host-
produced antibodies could be of too low affinity to bind antigen-enzyme conjugates.
This is unlikely as we are able to detect host-produced antibodies in specific AFC.

Further exgeriments are definitely required to determine if and how different
HIV-1 antigens get trapped in lymphoid f{olicles, and what their role in
immunopathology and B-cell responses is. Such experiments couid include
monitoring of repeated biopsies from patients or experimentally SIV/HIV-infected
primates, culturing of purified FDC (Stahmer et al., 1981) to test trapping of immune

complexes formed in vitro, and assessment of complement-activating capacity of
P24,

2.3 FOLLICULAR DENDRITIC CELLS IN Hiv-1 INFECTION
An important question related to HIV-1 specific immune complexes is the
progressive destruction of the FEC-network. Different hypotheses have been put

forward 1o explain this phenomenon, i.e. cytolysis by viral budding after productive
infection of FDC, direct ytic effects of HIV-1 virlons/proteins and cytolylic attack by
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CD8+ T-cells. Although in vitro infection of purified FDC by HIV-1 has been
demonsirated {Stanmer et al,, 1881}, the significance of this cbservation for FDC in
vive is undlear. in addiion, in that study, no iviic activity of HIV-1 virions or proteins
was reported. Sirong support for the hypothesis that CD8+ T-calls in the follicles
exert cytotoxic activity (chapter 8) comes from a recent study of Devergne et al
(1891}, who demenstrated expression of the serine esterase B gene by in situ
hybridization in lymphoid follicles of lymph node biopsies of PGL-patients. Serine
esterase B is =z protein present in cytoplasmic granules of cytotoxic T-celis.
Parmentier et al. {18810} could not find immunchistochemical evidence of granzyme
B expression in CD8+ T-cells in lymphoid foliicles. In view of the study of Devergne
et al. (1891), this finding may bs explained by technical caveais such as low
sensitivity of the antibody used. In addition, D8+ T-cell dependent foliicle lysis has
been described for the murine lymphocytic cheoriomeningitis virus (LOMVY{(Cdermatt
et al., 1891). The conclusion of Parmentier et al. that cyiotoxiclly does not occur in
the follicle is therefore premature and, in addition, disregards the existence of
multiple mechanisms of cvictoxicity (Berke, 1881).

To develop therapeutic regimens delaying or preventing the dissoiution of the
FDC network, it is now important 1¢ ascertain whether cytotoxicity is the main
mechanism involved and whether only serine esterase or aisc other cytotoxic
mediators play a role. Immunc-electronmicroscopy and in sity hybridisation are
usefui technigues to approach thaese guestions. In addition, the antigenic
determinants for cytotoxicity have 10 be identiied: are these HIV-1 epitopes
expressed on infected cells, HIV-1 epitopes presented in the context of MHC class
1 molecules, or epitopes present In folicularly rapped immune complexes as
proposed by Laman st al.,, 19887 Improved procedures for the isolation of human
FDC (8tahmer et al., 1881) for in vitre studies allow co-culturing approaches to study
suscepiibility of FRC for different mechanisms of cyiotoxicity and toxicity of HIV-1
virions and proteins. Finally, mechanisms leading to accurmulation of CD8+ cells in
the foliicte, which is normally devoid of such cells, have 10 be elucidated.

It may be clear that the issue of prevention of damage to the FDC network
is complex: CD8+ T-cells in the follicles may also serve to keep local HIV-1
replication in check {(Walker et al, 1986, Mariz and Howell, 1£88). Strategies to
prevent destruction of FDC by preventing influx of C08+ cells may thus promote
HIV-1 replication in the follicle.

