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Induction of type II collagen-specific antibody production in
blood lymphocyte cultures of Rhesus monkeys {Macaca mulatta) with

collagen-induced arthritis using the immobilized native antigen

B. A. 'T HART*. C. A. D. BOTMAN & N. P. M. BAKKER Department of Chronic and Infectious Diseases.
ITRI-TNO Institute. Ripwijk. The Netherlands

(Accepted for pubtication II October 1990)

SUMMARY
I

Peripheral blood mononuclear cells (PBMC) from Rhesus monkeys previously immunized with
bovine type (I collagen lo induce arthritis were cultured with the same antigen. Because the native
proiein is poorly soluble in culture medium a heating step is often used. The antigen in this form
induced PBMC proliferation, but epitopes for the induction of antibody production and arthritis
were losl. To keep the native protein intact it was coated on affigel beads. With the immobilized
antigen specific antibody production could be induced.
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INTRODUCTION

Human rheumatoid arthritis (RA) is often associated with
cellular and humoral autoimmunity to type II collagen (CII)
(Clague. Shaw & Holt. 1981: Klareskog et at.. 1986; Morgan
et at., 1989; Tarkowski et ai, 1989). The possible role of the
autoimmunity to a major constituent of the joint cartilage,
however, is only poorly understood. In recent years collagen-
induced arthritis (CIA) has been established as an animal model
to investigate the mcchanism(s) by which experimentally in-
duced (autojimmunity to CII can lead to arthritis (Trentham,
1982).

We have investigated in Rhesus monkeys the different
contribution of humoral and cellular immunity to CII to the
susceptibility to CIA (Bakker et ai, 1990b). In ihat study we
determined the capacity of peripheral blood mononuclear cells
(PBMC) from animals immunized with CII of bovine origin (B-
ClI) to proliferate and produce anlibodies in culture with the
same antigen. A complicating factor in such studies is that B-CII
in its native form is poorly soluble in culture medium and
therefore gives unreliable results. Many investigators dissolve
the protein in culture medium by heating briefly (e.g. Holmdahl
etal.. 1985). However, immunization of rats with a heated B-CII
solution emulsified in Kreund's complete adjuvant induced
cellular but not humoral immunity to the native protein
(unpublished data, see also Stuart. Townes & Kang. 1981).
Neither did it evoke arthritis, indicating that heating destroys
B-CII epitopes which are indispensable for the induction of
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arthritis as well as humoral immunity. Similarly, we coutd
demonstrate the induction of proliferation, bui not antibody
production in cultures of rhesus monkey PBMC with heated
B-Cll.

In the present study we have developed a procedure for the
induction of specific antibody production in cultures of rhesus
monkey PBMC by immobilization ofthe antigen in its native
form.

MATERIALS AND METHODS

Animals
All rhesus monkeys were bred and raised at the TNO primate
centre in Rijswijk. The animals used for this study had been
immunized several times with B-CII (Bakker et ai. 1990). The
isolation of B-CIl from bovine nose septum has been described
in the same report. Blood for serum production or for the
isolation of PBMC was obtained from immunized monkeys
which developed arthritis {susceptible animals; I KM. MIS, D3,
L65) or which failed to develop any clinical or serological sign of
inflammation (resistant animats: IRQ, MI4).

isolation and culture of PBMC
The animats were anaesthetized with 0-1 mt/kg of a mixture of
9 volumes ketamine (10 mg/ml; Chassot & Cle Ag. Bern,
Switzerland) and 1 volume vetranquil (10 mg/ml acepromazine
and 5 mg/ml chlorbutanol; Compagnie Rousselot. Paris.
France). Blood was taken in heparinized (ihromboliquine)
vacutainers (Becton Dickinson. Meylan Cedex. France) and
diluted with an equal volume of Hanks' balanced salt solution
(HBSS; GIBCO Ltd. Paisley, Scotland). PBMC were isolated by
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density griidienl ccntrifugation on lymphocyte separation
medium (Organon Tcchnika Corporalion. Durham. NC). The
cells from the inierphase oi the gradients (PBMC) were washed
twice with HBSS. PBMC were cultured in a humidified
atmosphere containing 5% CO; in 96-well round-bottomed
plates (Greiner Labortechnlk, Nuertingen, Germany) at a
concentration of 40000 eells well. The culture medium con-
sisted of carbonate-buirered RPMI 1640 containing 200 mM L-
glutamine. 200 U/ml penicillin, 200 U/ml streptomycin and 1O'M>
(vol.) heat-inaetivated fetal calf serum (all from GiBri)), For
stimulation with soluble B-CII the protein was routinely
dissolved in RPMI 1640 by heating for .10 min at 90 C.
Proliferation was assessed by counting the number of viable cells
in each culture. Results were expressed by the stimulation index;

