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CHAPTER 1

I NTRODUCT I ON

Interactions that occur when organisms are infected at the same time by

more than one type of virus are called interference. In general, this
phenomenon manifests itself as tissue-immunity: tissue infected by one

type of virus is resistant to infection by a second one. It has been

assumed for a long tjme that a non-viral agent was responsible for this
effect. It lasted untjl 1957 before thìs agent was djscovered by

Isaacs and Lindenmann, v,/ho called jt interferon. Since 1957 a tremen-
dous effort has been invested in this agent with as main goaì the cì'i-
nical applìcation. Over the last 20 years more than 2000 papers on

interferon have appeared. The main results of these studies are revjew-
ed in this chapter.

The action of interferon is not virus-specific. In cells treated with
interferon the replication of a wide spectrum of yirusesisinhibited.In
generaì, the activity of interferon is specìes-specìfìc and restricted
to the species in whjch it is induced. It has proven very difficult to
purify interferon completely and this has on'ly very recentìy been

claimed for some interferons. So the physìco-chemical characterìstics
of interferons have not yet been completeìy estabìished. In Table 1 the
general characteristics of interferons are listed. The major cause of
the difficulties ìn purìfy'ing interferons is their tremendous bìologi-
cal activity. Current estimates of the dilution of interferon still
bioìogicaììy active are as low as 10-15 M. If this is true, interferon
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TabLe 1. GeneraL chqy,acteristics of interfez,ons

Gìycoproteì n

Molecular weight 15,000 to 100,000 dalton
Isoelectric point 6.5 to 7.5

Activity: Unaffected in acìd(pH 2.0) and alkaline(pH 11.0) solutions
Speci es-specì fi c

Not vi rus-speci fi c

is 102 tjmes more active than cobra venom, one of the most active bio-
logícaì agents. Because of the difficulties in purìfication, ìnterferon
has to be quantitated in a b'ioassay. Almost every laboratory has its
own assay. A vast number of factors may ìnfluence the assay resuìts.
Therefore, international reference preparations are available of the
most commonly studied types of interferon.

Under normal conditions the gene for interferon production 'is sup-
pressed. When a cell is infected by a virus interferon production is
probabìy triggered by doubìe-stranded RNA (ds-RNA). It is generalìy
held that both DNA and RNA viruses produce some ds-RNA during their
repìicative cycìe. Also inactivated viruses wi'lì produce ds-RNA, pro-
vided thejr poìymerase aclivity ìs reta'ined. If the polymerase act'ivity
is inactivated, viruses will not induce interferon. Non-viral ds-RNA

can also induce interferon. The most potent and wideìy used ds-RNA in-
ducer of interferon is the synthetìc poìyìnosinic-poìycytìdylic acid
(poìy(rI).poly(rC)).

t^lìdely used non-viral inducers are listed in Table 2. Some substances

as pokeweed mitogen induce interferon in ìympho'id ce11s only. These

cells will then produce another type of interferon called type II
interferon (or ''immune'interferon). So the type of inducer can in-
fluence the type of interferon produced. Lymphoid cells challenged wìth
virus will produce the 'classical' interferon or type I ìnterferon.

Interferon does not inactivate viruses directìy but its antiviral
action is mediated by the cell. Interferon does not enter cells but
interacts v{ith a receptor on the cell surface. By th'is interaction an
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TabLe 2. Non-uiral inducers of ínterfez,ons

In uiuo In uitz,o

Poìynucì eot'i des

Anionic polymers

Ti I orone

Acri di ne

Statol on

Bacteria and endotoxins
M'i togens

+

+

+

+

+

+

+

+

+

+

+(type II interferon)

intracelìu1ar protein is produced that exerts its antiviral effect on

the molecular level. The level at which the viraì repììcation is inhi-
bited is dependent on the virus-celì system studied. Inhibition of
transscrìptjon, transìation and viral maturation have been reported.
The suggested mechanisms jnclude changes in viral m-RNA, in cellular
m-RNA ribosomes, induction of nucleases, changes 'in the I-RNA pool,
changes in the initiation factors, etc.

Interferon preparatìons not only exert antiviral but also other
activities. These activities were generaì]y cons'idered to be caused by

ìmpurìtìes, but recent studies with pure or almost pure preparations
have shown that the interferon molecule itself ìs respons'ible for these

'non-ant'iviral 'act'ivities. Cell division is delayed ìn interferon-
treated cells. Small doses prìme ceìls for enhanced interferon produc-

tion after ìnduction, whiìe high doses inhibit production. Inter-
feron treatment enhances the expression of transplantation antigens
on the cell surface. Other changes in cell surface properties, such

as inhibition of thymidine transport, increase of bjnding of concana-

valin A and reduction of binding of thyroid-stimulating hormone and

cholera toxin, are reported. Interferon can also enhance specìalized
cell functions, such as macrophage actìvìty, natural kilìer (NK) ceì1

actìvity and lymphocytìc cytoìysis of tumour cells. Interferon can

modulate immune responses. It suppresses the deìayed type hypersensi-

tìvity in mjce. When administered before or together wìth ant'igen,
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antibody production will be inhibited. Given several days after an

antigen it will enhance antìbody production.

When an organism is infected by a virus several host mechanisms are
set to operate (Tabìe 3). In generaì, the roìe of antibodies in v'iral

TabLe 3. Antiuiral defenee mechanisms

Time needed Function
for activation

Inflammatory reactions hours inhibition of
v'i ral rep l i cat'ion

Interferon hours inhibition of
vìra1 replication

Antibodies severaì days inhibjtion of
vì raì spread

Cellular ìmmunìty several days inactivation and
clearance of virus

infections js restricted to the inhibition of viral spread. During
fìrst infections with a virus antibodies are formed too late to pre-
vent this transport. Some v'iruses spread without entering the extra-
cellular space and avoid exposing themselves to antibodies. l^lhen a

virus is replìcating, cellular immunìty and interferon are the main

defences. Interferon product'ion starts wjthin hours after infection.
The cellular immune system needs days to be activated. Decrease of
viraì repìication seems more related to the interferon production than
to activation of the immune system. Antibodies to interferon injected
in experimentalìy infected animals can change a harmless infection
into a lethal one. So interferon pìays an'important part ìn the host
defences aga'inst viral infections. However, interferon is onìy viro-
static and cannot clear viruses from the body like ìmmune cells. The

biological function of interferon seems to be to slow down an infection
during the period necessary for activation of the immune system.

Soon after the discovery of interferon it was shown that exogenous



15

interferon, applied localiy or systemicaììy, can control viral infec-
tions. In genera'I, more interferon is needed to prevent than to cure

viral infections.
Interferon has been shown to be active against both virus-induced

and non-vìrus-induced tumours in animals. Non-antiviral effects of
interferon are supposed to play an important role in this antitumour

effect, in particular macrophage act'ivation and modulation of the
'immune system.

[.lse of interferon jnducers ís not yet feasible in man. Some inducers

fail to ìnduce interferon in man, others are toxic or antìgenic. To

evaluate jts cljnìcal usefulness, interferon has to be produced in
uítz'o. The majn sources for human interferon have been buffycoats in-
duced with Sendai virus and fibroblasts induced with poìy(rI).po1y(rC)"
The buffycoats yieìd human leucocyte interferon (HLI) and the fibro-
blasts human fibroblast interferon (HFI). HLI and HFI djffer in phy-

sico-chemical, antigenic and bìological characteristics. Most studies
wjth human interferons ìn man are anecdotical. The dose of interferon
and frequency of injections vary wìdeìy. We know of one study on'ly in

which the effect of systemicaììy admìnjstered interferon was unequì-

vocaììy established (Ilerìgan et aL. I978). In this study 500,000 units/
kg/day, started within a day after d'iagnosìs of herpes zoster, were

able to control the spread of the lesions. Also the results with
top'icaì1y appìied interferon in herpes keratitis are convincìng. Aìl
other studies, including those on the alleged beneficial effect of
interferon in hepatìtis B virus infections are uncontrolled, inconclu-

sive and involve just a few pat'ients. There are also claims that inter-
feron has a beneficiaì effect in tumour pat'ients. Again, these studies
are not properìy controlled.

Re fe ren ces

Finter, N.B. (ed.) (1973). Interferons and Interferon rnducexs. Fz,on-

tíez,s of BioLogy, vo'|. 2. Amsterdam, North Holland Publìshìng

Company.
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Friedman, R.M. (1977). Antivjral activities of interferon. Ba,cter¿oLo-
gical Reuíe¿¿s 3, 543-567.

Gresser, I. (1977). 0n the varied biologic effects of interferon.
CeLLuLaz, frmm,LnoLogy 34, 406-415.

Isaacs, A. & Lindenmann, J. (1957). Viral interference. I. The inter-
feron. Proceedings of the RoyaL Society, series B I47, 258-267.

Stewart, l¡1.E. (1979). The Interfez,on Systenr. Wìen/New York, Springer
Ve 11 ag.

Further references are listed in the general reference section.

J us ti fi cati on

The main theme of this thesis is the clinical evaluatìon of interferon.
From the biology of the interferon system and animal experiments it
can be expected that exogenous interferon wjll exert its optìmumeffect
when used to prevent acute infections or to modulate chronic infec-
tions. Therefore, we administered interferon to patients with chronic
hepatitis B virus infection (chapter 5) and to renal transplant reci-
pients, in whom viral infections occur frequentìy in the first months

after transpìantation (chapter 6).
The other studies in this thesis are directìy related to the pro-

blems we met in the clìnical studies. l,le wanted to study interferon in
an animal renal transplantation model. For us the most obvious choice

was the rat. However,'little was known about the production and cha-

racter.ization of rat 'interferon. Chapter 2 describes our experìences

with rat interferon.
while we were well underway with the study ìn renal transpìant reci-

pients, we were contacted by Martìn Hirsch, who was conducting a

similar trial in Boston. some of his patìents receiving 3 x to6 u HLI

every other day showed severe bone marrow depression. Ì¡le had no such

probìem in our trial, but we used another type of interferon: HFI.
For this reason we started a study on the t'oxicity of interferons for
bone marrow in uitto. The results are presented in the first part of
chapter 4. hje extended this study to a more fundamental approach of
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growth inhibition. In the second part of chapter 4 we present a simple

method to measure growth inhibitìon of cells in monolayer and some

results with this method.

Several possibilitjes arose to explain the negatìve results of the

renal transplant trìal, e.g. dosage, differential effects of HLI and

HFI, and effìcacy of interferon under circumstances of immunosuppres-

sion. l,.le decided to study these problems jn a monkey model. In the

fjrst part of chapter 7 we report our experìences with human'interferon

preparations in vaccinia virus infected rhesus monkeys. During thjs
study we found that human interferon was able to protect monkeys ln
uiuo agatnst vaccinia V'i rus, lvhjle the same virus v',as insensitive to

interferon ín oityo. These results are presented in the second part of

chapter 7.

During the study of the in uit?o sensitivity of viruses' we found

that the effect of interferon was dependent on the amount of virus by

which the cell cultures v,,ere infected. In chapter 2 the results are

presented of an extensive study on the influence of multipl'ic'ity of

infection on the antiviral effect of interferon in different cell-
v'i rus systems.

In this thesis the results of our studies have been arranged in such

a way that the basic aspects of the interferon system, such as produc-

tion, characteristics, antiviral and non-antiviral activities precede

the clin'ical studìes. Thereafter the experiments in rhesus monkeys are

presented because they elucidate some of the problems that arose during

the studies in man.

The clinical and basic stud'ies have largely influenced each other.

Therefore, l¡,e decided to present them in one thesis. l^le both feel

responsible for the complete contents, a'lthough we have of course

contributed from a different background. The greater part of thìs

thesis has already been published jn a number of publìcations (see

pageT ). Authorsh'ip and order of authors indicate the extent to which

each of us has contributed to the various studies.
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IN VITRO STUDIES
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CHAPTER 2

PRODUCTION AND INITIAL CHARACTERIZATION OF RAT INTERFERON

The purpose of this study was to develop the technology for the produc-

tion of rat interferon for in uíuo studies.

Th'is study was achjeved by cooperation of the Departments of Viroìogy
and Internal Medicine, Erasmus University Rotterdam.

This chapter is based on:

'Production and initial characterjzation of rat interferon' by

H.Schellekens, G.A. de tlilde & l^I.Weimar, published in JaumwL of
General Virologg 46, 1980, 243-247.
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Introducti on

Few and partìy confIict'ing studies have been published on rat inter-
feron. Differences exjst between reports on the physìco-chemìcaì pro-
pertìes and the activity of rat interferon in cells of other species

(Biernacka & Lobodziñska, 1973; Lobodziítska et aL. 1973; Illinger ¿¿

aL. L976). Interesting is the reported antivjral actìvìty of human

interferons in rat cells and the ability of human interferon to inhj-
bit rat interferon actìv'ity (Duc-Goìran et aL. I97I; Chany, 1976)-

However, all these studies have been performed with rather impure

interferon preparat'ions. This study was designed to produce rat inter-
feron of hìgh act'ivíty for ín uiuo studies and to compare some of its
physico-chemical and bìoìog'ical activit'ies with otherinterferons.

i4aterial and Methods

Vím,æes

The origin, propagat'ion, and titration of herpes hominis type I,
vaccinia, and vesicular stomatitis virus (VSV) are described in chap-

ter 3. Newcastle disease v'irus (NDV), Komarow strain, was grown in the
allantojc fluid of lO-day-old chicken embryos. The titre of this virus
was expressed in plaque forming units (PFU), established in primary

chicken embryo cell cultures.

CeLLs

l4ouse Ln, cells were orìginaìly obtained from Flow Laboratories
(Irvine, Scotìand). Chicken embryo cells were prepared by mìnc'ing and

trypsinizing lO-day-old chicken embryos. Rat embryo cells (REC) were

prepared by mincing and trypsìniz'ing approximateìy 15-day-oìd embryos

of WAG/Rij rats. The first passage of these cells was pooìed and

stored in liquìd nìtrogen usìng d'imethylsulphoxide (DMSO) as a cryo-
protectìve agent. REC used in these experiments were a subcultivat'ion
of the first passage. Normaììy, REC could be subcultivated up to the
30th passage. After the 40th passage we designated these cells Ratec

cells. This Ratec cell line has now undergone more than 100 passages

in our ìaboratory without degeneratìon.
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XC cells (derived from a Rous sarcoma virus-induced rat tumour) and

RR1022 cells (from a Schmidt-Ruppìn sarcoma in a Rattus norvegìcus)

were both obtained from the American Type Cu]ture Collect'ion. Cells

derived from a rad'iation-induced rat skin carcinoma (RSC ceììs), cells

from rat urethral carcinomas (RUC ceì1s), ce'lls from a spontaneous rat
rhabdomyosarcoma (RM celìs) and cells from a rat osteosarcoma (ROS ceì1s)

were donated by Dr.G.llrl.Barendsen (Radìob'iolog'ical Institute TN0'

Rijswijk, The Netherìands). l^IIRA cells were donated by Dr.I.Gresser

(Instìtut de Recherches Scientifìques sur le Cancer, Villeiuìf'
France). Rous sarcoma virus-transformed human cells (RSb cells) were

donated by Dr.T. Kuwata (Ch'iba Unìvers'ity, Chiba, Japan).

All cells were routineìy propagated ìn Brockway prescription bottles'

in Dulbecco's modification of Eagìe's mìnimal essential medium (ItvlEM)'

suppìemented with 10% foetal calf serum (FCS) and antibiotics. f,lhen

cells were grown in roller bottles, DMEM was suppìemented with a

buffer solution. Thìs 100 x concentrated buffer solution (pH 7.2) con-

si sted of 0. 75 M-lV-2-hydroxyethylpiperazine-1[' -2-ethane sulphonic acid

(HEPES), 0. 5 M-1ii-tri s- ( hydroxymethyl )methyl -2-ami noethane sul phonì c

acìd (TES) and 0.5 M-morpholinopropane sulphon'ic acid (MOPS)'

Interferons

Mouse interferon (MIF) was induced wjth NDV i, Lgzg cells. The inter-
feron preparation used had an activ'ity of 10o units/mg protein. HLI

was a kind gift from Dr.K.Cantell (central Public Health l-aboratory'

Helsinki, F'inland) and was prepared as described before (Canteì1,1970)'

The activìty was 105'9 units/mg protein. HFI was prepared as described

before (Bjlliau et aL.1973), and was obtained by the courtesy of

Dr.A.Bill.iau (Rega Instìtute, university of Leuven, Leuven, Belg'ium).

HFI had an act,i vi ty of 106 uni ts/mg prote'in.

To produce rat interferon (RIF) Z x I07 Ratec cells in 100 ml DMEM

plus 10% FCS were grown ìn 1.5 I roller bottles rotat'ing at 0.5 rev/

min. Usually wìthjn 4 days confìuency was reached and the cells were

refed with 100 ml DMEM plus 10% newborn calf serum (Ncs). The next day

the culture medium was dìscarded and the ceìls were chal'lenged w'ith

NDV at a multiplic'ity of infection of 30 to 50 PFU/cell for 90 min.
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After chalìenge the cells were washed twice with phosphate buffered
saline (PBS) and 50 ml DMEM without serum added. After 24 h the medium

was harvested and centrifugated for z h at 150,000 g to remove the
bulk of t'{DV. The remain'ing NDV was either inactivated by pH 2.0 treat-
ment for 5 days, or by adding perchloric acid to 0.15 14 for 30 min.
Perchloric acid treatment did not result in loss of antiviral act.ivity.
After adjusting the pH to 6.0 with 5.0 M-Na0H, the preparation was

stored frozen at -20o c and designated 'crude interferon,. No repììca-
tion of residual live NDV could be demonstrated after inoculation of
the preparations in chicken embryos.

fnterferon assay

cells were grown ìn,microtitre pìates at a concentration of 2 x ro4
ceìls per well in DMEM supplemented wjth ro% FCS. l¡Jhen a monolayer was
formed, the supernatant was removed and the preparation to be tested
added in twofold dilutions jn Dl4El4 with r% FCS. After overnìght incubæ
tion the supernatant was agaìn removed, the cells were washed with pBS

(Dulbecco's modification) and infected with vSV at a multipììcity of
infection 10 tissue culture infective dose (50%) (TCID5g) per welì.
l{hen the untreated infected control showed > 90% cytopathogen.ic effect,
the incubation was terminated and the cells were stained wìth crystal
violet. The interferon activìty v,,as expressed as the reciprocal of the
maximum dilution protecting 50% of the cells. Thìs 50% endpoint was

either estimated visualìy or established by the dye eìution method of
Armstrong (Armstrong, IglI).