B.4 Hiv-1 SPECIFIC ANTIBODIES
HIV-1 specific antibcdies were raised against synthetic peptides homelogous

to regions of the gp120 third variable domain, 1o investigate the involvement of this
region in antibodyv-mediated neutralization (chapter 7). The synthetic peptidses
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SP 104 SP 155
MAb llIB-V3-34 PAb WO0/07
neulralizing neutralizing

SP 165
MAD JHB-V3-01

8P 103
MAb [IB-V3-21
non-nautralizing

SVOQINC —CNISRA
a0 5
MN

FIGURE 6. BINDING SITES OF HiV-1 SPECIFIC ANTIEODIES

As in figure 5 (see chapter 3), the amino acid sequence of the gp120 V3 domain of HiV-1 varians
118 and MN are shown. Binding sites of different antibodies raised using synthetic peptides {chapter
7} are boxed. The numbers of the synthetic peptides (SP) used are indicated, as well as the code
of the antibody and the possible neutralizing capacity. Polyclonal antibedy WO/07 is broadly
neutralizing. The monocional antibody MADL HIB-V3-34 only neutralizes B, which may be explained
by the reguirement of the Q {glutamin) and R {arginine} residues for binding of this antibody. MADb
HIB-V3-01 has not been described in this thesis, but is included here for reasons of completeness.
Preliminary evidence indicates that this antibody does not neutraize HiV-1 IS, MN or RF (Dr. T.
Matthews, pers. commun.),

and the binding sites of the different antibodies are indicated in figure 8.

These antibodies have been used to further unravel the role of the V3-domain
in neutralization (reviewed by Goudsmit et al., 1881; Narz &t al., 1981). Resulls
confirm the importance of the GPGR-sequence in the apex of the loop, and the
critical rofe of the amine acids Q and B {positions 317 and 318) in neutralization of
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the Hiv-1 [lIB isclate. Antibodies against the C-terminal part of the locp do net block
infection or inhibit syncytium formation. The fac: that neutralizing activity of rabbit
polyclonal antibodies raised with peplide 8P 135 is tolerant to 2-4 amino acid
substitutions in the homologous sequence in the patient isolates {in & total of 15}
lends support 1o the concept of peptide/subunit vaccination for the generation of
bread-specirum neutralizing antibodies.

The rabbit PAb W0/07 directed against the V3-domain ¢f HIV-1 MN has also
successiully been used (o detect the presence of V3-sequences in brain specimens
cf AIDS-patients using immunccytochemistry. Expressicon of this V3-determinant was
found at the cefiular membrane of large macrophages, extraceiilarly and in the
neuropilema {Budka, personal communication). In contrast, immunocyiochemical
staining of a series of ten lymph nodes of HIV-1 infected persons with this same
PAb showed no positivity {Laman and Récz, unpublished cbservations), indicating
that this V3-determinant is probably not expressed in sity in the lymph nodes.

In conclusion, these antibodies generated with synthetic peptides display
potent neutralizing activity mediated by binding ¢ a functional viral determinant,
showing that the peptides successiully mimick the conformation ¢f the homalogous
sequence in ihe native protein. This biclogical activity pleads strongly against the
cenention that most anti-peplide antibodies or the linear sequences ideniified by
them are devoid of any biclogical significance (Laver et al., 1890; Van Regenmorte],
1988). Although it may be true that most antibody epitopes are discontinuous,
imiting the use of anti-peptide antibodies for epitope mapping, this does not permit
the conclusion that functional sites in proteins are aisc necessarily discontinuous.

The data presented support the feasibility of using anti-pepticde monoclonal
and polycional antibodies to investigate the role of selecied envelope sequences in
cell tropism, attachment, penetration, and growth characteristics of distinet HiV-1
variants,

8.5 CONCLUDING PERSPECTIVE

As the lymphoid micreenvironment restricts and dictates cali-cell interactions
required for the humoral immune response, i is clear that in vivo/in situ
investigations are needed o supplement daia from in vitre experiments. The studies
described in this thesis were designed to generate fundamenta! understanding of
mechanisms involved in antibocdy formation and feoiicular immune complex
jocalization, as well as 1o develop experimentally and cdlinically applicable technigues
and reagenis. The conceptual aspects with regard ¢ antibody formation, follicular
immune complexes and HIV-1 infection have keen ciscussed in the respeciive
chapters and in the preceding sections of this chapter.

Although we developsd several methods and technigues with a specific
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application in mind (e.g. studying HIV-1 specific AFC; see chapter 5}, they are also
useful tools in other research gquestions (reviewed by Claassen et 2l, in press, b).
The techriques developed to detect epitope-specific antibodies in tssue sections,
ELISA and ELISPOT using synihetic peptide-enzyme conjugates are readily
applicable in experimental study of any other pathogen/antigen for which DNA or
aming acid sequences have been determined.