SI =
the eell number in stimulated eultures

the cell number in a control culture without antigen.

Coating ofaffigel beads
Affige!-I5 beads (Bio-Rad laboratories. Richmond. CA) con-
tain .'V-hydroxysuecinimidc groups which couple to free amino
residues in a protein. Usually this will not disturb the eonforma-
tion of the molecule and hence conformational epitopes will
remain intact. For this study the affigel beads were washed
thoroughly with 0 05 M acetic acid. Routinely one volume ofthe
washed beads was mixed with one volume of 5 mg B-CII per ml
0 05 M acetic acid for coating. The mixture also contained 0-3 M
NaCl to reduce non-specific binding (manufacturer's instruc-
tion). When B-CIl concentrations <5 mg/ml were used for
coating the beads, the stimulation of antibody produetion wa.-.
reduced, while beads coated with higher B-CII concentrations
had only a slightly higher stimulatory eapaeily (nol shown).
After 2 h incubation at room temperature under gcnllc stirring
the beads were centrifuged. After removal ofthe supernatant the
beads were washed at least live times with phosphate-buffered
saline (PBS. pH 7 4), For post-coaling the whole procedure was
repeated with \'%> bovine serum albumin (BSA) in PBS. Beads
coated only with BSA functioned as conlrols in all assays.

ELISA for C'll-spvcific antibodies in monkev immune .sera
The assay was performed exaetly as described by "t Hart et al.
(I'WO).

Detection of antibody production induced bv the beads
Beads recovered from cell eultures were washed once with PBS
and then incubated lor 1 min with 0 1"/-. Triton X-100 in
demincralized water lo lyse adherent cells. After the beads had
been washed throughly with PBS-01% Tween 20 (at least live
times) binding of immunoglobulin was determined by incuba-
tion for 1 h at 37 C with alkalinc-phosphatase-conjugated
artinity-puritied goat antibodies directed to heavy chains of
human IgM or IgG (Tago. Buriingham. CA). After thorough
washing with PBS-01% Tween 20 the beads were incubated for
about 30 min at 37 C with substrate solution. This solution
consisted of 0-5 mg/j-nitro-phenylphosphate (Sigma Chemical
Company, St Louis. MO) per mt 0 I M glycine-NaOH buffer
(pH 10 4). containing I mM MgCI.- and I niM ZnCh- Colour
development was read at 405 nm.
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Fig. 1. Destruction of epitopes recognized by IgG antibody by heating of
B-C!I. Immune sera, diluted 200-fold, offour animals were incubated at
.17'C with the concentrations indicated nl' lieyt-dLMuiiurcd (.1(1 min
healed, open symbols) or native (30 min cold, closed symbols) B-CII,
.M'ter 60 nitn Incubation the amount of free IgG antibody to native
H-CII was deionnined with I:LISA. Results are given as the perceiUagc
;ibs(irb;tncc (in lliis ELISA al 405 nm). Results were normalized by
defining the measured IgG in sera without B-CII al \Wv.x. D«, IKM;
AA. lOX; O«, L65; O * , MIS.

RESULTS

Recognition of native and heated B-CII by monkey immune sera
Immune-sera from four suscepUble B-Cll-immunized monkeys
at 200-fold dilution were pre-incubated with different concen-
trations of native or heated B-CII. The arnouni of free IgG
antibodies to native B-CII after pre-ineubation was detertnined
with ELISA. As shown in Fig. I. heating considerably reduced
the capacity of B-CII to deplete specific IgG from monkey
serum. The satne experiment was then done with immobilized
native B-CII. The results in Fig. 2 show that the B-CII-coated
beads effectively removed speeitic IgG from Rhesus monkey
immune sera. Control beads coated with BSA did not remove
B-CII-specific IgG. These data show that heating of B-CII
destroyed epitopes recognized by specific igG antibodies, but
these remain intact in the immobilized native protein.