In every assay a laboratory standard was included to correct for
variables between the different tests. One of the fìrst rat interferon
preparations produced in rat embryo cells chalìenged with NDV was dilu-
ted in DMEM supplemented wti"h r0% FCS and stored in smalì ampouìes at
-7oo c to serve as laboratory standard. The mean result of the first 10

tests of the antivìral activity of this standard was 96 units. This
preparatìon was therefore considered to contain 100 laboratory refe-
rence units of RIF and all RIF activities in this study were titrated
against this standard. This standard preparation has been tested until
h^'|{ on 28 different occasions. The results of all these tests were
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normalized by a log transformation for further analysìs. The log trans-
formed results showed a normal distribution. The mean log títre was

1.85 (i.e. 7l unìts) with a standard deviation of 0.24. This resulted
in a coefficient of variation of I3%- This indicates that our labora-
tory standard and method of testing of RIF activity are reliable. Re-

search referencence preparation G-002-904-511 was used as a reference
for the MIF assay in Lgzg cells, and preparation 69/19 as human inter-
feron reference in RSb cells. Hence the act'ivíties of these interfe-
rons were expressed in international reference units.

Grouth ínhibítion assag

The growth inhibitory activity of interferon was measured with a dye

elution assay. In summary, approx'imateìy t05 cells were seeded in 6 cm

petri dìshes in 5 ml DMEM supplemented with 10% FCS and the appropriate
interferon d'ilution was added. ldhen the untreated controls reached

semìconfluency, the incubation was terminated and the cells were

stained w'ith crystal violet. Because the uptake of crystal vioìet by

cells was directìy related to the number of cel1s, growth inhibition
was estimated by extract'ing the dye with 2-methoxy-ethanol and compa-

rìng the ESS' of the elutions from treated and control cultures.

Resu I ts

Faetot's infLuenct ng RIF produetion

The influence of the chalìenge dose of NDV on the interferon product'ion

by REC is shown in Table 4. The interferon production increased wìth
increasing chaì1enge doses. The highest productjon was obtained with
the highest cha'llenge dose tested OO2'q PFU/celì). Routinely, however,

we used a chalìenge dose of 30 to 50 PFU/cell. Employing this challenge

dose, NDV-containing allantoic flujd could be used without concentra-
ti on.

The interf,eron-produc'ing capac'ity of different rat cells challenged

with NDV is shown in Table 5. The secondary REC and Ratec cells were

the best producers. I,IIRA and RR1022 cells produced onìy moderate

amounts of interferon. The same table shows that type and concentration
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TabLe 4. fnfluenee of ehaLLenge dose of NDV on interfez'on ptodt'rc-
tion by REC

Challenge dose (PFU/ceìl) Interferon productjon (units/ml)

100
0.5

1.0
10

10

Type of cells Serum concentratìon Interferon product'ion
(units/m1 )

n2.6
n2-9
702'9

rc3-2

703'2

103'5

REC

Passage 7 l0% FCS

Passage 10 10% NCS

1% NCS

Passage 13 10% NCS

i03'5
103' 2

n2-9
103'0

1.02'9

104.4

104.0

:f'2.0

102' 
6

Rate c

Fassage 40

Passage 46

Passage 52

l^lI RA

RR1022

t c¡'ullenge dose: 30-50 PFU/cell
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of serum and omitting serum from the culture medium did not influence
producti on.

Poìy(rI).poìy(rC) is a potent inducer of interferon in uitz,o. In
Table 6 the interferon production in rats cells challenged w.ith poìy(rl).
poly(rc) is shown. compared with NDV, poly(rI).poly(rc) aìone proved a

poor inducer of interferon in REC. The inducing capacìty couìd only
slightly be increased by adding dìethyìaminoethyì (DEAE) dextran or by
priming. The superinduct'ion schemes, successfully empìoyed in human

embryoníc cells, actualìy inhibited interferon production in rat ceìls.

Concentt,ation and partíaL pur-ification of RfF

Ammonium suìphate has been wideìy used to precipitate interferons from
different species. In Table 7 the effect of various armonium suìphate
concentrations on the precìpìtation of RIF is shown. some activ.ity

Table 7. Preeipitation of RIF by annoniwn sulphate

saturation with Interferon in super- Interferon in preci-
ammonium sulphate(%) natant(unìts/100'ml ) pítate (units/i0 ml )

L02.3

rcz-6

101.8

<10

<10

<10

<10

precipitated at 25% and the precípitation was compìete at 85% satura-
tion. The precipìtation of RIF at gs% saturation of ammonium suìphate
appeared independent of pH in the range of pH 2.0 to pH 7.5 (results
not shown). RIF activity couìd also be precipitated with zinc acetate
at a concentration of 0.02 M. Zinc acetate precipitat.ion of RIF resul-
ted in a higher specific activity (rabìe g). The preparations used in

0

25

40

55

70

85

100

103'0

103'8

103. 9

104.0

ß4.4
rcA.4
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TabLe 8. Flot't sheet for paz,tíaL purífication of RIF

Initial: 100 ml crude rat interferon
120 units/ml
activity 102 units/mg proteìn

Ammonium sulphate prec'ipitatìon Zinc acetate prec'ipitationmethod
method

Precipìtate with (NHa)2S0r Precipitate with zinc acetate
added to 85% saturation added to 0.02 M

Centrifuge 60 min at 10,000 Centrifuge 60 min at 2,000
rev/mi n rev/mi n

Dissolve precìpitate in 10 ml Dissolve precipitate in 10 ml
PBS 0.2 ¡7 HCI

Dialyse extensiveìy against Dia'lyse first agaìnst salìne,
PBS then agaìnst PBS

Centrifuge for 30 min at 10,000 Centrifuge for 30 min at 10,000
rev/mi n rev/mí n

Sterilìze by M'il I ìpore filtration Sterilìze by Mì l ì ipore filtration

Final: 10 mì purified rat interferon
68,000 units/ml 68,000 units/ml
Activìty 105.4 units/mg protein Activity 105.8 units/mg protein

the present study were concentrated and purified by zinc acetate pre-
cip'itatìon. No loss in activity was encountered during thìs procedure.

0n the contrary, both methods of precìpitation resulted'in an unexpec-

ted increase in activìty, as can be seen in Tables 7 and B.

StabiLity of RIF

RIF appeared stable when stored at -700 C. Our laboratory standard

stored thìs way in the presence of I0% FCS showed no loss in ant'iviral
activity during a 2-year period. F'ig. I shows the stability in the
presence of 1% FCS at other temperatures. At 0o C no loss in act'ivìty
was observed during 24 h incubatìon. At a room temperature of 20o C

activity started to decrease after 4 h. One hour at 37o C resulted in
a 50% loss in actìvity. Heating at 1000 C destroyed all activity after
15 min. Table 9 shows the effect of freezìng and thawing on the ant'i-
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t00 -a-.-.-.-.-a

4624
lncubotion lime in hours

IabLe 9. Influence of freezing and tha'tíng on antiuiy'aL actduity
oÍ Ìr-Lr'

No. of times frozen and thawed Interferon activitY (un'its/mì )

Fíg. I. InfLuenee of ternpez:at1.4ne on antit'tív'al aetiuity of RIE' RIF
uis ineubated. in DI4EM supplemented with 1% FCS at the tentperatures
indícated.: L= 0o C; e = 20o c; t = 37o C; 

^ = 560 C; o= 7000 C'

Ihe marírm,¿n ineubatíon time at 1000 c uas t h, at the othez, tenrpe-
ratuy,es 24 h. Sønples üeye tal<en at the tíme-poínts in*ieated artd

irnne&[ateLy tested for interfez,on actiaity. tJnincubated santpLes,
uhich uere kept frozen until in¡nediateLy before testing, sevnued as

eontrols.

.;
o
o

-3Uo
Põ
9¿õYo
O+ELO

1

3

5

7

The RIF preparation was diluted in DMEM supp'lemented with.1% FCS

and frozän ät -ZOo C. The sample was thawed'in a waterbath at37oC.

n2.2
ß2-2
101'9

101'9
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viral activity of interferon. Three cyc'les of freezjng and thaw'ing did

not have any effect on activity. Seven cycles resulted ìn the loss of

hal f of the acti v'i tY.

Chareeter"i zati ort and sp e eie s- spe cifi citg o f RIF

Table 10 shows that the antiviral activity in our preparations met the

foììowing criteria for an interferon. It was resistant to pH 2.0, sen-

sitive to trypsìn treatment, and inactìve in heterologous mouse and

human cells. Rat cells could be protected against both VSV and vaccìnia

v'l rus.

TabLe 10. Charactev+zation of RIF

Acti v'ity Unì ts/ml

Initial preparationr

Treated with trypsinf
Activity against vaccinia

Acti vi ty i n Lnrn cel I s

Activity .in RSb cells

104' 
s

<10

104'0

<10

<10

I Treated at pH 2.0 for 5 days to inactivate NDV
ìrTreated for t h at 37o C with 0.25% trypsìn

In Table 11 the antiviral activ'ity of rat and human ìnterferons in

d'ifferent rat cells is compared. The ab'i ì.i ty of these interferons to

protect ce1ìs against the cytopathogenic effect of both VSV and herpes

virus was tested. To protect Ratec cells against VSV' the least amount

of RIF was necessary. The lowest protection aga'inst this vjrus was

encountered in RUC II cells. RQS and RR1022 cells were equa]ly wel'l

protected when the RIF activìty was measured wìth herpes virus as chal-

lenge vìrus. Ratec cells were the least sensitive for the iìIF protec-

tive effect against herpes virus. Apparently, there was no correlation

between protect'ion against VSV or herpes induced by RIF in these cells'
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Fig. II. AntíuíraL effeet of RIF tn secondazg REC pretneated u'Lth
L03 uLnits of HLI. The qetiuíty of an RIF prepaz,ation in REC pre-
treated. uith HLI uq.s mea,a'ured. as described in Matev,iaL and Methods.
The ertinction of tmtv,eated REC (.-----. ) is cornpared to that of
REC treated uiþh U3 tmits of HLI ( H ).
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Ë0
o
p 0.1

Units of interferon,/ml

Fig. Ifi. Influence of rat andhwndn'ínterferons on the grouth of
seeondary REC. Ihe inhibition of the groüth of REC bg RIl' (o)'
HLI ( | ), ond HFI ( L ) u)as measured as desar"Lbed in lûateriaL and
Methods.
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HFI nor HLI had an antiviral effect'in rat cells. In Fig. II the

antiviral effect of RIF in REC pretreated with HLI'is compared w'ith

the antiviral activity'in untreated rat cells. Ihere was no effect of
HLI on the antiviral activity of RIF. Similar results were obtained

when the cells were pretreated with HFI or when cells were incubated

with RIF in the presence of either human interferon at a concentration

of 103 units/ml. RIF also inhibited the growth of cells of the own

species (Fig. III). 103 units of RIF/mt inhibited the growth of REC

by 50%. Human interferons also lacked this activity in rat cells.

Di scuss'i on

This study shows that a h'igh chalìenge dose of NDV is necessary to
induce reasonable amounts of interferon in rat cells. When chalìenged

with NDV, secondary REC and Ratec cells were the best producers of
interferon of all cells studied.

Serum in the culture medium is a major source of impurities in inter.
feron preparations produced in oitz'o. We demonstrated that the produc-

tion of RIF was not affected when serum v',as omitted from the tissue
culture medium. This made it poss'ible to produce RIF of a high actìv'ity
with the use of a s'ingìe purification and concentration step.

Poìy(rI).poìy(rc) was a very poor inducer of RIF in REC. Addition of
DEAE dextran onìy sììghtly enhanced the inducing capac'ity of poìy(rI).
poly(rC). Alone or combined with DEAE dextran it has also been reporbed

to be a poor inducer of interferon when perfused through rat ìungs

(Tiìles & Braun, L973). It was not possìble to enhance the interferon
production by poìy(rI ).poìy(rC) employing methods of superinduction
successfulìy used in human cel1s (B'illtau et aL. 7973; l^l'iranowska-

Stewart et aL. 1977).

The properties of our RIF differed from those of the preparation of
Schonne (1966), who found that the interferon actìvity was precìpitated
by ammon'ium sulphate at 100% saturat'ion only, and that the interferon
activity couìd not always be recovered when precìpitated by 0.02 M-

zìnc acetate. He also reported a 50% loss of interferon activity after
treatment with 0.15 M-perchlorjc acjd and compìete loss of activ'ity
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after 2 cycles of freezìng and thawing. In the present study' RIF com-

pìetely precìpitated at 85% saturation of ammonium sulphate. Interferon

activity couìd easily be recovered from the 0.02 M-zinc acetate precì-

pìtate. 0.15 M-perchloric acid could be used to inactivate NDV without

any loss in interferon actjv'ity and the antiviral activ'ity of inter-
feron was not affected by 3 cycìes of freezing and thawing.

There was a considerable increase jn the total amount of RIF actìvìty
when our preparatìons were concentrated. This could not be expìained by

'interferon induction by resìdual NDV in our preparatìons. Inoculation

in embryonated eggs fajled to eljmjnate live NDV and the preparatìon

lacked actjvitV'in Lr, cells, which are sensitive to jnterferon induc-

tìon by both live and inact'ivated NDV. An antagonist of interferon
activity produced in embryonìc and other tissues has been described

(Fournier et aL. l'972). It ìs possìble that durìng concentration this
antagonìst of interferon was lost. Another explanat'ion of th'is ìncrease

in activìty upon concentration can be that interferon molecules asso-

ciate or combine w'ith other substances, resultìng in increased anti-
vi ra1 act'i v i ty.

The influence of temperature on the antìviral activ'ity of rat inter-
feron reported here is in good agreement with other studies (Schonne,

1966; Bìlliau & Buckler, 1970). Actìvity of RIF in cells of other

species, especiaìly mouse cells, has been reported by several groups

(B'iernacka & Lobodzjñska, 1973; Lobodziñska et aL. 1973; IllingeY et

aL. 1976). In the present study th'is cross protect'ion could not be es-

tablished. This difference may be exp'lained by the comparatìveìy high

purity of our ìnterferon preparatìon. There was also no activìty of

human interferon in rat cells, as reported by others (Duc-Goiran et aL.

1971; Chany,1976). Neither the antiviral activìty of HFI nor the inhi-

bitjon by HLI or RIF in rat cells was encountered. Probably' the purity

of the interferon used plays a role. The punity of the human inter-
ferons empìoyed in these studies ¡aas not a'lways exp'licìtly stated' but

can be assumed to be comparatìveìy low. RIF showed the same antìcellu-
lar activit'ies as reported for jnterferons of other spec'ies (Paucker

et aL. 1962).103 un'its/ml of RIF inhibited the growth of rat cells

by 50 %. From these results we conclude that the rat interferon system
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does not differ from that of other spec.ies as has been concluded from
earl i er reports.



37

INPUT MULTIPLICITY

ACTIVITY OF

CHAPTER 3

OF INFECTION ON THE ANTIVIRAL

I NTERFERON

INFLUENCE OF

The purpose of thìs study was to'investigate the protect'ive effect of
interferon on the sui"vival of virus-infected cells.

This study was achieved by cooperation of the Department of V'irology'

Erasmus University Rotterdam and the Viroìogy Section of the Primate

Centre TNO, Rijswijk.

Th'i s chapter i s based on :

'Influence of mult'ipììc'ity of infection on the antiviral activity of
'i nterferon' by L.Stitz & H.Schellekens, published in Jouv'n.al. of Genexal

Viz,ologg 46, 1980, 205-210.
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Introducti on

Early reports on the influence of the muìtipì'icity of ìnfectìon (M0i)

on the antiviral state induced ín uitro by interferon are confl'icting.
Protecti on of cel I s agai nst vacci ni a vi rus ( Li ndenmann & Gi fford, 1963)

Sendai virus (Fìnter, 1964), poljo virus (Ha11um & Youngner, 1966),

Semliki forest v'irus (Finter, 1969) and fowl plague vìrus (Isaacs,
1959) as the result of interferon treatment was reported to be inde-
pendent of the MOI. Sellers and Fitzpatrick (1962) estabìished that
the amount, of interferon needed to protect rhesus monkey kidney cells
against the cytopathogenic effect of bovine enteritis virus was

directìy related to the MOI. The same results were reported by Ho

(1962) for VSV. Hallum and Youngner (1966) and Ke et aL. (1970) failed
to demonstrate this dependence for VSV.

The ear'ly results are, however, difficult to compare because it is
not aìways clear what the exact MOI was and whether the antiviral acti-
v'ity was mediated by interferon. The methods used to measure the anti-
viral activity of interferon also differed wideìy.

More recent work by }ie et aL. (1975) for murine cytomegalovìrus,
Post'ic and Dowlìng (1977) and Holmes et aL. (1978) for varicella-zoster
virus showed convincìngìy that inhibition of virus production or cyto-
pathogenic effect by interferon was reduced when the MOI increased.
Yamamoto et aL. (1975) reported that the relative number of interferon-
treated ceììs positive for T-antigen was greaterwhen the MOI of sv40
was higher. These recent reports, however, relate onìy to DNA viruses.
Aìì previous studies were confined to one type of virus and interferon
of one s pec'i es .

This study was undertaken to determine the influence of the MOI on

the protection of ceììs prov'ided by interferon against both DNA and

RNA virus infections.

Material and Methods

CeLLs

Ln* cells, Vero

chased from Flow

cells and human embryonìc ìung

Laboratorjes (Irvine, Scotìand)

(HEL) cel'ls were pur-
and had undergone an
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unknown number of passages in our ìaboratory. Strains of rhesus monkey

skin fibroblasts, obtained from b'iopsìes taken from the chest and pro-

cessed as described by Perrin et aL. (1977), were designated as RSF

3314, 3504, 3544 and 3546 and were in their 30th to 40th passage. The

continuous line of rat cells, derived from subcultivat'ion of whole rat
embryo cells, and designated as Ratec cells, is descríbed ìn chapter 2;

'it was used in theexperimentsat about the 70th passage. All cell lines

were grown as rnonolayers 'in 75 cnz Falcon plast'ic flasks at 37o C in a

mojst atmosphere containing 5% COr. The growth medìum consisted of

DMEM supplemented with 10% FCS heated at 560 C for 30 mjn, bìcarbonate'

1% gìutamine and antibiot'ics (penìcill jn, 75 units/ml-1, streptomycjn,

75 mg/ml-1).