The HiV-1 specific antibodies which were raised using synthetic peptides
(chapter 7) are gpplied in the delineation of neutralization epitopes. In addition, the
HIV-1 specific antibodies will be used for serotyping of patients, probing the role of
different sequences in cell tropism of viral variants, studying the mechanisms of
neutralization escape, and in technical applications such as viral protein purification
and as a positive control in assays like ELISA and Western blotting. Further efforts
in the production of site-specific anti HIV-1 antibodies will focus on seguences
thought t¢c be involved in celi ropism, growth characteristics and neutralization.

Several questions related to the humoral immune response both in
experimental animals and humans require more experimentation. The relative
contribution of different accessory cells to antigen presentation, the exact kinetics
and migration routes of B-cells during different stages of differentiation (e.g. virgin,
memory, plasmablast, plasmacell), the role of different cyiokines in B-cell
differentiation, and the relation between anatomical localization of B-cells and the
genetic events controlling their function (such as isotype class switching, somatic
mutation and affinity maturation} are all aspects needing better understanding. In
combination with in vive immunomodulation experiments, these in sity studies will
provicde relevant data on the way the immune system functions. This in turn wil
continue to lead to new rationales for the development of experimentally and
clinically useful antivodies, vaceines, and therapy for aufo-immune and immune
deficiency diseases.
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summary

SUMMARY

The aim of the experiments described in this thesis was to further elucidate
the events occurring in the lymphoid microenvironment during specific antibody
formation and follicular localization of immune complexes. Such knowledge is
fundamentally important for understanding the humoral immune response. In
addition, it may be practically applicable in the development of vaccines and in more
efficient generation of antibodies in experimental animals for research, diagnostic and
therapeutic purposes.

In chapter 1, the aim of the study and the in situv immunocytochemical
approach used o address the research questions are described.

in chapter 2, the different cell-cell interactions occurring in vive during the
generation of antigen specific antibodies are reviewed. This chapter provides the
essential background on the relation between the lymphoid microenvironment and
the generation of the humoral immune response.

Chapter 3 provides a condensed background on HIV-1 infection, with special
emphasis on the role of lyrmph nodes, HIV-1 specific antibody formation and vaccine
development. This information serves to explain the selection of HIV-1 as a2 model!
pathogen of special interest to study antibody formation and follicular antigen
localization.

In chapter 4, two aspects of follicuiar immune complex trapping were studied
in experimental animals. We asked whether immune complexes composed of one
antivody maolecule and two antigen molecules localize in lymphoid follicles of mouse
spleen. With a specially prepared monomeric HSA-HRP conjugate and HSA-specific
antibodies we demonstrated that such complexes do not localize in the follicles.
Next, we investigated whether murine splenic macrophages and marginal zone
B-cells are involved in the fransport of immune complexes 1o the follicles. In vivo
elimination of these cells with a drug encapsulated in liposomes did not affect
trapping of immune complexes, indicating that transport of immune complexes by
these cells is not required.

To study antibody formation and follicular immune complex localization in
relation to disease in humans and vaccine development, we chose HIV-1 as a
pathogen. Chapter S describes the development of new immunocytochemical
methods to study the presence and function of HIV-1 specific antibodies in tissues.
We produced conjugates of synthetic peptides with detector enzymes, which allow
the detection of epitope specificity of antibodies present in B-cells in tissue sections.
In combination with isotype specific antibodies, immunocytochemical double staining
can be performed to simultaneously demonstrate epitope specificity and isctype of
the antbodies. Both recombinant gp120 and synthetic peptides could be used to
induce specific antibody forming cells. We also tested a panel of fixation procedures
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that inactivate HIV-1 for their suitability 1o reduce the bichazard risk of crycsections
in immunocytochemistry. Several of these procedures were useful, as they did not
interfere with staining of cell surface markers by monoclonal antibodies or with
staining for speciiic antibodies using antigen-enzyme conjugates. Finally, we
developed conjugates of synthetic peptides with different detector enzymes
producing distinctly colored substrates. The avaiiability of such conjugates
significantly broadens the applicability of this technigue.