Stimulation of PBMC with soluble B-CII
In a firsl experiment the capacity of different concentrations of
healed B-CII to stimulate proliferation and antibody produc-
tion in cultures of PBMC was determined. As shown in Table
I(a) a low but significant proliferation was observed in cultures
of PBMC from the B-CII-immunizcd anitnals IKM and Ml 5.
This proliferation was absent in PBMC from the non-iinmun-
ized animal Z, or from animal TD which had been immunized
with an unrelated antigen. No B-CII-specilic antibodies were
detectable with BLISA in any of the cultures.

In a second experiment PBMC from monkeys IKM and
M15 were again stimulated with different antigen concentra-
tions. In this experiment recombinant IL-2 was added as well,
aimed at enhancing the produetion of B cell aetivation and
maturation factors by B-CII-aetivated T cells. Despite a
strongly increased proliferation (Table ib) in the supernalants
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Fig. 2. Depletion ofantibodies from rhesus monkey scrum with B-CII-
coalod beads. One volume of B-Cll- (closed symbols) or BSA-coated
(open symbols) beads (sctlled bed volume) was incubated al M C with
.1 volumes of difVLTenliydiluleci iinmuiiestTii from tiiree monkeys. After
W) mill incubalion the amount ul' free IgG aiUibodies to B-CIl was
delermined with F.LISA. Results are given as the percentage absorbanee
(in ihis IZLISA al 405 nm). The results from the dilTcrcnl animals were
normalized by defining Ihe measured IgG in sera without B-CIl at
100'!... a • , L65; A A, IKM; O • . lOX.

Table 1. Stimulation of PBMC with soluble C-TI

(a) Experiment

C-lI (;ig,.'ml)

0
2-5
5-0

10-0
200
400

(b) Experiment

C-II (/ig/ml)

0
10
20
40

I

11

—

10
1-5
21
18

Z

10
1-1
0«
l-l
0-8
0-7

Stimulation index

TD

10
I I
0-5
0-5
0-6
0 3

M15

10
14
14
18
2-b
33

Stimulation index

Monkey IKM
rlL-2

2

175
26-5
32-8
303

(U/ml)

5

35-5
42-3
44-8
28-0

10

38-3
405
45-0
41 8

IKM

10
2'3
2'8
2-5
4 3
6-8

Monkey M15
rIL-2 (U/ml)

— 2

1-0 9-6
16 15-4
18 148
I'K 14 ;<

5

126
184
192
172

10

128
188
196
170

PBMC were cultured in triplicate with dilTercni doses ol bovine C-11
in the absence or presence (only in experiment II) oJ recombinani iL-2
that was added at day 0. After 6 days ofculturc the number ofcells per
well was counted, and the stimulation index calculated. Donor Z was a
non-immune control monkey; donor TD had been immunized with
streplococcal cell walls; donors MI5 and 1 KM were monkeys
immunized wiih B-CII which had developed CIA (susceplible animals).
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Fig, 3. induction of antibody production with B-Cll-coaled beads,
PBMC of four monkeys were cultured with different aniounlsof B-CII-
(open symbols) or BSA-coated (closed symbols) beads. Monkeys IKM
and D.I were susceptible to CIA induction (a), while IROand M14 were
resistant (b), T!ie beads recovered from triplicate cultures were pooled
and developed analogous to ELISA plates, as described in Materials and
methods. The resulls show ihe light absorbance in arbitrary units (OD).
(a) A*. IKM; DB. D.V (b) A*. IRO; QB. MI4.

of these cultures, again no B-CII-specific antibodies were
detectable wilh ELISA.