Interferons

An HLI preparat'ion, k'indly provìded by Dr.K.Cantell (Centraì Public

Health Laboratory, Helsìnki, Finland) and prepared as prevìousìy des-

cribed (Cantell & Hirvonen, 1978), had an activity of 105'9 units/mg

protein. All activity was expressed 'in international reference units

in terms of the reference preparatìon 69/19.

MIF was prepared as described by Allen ¿¿ aL. (1976) and had an acti-

vìty of 106'0 units/mg protein. All activity was expressed in interna-

tional reference units in terms of the reference standard G-002-904-

511 .

RIF was prepared in Ratec cells challenged with NDV and was part'ia'lly

purified. The preparation had an activity of 105'7 units/mg prote'in

when tested against an internal ìaboratory standard. Details of the

production, pu¡ification and standardization of th'is interferon are

described in chapter 2.

Vituses

The herpes virus strain used was ìsolated in our laboratory from a

pat.ient with a cold sore and was identìfied as herpes hominis type I

by the immunofluorescence technique. The virus was propagated in LgZg

cells and the 3rd passage was used in this study. Two strains of vac-

cinia virus were used, the Dutch vaccination strain (Hekkeret aL.7973)
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(Rijksinstituut voor de Voìksgezondheid (RIV), Bììthoven, The Nether-
lands) and the wR strain. The tJR strain was also passaged i, Lgzgcells
ECHO virus type 6 was obtained from the NIH, Bethesda Md., uSA (cat.
no. v-039-001-20). This virus was routìnely grown in vero cells. VSV,
Indiana strain, was propagated'in Lgzg cells at a low MOI. clones of
vsv, designated r to 7, were prepared by the dilution technique. Al'l
virus titres gìven in the text were determìned in cells of the same

type as those used in that part'icular experiment, empìoying a micro-
tj trati on technique.

Assessment of interferon aetiuíty

Except otherwise stated in the ìegends of the tables, the method used
to deterrn'ine the antiviral activity of ìnterferon lvas as follows. The
cells were grown ìn microtitre plates in DMEM + 10% FCS at a concentra-
tion of approxìmateìy 4 x 104 celìs per well. !,Jhen monolayers formed,
the supernatant was removed and ìnterferon added in twofold dilutions
in DI4EM + r% FCS using B wells for every interferon dilution. After
overnight ìncubation, the supernatant was removed and the cells were
infected with different MOI, using 10 wells for each concentration.

The supernatant was removed after 4g h of incubation and the cells
were stained w'ith crystaì violet. The jnterferon dìlution protecting
50% of the cells at the different MOI used was assessed visually. when

no protection was established, the amount of ìnterferon necessary to
protect 50% of the cells was assumed to be greater than the highest
concentrat'ion used. l{hen alI cells infected with a certain M0I were
protected, the amount of interferon needed was assumed to be less than
the lowest concentration used.

Resu I ts

Influence o{ MaI on the protection of cells by intez.feron

To study whether the ltlOI has an effect on the protection of celìs by
interferon, experiments with different viruses and B different types
of cells were car.ied out (Tabìe 12). At an MOI of 100 TCIDuo/celì, no
protection was seen ìn any of the systems with the interferon concen-
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trations used. When cells were infected with an MOI of 1, most celì
types couìd be protected by interferon. At MOl < 1 much less units of
interferon were needed to protect 50% of the cells.

In Table 13 the effect of the l,l0l of VSV, herpes, ECH0 and vaccinia
virus on the amount of interferon necessary to protect cells of diffe-
rent species is shown. The protectjon was chaìlenge dose-dependent in

Table 13. Units of interfez.on protecting 50% of ceLls of different
specíes agairLst the CPE of VSV, \etçtes, ECH) and uaceinia oírus

Chaì 1 enge Cel ì type
dose (MoI ) ,nrg Ratec vero RSF 3314

VSV

100 >200 >200 >2000 >2000

10 >200 3 >2000 >2000

1 50 I 2000 250

0. 1 25 0.8 500 67

He rpes

0.0I 3 >2000 >2000 n.d.x
0.001 1 500 60 n. d.

0.0001 0.25 16 I n. d.

0.00001 n.d. 4 < 4 n.d.

ECHO 6

to -l - zso > zooo

1 - - 60 >2000

0.1 B 1000

0.01 < 4 67

Vacci ni a

1 >500 >200 >2000 >2000

0.1 > 500 200 > 2000 > 2000

0.0i >500 6 >2000 >2000

0.001 > 500 0.5 > 2000 > 2000

I n.d. = not done| - = no CPE wi th th'i s vi rus



43

all cells of the species studied, irrespective of the type of virus.
Protection against tCH0 virus and VSV by interferon was established
when the M0I was < 1 TCID5g/cell. The cytopathogenic effect (CPE) of
vaccinia virus was not'inhibited in human, monkey or mouse cells trea-
ted with an approprìate interferon, but was inhibited in interferon-
treated rat cells at an l40I of < 1. The lack of protection of monkey

and mouse ceììs against vaccinia virus was not because these cells are

insensitive to ìnterferon, as they were protected by interferon against

VSV, herpes, and ECHO virus. Both vacc'inia strains studjed showed the

same pattern of sensitivity.
The M0I-dependent protection by ìnterferon might be expìained if the

virus populations studied were mixtures of interferon-sensitive and

interferon-resistant viruses. However, when 7 different clones of VSV

were compared, their sensitìvity to ìnterferon was similar (Tabìe 14).

TabLe 14. Uníts of ínterfez,on pxotectíng 50% of Lg2g celLs agaínst
the CPE of dt,fferent cLones of VSV

Chal I enge
dose (M0I) 1 ?. 3

Clones of VSV

45

100

10

1

0.1

0.01

0.001

0.0001

0.00001

n. d. n. d.

> 500 > 500

> 500 > 500

16 32

816
<4 <4
<4 <4
<4 <4

> 500 n.d.
> 500 > 500

64 500

16 32

<4 <4
<4 <4
<4 <4
<4 <4

n.d. > 500 n.d.
> 500 r25 > 500

250 16 > 500

32 16 32

16816
<4 <4 I
<4 <4 B

<4 <4 4

None were protected at an MOI of > 1, but all were protected when the

MOI was < 1. Another possib'iìity is that interferon permìts the selec-

t'ive growth of interferon-insensitive virus subtypes. Therefore, VSV

was passaged at high MOI in interferon-treated cells and the inter-
feron-sensitivìty of this virus was compared with the parental strain.
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TabLe 15. Urn-ts of ínterferon protectíng 50% of Lg2g eeLLs against
VSV groan in íntet,feron-tz,eated celLs

Chaì lenge
dose (MOI )

VSV passaged ìn VSV passaged 'in ìnteç-
untreated 1929 ceì I s feron-treated cel I s^

10

1

0.1

0.01

0. 001

512

32

8

4

<2

r28
64

16

I
4

xB"fo"" chaììenge with VSV at the l.l0l indicated, virus was passaged
3 times at an l40I of I02 TCID56/ceìì in 1929 cells with 50b uniis
of interferon

Table 15 shows that the interferon-sensitivity was not influenced by

this treatment.

Influence of time of íneubation on the antiuíraL effect of tnterferon

The duration of the antiviral effect of interferon at different MOI in
L929 cells is shown in Table 16. Aga'in, there was no protection against
the high MOI of vsv at the interferon concentrations studied. protec-

tjon could be induced at an l40I < 1 TCID5g/celì, but thìs protectìon
was only temporary. At an MOI of 0.1 TCID5¡/ce1ì, protection f,or 4 days

requ'ired 20 times more interferon than protection for 2 days. It was

not possible to protect cells at this MOI for more than 4 days w.ith

the interferon concentrations studied.
The need for more interferon for longer protectìon could be due to

the fact that the antiviral state of cells decreases with time after
the removal of interferon-containing med'ium. However, as shown in Table
17, there lvas no difference in the antiviral effect of interferon when

cells treated onìy before viral chalìenge were compared with cells
treated with interferon before, immediateìy after and again one day

after infection. It has also been suggested that the enhanced anti-
viral effect of interferon at low l40I is caused by extra ìnterferon
induced by the infecting virus (Ho, 1962).



TabLe 16. Units
different tímes

4s

of íntez,fez,on ptotecting 50% of LSZ7 ceLls at
after ínfection uith VSV

Chaì ì enge
dose (MOI )

Hours after ìnfection
48 72 96 t20 r4424

i000

100

10

1

0.i
0.01

0.001

0.0001

> 5r2
8

n. d.

n.d.
n.d.
n. d.

n. d.

n. d.

> 5r2
> 5r2
> 512

32

16

8

1

1

> 5r2
> 5r2
> 5r2

512

32

16

1

1

> 5r2
> 5I2
> 5r2
> 5r2

512

64

16

1

> 5r2 > 5t2
> 5T2 > 5I2
> 5r2 > 5r2
> 5r2 > 5r2
> 5r2 > 5r2

TzB 128

16 <1
1 <1

Table 77. Effeet of the p?esence of ínterfenon dw,øng the replíca-
tion of VSV on the units of interfenon protecting 50% of Lg2g ceLLs

Chal I enge
dose (l'l0I )

No interferon present Interferon present *
duri ng vi ra'l growth duri ng v'i ra'l growth^

1000

100

10

1

0.1

0.0i

200

200

200

50

25

13

200

200

100

50

25

13

x Interferon was additronalìy added to the cells after infection

To test thìs hypothesìs, L929 cells were treated with interferon and

24 h later prechaììenged with VSV at the low MOI of 0.001 TCID5g/ceìì.

Prechallenged and control non-prechaìlenged cells were infected with
different MOI of VSV 24 h after prechallenge. Table 18 shows the com-

parìson of the antiviral state jnduced by interferon in prechaììenged

and non-prechallenged cells. There was no dìfference 'in the amount
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of interferon needed to protect these cells against different MOI of
VSV.

Iable 18. Effect of prechallenge wíth VSV on the units of inter-
feron proteeting 50% of VSV-infected Lg29 ceLLs

Chal I enge dose Non-prechal ì enged cel ì s Prechal ì enged cel I sx
(M0r ) (unìts'i nterferon) (un'i ts'i nterferon)

100

10

1

0.1

> 500

> 500

30

1

> 500

> 500

30

1

x B"for. infection with the MOI indicated, the cells were prechal-
lenged with VSV at an Il0I of 0.001 TCID5g/celì

Discussion

This study shows that the amount of interferon needed to protect cells
of djfferent species against the cytopathogen'ic effect of both DNA and

RNA viruses is directìy related to the amount of vjrus the cells are

chaìlenged with. This M0I-dependent protect.ion by interferon could not

be explained in terms of differences in interferon sensitivìty of
clones within the popuìation of viruses studied or jn terms of selec-

tion of interferon-resistant types of viruses (see Tabìes 14 and 15).

Viruses grown in cells treated with interferon had the same interferon
sensitiv'i ty as the parental virus.

It has been suggested (Ho, 1962) that interferon is more active at a

low MOI because 'extra' interferon is then induced by the ìnfect'ing

virus. Us'ing double challenge experiments, we lvere unable to establish
such 'extra' protecti on.

A decrease in the antiviral state ol the cells with time cannot be

responsìble for the failure of interferon to protect against the cyto-
pathogenìc effect of the viruses. Additional interferon administration

during the incubation period did not influence the results. At the
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concentrations studied, jnterferon protected aga'inst viral cytopatho-

gen'icity only when cells were chaììenged with an MOI < 1 TCID5¡/ce11.

Thjs protection lasted for a certain time onìy, dependent on the 140I,

and this indicates that, even when cells are infected with a singìe
virus partìcle only, 'interferon is not capable of oreventing celì
death. The only effect of interferon seems to be a reductjon of virus
production. This onìy postpones the moment at which all cells w'ill be

i nfected.
The decrease in the product'i on of progeny v'i rus by interferon'i s

caused by inhibition of viral repìicatìon at the transcriptional or

translational level, depending on the virus-cell system used (Friedman,

1977). Apparent'ly, inhibjtion of vìraì repìication by ìnterferon does

not lead to protection of those cells. Various explanations can be

considered: (1) The production of mature virus partìcles may be sup-

pressed by interferon, while the functions interfering with the cellu-
lar metabol'ism that lead to cell death are unaffected (llarcus &

Sekellick, 1976); (2) There'is an overall reduct'ion in viral replìca-
tìon by interferon whìch leads to diminished production of virus, but

remaìning viraì productìon of virus 'is sufficient to interfere with
cellular metabolism to such an extent that the cells cannot survive;
(3 ) The i nfecti ng v'i rus di rectly i nhi bi ts the ant j vi raì act'iv'ity of
interferon (Lìndenmann, 1959). Experìments are 'in progress to test
these hypotheses.

Finally, this in oítro influence of the [t'lOI on the antiviral act'i v'ity

of ìnterferon is l'ikeìy to play a role in uiuo too. Interferon in uíuo

ìs more effective in prevent'ing than in curing viraì infections and has

little effect when adm'inistered ìate (Finter, 1973). During well-esta-
blished viral infections in uíuo, the virus challenge to cells is
probably so hìgh that interferon cannot prevent cell death.One should,

however, be cautious 'in extrapoìating ín uitro effects of interferon to

in uiuo effects. Rhesus monkeys can be protected against vaccjnia virus

infection by interferon, while the same interferon preparation is not

effective in jnhibiting the same virus in uitro (fhis thesis, chapterT).
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CELL GROhJTH INHIBITION BY INTERFERONS

The purpose of this study was to invest'igate the inhibitive act'ivity
of jnterferon on cell division of haemopoietic tissue and to observe

this anticellular effect du¡ing conditions of viral 'inflammation.

This study was achieved by cooperation of the DepartmentsofPathology'

Virology, Haemato'logy and Internal Medicíne, ErasmUs University Rotter-

dam.

This chapter is based on:

'The influence of interferon preparations on the proliferatìve capa-

city of human and mouse bone marrow celfs ìn uitro hy E. van 't Hull,

H.Schellekens, B.Löwenberg & M.J.de Vries' publìshed in Cnneet'

Reseav,ch 38, 1978, 911-914;

'Cytotoxicìty of interferon and viral jnflammation' by H.Schellekens

& I{.hJeimar, pub'l 'i shed in rntetmatíonal Vírology I\'1, 1978' 110-
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General Introduction

The first 'non-antiviral' activity of interferon to be reported was

the'inhibítion of cell muìtiplication (Paucker et aL.7962). It has

been heav'iìy disputed in the past whether interferon itself or impuri-
ties were responsible for this anticellular effect. Now that pure

interferons are avajlable, it has become clear that the anticellular
factor shares all bioìogicaì and physico-chemicaì properties with the
antiviral factor and, apparently, is interferon (Knìght, 1976).

This chapter contains two studíes on the inhfbition of cell multi-
pìication by interferon. An obvious appìication of interferon in man

is the prevention of viral infections in the 'immunocompromised host.
However, in these patienLs the bone marrow potent'iaì may be restricted

. and further suppression of the bone marrow by ìnterferon is undesirable.
ïhe first part of this chapter deals wjth the ín uítro tox'icity for
bone marrow cells of interferon prepared for cl'inical use. In the
second part aspects of the bìoìogical significance of the anticellular
effect are studied.
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INFLUENCE OF INTERFERON PREPARATIONS ON THE PROLIFERATIVE CAPACITY OF

HUMAN AND MOUSE BONE MARROI,J CELLS IN VITRO

I ntroducti on

Viral infections present a major prob'lem in primates (humans and rhesus

monkeys) wìth primary immune deficiencies and those subiected to irmu-

nosuppress.ive therapy. It has become evident that the severity and in-

cidence of viral infections are particularly prominent in patients who

have been treated with jmmunosuppressìve regìmens following alìogene'ic

bone marrow transpìants (Balner et aL. 1968; van Bekkum et aL.1978).

The further development of bone marrow transplantation in humans is

ìargely dependent on the possibiììty for control or preventìon ofthese

compfications (Thomas et aL. 1977). Recently, the successfu] applìca-

tion of interferon as an antivira] drug in humans has been reported

(Desmyter et aL.1976; Greenberg et aL. 1976; Jones et aL.1976)'

Interferon preparat.ions in h'igh concentrations, however, inh'ibit

cell div'ision. Therefore, one must be aware of possìble bone marrow

toxic'ity (Cheeseman et aL.1976) because the bone marrow reserve may

be severeìy limìted, part'icularly in patients treated with bone marrow

transpìantation and cytotoxìc agents. Test'ing of the cììn'ically

appl-ied -interferon preparatìons for bone marrow toxicity prìor to

clinical use wì1.l be 'important. This can hardly be achieved ín uiuo in

man. Therefore, one must reìy on in uítro assays. Colony-form'ing cuì-

tures, in which progenitor cells are induced to proliferate and d'iffe-

rent'iate may meet the criteria of a convenient assay.

HLI and HFI and their effects on haemopoìetjc myeìoid and erythro'id

progenitors in culture were studied. The inhibition of the formation

of granulocytic-macrophage colonies and erythroid colonies during ex-

posure of marrow cells to interferon was investigated. The effect of

mouse L-cell interferon on the formation of erythroid as well as gra-

nulocytic colonies in mouse bone marrow was also ìncluded in the study

in order to compare the species specific'ity of the interferon prepara-

ti ons.
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Material and Methods

fnte z' fe z,on p r ep ar atí ons

HLI was kìndìy supplied by Dr.K.cantelì (centraì public Health Labora-
tory, Helsinki, Fìnland). The interferon was induced and semipurified
as described before (cantell, 1970). The batch used had an activ.ity of
6 x 106 un'its/mì and a protein concentration of I ng/nL HFI was k.indly
suppììed by Dr.v.G.Edy (Rega Inst'itute, university of Leuven, Leuven,
Beìg'ium), was induced and sem'ipurìfied as described before (Bilì.iau et
aL- 1973) and had an activìty of 106 uni ts/20 ng of protein. A control
preparation was prepared from human pìasma protein fraction V, folìo-
wing the same procedures as used for the manufacture of the interferon
preparations. This preparat'ion was also used as a controf -tnin uiuo
studies in patients. Mouse interferon was induced with NDV in mouse
1929 cells and prepared as described before (A'lìen et aL.1976). It
had an activity of 106 units/mg of protein. control preparations were
prepared from 1929 cell culture supernatant following the same proce-
dures as those used to prepare the interferon preparations. The inter-
feron preparations were diluted to the desired concentration in DMEM

and were added to the celì suspensions as a part of the culture medium
wherein the cells were cultured.