The methods developed in chapter 5 were applied on cryosections of lymph
node biopsies of HIV-1 infected persons (chapter 6). Both with recombinant
antigen-enzyme conjugates and synthelic peptide-enzyme conjugates specific
antibedy forming celis could be detected. This was the first visualization of an
antigen specific immune response in human tissue. We also proposed a hypothesis
to explain the damage to follicular dendritic cells occurring in HiV-1 infected persons.
The antigens present in the immuneé complexes on these cells may be the target for
attack by cytolytic cells.

Chapter 7 describes the generation of HIV-1 specific monoclonal and
polyclonal antibodies in experimental animals by using synthetic peptides
homologous to regions of the gp120 V3-domain. Some of these antibodies were
shown to neuiralize one or more HiV-1 strains i vitro and can therefore be used for
the delineation of neuiralization epitopes. In addition, these data provide information
relevant to development of peptide vaccings. Other applications of these antibodies
are the characterization of viral variants and studies of viral expression and gp120
folding.

In chapter 8, the general discussion, the main points emerging from the
different studies are discussed concisely with respect to antibody formation, follicular
immune complexes and vaccine development. It is argued that antibody formation
in human lymph nodes during HIV-1 infection closely resembies the humoral
response in experimental animals after immunization in terms of numbers and
location of specific B-cells. As specific B-cells are seldomly found inside the follicles
it seems that this is not the compartment where the plasmacellular reaction takes
place. With regard to follicular immune complex trapping, the data presented
question the concept of cell-mediated transport of immune complexes. In HiV-1
infected humans, no evidence was found for trapping of HIV-1 containing immune
compiexes. Possible explanations for these findings are discussed. The data
obtained with HIV-1 specific antibodies demonstrate that synthetic peptides can be
used to generate humoral responses that neutralize different HIV-1 strains. Finally,
the general applicability of the new immunocytochemical methcds developed in
immunology and cellular biclogy is discussed.
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samenvatting

SAMENVATTING

De experimenten beschreven in dit proefschrift hebben tot doel een beter
begarip te krijgen van de processen die plaatsvinden in het lymicide micromilieu bi
vorming van antigeenspecifieke antilichamen, en bij de lokalisatie en functie van
antigeen-antilichaam immuuncomplexen in de lymfoide folikels (folliculaire trapping]).
Inzicht in deze mechanismen is belangrijk voor het doorgronden van de humorale
immuunrespons, en Kan daarom bijdragen aan de cntwikkeiing en verbetering van
vaccins en aan het dosimatiger opwekken van antilichamen in proefdieren voor
experimentele, diagnostische en therapeutische toepassingen.

Het doel van de studies en de in sifu immunocytochemische benadering die
wordt gebruikt worden beschreven in hoofdstuk 1.

In hoofdstuk 2 worden de verschillende cel-cel interacties besproken die ten
grondslag liggen aan de produkdie van specifieke antilichamen. Dit hoofdstuk legt
de nadruk op het verband tussen de organisatie van het lymfoide micromilieu en de
humorale immuunrespons.

Hoofdstuk 3 wverschaft een beknopt overzicht van HIV-1  (human
immunodeficiency virus type 1) infectie, waarbij de nadruk ligt op de lymfekiieren,
HIV-1 specifieke antilichaamvorming en vaccinontwikkeling. Deze informatie dient
tevens om de keuze van HiV-1 als een model pathogeen voor het bestuderen van
antilichaam formatie en follicutaire lokalisatie van antigenen toe te lichten.

In Hoofdstuk 4 werden twee aspecten van folliculaire Iokalisatie van
immuuncomplexen bestudeerd in de muis. We onderzochten of immuuncomplexen
bestaand uit een enkel antilichaam en twee antigeen moleculen kunnen lokaliseren
in folikels van de milt. Met een speciaal geconstruserd monomeer HSA-HRP
conjugaat en HSA-specifieke antilichamen werd aangetoond dat dergelike
complexen daar niet lokaliseren. Vervoigens werd onderzocht of milt macrofagen en
marginale zone B-cellen immuuncomplexen transporteren naar de follikels. i vivo
gliminatie van deze cellen met een drug ingesloten in liposomen beinvicedde
lokalisatie van de complexen niet, hetgeen aangeeft dat de aanwezigheid van deze
cellen niet noodzakelik is voor folliculaire lokalisatie.