Stimulation of PBMC with immobitized B-CH
PBMC from four B-Cll-immunizcd animals were cultured with
B-CI!-coated be;ids. PBMC were obtained from two susceptible
(D3 and IKM) and two resistant animals (IRO and M14),
The sera of both groups of animals contain a high amount of
B-CIl-specific IgG. In this experiment the beads of three
identical culture wells were pooled. The results in Fig. 3 show
that B-Cll-coated beads induced only PBMC from susceptible
animals to antibody production, while no antibody production
was detectable in cultures with BSA-coated beads. Only anti-
body molecules binding to the beads were found. Antibodies in
the culture medium were not detectable.

This finding was reproduced in three further experiments.
TriplicatePBMCcuUures were stimulated with 25/il settled bed
volume of B-CIl-coatcd beads in a total culture volume of
150/il. After culture the beads from each well were developed
separately. Again the supernatants of the cultures did not
contain B-Cll-specific antibodies detectable with ELISA. but
development of the beads revealed binding of B-ClI-specific
antibodies (Table 2).

DISCUSSION

From a group of 14 rhesus monkeys immunized with B-CIl 10
developed CIA. These were regarded as susceptible animals. In
four animals no CIA couid be induced, although these have a
high titre of B-CII-specitic scrum antibodies (Bakker et at.,
1990a}. The latter animals are therefore regarded as re.sistant to
CTA. Using these two groups of animals the role tif the
immunity raised against C-I! in the course of CIA has been
investigated. The resulls of this sttidy will be published separa-
tely (Bakker et ai. 1990b). The present report deals with a
methodological problem we encountered in that study.
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Tabk 2. Stimulalioti of PBMC with immobilized C-Il

Coating

BSA-coated beads
B-CU-coated beads

Monkey L65

98+15
397 + 52

OD (405 nm)

Monkey lKM

75+12
215+10

Monkey

83+1
304 + 2

MI5

•9

•3

PBMC from three C-II-immunized susceptible Rhesus monkeys
were cultured in triplicate for 8 days with 25 ii\ afiigel-15 beads (settled
bed) per 150 /il cullurc medium. The beads were coaled wilh different
cdiicen I rations of C-II. Al'lcr culture the binding of IgM and IgG was
determined. Results are expressed in arbitrary uniis (ODxlOE3;
mean + s.d.).

As also shown in Table 1. PBMC from susceptible animals
were induced lo proliferate in cullure wilh B-CM, although the
stimulation remained low. We were unable, however, lo detect
specific antibody production in Ihcse cultures even in ihe
presence of added IL-2. The fad that B-CII is only a weak
antigen might, particularly, be explained by the fiict thai B-CM
shows a high degree of structural homology with autologous
CII. Hence, the immunologicai response to B-CII might be
suppressed under the influence of tolerance to self-CII. Addition
of lL-2 gives a strong enhancement of PBMC proliferation.

Our present results indicate that the heating step, routinely
used by many investigators to dissolve B-CIi in cullure medium,
destroys epitopes which arc necessary for recognition by the
Bcell antigen receptor. Analysis with SDS PAGE showed that
the protein molecule remains largely intact (not shown). The
destroyed determinants are therefore likely conformationat
epitopes. Because T cells generally do not recognize conforma-
lional epitopes this will not affect the proliferation of this cell
lype. Thi.s explanation is supported by a recent observation in
rals Ihat immunization with heat-denatured B-CII induced
cellular immunity lo the native B-CIl. as was tested by delayed
type hypersensitivity. but no humoral immunity, as measured
by serum antibodies. Moreover, animals immunized wilh the
heated antigen failed to develop arthritis, indicating also thai
arthrilogenic determinants arc destroyed.

ll has been demonstrated by Logtenberg et at. (1986) that
PBMC from patients with autoimmune thyroiditis can be
induced to produce anti-thyrogtobulin antibodies in cullure
wilh the auloantigen. when it is coated on ihe surface of affigel
beads. In the present study we have immobilized B-CII in its
native form on affigel beads. Our results show ihat the
immobilized native antigen eftectively depleted antibodies from
monkey immune sera, indicating that epitopes recognized by
antibody molecules remained intact. PBMC from susceptible
animals were cultured with the B-CII-coated beads or with
BSA-coaled beads as control antigen. No specific antibodies
were found in the culture supernatant, but development ofthe
B-Cll-coated beads revealed attached [gG antibodies. In cul-
tures with BSA-coated control beads IgG binding was ab.sent.
We conclude therefore that immobilized native B-CII induced
specific antibody production in PBMCcultures from susceptible
monkeys. We were unable, however, to induce significant
antibody production by PBMC obtained from resistant animats.
At present we do not have an explanation for this phenomenon.