Preparation of celLs

Human bone marrow was obtained aseptically from pat.ients requiring a

d'iagnostìc puncture. Patients were suffering from a variety of d.iseases,
predominantly maìignant tumours and infections; some patìents manifested
a mild anaemia. Blood was collected by venìpuncture. The erythrocytes
were removed from the nucleated bone marrow and blood cells by sed.imen_
tation at unit grav'ity in 0.1% methyl cellulose (Methocel McDow chemi-
cal Co., Midland,Michigan, U.S.A. ) in DMEM (F1ow Laboratories, Irvine,
Scotl and) .

l4ouse bone marrow was obtained by dìssecting the femurs of 6- to B-
week-old female BALB/c m'ice. .One of the ends was cut with scissors, and
the marrow was flushed from the shafts. All cells were carefully washed
with Hank's balanced salt solution after collection.
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MgeLoid côLovLA euLtutes for hunan ceLLs

To determine the number of colony-forming un'its (CFUC) we adopted the

culture method of, Pike and Robinson (1970). The underlayers were pre-
A

pared by rnìxing 100 ìeucocytes with 1 ml of culture medium (0.5% agar'

207á serum, and DMEM). The serum component contained equaì parts of

horse serum, FCS, and 3% Tryptìcase soy Broth (D'ifco Laboratorjes,

Detroi t, Mi ch. , u . s. A. ) . Thereafter, an overì ayer contai ni ng the marrow

cells in 0.25% agar in DMEM, supplemented with 20% serun, was pipeted

on top of the ìeucocyte underlayers. After incubation for 14 days ìn a

humidifìed atmosphere of 5% CAZ - 95% air, the colonies were counted

with an inverted microscoPe.

Three petni dishes were used for each experimental point'

Erythnoid coLorry cuLtuz'es from human ceLLs

Co'lony formation ìn plasma clots was determined according to themethod

of I'fcleod et aL.(1974). Nucleated bone marrow cells in a concentration

of Z x tO3/ml were suspended in medìum contajning DMEM,20% FCS, L%

bovine albumin (fraótìon v; Sigma chem'ical co., st.Louis, llo., u.s.A.),

2% asparag.i ne, 0.25 unit erythroprotein (step III; Connaught l']ed.i ca1

Laboratories, [tJillowdale, flntario, canada), and 10% bovine citrated

plasma (Grand Island B'iologjcal Co., Grand Island, N'Y', U'S'A' ) ' The

cells were cultured jn mìcrotìtre plates (C.A.Grejner und Söhne, Nür-

tingen, B.R.D.), and 0.1 ml of the ce]'l suspension was ìncubated per

well.
The cultures were pìaced in an incubator under the same condit'ions as

those used for the myeloid colony method. After 2.5 days of incubation'

the clots were removed from the microtitre plates and stained with

benzìdine after fixation with 5% gìutaraìdehyde'in phosphate-buffered

salìne (0.01 M isotonìc NATHPOO-KHrPOO buffer, pH 7 '0 to 7 '2) '

ce1'l aggregates conta'ining more than I celIs were counted with the
'light mjcroscope. The aggregates consisted of differentiated erythro-

blasts. Each exper.imenta'l point represents the average colony counts of

at least 10 whole clots.
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GranuLocytic-macrophage coLony cuLtures of mouse cells

The system was origina'lly described by Bradìey and Metcalf (1966).Nu-
cleated bone marrow cells were suspended'in an agar solution (0.3%) in
DMEM suppìemented with 20% serum (cons'ist'ing of equaì parts of horse

serum, FCS , and 3% Trypt'i case Soy Broth sol ut'i on ) "

One ml of this mixture containìng 105 cells was pìated per pìastic
petri dìsh (diameter 3.5 cm). As a stimulator 0.1 ml of mouse fibro-
blast-conditioned medium was added to each p'late. The dishes were

incubated for 6 days under the same conditions as those for the other
cultures. Thereafter, colonies were counted.

Resul ts

HLI and HFI inhibited the format'ion of human

The extent of inhibition was ì'inearly related
feron (Fig. IV).

erythroid colonies (CFUe).

to the dosage of inter-

l

E
I

Fig. IV. Cytotoæicity of HEI (o) and HLI (.) foz, hunan
Nine erpez+ments; bars: SD.

HLI and HFI preparations also suppressed the formation of CFU.

(Fig. v). Inhibition of cFU. and cFU. by HFI was similar. colony growbh

from both celì popuìations was reduced for 50% by 104 unìts/ml.

CFU
e

Unìts of inrerferøy'nl
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a
l
U

E

I

ro G ro3 ro4

Units of interferm,/ml

Eig. V. Cytotoricity of HFI ( o ) and HLf ( . ) for hunan CEU ^. Nine
n*þenimnnî"; bats: SD.

However, HLI differed clearly from HFI: (a) it was signifìcant'ly more

toxic to human CFU. than to CFU"; (b) this interferon showed no or

only m'inor inhibitive effect on murine CFU. and CFU" (Tab'le 19).

TabLe 19. Specifícity of the tor[city of íntez'feron preparatíons

bone marrow cellst
HLI

CnJnrldcells CFU"/105ceìls CFU"/105ce1ls CFU./ldcelìs

Control 202.3+24.]n 100.0+10.0

1 x 104 u i94. 7+23-7 94.4+ 7.4

I x 103 u 203.4+26.6 98.6+11.4

1 x 102 u zog.g+24.4 ror.5+ 7.4

1 x 10 U 198.7+26.6 99.6+11.3

Mock interf. I97.1+20.1, I02.4+ 8.2

I Hr*un bone marrow cells were not inhib'ited by mouse L-cell inter-
,, feron
" Mean + SD

CFU. and CFU" of mouse

HFI

202.3+24.7 100.0+10.0

131.3+20.1 58.8+ 9.6

177 .7+25 .9 91.5+ 9. 1

I91.2+2I.9 102.9+10.4

208. 3+35 . 5 102 . 7+i0. 3

Units of interferm,/ml
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A third interferon preparation, produced in mouse Lg2g ce1ìs, was

also investigated for its effect on human and mouse progenitor cells.
Whereas mouse interferon showed inhjbition of the colony growth of
mouse CFU" and CFUg in a linear dose-effect relationship (Figs. VI and

VII),'it was not toxic for bone marrow (resuìts not shown).

This indicates that the toxìcity of human interferon may be specìes-

dependent.

Units of interferory'ml

Fí9. VI. Cytotoæicítg of mouse L-cel,L dnterferon for mouse CFIJ,.
Fiue erper+ments; bars: SD.

s
l
U

=

l
U

't0 lc

Fí9. VII. CyLotoric'ity of mouse
Fiue erpez,iments; bars: SD.

Units of interfson/ml

L-eeLL interferon for mouse CFU,.
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Di scussi on

Interferon preparations inhibit CFU. and CFU. in uitro. HFI inhibits
the formatjon of CFU. and CFU" in uitro at concentrations much 'larger

than those needed for the establ'ishment of the antiviral state ofcells
in uitz,o. The toxic concentration of HFI also exceeds the serum titre
of interferon in pat'ients treated with high doses of HFI (20 x 106

unìts/mì fibroblast interferon daily, a serum tjtre rise of 30 units/
m1 (V.G.Edy, personaì communication)). The effect of HLI on CFU" ìs

similar to that of HFI, but HLI is comparativeìy more toxìc to CFU..

0n'ly 10 units of HLI suffice to inhibit the growth of CFU. by approxi-

mate'ly 40%, whereas as much as 104 unjts of HFI are needed to produce

a similar reductìon. Using a simìlar assay system, other jnvestigators

have reported that HLI preparations may be extremely toxìc for CFU.

in human bone marrow cultures (Greenberg & Mosny, 1977; Nissen et aL-

1977). To our knowìedge, the effect of erythroid progenìtors has never

been investigated.
0thers have demonstrated in a different experimentaì system that the

cytotoxic and antivjral actjvities of ìnterferon preparations share

many physìco-chemical and b'ioìog'ical characteristjcs (McNeìll et aL.

1975; Knight,1976). This may suggest that ìnterferon ìtself is res-
ponsibìe for the cytotoxic effects. However, ìn vìew of the nonavail-

abif ity of comp'leteìy purìfied interferon, one cannot be certain

whether the cytotoxi c'i ty 'i s due to 'impurì ti es i n the preparati on. Com-

parìson of the cytotoxic effect of HLI on mouse and human CFU., resPec-

tìveìy, shows that this jnterferon js less toxic for mouse bone marrow'

indicating a (cell- and specìes-)specific effect and not toxicity due

to impurities. Therefore, the cytotoxic effect could be closely related

to the antiviral effect of interferon (compare Fì9. V and Tab'le 19).

The toxic'ity of HLI could pose a problem in clinicaì application

because it is already apparent at lower than pharmacologicaì concen-

trati ons .

The find'ing that HLI is more toxic for CFU. than for CFU. is of jnte-

rest in view of prev'ious work of Einhorn and Strander (1977). They

suggest that the inhibiting effects of jnterferon are specìfìc for
those target cells that are prevalent jn the tissue in whjch the inter-



58

feron is ìnduced.

The effect of mouse interferon on murine CFU. and CFU. is essentìaìly
similar to that of HFI on human bone marrow. The adverse effect of
L-cell interferon on the coìony formation has been reported to be less
promìnent than the effect of interferons from other murine sources.

McNeiìl and Gresser (1973) explaìned this effect by a contamination of
L-cell interferon wjth colony-stimulat'ing activìty, but in our material
no sìgnificant co'lony-stimulating act'ivìty was present.

No doubt, it will be necessary'in the future to test the interferon
toxicity on bone marrow for in uíuo relevance. This should be done in
direct comparìson with clinical and haematologìcal parameters, and th'is
should fìnally establish the value of the method. Until the tox'icìty
ratio of interferon has been more thorough'ly establjshed in in uiuo
studjes, one must rely ìargeìy on extrapoìation from in uítro tests.

The above data'imp1y that, in terms of marrow toxicìty, HFI might
represent a preferabìe choice over HLI, especially in patients wìth
marrow insufficìency.
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CELL GROWTH INHIBITION BY INTERFERON DURING CONDITIONS OF VIRAL INFLAM-

MATION. ESTABLISHED I^IITH A SIMPLE METHOD

Introducti on

Apart from ant'iviral activity, interferon preparations show other ac-

tivities as well, such as alteration of the ìmmune response ín o'Ltro

and ín oioo (Gresser, L977; Finlay et aL. 1977; Sonnenfeld et aL.I977),
activation of macrophages (Schu'ltz et aL.1977; Stebbing et aL.197B) and

inhibition of ceìì growth (Paucker et aL.1962; Gressêr et aL. 1970;

Gresser, 1977; Ihis chapter). Because in these studies ìnterferon pre-

paratìons certainly were not pure, it is uncertain whether interferon
'is respons'ible for these activities. However, it is now well establish-
ed that one gìycoprotein causes both the antiviral activity and the

ìnhibition of ceìl growth (Knìght, 1976; Stewart et aL.1976; Buffett
et aL.1978).

In uitto interferon 'inhibits celì growth in comparatively high con-

centrations only (Paucker et aL.1962; Gresser et aL, 1970; this chap-

ter). rn uiuo these concentrations are attained at this site of the

viral infection onìy (Finter, 1973). One aim of this study was to
mimick some of the local conditions of a viral infection in uitro and

study their effect on growth inhibition. The commonly used techn'iques

to quantìtate inhibition of cell growth are cell counting andmeasuring
3U-f¿R ìncorporat'ion. Especially when growth inhibition jn monolayers

is tested, these methodsare time-consuming. l,Je have studìed growth

inhibition quantitatìvely by measuring the dye uptake by monoìayers

ín oítro.

Materi al and Methods

CeLLs

RSb cells were a kind g'ift from Dr.T.Kuwata (Chìba Universjty, Chiba,

Japan). The origin and characteristics of these transformed human

cells have been described elsewhere (Kuwata et aL. 1976).
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Interferon and interfez'on titration

HLI was provided by Dr.K.Cantell (Centraì Public Health Laboratory,

Hels'inki, Finland). Thìs partialìy purìfied interferon had an activìty
Ãoof 10"'' unjts/mg prote'in. HFI was kindly suppìied by Dr.A.Billiau

(Rega Inst'itute, Universìty of Leuven, Leuven, Beìg'ium) and had an
Aactivity of 10" unìts/mg prote'in. Interferon was titrated as described

before, usìng RSb celìs (Scheìlekens et aL. 1975). Interferon act'ivìty
was expressed in international reference unìts (U/ml).

Quantítation of eeLL grouth inhibition

The cell growth inhibition was measured by a modífication of a method

described by Armstrong (1971) to quant'itate the antiviral activ'ity of
interferon by dye uptake and elution.

RSb cells were seeded in 6 cm petri dishes and interferon was added

'in appropriate concentrations. Cells were ìncubated until the control
cultures had reached semiconfluency ('in general after 3 to 4 days).

After incubation, the dishes were drained and the cells were washed 3

times with phosphate buffered saline. The cells were stained for 20min

with a dye solutìon (5 g crystaì violet (Merck),8 g NaCì,50 ml for-
maìdehyde solutìon (Merck),500 ml ethanol, water to 1000 mì). After
staining, the dishes were washed extensìve'ly w'ith tap water and

allowed to dry. 5 ml 2-methoxy-ethanol were added to extract the crys-
tal violet. Up lo 24 h were needed to extract alì dye. When theelution
was completed, the absorbance of the extracted dye was measured at
550 nm. Petri dishes without cells showed minimal absorption ofcrystal
vìolet, so all crystaì violet eluted was considered as eluted from

cells. The anticellular activìty of interferon preparations was also

assayed by measurìng the 3H-f¿R uptake, according to Fuse and Kuwata

(1s76).

Vínus

VSV, Indianastrain, was rout'ine'ly grown in our laboratory in monolayer

cultures of Lg2g cells. VSV was stored frozen at -700 C. Titres were

expressed as TCID5g, established in RSb cells using standard techn'iques
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Resul ts

Inhíbitøon of eeLL grouth q.s measuxed bg ceLL counts, fue uptake and
3_, _.^

11- 1' dJl Lnc orp ora.tL on

F'ig. VIII shows that the amount of eluted dye is correlated to the
number of cells. The correlation coefficient between cell number and

eluted dye was 0.95. As little as 10,000 cells in a 6 cm dish can be

measured accurateìy. In our experimental condìtions a difference in
E'SO of 0.1 corresponded with 7,500 RSb ceìls.

Cell counls/culture

Fig. VIII. CozveLatdon bett¡een ntnnber of eeLLs ønd E5g6 ín dge
eLution assaA.
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FiE. IX g'ives the results with the dye elution method and 3tt-tdn

incorporation in RSb cultures ìncubated with HFI. The two methods give

similar results. 50 units of HFI reduced both the dye-uptake and the
?
"H-TdR ìncorporatìon by 50%.

CeLL grouth tnhibitíon by interferon during conditions of uinal in-
flunmatíon

Effect of viral chaìlenge. The cells at the site of a viral infection
are not only chalìenged with ìnterferon, but also by the infecting
virus. Table 20 shows the ceìì growth of RSb ceììs protected by inter-
feron and challenged by VSV. Viral chaìlenge seemed to have no effect
on the anticellular actjvìty of interferon.

TabLe 20. InfLuencò of uiral chaLlenge on the ínhíbítian of ceLL
gtouth by HFI

E55g of crystaì violet eìuted (SD)

Cont rol
40 units HFI/ml

40 units HFI/ml +
104 CPE D5g VSV

104 CPE D5g VSV

1.688 (0.148)

0. 736 ( 0. 06e )

0.82s (0.082)

0.052 (0.002)

30 petri dishes were seeded with 125,000 celìs/dìsh. In 20 dishes
40 units of HFI were added. After 24 h in 10 dishes treated with
HFI 104 CPE D5g VSV/dish were added. After 72 h of further incu-
bation ceìl growth was measured with the dye elution technique.

Effect of mixtures of different types of interferon. During viral in-
flammation in uiuo d'ifferent types of celìs may produce interferon.
Cells will thus be chalìenged by d'ifferent types of interferon. As it
has been reported that interferon of one specìes can inhibit the

action of interferon of another specìes, possibly by interaction at
the cell receptor s'ite (Chany, 1976), we tested the anticellular acti-
vity of different types of interferon added simultaneously. The results
are shown in Table 21. Cell growth was inhjbited for 40% by HLI (100 U)
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and for 65% by HFi (100 U). When the interferons were added simulta-
neously, the growth inhìbition was 80%. Therefore, any addition that
may occuris on'ly sì'i ght.

Influence of, temperature. Viral'infections can cause a rise ìn body

temperature and in ìocaì temperature by provoking an 'inflammatory

reaction. Table 22 shows that the anticellular activity of HFI and

especiaììy HLI was enhanced by a rise in temperature. At 37o C the in-
hibition by 40 U of HLi was neglìgìble, but at 390 C celì growth was

reduced by more lhan 60%.

fabLe 21. Gt'outh ínhibítory actiuity of HFI-HLI mirture

E559 of crystaì violet eìuted (SD)

Control (n = 5) 0.417 (0.090)

100 units HLI/ml (n = 5) 0.258 (0.035)

100 un'its HFI/ml (n =10) 0.i48 (0.036)

100 units HLI/ml + 0.074 (0.026)
100 units HFI/ml (n =10)

100,000 RSb cells were seeded in each petri dìsh and'incubated
with the indicated additions for 72 h. After incubation, cell
growth was measured with the dye elution techn'ique

IabLe 22. Effect of ternperature on the inhibition of ceLL grouth
by HFI and HLI

Temperature Control Treatment

40 U/ml HFI 40 U/ml HLI

37o C 0.2s4 0.138 (s2%) 0.243 (16%)

3so c 0.307 0.126 (5s%) 0.216 (3r%)

39o C 0.244 0.037 (85%) 0.093 (61%)

RSb cells were seeded into 6 cm petrì dishes (100,000 cells/dish)
and incubated for 72 h at 370, 3Bo or 39o C (18 dishes at each
temperature). 6 dishes of each group of 18 were treated with 40 U

of HFI/m1,6 dishes with 40 U of HLI/ml and 6 dishes were left un-
treated. After incubation, cell growth was measured with the dye
elution technìque. The mean extinction at 500 nm is shown with
the percentage of growth inhibition in parentheses.
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Di scussi on

The measurement of celì growth inhibition of cells in monolayer by dye

uptake and elution has a numbêr of advantages:
(1) it is not necessary to detach the cells from the surface on which
they are cultured, a necessary step in other methods;

(2) compared with cell counting, the dye eìution method is quicker,
more convenient and less sensitìve to variables in and between tech-
ni cì ans ;

(3) the dye eìution method is also faster and more economical than the
3H-fan uptake technique; no special ìaboratory equÍpment or trainìng
in handl'ing radioactive materials is needed.