Om antilichaamvarming en folliculaire lokalisatie van immuuncomplexen te
bastuderen in de mens en in relatie tot vaccinontwikkeling, werd het retrovirus HIV-1
als pathogeen gekozen. Hoofdstuk 5 beschrift de ontwikkeling van nieuwe
immunocytochemische methoden om HIV-1 specifieke antilichamen in weefsels te
kunnen bestuderen. We produceerden conjugaten van synthetische peptiden met
detector enzymen, waarmee de epitocpspecificiteit van antilichamen aanwezig in
B-cellen in vriescoupes kon worden aangetoond. Door een dubbelklzuring uit te
voeren met deze conjugaten en met isotvpe specifieke antilichamen, kon tegelifkertid
de epitoop specificiteit en het isotype van de antilichamen in de coupe worden
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bepasld. Zowel met recombinant gpt120 als met synthetische peptiden kunnen
specifieke antilichaamvormende cellen worden opgeweki. Om het infectiegevaar van
werken met HIV-1 geinfecteerde vriescoupes te reducersn werd een aantal
fixatieprocedures die tevens HIV-1 kunnen inactiveren getest. Enkele van desze
methoden waren bruikbaar daar ze niet interfereerden met Kieuring van
membraaneiwitten d.m.v. moncclonale aniilichamen of van antlichamen d.m.v.
antigeen-enzym conjugaten. Tenslotte ontwikkelden we conjugaten van synthetische
peptiden met verschillende detector enzymen die verschillend gekleurce produkien
geven. Zulke conjugaten breiden de toepassingsmoegelijkheden van deze
detectietechniek aanzieniijk uit.

De methoden cie werden ontwikkeld in hoofdstuk 5 werden toegepast op
vriescoupes van lymfeklieren van HiV-1 geinfecteerde personen (hoofdstuk 6). Zowel
met recombinant ewit-enzym conjugaten als met synthetisch peptide-enzym
conjugaten konden antigeen-specifieke antilichaamvormende cellen worden
aangetoond. DIt was de eerste maal dat een antigeen-specifieke immuunrespons
zichtbaar gemaskt werd in humaan weefsel. We formuleerden daarnaast een
hypothese om de afbraak van folliculaire dendritische cellen gedurende HIV-1 infectie
te verklaren: antigenen aanwezig in de immuuncomplexen op het opperviak van
deze cellen vormen mogelik het doeiwit voor cytolytische cellen.

Hoofdstuk 7 beschrijt de produkiie van HIV-1 specifieke monoclonale en
polycionale antilichamen door het gebruik van synthetische peptiden van het
V3-domein van gp120. Sommige van deze antilichamen neutraliseren een of meer
HIV-1 varianten in vitro en kunnen daarom gebruikt worden voor het definiéren van
neutraiisatie epitopen. Deze antiichamen kunnen ook gebruikt worden voor de
karakterisering van virale varianten en studies naar expressie en structuur van
gp120. Bovendien zin deze gegevens van belang voor de ontwikkeling van
peptide-vaceins.