As was shown previously (Bakker et at.. 1990b) B-CTI-induced
PBMC proliferation was also absent in these animals, A likely
explanation might thus be that B-CII-reactive T and B cells are
not present in the circulation in these animals, or are subjected
to suppression. This is the subject of our present research. The
absenee of antibody production in this resistant group, how-
ever, allowed us to eonelude that the antibodies binding to the
B-CIl-coated beads are not plasma antibodies that are passively
transferred wilh ihe celts, bul are produced in the culture.

In our view the meihod described in this paper enables the
study of B cell immunity to diflerent forms of native CM in
rheumatoid arthritic patients al the cellular level. Such investi-
gaiions are planned by us for the near future.

ACKNOWLEDGMENTS

We thank Mr H. J, van Wcslbrock for preparing the figures, and Mr A,
Arkesieijn for caring for the animals.

REFERENCES

BAKKHR. N.P-M-.VAN iiRtK. M.Ci..ZuKCHi:B, C . F A A B F R . P . . LFMMKNS.
A.. llAZKNriHRCi. M.. BoNTRop. R.E. & JoNKKR. M. (IWDit) Experi-
mental immune-mediated arlhrilis in rhesus monkeys. A model for
human rheumatoid arlhrilis? Rhi-umoutL tnt. 10. 21,

BAKKLH. N.P.M.. VAN EKCK. M . G , M . . BOTMAN, C.A.D-. JONKUR. M . &

'T HART, B.A. (1990b) Collagen-induced arihritis in an oulbred group
of Rhesus monkeys comprising responder and non-responder ani-
mals. Relation between ihe course of arlhrilis and collagen-induced
immunity. Arthriti.s Rheum. (In press),

CLAUM:. R.B.. SHAW, M.J. & Hot r, P.J.L. (19SI) Incidence and
correlation between serum IgG and IgM antibodies lo nalive type II
collagn in patients with ehronic inllammalnry arthrilis, Ann. rheum.
Dis. 40, 6,

HOLMDAHL, R . Ki ARKSKOG. L.. RUHIN. K, . LARS.SON. E. & WKJ/.I-LL. H,

(19H5) T lymphoeyles in collagen Il-induced arthrilis in mice.
Charaeterization of arthritogenic collagen Il-specilic T cell Hnes and
clones. Scand. J. tmnmnot. 22, 295.

KLARI:SK(KJ. L.. JOHNULL. O, . HULTH, A.. HoLMUAtn , R & RiiutN. K,

(19S6) Reactivity of monoclonal anti-type II collagen antibodies with
cartilage and synovial tissue in rheumatoid iirlhrilisand ostooarthri-
tis. Arthritis Rheum. 29, 730,

LoGTKNttLHii. T., KKIXIN, A.. GMELIG-MEYLING. r,H,J. & BALUEUX.

R.t:. (I9S6) Production of anli-thyroglnbulin antibody by blood
lymphoeyles from paiients wilh autoimmune thyroiditis, induced by
the insotubilized autoantigen. J. tmmunol. 136, 1236.

MORGAN. K, . CLAGUI;, R.B., COLLINS. I.. AYAD. S., PHINN. S.D, &

HOLT. P , J ,L , (1989) A longitudinal study of anti-collagen aniibtidies
in patients with rheumatoid arihritis, Arthrilis Rtwum. 32. 139,

STIJART, J , M . . TOWNIS. A ,S , & KANG, A H . (1981) Nature and

specificity of Ihe immune response lo collagen in type [I coltagcn-
iitduced arthritis ./, <7i>i, Ime.st. 69, 673.

TARKOWSKI, A, . KLARi;sK(Xi. L,. CARLsniN. H,, Hî RBtRi-s, p. &
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