This study shows that the antìcellular activity of interferon is not
influenced by vìraì chaì'lenge or by sìmuìtaneous action of different
types of interferon. Raising the temperature to 38o and 39o C even

enhances the cytotox'icìty. The biolog'icaì s'ignificance of the cyto-
toxic effect of interferon is still obscure. It mìght be ìnterpreted
in several ways. Together with the specific inhibition by interferon
of viral repìicat'ion, ìnhibition of cell growth would result in an

ampììfied antiviral effect. Another suggest'ion is that both the inhibi-
tion of viraì repì'ication and of celì growth are the result of thesame
molecular biologicaì alteration in the cell.

The prìmary function of interferon can be regulation of macro-

molecular processes and viraì repìication probabiy has some character-
istics that make it very sensitìve to this regulation. Therefore, the
antiviral activìty cou'ld just be a side-effect of the interferon sys-
tem and can be an explanation for recently published studies of inter-
feron in other conditions than viral infect.ions (Gresser, I97l;
Johnson, 1978; Trinchieri & Santoli, 1978; Trìnchieri et aL. 1g7B).
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IN VIVO STUDIES
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CHAPTER 5

INTERFERON ADI'4INISTRATION IN CHRONIC HBSAg POSITIVE HEPATITIS

The purpose of this study was to evaluate the effjcacy of interferon

in an otherwise untreatable disease.

This study was achieved by cooperation of the Departments of Internal

Medicine, virology, and Pathology, Erasmus unìversity Rotterdam, the

Rega Institute, Univers'ity of Leuven, Leuven, Belgìum, the Central

Public Health Laboratory, Helsink'i, Finland, the Central Laboratory

of the Netherlands Red Cross Blood Transfusion Service' Amsterdam, the

London School of Hygiene and Trop'ical Medicine, London, England' and

0rganon Scientific Development Group, 0ss.

This chapter is based on:

'Fibroblast interferon in HBsAg pos'itive chronic active hepatìtìs'by
lrl.weimar, R.A.Heijtink, S.l,l .Schalm, M.van Blankenstein, H.Schellekens'

N.Masurel, V.G.Edy, A.Billiau & P. De Somer, pub'lìshed in Lancet lI'
1977, 1282;

'Differential effects of fibroblast and leucocyte interferon in HBsAg

pos'i tìve chronic act'i ve hepatìtis' by I'l.l'rleimar, R.A'Heiitink'

S.|lJ.Schalm & H.schellekens, publ'ished in European Journql of cLínícaL

Inuestigatíon 9, 1979' 151-154;

'Double-blind study of ìeucocyte interferon administratìon in chron'ic

HBsAg-pos.it.ive hepat.it'is' by ld.l,leimar, R.A.Heiitink, F.J_.P.ten Kate'

S.tl|.Schalm, N.l4asurel, H.Schellekens & K.Cantelì, published in Lancet

I, 1980, 336-338.
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Introducti on

Liver cell damage in chronìc hepat'itis B surface antjgen (HBsAg) posi-
tive hepatìtis is probabìy the result of irmunoìogìcal action aga'inst

hepat'itis B virus-infected hepatocytes. Therefore, attempts have been

made to treat this disease with immunosuppress'ive agents. Unfortunateìy,
results of prednìsone-azathioprine therapy were not encouraging (Schalm

et aL. 1976; De Groote et aL.1978). Another way of treatment is the
elimination of the hepatìtis B virus. In fact, eradìcation of the
pathogenic organìsm is essential in all jnfectious diseases. However,

unt'il now this has not been accompljshed in chronìc HBsAg positìve
hepatitis with antiviral nor with ìmmunoactivatjng agents as we have

poìnted out elsewhere (tJeìmar & Schellekens, 1979).

In th'is chapter we describe the attempts to affect hepatitis B virus
with jnterferon. To clarify our line of thinking we d'iscuss these

studies in chronolog'icaì order.

Initìal Studies

In 1976 it was reported that daìly adminjstration of 4 x tO5 - t x tO7

reference units of HLI'induced a rapìd fall in hepatitis B core antigen

(HBcAg) associated DNA polymerase (DNAP) in the sera of 3 pat'ients
(Greenberg et aL. 1976). Thìs enzyme activity ìs generally assumed to
reflect the number of circulat'ing Dane particìes (the proposed hepa-

titis B vìrus). The suppressìve effect on DNAP was trans.ient when the
interferon was gìven for 10 days or less, but appeared sustained for
weeks after therapy in the 2 patients when treated for more than 1

month. In addition, these 2 pat'ients showed a drop in HBcAg titre and

dìsappearance of hepatitis B 'e' antigen (HBeAg). One of them became

permanently negative for HBsAg, HBeAg and DNAP (Greenberg et aL-1979).
Also in 1976 an effect of HFI was claimed in chronìc HBsAg positìve

hepatìtis (Desmyter et a.L. 1976). In the patient studìed a decrease in
the percentage of liver cell nuclei positive for HBcAg was observed

after 7 injections of 107 reference un.its of HFI gìven on alternate
days. HBsAg was not affected.
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l¡le studied the effect of HFI (Rega Instìtute, univers'ity of Leuven,

Leuven, Belgium) and found no effect on hepatìtis B virus indices.

However, in 1 of our control pat'ients a dramatic drop in DNAP was ob-

se rved .

HFI IN HBSAg POSITIVE CHRONIC HEPATITIS

Promising results of the effect of interferon therapy on indices of

hepat'itìs B virus in HBsAg pos'itive chronic hepat'itis patients have

been pubfished (Desmyter et aL. 1976; Greenberg et aL- 1976) and edi-

torials have suggested a possible breakthrough ìn antjviraì therapy

(Edito¡ial Lancet,1976; Ho, I976; Zuckerman, 1976). Before attempting

to eradicate hepatitis B virus by ìong-term interferon treatment and

to determine the effect of elimination of the virus on the course of

liver disease, we made dose-response studies with HFI under controlled

condi ti ons .

4 patients (HBsAg pos'itíve for at least 6 months, aspartate am'ino

transferase (AST) cons'istently more than twice normal, HBeAg posìt'ive,

measurable DNAP activìty) participated in our first study. 2 patients 
_

rece'ived HFI intramuscularìy twice weekly, starting w'ith 3 times Z xt&
reference unìts, followed by 3 times 4 x 106 reference units, and

finally 3 times 8 x 106 reference units. No placebo preparations were

administered in the 2 control patìents. DNAP actjvity, HBeAg, HBsAg

tìtre ('Hepatest'), AST and ìeucocyte counts were determined several

ti mes before , tv,/i ce weekly duri ng , and several t'imes af ter treatment.

No effect was observed on'indices of virus activity in the interferon-

treated patients; 1 control showed a striking decìine of DNAP activity;
1 patient treated with interferon became leucopenic (Fì9. X).

To investjgate the possìbiljty that daììy adm'inistration might be

effective,3 patients were gìven 3 x 106 reference units of HFI every

day for 2 weeks. 3 other patìents served as controls. Again, there was

no effect on hepatitis B virus indices.

It is poss.ible that HLI is more effectìve than HFI or that indivi-
duals differ in respons'iveness to interferon. However, evidence for

the efficacy of interferon presented by others has come from uncontrol-
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led observations- a criticism made by chaìmers (1977) and with good

reason' since we found that DNAP activity fell in a control patient.
More evidence from dose-response studies in indivjduaì patients is
needed before long-term treatment with interferon in a clinical trial
is warranted.

From this study we drew 2 conclusions: (a) we had to compare HFIwith
HLI and (b) all our studies should be properìy controlled. rherefore,
we decided to give HLI to the same patìents who had receìved da.i'ly
injections of HFI. The same dosage schedule was used and the same

patients served as controls.

70
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DIFFERENTIAL EFFECTS OF HFI AND HLI IN HBSAg POSITIVE CHRONIC HEPATITIS

Introducti on

The therapeutìc management of chronjc hepatitis has ìmproved markedìy

following the use of steroids and antimetabolites (Summerskill et aL.

1975). However, the benefits of this therapy are not striking in chro-

nic hepatìtis associated with hepat'itis B virus infection (Schalm et

aL. 1976). Recentìy, exogenous interferon has been claimed to mod'ify
'indices of hepatìtis B virus replicatjon ìn patìents with CAH (Desmyter

et aL- 1976; Greenberg et aL. 1976).

We have shown prev'iousìy that twice-weekly adm'injstration of HFI did

not have consistent effects on the indices of hepatitis B virus rep'li-
cation ìn chronic hepat'itis. The possibilities remained, however, that
daily injections could affect viral repì'ication, or that HLI would be

more effective than HFI. Therefore, we have evaluated the effects of

daì ly HFI and HLI admi nì strati on 'i n pati ents w'ith HBsAg pos'it'i ve chro-

ni c hepati t'is .

Pati ents Materi al and l4ethods

|lJe studjed 6 patients who fulfilled the follow'ing criteria: HBsAg positive

for at I east 1 year, posì ti ve for HBeAg and DNAP acti vi ty,i ncreased AST acti -

vì ty, normal g, fetoprotei n concentrati ons , I i ver bì opsy show'i ng chroni c

active hepatitis, and no prevìous'immunosuppressive therapy. Drs.M.van

Blankenstein, R.A.Hejitink and S.l^l.Schalm heìped us in selecting the

patìents and folìowing the'ir course'

HFI was prepared at the Rega Insitute, University of Leuven' Leuven,

Belgium, by a method described by Billiau et aL.(1973). HLI was pro-

duced at the central Publíc Health Laboratory, Helsinki, Finland, as

described by Cantell et aL. (I974). Both interferon preparat'ions con-

tained approximately 106 reference un1ts/mg of protein, titrated in

primary human fibroblasts with VSV as chal'lenge v'irus and calibrated

agaìnst the Medical Research Council 69/19 standard of HLI.

In the first study 3 of 6 patìents received 3 x 106 reference units

HFI intramuscularly('i.m.) daì ly for2 weeks.In the second study 10-weeks

later, the same 3 patients received 14 i.m.'injections of 3 x 106 refe-
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rence units HLI;2 patients daíìy for 2 weeks, the third patientwithjn
20 days. Control patìents djd not receive placebo'injectìons.

Bìood samples were taken twice weekìy for 2 weeks before and for 2

weeks after interferon administration, and 3 tjmes weekìy during inter-
feron administrat'ion. Control pat'ients were bled approxìmateìy weekìy
on several occasjons before, during, and after the treatment perìods.

HBsAg was measured by radìojmmunoassay with Ausria II (Abbott Labora-
tories) and positive sera were titrated by a reversed haemagglutination
inhibjtion test (Hepatest, Burroughs l^Jeìlcome). HBeAg and ant.i-HBeAg

were detected by doubìe immunodiffusion. Reference sera were kìndìy
provìded by Dr.E.H.van Elven (Central Laboratoryofthe Netherlands Red

Cross Blood Transfusion Service, Amsterdam). Ident'ical results were

obtained in 50 sera'tested both in Amsterdam and in our ìaboratory.
DNAP activity was determined as incorporatìon ot 3HlatMp) ìnto an acid-
'insoluble product by the method of Kaplan et aL. (1973). Registered
counts/min were onìy corrected for background rad'iation (approx.imately
30 cpm). All sera from one patient were tested simultaneously; one

serum of a healthy controì was included in the test. For confirmation
of our results, 15 different sampìes of concentrated serum were tested
simultaneousìy by Dr.c.R.Howard (London school of Hygìene and rropicaì
Medicine, London, Engìand) and by our ìaboratory with comparable

results (r = 0.996; p < 0.001 Spearman rank correlat.ion test). To test
the specificìty of the reaction for DNAP activity, a ìimited number of
concentrated sera from alì patìents and controls were absorbed with
sheep antì-HBsAg or normal sheep serum. After another absorption with
rabbit antì-sheep serLlm, enzyme activ'ities were not modified jf the
first absorptìon was performed with normal serum; in the case of ab-
sorption with antj-HBsAg serum, enzyme activities were lowered to the
level of our normal control sera. Leucocytes (n: 3-10 x tO9/l), plate-
lets (n: 150-450 x tO9/l) and AST (n: 5-30 U/l) were measured by con-
ventional methods. AST (enzyme commission numberl. EC 2.6.1.1.) was

measured using uv kinetic measurement technique at 340 nm in an LKBB600

Reaction Rate Anaìyser at 35o c with'l-aspartic acid 125 mmol/l in Tris
buffer 40 mmol/ì as substrate at pH 8.0 (test combìnation Baker Labora-
torjes, Deventer, The Netherlands).
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Resul ts

Víz,aL in&ices

DNAP (FiS.XI). During HFI administration no patient showed a consis-
tent reduction of DNAP activ'ity to less than pretreatment vaìues (mean

of 3 samples taken within 2 weeks before injections). During HLI admi-
nistration, a continued fall in DNAP act'ivity was observed in all 3

patients (-63%, -66%, -64%); after treatment DNAP activity rose to
initial values in the 2 patients, but remained persistent'ly þ gmonths)

negative in 1 individual; DNAP activity rema.ined high throughout the

study in control patìents.
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Fíg. XI. Mecn DNAP act'Luitíes 2 ueeks ptior to, during and 2 weeks
after treatment wíth HFf and H-Lf prepatatíons ín HBsAg posítiue
chronic hepatitís patients (Wper Limit of normal= 100 cpm). ALL
patíents were HBeAg posil:íue during b:oth studg períods, eæeept for
patient o uho becøne HBeAg negatiue 7 ueeks aftez, HFÍ adnint-stz,atíon.

i-lBsAg. HBsAg t'itres remained stable in all 6 patients durìng both HFI

and HLI admi ni strati on.

HBeAg. During HFI administration aìl patients remained HBeAg posit'ive.
In 1 of these patìents, however, the HBeAg became undetectable 7 weeks

after the fìrst study. During HLI administration, the other 2 patients
remained HBeAg positive. Controì patients remained HBeAg posit'ive
during both study periods.
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Liuer function (Fí9. XII)

During HFI adminjstration AST activities declined in all 3 patìents
(-29%, -37%, -45%) and returned to pretreatment values in the follow-
up peri od.

Durìng HLI admin'istration AST activities declined in 1 patìent from

I77 U/l to 78 U/1 and declined further in the foì1ow-up perìod to
30 U/l; no effect on AST activity was noted in the other 2 treated
pati ents .

Control patients showed no change in AST activit'ies during both

study peri ods.
LEUCOCYTE INTERFÈRON

lreoled potients control po]¡ents

a

Fíg. XII. Mean AST actiuitíes 2 uee-ks ptíor to' dut'ing, and 2

ue-eks after treatment uith HFI mtd HLI preparations in HBsAg posí-
tíue chv,onic hepatitis pat'ients (upper Limit of not'maL = 30 U/L) '

Side effects

In 1 patient a transient fall in leucocytes to 2.5 x tO9/l was observed

durìng HFI administration; ìn the same pat'ient HLI injections had to be

stopped 5 times for 1 or 2 days because of leucopenia (1.4 x lO97l¡,
maìnly due to granulocytopenìa (0.6 x tO9/l). In another patient leuco-
penìa was observed durìng HLI 'injectìons only (Fig. XIII).

Chills and fever were noted in 1 patient during both studies and in
another patient during HLI admin'istration; promethazine was effective
ìn preventìon. No other side effects were observed.

;
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Di scussi on

$ur resuìts índ'icate that the effects of HFI and HLI in patients wjth

HBsAg positive chronic hepat'itis are djfferent. HFI 'influences serum

transaminase levels, an indicator of liver cel'l damager while HLI seens

mainly to affect DNAP activity, assumed to be a marker of c'irculatìng

Dane partìc1es.

The effect of HLI on DNAP is in agreement v{jth the results of Green-

berget aL. (7976). However, the small number of patìents, the fluc-
tuat'ing levels Of the enzyme activìty, and its spontaneous decline in

1 Of our patìents reported earl'ier must make us cautious in our inter-
pretation. The mechanism by whjch HLI affects onìy DNAP activity and

not HBsAg titre is not clear. In most virus-cell systems, interferon

acts at the post-transcriptional level (F¡iedman, 7971), where selec=

tìve inh'ibition of translatìon may occur (l'liebe & Joklik, 1975). Thjs

could explain the discrepancy of the effect of interferon and DNAP

act'ivÍty and HBsAg in our patients.

Immunoreactive mechanisms have been implicated in the cell destruc-

tion leading to elevated serum transaminase activ'ities jn chronìc
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hepatitis B infection (Eddleston, I974). The decrease in transaminase

levels by interferon in our patients could thus be expìa'ined by a

direct immunosuppressive effect of interferon or by reduced expression
of viral antigens on the liver cell membrane ìeadìng to a smaller num-

ber of targets for the immune apparatus.

In this study the ìeucocyte count was affected more by HLI than by

HFI. The rapid decrease (w'ith-tn 24 h) of ìeucocyte numbers, maìnìy
granuìocytes, in 1 of the patients makes a direct effect on bonemarrovt

unìikeìy, and suggests redistribution or cytotoxic'ity for peripheral
I eucocytes .

HFI and HLI are not identical. They differ not only'in physico-
chemical properties (Cesario et aL. 1977) and antigenic composition
(Haveìl et aL.1975), but also in antiviral activìty and cytotoxicity
in certain cell systems (Edy et aL. 1976; this thesis, chapter 4).
l4olecules of human interferon may contain muìtiple active sites, and

the number and distribution of these determinants are different for
HLI and HFI (Paucker et aL. 1975). Therefore, a different bioìogìca'l
activjty can be expected; this may account for the differentiaì effects
of HFI and HLI in this study.

At present, only a limited amount of human interferon is available
for small clinical trials. It is ìmportant to report observations
such as these, so that the need for further productìon of both types
of interferon for future studies may be assessed.

En tracte

l,{e partially confirmed the results of GreenbercJ et aL.(1976). HLI in-
duced a fall in DNAP levels in the same patients inwhomHFI proved
ineffective. In 2 patients the effect on DNAP was transient; 1 pat'ient
remained DNAP-negative after the study. In these patients HBeAg became

undetectable 7 weeks after HFI injections and 3 weeks before HLI admi-
nistration. Therefore, v,,edidnot know which (if any) ínterferon prepa-
ration had induced the complete disappearance of HBeAg and DNAp. In
the other 2 patients HFI and HLI affected HBsAg titre and HBeAg.
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Possìbly, the dose of jnterferon was too small or the period of in-
jections was too short.