in de algemene discussie, hoofdstuk 8, worden de belangriikste punten die
uit de diverse studies naar voren komen kort besproken in het licht van
antilichaamvorming, folliculaire  immuuncomplexen en  vaccinontwikkeling.
Antiichaamvorming tijdens HIV-1 infectie lijkt sterk op de humorale respons in
proefdieren na immurnisatie, in termen van aantallen en [ckatie van specificke
B-cellen. Omdat specifieke B-cellen zelden in de folikels worden gevonden, lijkt de
folikei niet de plaats te zijn waar de plasmacellulaire reactie plaatsvindt. De
gegevens met betrekking tot immuuncomplaxen wijzen erop dat transport door
cellen niet noodzakelik is voor folliculaire [okalisatie. In HIV-1 geinfecteerde personen
konden geen aanwijzingen worden gevonden voor foiliculaire lokalisatie van HIV-1
bevattende immuuncompiexen. Een aantal verklaringen hiervoor wordt besproken.
De gegevens verkregen met HIV-1 specifieke antilichamen tonen aan dat
synthetische peptiden gebruikt kunnen worden om humorale responsen op ie
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wekken die verschillends HIV-1 varianten kunnzan neutraliseren. Tenslotte wordt de
algemene toepasbaarheid van de nieuw ontwikkelde immunocytochemische
methoden in andere vraagstellingen besproken.
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SAMENVATTING VOOR DE NIET-IMMUNCLOOG
IMMUNITEIT

Levende organismen worden voortdurend bedreigd dcor infecties met
virussen, bacterién, schimmels en parasieten. Als antwoord op die dreiging
beschikken levende organismen over tal van beschermingsmechanismen., Die
mechanismen lopen uitgen van een simpele afscherming van de buitenwereid door
middel van een barriére (bijvoorbeeld de huid) via bacterie-dodende enzymen in
lichaamsvochten tof het complex gecrganiseerde lymifcide systeem, Het lymifoide
systeem (0.a. beenmerg, thymus, milt, iymfekiieren en witte bloedcellen) is
verantwoordelfifk voor het tot standkomen van immuniteit, het immuun ziin voor een
bepaalde ziekteverwekker.

De twee kenmerken van verworven immunitelt zijn specificiteit en geheugen.
Nadat een persoon bijvoorbeeld eenmaal mazelen heeft gehad (of ervoor is ingeént),
wordt hi] na een volgend contact met het virus niet meer ziek (de bescherming heeft
geheugen). De bescherming geldt in dit geval echter alleen mazelen en niet een
andere ziekteverwekker (de bescherming is specifiek).

Deze immuniteit berust op twee verschillende typen witte bloedcellen
{lymfocyten), namelijk T-ceilen en B-cellen. We onderscheiden twee soorten T-cellen,
nl. T-cellen die lichaamseigen cellen die aiwikende trekken vertonen onder invioed
van een ziekteverwekker kunnen doden, en T-cellen die de aciiviteit van andere
T-cellen en van B-cellen stimuleren (T-helper cellen). B-cellen kunnen antilichamen
{eiwitmoleculen) maken die uiterst specifiek esn klein onderdeet {epitoop) van een
ziekteverwekker (antigeen) herkennen. Deze antilichamen kunnen het antigeen
binden en op verschiliende manieren onschadelijk helpen maken. Als een antilichaam
bindt aan een antigeen, noemen we dit antigeen-antilichaam complex een
immuuncompiex. Immuuncomplexen worden voor een gedeelte vasigehouden in
speciale gebieden van de miit en de iymifeklieren, namelijk de kiemcentra (foilikels).
In deze gebieden liggen veel B-cellen en er zijn agnwijzingen dat immuuncomplexen
te maken hebben met het tot stand komen van het immunologisch geheugen van
de antilichaamvorming.

DOEL VAN DE STUDIE

Dit preefschrift gaat over antlichaamvorming en de immuuncomplexen die
ontstaan bij deze antilichaamrespons. Er is onderzeek gedaan naar de mechanismen
die betrokken zijn bij de lokalisatie van immuuncomplexen in de lymfcide foliikels. Er
werden methoden ontwikkeld om in dunne weefseipiakjes (coupes) te kunnen
vaststellen tegen welke epitcop van een antigeen de antilichamen in B-cellen gericht
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zijn. Deze methoden werden toegepast op lymfeklieren van perscnen die besmet zin
met het humaan immunodeficientie virus type 1 (HiV-1), het virus dat AIDS
veroorzaakt. Zo kon vastgesteld worden om vast te stellen of, waar en hoeveel
B-cellen er aanwezig waren die antiichamen maken die het virus binden. Tenslotte
werden er in proefdieren antilichamen gemaakt die aan epitopen van HiV-1 binden
en de infectiviteit van het virus kunnen neutraliseren.