In the meantime other groups reported theìr experience with inter-
feron i n chroni c HBsAg posì t'ive hepati t'is .

K'ingham et aL. (1978) treated 2 patients with 1 x 107 units HFIdaily
for 2 weeks. HBsAg titres did not fall; DNAP was not measured. An ìm-

mediate drop in anti-HBcAg titre was noted in both patients. This was

diffjcult to interpret in view of the half-life of antibodies. Itcould
be explained by an effect of interferon on the compìement fixation
reaction that was used to determine the ant'i-HBcAg titre. Such an

effect has been described for HLI (Aho et aL. 1976). In 1 pat'ient wìth
rajsed AST levels an jnitial increase .in AST was seen fo1ìowed by a

return to pretreatment levels at the end of the second week of ìnjec-
tions and normalization in the foìlow-up period. I'le did not find thjs
effect in our pat'ients.

Scullard et aL. (see Dunnìck & Galasso, 1979) treated 8 patientsw'ith
daììy injections of 6 x 105 - 3 x 106 reference units HLI for perìods

from 5 to 9 weeks. 5 of these patìents had measurable DNAP activity
and all showed a fall during treatment. These 5 patients also showed

a fall in Dane part'icìe numbers. HBeAg d'isappeared in 2 of the 3

patients in whom'it was present. However, none of these jndivìduals

deveìoped a permanent change in Dane part'icìe markers or HBsAg. In

fact, these indices reverted to pretreatment levels in some patients
while still on interferon.

At an NIH meetìng on clinical trials with interferon (April, 1978)

Robinson showed the results of the Stanford group (see Dunnick & Galas-

so,1979).They had treated 7 patìents, including the 2 already reported

(Greenberg et aL. L976) w'ith dajly ìnjections of 4.2 x 105 - I.2 x I07

reference units HLI, for at least 1 month. In 2 patients all hepatìtìs
B virus markers including HBsAg completely d'isappeared. In anotherDNAP

and HBeAg became undetectable, while HBsAg remained present. In the

other 4 patìents partial reductions in circulating Dane partìcìe mar-

kers were seen, but these changes reverted when the interferon injec-
tions were stopped.
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Desmyter reported at the same meeting that 3 pat'ients were treated

with 3 x 106 reference units HFI daily for 1 week: I patìent wìth

1 x 107 reference units HFI daììy for 1 week and 1 patìent with daì1y

injections of variable doses (1 x 105 - 1 x 106 units) HFI during 1

month. No consistent changes in viral indices were found (see Dunnick

& Gal asso , 7979).

F'inaìly there was a report on 1 patìent jn whom DNAP, HBcAg and HBeAg

dìsappeared during a 3-month course wìth daììy ínjections of 1 x 106

reference units l-lFI (Dolen et aL- 1979); HBsAg remained detectable.

In summary, data were available of 29 patìents with chronic HBsAg

pos'itive hepatit.is who had received interferon preparatìons. Onìy 1 of
the 13 patìents gìven HFI showed a permanent change of virus markers.

A transient decrease in DNAP actìvity was the most consistent finding
'in the 19 pat'ients treated with HLI. In 4 of them DNAP remained nega-

tive after treatment and 2 patìents became in addition HBsAg negatìve.

No control patìents were involved in the studies by others. 1 of our

control patíents became DNAP negative. Dosage schedules varìed consi-

derably within and between the different studies. Exact data on dose

and duration of administration were not aìways obtajnable. Neverthe-

less, we knew that 14 doses of 3 x 106 reference units HLI were not

suffìcìent to affect DNAP activity definitely'in aìì patients and we

had the impress'ion that interferon should be administered for at least
1 month.

l¡le decided to perform a study in which we injected hìgh doses HLI for
a perìod longer than 1 month. l^le chose to start with 12 x 106 reference

units da'iìy for 1 week and halved this dose every week unt'il disconti-
nuat'ion after week 6. This dosage schedule was of course a long shot

into the dark, but we were not aware of chronic HBsAg positìve hepatit'is
patients who had been treated with hìgher dosages interferon for a

ìonger time.

Moreover, we had to be careful in view of the decrease ìn ìeucocyte

counts that could be induced even with daily doses of 3 x 106 reference

uni ts HLI.
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DOUBLE-BLIND STUDY OF HLI ADMINISTRATION IN CHRONIC HBSAg POSITIVE

HEPATITIS

Introducti on

trn recent years human ìnterferon pneparat'ions have been reported to

affect indjces of hepatitis B virus infections. In chronic HBsAg posi-

t'ive hepatit'is, interferon was found to reduce HBcAg associated DNAP

activity and HBeAg (Greenberg eú aL. 1976; Scullard et aL., see Dunnjck

& Galasso, 1979; this chapter), HBcAg t'itre (Greenberg eÚ aL- 1976),

antì-HBcAg t'itre (Kìngham el aL- I97B), Dane partìcìe number (Scullard

et aL., see Dunnìck & Galasso, 1979) and percentage of HBcAg-contain'ing

liver cell nuclei (Desmyter et aL. 1976). In 2 patìents all'ind'ices of

hepatìtis B virus infect'ion, including HBsAg disappeared during inter-
feron treatment (Greenberg et aL. 1979). However, none of these studies

was properly controìled and the number of patients was small. Because

indices of hepat.itjs B virus infection fluctuate, the onìy way to es-

tablish the value of interferon administration in chronic HBsAg posi-

ti ve hepat'i ti s i s a áoubl e-bl'ind study. I'Je report here the resul ts of

such a study, in which ìnterferon was iniected in higher dosages than

previous'ly reported (Greenberg et aL. 1976; Desmyter et aL. 1976;

K.ingham et aL. 1978; Scullard et aL., see Dunnick & Galasso, 1979; thìs

chapter).

Pati ents Þlateri al and llethods

16 patients (1 woman, 15 men) were studied who fulfjlled the following

criteria: HBsAg pos'itìve for at least 12 months' posìtìve for HBeAgand

HBc specific DNAP activity, abnormal levels of AST, but normal crt feto-

protein, cr, antì-tryps'in, caerulopìasmin and ferritin, and a bìopsy

showing chronic active hepatitis with posìtive HBcAg ìmmunofluorescence.

Patients were randomized to recejve either HLI or pìacebo (human albu-

m'in ) .

3 patients were on immunosuppressive therapy (prednìsone and/or aza-

thioprine). The reg'imens were followed from 3 months before to 3 months

after interferon administratìon.
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HLI was prepared as described elsewhere (Canteìl et oL. 1974). It
had an activity of 106'4 reference units/mg proteìn.0n an outpatient
basìs patients recei ved 12 x 106 reference units i.m. during I week.

Thereafter, the dose was halved every week until discontinuation after
week 6,'in an attempt to find an optimum dose for long-term therapy.
0n day 2 all 16 patients were vaccinated with an inactivated non-human

influenza vìrus (HeqlNeq1) to allow the effect of exogenous interferon
administration on a pnimary humoral immune response to be studied.
None of the pat'ients had detectable antibodies against thìs virus.
Promethazine, 25 mg 3 t'imes a day, was gìven to patìents with fever.

HBsAg titre was determined in a reverse passive haemaggìutination
test (Ausceìì, Abbott Laboratories). Antì-HBcAg was assayed with RIA

(Corab, Abbott Laboratories) in serial dilutions of serum according to
the manufacturer's directions. HBeAg was determined by the enzyme-

linked immunosorbent assay (ELISA) technÍque (Organon, 0ss, The Nether-
lands) as described before (Van der Waartet aL. I97B). DNAP act'ivìty
was determined as incorporation of 3HlatllP) into an acid-inso'luble
product as described before (Howard, I97B). Activity in negative con-
trol sera was 220 + 50 cpm (mean + SD). The specificity of the reacticn
was confirmed by neutralization as described before (thìs chapter).
HBcAg was tested by immunofluorescence technique on liver tissue from
a biopsy spec'imen taken on the day after the last injectjon. Leucocyte
and thrombocyte numbers and AST levels were determined with routjne
methods. For statistical analysìs the Mann t'lh'itney U test was used.

Resul ts

After randomi zati on no stati sti cal 1y si gni fi cant di fference was

found between interferon and pìacego groups for age, estimated duratìon
of illness, HBsAg titre, HBeAg tìtre, DNAP act'ivity, AST levels, leu-
cocyte or thrombocyte counts (Tabìe 23).

2 patients in the interferon group were on irmunosuppressive therapy
(1 patient 20 mg prednisone daiìy, the other 50 mg azathioprine daiìy).
1 patient in the pìacebo group rece.ived l0 mg prednisone and 50 mg

azathioprine daiìy. The on'ly femaìe pat'ient in the study was jn the
interferon group.
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Fig. XIV shows the DNAP activìty in a'11 patients. In the interferon-
treated group DNAP actjvity fell in 6 of 8 patìents in the first week.

The main drop in DNAP activìty (medìan 65%, range 53-75%) occurred in
these pat'ients after the first 2 iniections of 12 x 106 reference

units (F'ig. XV). Despìte continuation of daìly 'inject'ions of this dose,

no further fall was observed after day 4. In the placebo-treated pa-

tients DNAP activity fell between day 2 and day 4 (mean 32%, range 10-

60%) and returned to initial values on day 7.

Fí9. XV.
uníts of

3 1 5 ó 7ùyt

LeueLs during ad¡ninistt'att'on of 12 æ 106 refet'ence

In 2 patìents HBeAg tìtre paralleled the ìnitial drop'in DNAP acti-
vity. In the other 6 pat'ients HBeAg titre was not influenced by'inter-
feron administration. There was no effect on HBsAg titre or antí-HBcAg

titre. Lìver b'iopsy spec'imens taken on the day after the last iniec-
tions showed positive HBcAg immunofluorescence in 30-70% (med'ian 50%)

DNAP
HLI.
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oflivercellnuclei.inpat.ientsoftheinterferongroupandin35-85%
(med'ian 55%) ìn control patients' No statistically sìgnificant diffe-

rencewasobservedinAsTlevejsbetweentreatedandcontrolpatients
(Tab1e 24).

The vaccjnation procedure induced fever (38-3So C¡ in all 16 pat'ients.

NointerferonWasdetectedintheseraf,romthecontrolpatientsafter
vacc.inat.ion. All patíents responded with a rise in antibody tìtre to

HeqlNeql virus. No difference was found ìn ant'ibody levels between the

2 groups after weeks I, 2, 3 and 4.

Late effects

Dur.ing the 3-month foììow-up period all DNAP levels returned to initial

values. In 1 patient of the p'lacebo group, DNAP activity became unde-

tectable 3 weeks after the last ìniection. Th'is was associated with a

rise in anti-HBsAg and AST and a drop'in HBeAg tìtre'

Síde effects

Chills and/or fever (38-400 C) were noted in all 8 ìnterferon-treated

pat.i ents after the first'i niection only. linterferon patìent hadi n-

creas.ing haìr loss. A significant drop'in ìeucocytes was seen during

thefirst3weeksofinterferontreatment.6outofSpatientsinthe
interferon group deveìoped ìeucopenia (< Z'S x tO9/l) durìng the second

week. Thrombocytes were significantly lower than inìtial values after

thefirsttreatmentweek(Tabìe24).Innoneofthepatientsthrombo-
cytes dropped to values below 100 x tO9/l'

Dì scussi on

Severalstudieshaveshownaneffectofinterferonadministrationon
ìndicesofhepatitisBvirusinfectioninCAH.Themostconsist.ing
fìndinghasbeenareductioninDNAPactivìty,wh.ichcouldbeinduced
by inject.ions of between 4 x 105 and 3 x 106 reference units of HLI

(Dunnick & Galasso, 1979).

Alsointhisstudy,wefoundadropinDNAPact.iv.ityafterthefirst
injections of interferon. Thereafter, no further fall was observed'

despite continuation of da.ily iniections of 12 x 106 reference units
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during the first week. The results of interferon administration in the
2 patients on immunosuppressive therapy (1 woman, 1 man) were the same

as in the other patients. In this random'ized study we could notconfirm
effects of interferon on other indices of hepatìtis B virus infection
that have been reported before, such as HBsAg t'itre (Greenberg et aL.
1976), HBeAg (Greenberg et aL. 1976; Scuì1ard et aL., see Dunnick &

Galasso, 1979; this chapter) and anti-HBcAg titre (Kinghan et aL.I97B).
Interferon administration had no effect on the number of liver cell
nuclei posit'ive for HBcAg. AST was not affected. Interferon had no ef-
fect on the prìmary irmune response to an inactivated non-human influ-
enza virus (HeqlNeq1).

In an earlier report on interferon administration in HBsAg positive
chronic hepatitis we described a control patient who became DNAp-nega-

tive during the study. In the present study, too, DNAp act.ivity became

undetectable in 1 patient after pìacebo treatment. This makes uncon-
trolled observations of the effìcacy of interferon in indiv'iduaì pa-
tients with HBsAg positive chronic hepatitis difficult to interpret.

The effects of interferon are compìex and poorìy understood (Gresser,
L977; Friednan, 1977; this thesis). It can inhibit viral muìtiplica-
tion in uíuo both directly and through the host. The drop in DNAp acti-
vity ìn the beginningofinterferon administration could be mediated by

the host, e.g. by the raised body temperature on the synthes.is of com-
pìete Dane particìes. The vaccination-induced fever was also associated
with a fall in DNAP activity in our control patients. No further fall
in DNAP was noted after the temperature had returned to normal at the
end of the first week of interferon treatment.

!,le used hìgher dosages of interferon than reported before (see

Dunnick & Galasso, 1979). This resulted in ìeucopenia in 6 of, the g

patients during the first 2 weeks. Therefore, continuation of daily
injections of high doses of interferon or increasing the dose mjghtnot
be possibìe.

In conclusion, the only effect of interferon administration in chro-
nic HBsAg positive hepatitis was a transient reduction'in DNAp activi-
ty, without apparent clinical s'ignificance. 0n the basis of these
findings, ìong-term treatment of this disease with HLI alone does not
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look promis'ing. However, the other dosage schedules might perhaps be

effective e.g., intermittent interferon administration, a gradual in-
crease of the dose, or a combination with other therap'ies.

Concl usi on

In thjs chapter we have reviewed the available literature on interferon

administration ìn chronìc HBsAg associated hepatìtis. l,le have shown our

attempts to eradicate the hepatitis B vjrus with different dosages HFI

and HLI.

In our op'in'ion, curìng patìents with chronic HBsAg positìve hepatit'is

with'i nterferon alone is not poss'i b1e.
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DOUBLE-BLIND STUDY OF INTERFERON ADMINISTRATION ]N

RENAL TRANSPLANT RECIPIENTS

The purpose of th'is study was to evaluate the prophyìactic activ'ity of

interferon 'in a patient group hìghly susceptible to vjral infections'

Thjs study was achieved by cooperation of the Departrnents of Internal

Medicine, Virology, and Surgery, Erasmus Un'iversity Rotterdam¡ and the

Rega Inst'itute, University of Leuven, Leuven, Belgium.

This chapter is based on:

'Double-bl'ind study of interferon administrat'ion in renal transplant

rec.i pÌents' by w.l¡leìmar, H.Schel lekens, L. D. F. Lameiier,, N.Masurel,

v.G.Edy, A.Billiau & P. De Somer, pubììshed in European Jowmal af

CLiníeaL InuesØ)gation B, 1978, 255-258-
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Introducti on

In animal models interferon exerts its clearest effect when g'iven to
prevent viral infectìons (Finter, 1973). For this reason human inter-
feron might be expected to be useful when acute viral infections are
'lìkely to occur. This is the case after renal al'lograft transplanta-
t'i on.

Table 25 shows the vjral infections diagnosed in renal transpìant
recipients in Rotterdam from June 1973 until Juìy 1975. In this period

48 patìents received a renal allograft and 43 of them were followed
for at least 3 months. Neither attempts to isolate viruses nor serolo-
gical tests were performed on a regular basis. In 34 patìents ade-

quateìy screened for viral infections, 59 posìtive d'iagnoses were made

in 32 patients.

Table 25. Nwnbez, of uiral ínfections ín renal transpLønt z,eeipients
in Rottez,da¡n, June 1973 to JuLy 1975.

< 3 months > 3 months Total
after transpìantatìon after transpiantation

HSV

CMV

EBV

Rubel I a

Parai nfl uenza

Infl uenza A

Infl uenza B

RSV

Adenovi rus

T7

15

1

4

2

1

2T

I7

2

4033

2

0

1

0

2

1

J

4

2

1

2

1

5

4

3

1

4

2

2913

Total 39 20 59
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TabLe 26. ViraL infeetions in renaL aLloqv,aft reeipients

Herpetovì ri daex

Re fe ren ce No.of pat'ients CMV HSV UZU EBV

Craighead et aL. (1967) 4I
Simmons et a7,. (1974) L32

Balfour et aL. (1977) 28

Pass et aL. (1978) 40

Fiala et aL. (1975) 35

Koranda et aL. (1974) 200

Armstrong et aL. (1976) 23

Andersen & Spencer (1969) 36

Rytel & Balay (1976) 41

Strauch et aL. (1974) 2I

Pien et aL. (1973) 17

Betts et aL. (i975) 54

73

74265
64 s4 18

92 70

9635240
35 13

43 38 32

91

90

56

59 53 35

63

Papovavi ri daex

Re fe ren ce No. of patì ents BK Papì 1 
'loma (larts)

Coleman et aL. (1973) 74

Koranda et aL. (1974) 200

Shah et aL. (1974) 17

Lecatsas et aL. (1973) 17

* 
numbers denote % of pat'ients

Table 26 shows the incidence of viral infections in renaì transpìant

rec'ipients in different centres. Most of these infections occurred in

the first 3 months after transplantation and were caused by members of

2 groups of DNA vìruses: Herpetovìridae : herpes sìmplex (HSV), cyto-
megalo virus (CMV), varjcella zoster virus (VZV) ¿¡¿ Epste'in-Barr virus
(EBV) ; and Papovavi ri dae: BK vi rus, pap'i 1 ì oma (warts ) v'i rus.

Apart from produc'ing clinical viral disease, viral infections can

modulate the immune system. Further inrnunosuppression can pred'ispose

to superìnfections (Rub'in et aL. L977), while jmmunostimulation may

43

38

18
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lead to graft reject'ion (S'immons et aL.1974). Moreover, vìruses may

be involved in oncogenesis, lead'ing to the high incidence of malìgnant

tumours'in renal a1ìograft recipìents (Matas et aL.1975; Penn, 1975).

In th'is chapter we describe our attempt to control viral infectìons

in renal allograft recip'ients with HFI. We iniected a dose of HFI com-

parabìe to the amount of HLI claimed to be effectìve ìn reducing v'iral

infections (Strander et aL. 1976).

Patients, Material and Methods

Inter f er on pr epar ati ons

Interferon preparations were produced 'in human embryo fibroblasts by

the method described by Billiau et aL. (1973), modifìed by Edy (Edy et

aL. 1976; Edy, 1977). The interferon was t'itrated by inhibitìon of\/sv

replication in human dìp1oid cells using a dye uptake method, and was

calibrated against the Medical Research Council 69/19 standard of HLI.

The approximate actjvity, before addition of human serum albumin as a

stabi I i zer, v,,as 104' 7 uni ts/mg of protei n. Pl acebo preparat'i ons v,/ere

dilutions of human plasma prote'in fractjon (Beìg'ian Red Cross)' con-

centrated and fractionated with the same techniques as the crude inter-

feron preparations.

Patíents

The study group cons'isted of 18 pat'ients who recejved their renal

transplants in the Univers'ity Hosp'ital Rotterdam-Diikzigt from February

I976 to Aprìl 1977. All non-diabetic, HBsAg-negatìve pat'ients between

18 and 45 years of age were included. The ìmmunosuppressjve regìmen

consisted of prednisone (35 mg dai'ly) and azathioprine (1-2 mg/kg

daììy). Durìng acute rejectìon epjsodes the dose of prednìsone was

i ncreased.

The study was set up ìn a double-blind, placebo-controlled fashion,

in consecutive pairs to avoid seasonal influences, and to assist in

ear'ly detection of poss.ible sjde-effects of interferon therapy. Ineach

paìr the patients received either placebo or interferon (3 x fO6 U¡

i.m. twice weekìy for 3 months, starting I-2 h before transp'lantation.
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Blood samples for haematology were taken

after transplantation and twice weekìy for
Blood samples for vjrus serology and liver
taken weekly during the first 3 months and

foììow-up perìod.

daiìy durìng the first month

the follow'ing 2 months.

function parameters were

twice monthly .in a 3-month

ViraL diagnosis

Antibodies to inf1uenza virus A and B, adenovirus, respiratory syncy-

tial virus (RSV), measles virus, CMV (AD-169 strain), HSV, VZV, para-

influenza viruses I, II and III, poìio viruses I, II and III, Mycopl<tsma

pneumoníae and ChLønydía psitacei were determined by the compìement

fixation (CF) test by a mìcrotitre technique according to Lennette

(1969). Antibodies to rubella virus were measured by the haemaggìutina-

tion inhibition (HI) test, heterophile antìbodies by the method ofPaul-
Bunnell , and HBsAg and anti-HBsAg by radio'immunoassay. Serial specimens

from each patient were tested simultaneously. A fourfold or greater ìn-
crease in antibody titre within 2 weeks was considered to be serologìca1

evidence of infection. As prevention of clinical illness was our main

interest, viral isolations were performed onìy ìf a viral infection was

suspected on cl i nì caì grounds.

Resul ts

Iable 27 shows the incidence of viral infections in both the interferon
and placebo groups. S'ignìficant rises of CF antibody titres for CMVwere

seen in 9 of the 18 patients studied (50%).5 were ìn the interferon
groupr 4 in the control group.5 of these 9 patìents were init'iaìly CF

seronegatìve for CMV. In 2 patients of the ìnterferon group and 1 ofthe
control group th'is seroconversion was related to an ep'isode of fever
(t 38o C, for more than 2 days) and thrombocytopen'ia (< 100 x to97t1. tn
one patìent of the interferon group this episode was accompanied by he-

pat'it'is, mononucleosis, ìeucopeni a (< 2.S x tO9/l), and CMV shedd'ing in
the urine, and was considered lìfe-threatening.

5 patients (31%) showed serological evidence of HSV ìnfection. 2 of
them were orìgìnaìly CF seronegative. 4 were in the placebo group and 1
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in the interferon group. An extensive and paìnfu'l eruption'invoìving
the facial skin and/or oral mucosa was seen in 3 pat'ients of the pla-

cebo group. The patient in the interferon group showed only a m'inor

herpes labialis. Virus isolations were posit'ive in all 4 cases of her-

pes eruptions.
3 patients with posit'ive antibody tìtres for rubella before trans-

pìantat'ion showed sìgnificant HI titre rises. 2 of them were in the

interferongroup, 1 in the pìacebo group. In 1 patìent of the interferon
group thìs seroconversion was accompanied by a menìngo-encephalitis

that was considered on clinical grounds to be of viral origin.
1 clinical case of influenza-like illness was seen in the interferon

group. It was associated with seroconversion to influenza v'irus. In

another interferon-treated patient we found serological evidence of
rubella virus, RSV, CMV and VZV infections. These seroconversions were

not related in time and no clinical vìral infections were evident. No

s'ignificant changes in CF ant'ibody titres were noted in any pat'ientfor

the other viruses that were tested for. All viral infect'ions occurred

in the 3 months after transplantation. No viral infections were diag-

nosed in a 3-month fol low-up period.

In summary, a total of 5 clinical viral infections were observed in

5 patients of the interferon group. In the pìacebo group 4 pat'ients

with clinjcal viral infections were seen. 0n serologicaì grounds 6 sub-

clinical infections occurred in the interferon group and 5 ìn the pìa-

cebo group. No difference was found jn the number of patìents for whom

only seroìogicaì evidence was found for viral infection (2 in each

group).

Table 28 shows the number of episodes (> 2 days) of ìeucopenia'

thrombocytopenia, elevated transaminases aS well as acute reiection for
both the interferon and pìacebo group. Patients in the'interferon group

had slightly fewer episodes of leucopenia, thrombocytopenia, and acute

rejection. No difference was found in the number of episodes in which

serum transaminase levels were raised. Pain at the ìnjection site was

not reported. In 2 pat'ients febrile reactions were noticed after intra-
muscular administration of interferon, wìth temperature rises up to

380 C.
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Iable 28. EaenatoLogg, Liuer functíon parØneters, and acute re-
jectíon episodes

I nterferon
group

Pl acebo
group

Leucopen'i ut 1. 2. s x to9/l )

Thrombocytopeniaf (< too x to9/l)
Raised ASTt (> 35 rull)
Raised RLtlrl> 35 IUll )

Acute rejectìon

2

3

4

6

13

J

5

4

6

16

numbers denote episodes of > 2 days
ALT = alanine aminotransferãse

Di scussì on

Systemic administration of HLI has been used in clìnìcal trials forthe
therapy of herpes zoster (Strander et aL.1973; Emöd'i et aL. 1975;

Merigan et aL.1978), serious CMV infections (Arvin et aL.1976; Emödi

et aL. L976;0' Rei'lly et aL.1976) and HBsAg-positive chronic hepat'it'is
(Greenberg et aL.1976; Desmyter et aL. 1976; this thesis, chapter 5).
0nìy in herpes zoster suggest'ive evidence for successful treatment has

been reported. In animal studies interferon appeared to be effective
when given prophyìacticalìy or earìy in the course of viral infection.
Evidence for the prophyìactic value of systemic HLI administration in
man was suggested by Strander et aL. (1976) and Ahström et aL. (1974),
who reported a significant lower jncidence of symptoms of conunon vjral
infect'ions 'in patients given ìnterferon in the treatment of osteosar-
coma and leukaemia.

In the present study we have evaluated the prophyìactic effectiveness
of HFI in a double-blind trjal in renal transplant recipìents. HFI

injections were tolerated welì by our pat'ients. No evidence was found
for an adverse effect on bone marrow, liver or renal transp'lant. Our

results indicate that HFI gìven twice weekìy i.m. in a dose of 3 x106U

is not capabìe of reducing the number of clinical and subclinical viral

'l
fI
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infectìons ìn renal aììograft recipients. Severe herpes simpìex infec-

tjons occurred only in the pìacebo group, but the difference from the

interferon group was not statistically significant. Clinicaì symptoms

of Cl4V and rubella virus infections were more severe in individual

patients in the 'interferon group.

Several possibilities arise to explain the apparent lack of effectof
interferon in our trial. It could be due to the ìmmunodepressed state

of our patients, although it has been reported that interferon m'ightbe

effective under these circumstances (Neumann-Haefelin et aL. I976).

Alternatively, the dosage of interferon we used could have been in-
sufficient, although Strander et aL. (1916) suggested that a comparabìe

dosage of HLI can protect aga'inst viral infections.

Fjnally, HFI could be less actjve than HLI. Recentìy it has been

shown that these two interferon preparations are equaììy effective jn

the treatment of herpetic keratitìs (Neumann-Haefeltn et aL. 1977).

However, noth'ing is known about the comparative efficacy of systemic

administration of these interferons. In conclusjon, it would seem that

the possible sl'ight.benefits that may accrue from administration of

thìs dosage of HFI in renal transplant recipients are outweighed by

the technical and economic problems of jnterferon productìon forlarger
trjals. It remains to be demonstrated whether other types of interferon

may be more effective in th'is group of patìents.
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THE EFFECT OF HUMAN INTERFERON ON VACCINTA VIRUS INDUCED SKIN

LESIONS IN RHESUS MONKEYS

The purpose of this study was to find an opt'imum dosage schedule fof
systemìc admìnistration of human interferon by use of a monkey model'

This study vas achieved by cOoperation of the Departnrents of Virology

and Internal Med'icine, Erasmus University Rotterdam, the Virology

Section of the Primate Centré TNQ, Riiswiik, the Rega Institute, Uni-

vers'ity of Leuven, Leuven, Be]gium, and the Central Publìc Health

Laboratory, Helsinkj, Finland.

Th'is chapter is based on:

'Antiviral effects of interferon i.n xíuo may be mediated by the host'

by H.Schellekens, W.l,Jeimar, K.Cantell & L.Stitz, publìshed in Nature

278, 1979, 742;

'Prevention Of vaccinia lesìons in rhesus monkeys by human leucocyte

and fibroblast jnterferon' by tl|.l,,leimar, L.Stitz' A.Bi Iliau, K.[antell

& H.schellekens, to be pubìished jn Jatunq,L af General vítoLogg, 1980.
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General Introduction

Interferon is being evaìuated clinicalìy ìn a number of instjtutes and

in a wide variety of diseases. Dosage schedules vary along wìth the
institutes and the diseases and seem more related to the amount of
interferon the clinic'ians can get hold of than to sound experimental
data. To provide these experimental data we studjed the effect of
human interferons in rhesus monkeys on the deveìopment of skin lesjons
after intradermal infections with vaccinia virus. If human ìnterferon
could influence the development of these lesions jt would mean a non-

mutilating, easy-to-score, prìmate model to study problems like dose-

response relations, timing of ìnterferon administration, relation of
ín oíty,o and ín uiuo activities, toxìcity, etc.

The intradermal vacc'inia infection has a ìongstanding reputation in
interferon research. The first in uiua experiments both in animals and

in man studied the effect of LocaL interferon administration on the
subsequent take of intradermal vaccinia infections. They showed that
exogenous jnterferon had an antiviral effect in uiuo.

In the fìrst part of this chapter we descr.ibe the effect of systemíe

i nterferon admi ni strati on on vaccì ni a i nfecti on. It concerns the dose-

response effect of HLI, the relatjve effjcacy of HLI and HFI and the
ìnfluence of route of adm'inistration.

In the second part the in uitro activity of HLI against vaccinia
virus is compared with the in uiuo effect.
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PREVENTION OF VACCINIA LESIONS IN RHESUS MONKEYS BY HLI AND HFI

I ntroduct'i on

In recent years evìdence has been accumulatìng for the effectiveness of

system'ic interferon administratjon in the treatment of both viral and

neoplastic diseases in man (Dunn'ick & Galasso ' 1979). Treatment sche-

dules in different studjes vary considerabìy: cìearìy the optimum dose

and frequency and route of admjnistration are not known. High doses of

interferon are found to be necessary to influence the course of an es-

tablished viral infection (Merigan et aL. 1978). Less interferon may

be needed for prevention of viral disease. However, results of studies

on the prophylactic efficacy are conflictìng (Strander et aL. 1976;

Cheeseman et aL. 1979; thjs thesis, chapter 6).

The interferon preparations used so far for clinical studies have

been derived fromtwosources: human'leucocytes induced with Sendai

virus (HLI) and human diploid fibroblasts induced with double-stranded

RNA (HFI). L.ittle is known of the comparative efficacy of these prepa-

reatìons. I'Jhen appljed topically, no difference was found in the effect

on herpes keratit'is (Sundmacher et aL. 1978). Used system'ically ìn

HBsAg-posìtive chronic hepatitis, dìfferential effects of these inter-
ferons were reported (Th'is thesis, chapter 5).

In an attempt to determine an optimum treatment reg'imen and to

clarify possibìe differences in the effìcacy of these ìnterferon pre-

parations, we have performed dose-response studies with HLI and com-

pared the actìvity of HLI and HFI ìn rhesus monkeys inoculated intra-

dermalìy with vaccinia virus. It has been reported that reìatìvely

crude interferon preparat'ions can suppress vaccinia lesions'in monkeys'

whether injected intradermally or intravenously (Andrews, 1961; Pinto

et aL. 1970).

Material and Methods

Virus

The source, propagat'ion, and titration of vaccinia virus (RIV stra'in)

have been descnibed elsewhere (Hekker et aL. 1973).
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Aninals

Rhesus monkeys (Macaca rm.LLatta) bred at the Primate Centre TNO (Rijswijk,
The Netherlands) and we'ighìng 1.5 to 3 kg were employed. 0n'ly anìmals
ìacking antibodies to vaccinia virus, as tested by a serum neutralisa-
tion test, were used.

fnterferons

HLI was prepared as described before (canteìi et aL. 1974) and had an

activity of 106'2 units/mg proteìn. HFI, prepared and partialìy puri-
fied as described elsewhere (Billiau et aL. 1979), had an activ'ity of
106'0 units/mg protein.

fnterfez,on tittatíon

Interferon activìty was measured with a dye uptake method, empìoying
dìpìoìd skin fjbroblasts and vSV as a challenge virus (Fìnter,1969);
units refer to the standard of HFI (G-023-9oz-527) provided by the
National Institutes of Heatth (Bethesda, Ji1d., usA). Interferon actìvity
was also determined by a cytopathìc effect inhibìtory assayr empìoying
RSb cells and vSV as a chalìenge virus; units refer to the standard of
HLI (Medical Research Council 69/19).

Erperimental design

Animals were kept in quarantìne fron z weeks before the start unt.il 2

weeks after the experiments. Interferon was injected daiìy, start.ingon
the day before vaccination until 7 days after vaccination. Each monkey

was inoculated on the chest by intradermal injection of 0.05 ml aì.iquots
of live vaccinia virus at different concentratìons (107,106 and 105
TCID56/ml-t), ,u- inactivated and heat-inactivated virus (107 TCID56/
ml-1 before inactivation) and saline.

Each virus dilution and all controls were injected at 3 sites. Ani-
mals were kept under generaì anaesthes'ia during vaccination. Themonkeys
were examined daiìy and the skin lesions were scored by 2 independent
observers on an arbitrary scaìe from 0 to 4, based on appearance and
severity of papuìes and pustuìes. Each day one third of the animals in
turn were anaesthesjzed to alìow photographic record.ing of the lesions
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as well as blood samplìng for various tests. Blood samples were taken

3 to 4 hours after the first interferon ìnjectìon.

Resul ts

In the first experiment groups of 3 monkeys received ì.m. ìnjectìons
of either saljne or 5 x 105 units/kg HFI or HLI. Typical vaccinia skin
lesions deveìoped in all untreated monkeys: pustules appeared between

day 4 and day 7 after infections. All virus dilutìons jnduced these

lesions, whiìe no lesions were produced by inactivated virus or saline.
All 3 monkeys treated with HLI and 1 monkey treated with HFI were conF

pìeteìy protected against vaccjnìa virus. In the 2 other animals jn-
jected with HFI, the pustules were smaller than in the control animals.

In the protected monkeys, no vaccinia lesions deve'loped after discon-
tinuation of interferon treatment during the observation period of 42

days.

In the second experiment 3 groups of 3 animals were given d'ifferent
dose schedules of HLI i.m. (5 x 105,7.25 x 105 and 0.5 x 105 un'its/kg,
respectìveìy); a control group rece'ived i.m. jniectjons of saline. All
control animals developed vaccìnìa lesions. The highest dose of HLI

protected 2 monkeys completely; the other two dosage reg'imens inhìbited
formatìon of pustules in 1 monkey of each group. Lesjon s'ize appeared

to be influenced by the dosage of interferon. Fig. XVI shows the inhi-
bition of lesion scores in monkeys treated with different doses ofHLL

In the third experiment 2 groups of 3 monkeys received HLI (5 x 105

units/kg) i.m. or intravenously (i.v.); Z other groups received HFI
E

(5 x 10" un'its/kg) ì.m. or i.v.; again a control group rece'i ved i.m.
'inject'ions of saline. The 3 control monkeys deveìoped pustules. Alì
animals treated with HLI, whether by'i.m. or i.v. route, wereprotected.

All monkeys treated with HFI i.m. were equally weì1 protected. I.v.
g'iven HFI depressed lesion size ìn 2 monkeys, while 1 monkey was com-

pleteìy protected.Fjg. XVII shows the inhibition of skin lesions in
monkeys treated with HFI gìven by different routes.

Serum interferon levels 3 h after i.m. injections are shown ìn Table

29. Sìmìlar levels were found after injections of HLI, whether the sera

were assayed on dip'lo'id skin fibroblasts aga'inst the HFI standard or on
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TabLe 29. LeueLs of sez,um interferon and uaccinia Lesion score in
rhesus monkeys tz,eqted uith hu¡nan intez,ferons

Type Serum interferonf
( un ì ts/m'l )

Dose
( uni tsl kg )

Mean lesion score
on day 6

HLI

HFI

Control

5 x105
1.25 x 105

0.5 x 105

5 x1o5

250

120

80

140

<25

0.7

2.2

3.0

1.3

4.0

t Blood samples taken 3 h after i.m. injection; average values of
3 animals; ìnterferon activìty assayed on djpìo'id fìbroblasts
aga'i nst HFI standard

a continuous cell line (RSb celìs) against the HLI standard. Afteri.m.
'i n jecti ons of HFI , i nterferon acti vi ty 'i n the sera was detected on'ly

when the assay on d'iploìd fibroblasts was used. Table 29 shows that
ìnjections of 5 x 105 units/kg of HFI resulted in serum leveìs compa-

rable with those after HLI gìven in a dose of I.25 x 105 units/kg.
Furthermore, these doses were about equally effective 'in reducing ìe-
si on scores .