BELANG VAN DE VRAAGSTELLING

Wat voor belang hebben de vragen van dit onderzoek? In de eerste plaats
is het fundamenteel-wetenschappelilk gezien interessant om ie weten hoe de
antitichaamrespons plaatsvindt en welke processen een rol spelen bij de folliculaire
lokalisatie van immuuncomplexen in proefdieren en in de mens. In de tweede plaats
kan dergelike kennis van belang zijn voor het ontwikkelen en verbeteren van
vaccing, en voor het efficiénter opwekken in proefdieren van antilichamen die
toepasbhaar zin N onderzoek, diagnosiiek en therapie. De nisuwe
immunocytochemische methoden die we ontwikkeld hebben kunnen toegepast
worden in tal van andere experimentele systemen,

HIV-1 werd gekozen om bij te dragen azan het begrip van de
antiichgamvorming tegen dit virus, de afwikingen die¢ het veroorzaakt in de
lymfekiieren, en om epitoop-specificke antiichamen te produceren die een directe
experimentele toepassing in vaccinontwikkeling vinden.

IMMUNOCYTCOCHEMIE EN SYNTHETISCHE PEPTIDEN

Veel immunologisch onderzoek wordt uitgevoerd met cellen die geisoleerd
worden uit het bloed of door lymfoide organen stuk te knippen. De celien worden
vervolgens in een steriele kweek gebracht: de functie van celien wordt zo in vitro (in
plastic flesjes en buisjes) onderzocht. Lymfoide organen zin echter sterk
georganiseerde structuren met verschillende compartimenten: de talfijke verschillende
celtypen worden alleen op karakteristieke lokaties gevonden. Het is aannemelik dat
deze sirikte organisatie zijn weerslag vindt in de activitet van de verschillende
celtypen. In vitro onderzoek kan met die complexe organisatie echter per definitie
geen rekening houden.

Omdat wij juist de rol van de organisatie belangrik achten en willen
analyseren zijn de vraagstellingen van dit proefschrift veelal benaderd door van
diepgevroren lymfoide organen uiterst dunne plakjes te snijden (coupes). in die
coupes werden antlichamen en celien zichtbaar gemaakt met kieurreactie
(immunocyiochemische kleuringen) en becordesid met de lichtmicroscoop. Omdat
op deze manier cellen in hun natuurlijke omgeving worden bestudeerd, wordt dit
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de in situ (ter plaatse) benadering gencemd. Zo kunnen de verbanden tussen
anstomische lokalisatie wvan antigeen, geinfecteserde cellen, specifieke
antilichaamvormende cellen en andere celtypen onderzocht worden.

Bij immunocytochemie wordt gebruik gemaakt van antlichamen die uiterst
specifiek binden aan bepaalde structuren (hun epitoop). Door de antilichamen te
koppelen {conmjugeren) aan een deteciorenzym dat een kleurreactie Kan geven,
kunnen epitopen en dus de antigenen waarvan ze deel uitmaken in de coupe
worden aangetoond. Een andere immunocytochemische technigk is het aantonen
van specifieke antilichamen in de coupe door juist het antigeen te koppelen met een
detectorenzym. Als een dergelik conjugaat op een coupe wordt gebracht, binden
de specifieke antilichamen gevormd door de B-cellen aan de corresponderende
epitoop van het antigeen-enzym conjugaat. In deze studies is gebruik gemaakt van
intacte eiwitten als antigenen. Bovendien werden epitopen van HiV-1 antigenen
nagebooist door op synthetische wijze aminczuren (de afzonderlijke bouwstenen van
eiwitten} aan elkaar te koppelen tot peptiden. Door deze synthetische peptiden te
koppelen met verschillende detectorenzymen werden peptide-enzymconjugaten
verkregen. Met deze conjugaten kan de epitoop-specificiteit van B-cellen en
folliculaire immuuncomplexen in coupes worden aangetoond. Synthetische peptiden
werden ook gebruikt voor het opwekken van HIV-1 specifieke aniilichamen in
proefdieren. De principes van enkele immunocytochemische technieken worden
uitgelegd in figuur 1 van hoofdstuk 1.

HIV-1

De studies van dit proefschrift zijn grotendeels gericht op HIV-1. Hoewel er
over de structuur en biologie van het virus zelf inmiddels bijzonder veel bekend is,
blijft het onduidelik hoe de ziekte tot stand komt. HIV-1 infectie brengt dramatische
veranderingen in de structuur en organisatie van de lymfoide organen met zich mee.
Cck hiervoor is nog geen afdoende verklaring. De veranderingen in de lymfoide
organen liggen mogelik ten grondslag aan de verminderde functie van T- en B-
celien, die zich uit als een immunodeficiéntie: dit is het onvermogen om adeqguaat
e reageren tegen alleriel infecties. Met de immunocytochemische technieken die in
dit onderzoek gebruikt werden, kan informatie worden verkregen over specifieke B-
cel reactiviteit en over de rol van folliculaire immuuncomplexen iijdens HIV-1 infectie.
De HIV-1 specifieke antilichamen die zijn opgewekt zijn nuttige hulpmiddelen bij het
ontwikkelen van vaccins, en kunnen tal van andere toepassingen vinden in
bijvoorbeeld karakterisering en zuivering van virusstammen en eventueel in
therapeutische benaderingen.
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in hoofdstuk 1 wordt het doel van de studies in dit proefschrift besproken en
wordt uitgelegd welke experimentele benadering er wordt gebruikt.

In hoofdstuk 2 wordt een overzicht gegeven van de interacties die optreden
tussen verschillende celtypen in  het lymfoide micromilisu tijdens de
antilichaamrespons, en van de folliculaire lokalisatie van immuuncompiexen.
Hoofdstuk 3 geeft beknopte informatie over infectie met HIV-1 en de immuunrespons
tegen HiV-1. Daarbi] ligt de nadruk op de rol van de lymieklieren, antilichaamvorming
en vaccinontwikkeiing.

in hoofdstuk 4 wordt beschreven hoe in muizen is vastgesteld dat zeer kieine
immuuncomplexen nist in de foliikels terechtkomen. Daarnaast werd gevonden dat
bepaalde vreetcellen (macrofagen) in de milt niet betrokken zijn bij fransport van
immuuncomglexen.

Hoofdstuk & beschriift de ontwikkeling van nieuwe methoden om in menselijk
materiaal de antilichaamrespons tegen HIV-1 zichtbaar te maken. Daarvoor werden
peptiden die stukjes van net virus nabootsen aan verschillende typen enzymen
gekoppeld die aanleiding geven tot verschiilende kleuren. Er werd een methode
ontwikkeld om tegelikertijd het type antiichaam (er bestaan viff typen} en de
specificiteit van antilichamen in coupes aan te tonan. Bovendien werden methoden
getest die HIV-1 inactiveren, zonder de antigenen en antilichamen in het weeisel te
beschadigen.

De methoden die zin beschreven in hoofdstuk 5 werden toegepast op
lymfeklieren van HIV-1 geinfecteerde personen (hoofdstuk 6). Met antigeen-enzym
conjugaten en met synthetisch peptide-enzym conjugaten konden specifieke B-
cellen worden aangetoond. Dit verschaft informatie over de antilichaamrespons zoals
die in humane iymfeklieren plaatsvindt. Tevens is een hypothese opgesteld om de
schade die opireedt aan een bepaald celtype dat van groot belang is voor de
antilichaamrespons in de lymfekiier te verklaren.

Met behulp van synthetische peptiden van HIV-1 werden in proefdieran
antiichamen opgewekt die de werking van HIV-1 in vitro belemmeren (hoofdstuk
7). Zulke antilichamen vormen een nuttig gereedschap bi] bestuderen van Hiv-1
varianten en het ontwikkelen van vaccins.

in de algemene discussie worden de belangrikste punten die uit de
verschillende studies naar voren komen besproken in het [licht wvan
antilichaamvorming, folliculaire immuuncomplexen en vaccinontwikkeling. Bovendien
wordt aangegeven hoe de verschillende methoden die ontwilkkeld zijn ook kunnen
worden toegepast in andere studies.
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