Di scussi on

The present study shows that i.m. administration of either HLI or HFI

can protect rhesus monkeys agaìnst vaccinia virus induced skin lesions.
}'lith HLI, the development of lesions was suppressed with all 3 dose

regimens used: 5 x 105, L.25 x 105 and 0.5 x 105 units/kg. However,

on'ly the highest dose was capable of completely suppressing lesions.
From this it would appear that the comesponding dose for man would
be approximately 30 x 106 units daìly.

From the studies described in the second part of this chapter it
would seem that the direct antiviral effect of interferon on cellsdoes
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not play the main role in the in uíuo protectìon of monkeys against
vaccjnia virus. rn u'íl;r,o, the monkey ceìì/vacc'in'i a virus system is
virtually'insensit'ive to both HFI and HLI. Therefore, ìt can be pro-
posed that the effect aga'inst vaccìnia virus in monkeys results from

the activation of host defence mechanisms other than 'interferon, such

as NK-cells or macrophages. It may well be that lower doses would be

sufficient to provìde tn uiuo protectìon in those host/virus systems

where the direct effect of interferon on viral repìicat'ion does pìayan

ìmportant role in limitjng initiatìon or progression of disease. In

patjents with mal'ignancies treated with 3 x 106 units of HLI 3 times a

week, the incidence of symptoms of viral infections was reported to be

reduced (Strander et aL. 1976). In general, hìgher dosages areprobably
needed'if therapy is started after appearance of symptoms of v.iral in-
fections. The dose of HLI necessary to suppress lesions completely in
our vaccjnia/monkey modeì roughìy corresponded with that necessary to
influence the course of varicella or herpes zoster in patìents (Arvin

et aL. 1978; Ilerigan et aL. I97B).

One can hypothesize that in a therapeutic, as opposed to prophylactic
situation, the direct effect of interferon on viraì repìication is of
less 'importance. Therapeutic effects may resuìt mainìy from activation
of other host-defence mechanisms which requìre higher doses of inter-
feron. The prevention of vaccinia virus induced skin lesions was not

dependent on the amount of virus inoculated. Lesions appeared at seve-

ral inoculation sites with different virus doses or not at alì; ìesion
sjzes correlated inverseìy with the dose of interferon. This is inl'ine
with our hypothes'is that interferon does not exert its action by inhi-
bìting virus replication, but rather by actìvating host-defence mecha-

nisms. Thìs hypothesis could explaìn why interferon js not fully effec-
tive in immunocompromised patients (Cheeseman et aL. 1979; this thesis,
chapter 6 ) .

HFI inhibited lesion development in much the same way as HLI. Quan-

titative comparisons between the effects of these 2 interferons must

take into account that they are 2 different molecules with different
host ranges and different dose response curves in uítro (Edy et aL.

1976). In the vaccinia/monkey model the effect of 5 x 105 units/kg of
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HFI was about the same as that of 1.25 x 105 units/kg of HLI. Thus, on

the basis of nominal units, HFI was about 4 times less effective than

HLI. One could explain this difference by the fact that i.m. iniected

HFI results in lower blood titres than HLI (Edy et aL.1978). Recent

evidence indicates that HFI is inactivated at the j.m. iniection site
(W.E.Stewart, persona'l communication). In our experìments, the groupof

HLI-treated and HFI-treated monkeys w'ith comparable protect'ion also had

comparabìe blood titres. Thus, our experiments indicate that qu'ite high

serum levels are a requirement for interferon to be active against

vaccinia virus in uiuo.

In order to circumvent the probìem of jnsufficient absorption ofHFI'

1 group of monkeys was gìven HFI by the intravenous route. These mon-

keys were aìso partia'lly protected, but less so than monkeys given the

same dose by the i.m. route. It is known that i.v. iniected interferon

is rapidìy cleared from the circulation. Therefore, while this proce-

dure ensures that all interferon reaches the blood stream, 'it aìso may

allow too little time for HFI to act'ivate host-medìated mechanisms.

The scientific committee (1970) reported that the insensitivìty of

vaccjnja virus to interferon ín uitto discouraged theìr plans tomodify

this infect'ion by systemic interferon administration. In our opinion'

this ìnsens'itiv.ity provides an interesting model to study the antiviral
mechanisms by which interferon acts in uiuo. Treatment regimens infer-
red from this model may also give some guìdelines for the treatment of

patìents with interferon. However, the limìtations of this model must

also be kept.in mind, and the crucial comparisons between HLI and HFI

will have to be done in clinical trials.
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ANTIVIRAL EFFECT OF INTERFERON IN VTVO MAY BE MEDIATED BY THE HOST

I ntroducti on

Interferon has antiviral effects both øn uiuo and ín uitro. vira] re-
plication is ìnhibited in interferon-treated ceils ín uítro because the
reproductive cycle of the virus is inhibited at the transcriptional or
translational levels, dependìng on the virus-cell system studied
(Friedman, L977). This djrect inhibition of viral replicat'ion has been

assumed to also be the mechanism by whìch ìnterferon exerts its anti-
viral effect ín uiuo. we report here results that indicate protection
by 'interferon against viral infection in oiuo wjthout inhibition ofthe
viral repìjcation of the same virus in uitro.

Material and Methods

To test the antiviral effect of HLI ín uíuo, 6 rhesus monkeys were in-
fected intradermally with vaccinia virus, strain of the RIV, descrjbed
before by Hekker et aL. (1973). They were vaccinated on day 0 wìth the
following preparations: 107 TCID5omì-1 vaccinja virus; i06 tclouoml-1
vaccinia virus; to5 tclo5gml-l vaccinia virus; to7 tcln5¡mt-1 vãccinia
virus, subjected to uv-inactivation and heat-inactivation; Nacl. For
each dilution,0.05 ml were injected at 3 sites. 3 monkeys were treated
daiìy with HLI from day -1 to day 7 at 5 x 105 units/xg-r i.m. The HLI

was prepared as described previousìy (cantell & Hirvonen, 1g7g). The
preparatìon used in these experìments hacl an actìv.ity of 2.1 x 106

units/mg protein.
RSb cells, described in chapter 2 of this thesis, or rhesus monkey

skìn fibroblasts, described 'in chapter 3, were pìated in microtitre
platesr lrowrì to confluency (4 x 104 cells/wel1) and treated withserial
dilutions of HLI containing i04 units/ml of rhesus monkey sera (before
and after iniectìon of 5 x 105 unìts/kg-1 HLt). After overnight incuba-
tion, the supernatant was removed and cells were infected with vsV or
vaccinia v'irus (muìtìpì'icity of ìnfection 0.25 TCID56/ceìl). The incu-
bation was terminated when untreated infected control cells showedmore
than 90% cPE. The cells were stained with crystal vjolet. Both viruses
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were always tested simultaneousìy in the same microtitre plate and an

interferon standard preparation was included. The activity of inter-
feron i s expressed as the rec'i procaì of the hi ghest di I uti on g'i v'i ng

50% protection. The titres are gìven as reference unìts (tested against

standard preparation 69/19 of the Medical Research Councìl).

Resul ts and Di scussi on

In control monkeys the lesions reached their maximum on day 7. Daìly
i.m. injectìons of 5 x 105 units HLI/kg body weight during 8 days com-

pìeteìy inhjbited the deveiopment of the typical vaccinia-induced skin
lesions (F'ig. XVIII). No skin les'ions were detected duning the obser-

vation period of 4 weeks following infectìons. However, we were unable

to correlate this distinct ín uiuo effect of HLI with a corresponding

inhibition of the CPE of the same v'irus on d'ip1o'id rhesus monkey skin
fibroblasts or on RSb cells. Up to 104 units of HLI failed to protect
the celìs against the CPE of vaccinia virus (RIV stra'in), although the

CPE of VSV was effectively ìnhibited (Tabìe 30 ).

Table 30. In vilro ínhibttion of the CPE of uaeciníauitus by HLf
qnd se?um fran treøted z.hesus monkeys

Preparati on RSb cel I s Ski n fi brobl asts from
rhesus monkeys

VSV Vaccinia VSV Vaccinia
vlrus V] TUS

HLI , 104 uni ts/ml -1 10,000 < I 10,000 < 1

Pre- se ruml

Pos t- se rumt

t B"fo..-und after 4 h after.injection of rhesus monkeys w'ith
n 5 x 105 uníts/kg HLI

* Mean tìtre of 3 monkeys
^ nd = not determined

. lof <10 ndx nd

35of <10 nd nd
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Surpris'ingly, vaccin'ia virus was resistant to interferon in our ín
uitto system, but the same results were obtained in uitv,o with the

vaccinia virus strain WR and with smaller chalìenge doses (10-3 TCID50;

this thesis, chapter 3). Also no anti-vaccinia activity could be de-

tected in the sera of the monkeys 4 h after the first injection with

HLL AT thjs time, the sera showed the maximum titre of antiviral acti-
vity when tested aga'inst VSV. Similar experiments performed with human

d'ipì o'i d ski n fi brobl asts and rhesus monkey k'idney cel I s showed i denti -
cal results. There was also no inhibition of the product'i on of infect-
ious vaccinia virus.

These findings indicate that interferon can be effective in uíuo

aga'inst a virus which is insensitive to its antiviral action in varìous

ceìì types. Likewise, it has been shown by others (Gresser et aL.1972)

that interferon can inhibìt in uiuo the growth of tumour cells which

are resistant to its growth inhibitory action 'Ln uitro. Interferon may

activate several defence systems of the host, for exampìe, the cyto-
toxicity of the NK cells and the macrophages (G'idlund et aL. l97B;

Gresser & Tovey, 1978). Perhaps stich 'aggress'ive' cells can seìectively
destroy virus-infected cells ín uipo.
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SUMMARY

This thesis describes our three-year wandering through the interferon

field from 1976 to 1979. It is introduced by a chapter (1) revìewìng

the present state of knowledge of the interferon system. The next three

chapters (2, 3 and 4) are concerned wìth production, antiv'ira1 act'ivìty

and cell growth inhibition of jnterferon in uit7o. Thereafter' we pre-

sent in chapters 5, 6 and 7 our in uiuo stud'tes on human interferon ad-

ministration in therapeut'ic and prophylact'ic settìngs.

In chapter 2 we describe the production of rat interferon of rela-

tìveìy high act'iv'ity (about 106 units/mg proteìn) in embryonic rat

cells treated with Newcastle dìsease virus at a high multiplic'ity of

infection. The cells were cultured in serum-free medium and the inter-
feron was prec'ip'itated and concentrated with 0.02 l4-zinc acetate or

with ammonium sulphate w'ii9h 85% saturat'ion. l¡lith both methods the

increase in interferon activity was greater than the concentration

factor. The rat interferon activjty was stable on treatment with 0.15

M-perchlorjc acid and after 3 cycles of freezing and thawing, but incu-

bat.ion at 37o C for t h resulted in a 50% loss in activity. It had no

cross activity in human or mouse cells- The sensit'ivity of different
types of rat cells for interferon d'iffered wìdeìy and was dependent on

the challenge v'irus. Human interferons had no detectable antiviral ac-

tìvity on rat cells and did not block the activity of rat interferon.

In chapter 3 the dependence of antiviral activìty of jnterferon on

multiplicity of infection (MQI) is shown. Cells could not be protected

aga'inst the cytopathogen'ic effect of vaccinia, herpes, ECHO or vesicu-

lar stomatitis virus at an MOI > 1. At an MOI < 1, cells could be pro-

tected. The amount of protectìng interferon was inverseìy related to

the MOI. When protectìon was afforded, ìt was onìy transient. The dura-

tion of the antiviral effect of interferon was also inverse'ly related

to the MOI.

The dependence of the antiviral effect on the MOI could not be ex-

plained by assuming the v'iruses to be mixtures of subtypes w.ith diffe-
rent i.nterferon sensitivìty. Also selectìon by interferon treatment of

interferon-insensitive subtypes could not be shown. The greater ant'i-
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viral effect of interferon at low MOI was not caused by.induction of
interferon by the infecting vìrus. A direct inactivation by the virus
of the antiviral effect of interferon could not be dernonstrated. These
results indicate that when interferon-treated cells are infected, they
will not survive the infection. The onìy resu'lt of the interferon
treatment will be inhibition of viral repìication, to some extent lea-
ding onìy to a delay in cell death.

chapter 4 conta'ins 2 studies on the ìnhibition of cell mult.ipìicat.ion
by interferon. The fìrst part describes a study of the toxicity of
interferon to bone marrow by the use of ín uitro coìony-formìng assays
for haemopoietic cells. The relative inhìbitory effects of z interferon
preparations, HLI and HFI, were compared wjth regard to their effect on

both myeloid (cFUc) and erythroid (cFUe) progenitor cells. cFU" forma-
tion in human bone marrow cells in D¿tro appeared to be fairìy res.is-
tant to both ínterferons. Onìy h'igh doses of both interferons gave a
marked inhibition of cFU". However, the toxicity of HLI and HFI was

divergent for cFU. formation in bone marrow. HLI appeared to be consi-
derably more inhibjtory for cFU. than HFI. The effects of mouse inter-
feron, induced in Lgzg celìs, on the growth of cFU. and cFU" in murine
bone marrow cells were comparable with those of HFI on human ce'lls.
The toxicìty of human and murine interferons was spec'ies-spec.ifìc.
Except for the toxìcity of HLI to cFU. in human bone marrow, the toxi-
city of interferon was marked onìy wìth concentrations of interferon far
exceeding the amount necessary to produce an antiviral state in uitz,o.

In the second part of chapter 4, the cel'l growth inhibition of inter-
feron during conditions of viral jnflammation is described. This ant.i-
cellular activity was not affected by vìral chalìenge nor by simuìta-
neous treatment of cells with different types of interferon. Elevated
temperatures enhanced the celì growth inhibitory activìty of both HLI
and HFI. cell growth inhibitìon was measured by a dye uptake and elu-
tion technique. Results with this technique were similar to those ob-
tained by cell counting and measurement of 3H-tdR incorporation.

In chapter 5 we present 3 studies on the effects of HFI and HLI in
chronic HBsAg posit'ive hepatitis. HFI had no effect on hepatitis B

virus indices, while HLI induced a far in HBc-associated DNA polyme-
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rase activ'i ty, Th'i s enzyme act'i vity is supposed to reflect the number

of circu'lating full Dane partìcles (the proposed hepatitis B virus).
In a double-blind ìong-term study wìth high doses of HLI we found no

effect of interferon on other indices of hepat'itis B virus than DNA

poìymerase activity. The fall in DNA polymerase activity can read'i1y

be expìa'ined by fever that was associated with HLI adminjstration.
In our opinion, treatment of chronic HBsAg-positive hepatitis with
interferon alone has no beneficial effect.

In chapter 6 we report our data on a double-bljnd study of HFI

administration in renal transpìant rec'ipìents. Because interferon is
especialìy effective in animal models when given prophylactical ly,
human interferon preparatìons can be expected to be useful when acute

v'iral infections can be predicted. Thjs occurs after renal aìlograft
transplantation. However, ìntramuscular administration of 3 x 106 units
HFI given twice weekly for 3 months did not control viral infections.
In view of these results we developed a primate model in an attempt to
fjnd an effective dosage schedule for human interferon administration.

In chapter 7 we describe an experimental vaccinia virus infection in
rhesus monkeys and the prophylactic antiviral actjvity of systemìcalìy
administered human'interferon. Da'ily ìnjections of HLI (5 x 105 units/
kg) given from day -1 to day 7 after vaccination protected the monkeys

compìetely agaìnst vaccinia virus. No skin lesions developed after d.is-
continuation of therapy. Lower dosages decreased the severity of these

lesions. Intramuscular gifts of 5 x 105 reference units/kg of HFI re-
sulted in similar serum levels and were equaìly effective ìn reducìng

skin lesion score as 1.25 x 105 reference units/kg HLI.

We showed that systemicaì1y administered human interferon prepara-

tions had an antiviral activily ín uiuo against vaccinja virus. However,

vaccinia virus proved to be resistant to these interferon preparations
in our in uítro systems. Also no anti-vaccinia activ'ity couìd be detect-
ed in the sera of the monkeys 3 to 4 h after the first interferon in-
jection. These findings indicate that interferon can be effective zin

oiuo against a virus that is insensitive to its antjviral actjon in
uitz.o. l^le concluded that the antiviral effect of interferon in uiuo nay

be mediated by the host.
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SAMENVATTING (SUMMARY IN DUTCH)

In dit proefschrìft worden enkele aspecten van het interferon systeem

beschreven, waaraan wij van 1976 tot 1979 gewerkt hebben.

Hoofdstuk 1 geeft een overzicht van de huidige. kennis over inter-
feron. Hoofdstukken 2, 3 en 4 handelen over productie, antìvirale ac-
tivjteit en celgroeiremming in oitto. In de hoofdstukken 5, 6 en 7

komen de in oiuo studies aan de orde, waarin humaan interferon thera-
peutisch en profyìactisch werd toegediend.

In hoofdstuk 2 wordt een methode beschreven om op grote schaal ratte-
interferon te produceren met Newcastle disease virus als inductor. Er
kon gebruìk worden gemaakt van serum-vrij med'ium, waardoor slechtséén
zuiverings- en concentratieprocedure nodig was om interferon van hoge

activitejt te verkrijgen. Na precìpitatie en concentratie met 0.02 M-

zjnk acetaat of met 85% verzadigd ammon'ium sulfaat bleek de interferon
activiteit boven de concentratiefactor toe te nemen. Ratte-interferon
was bestand tegen 0.15 M-perchloorzuur en tegen driemaal invriezen en

ontdooien. Incubatie bij 370 c gedurende één uur resulteerde in een

50% verlies van activiteit. De gevoeìigheid voor interferon van ver-
schillende typen rattecellen bleek sterk te variëren en was bovendien
virus-afhankelijk. Ratte-interferon was niet actief in mensel'ijke en

muizecellen. Humane interferonen toonden geen antivirale actjvitejt in
rattecellen en konden de activjtejt van ratte-interferon op dìe cellen
niet blokkeren. wij concìudeerden dat het ratte-interferonsysteem niet
versch.ilt van dat van andere specìes.

In hoofdstuk 3 wordt aangetoond dat de antivirale activiteit van

i nterferon afhankel ij k i s van de hoeveel hei d i nfecterend vi rus (mul t.i -
plìc'ity of infection, MOI). cellen konden door interferon niet worden
beschermd tegen vaccinia, herpes, ECHO en vesicular stomatitjs virus
fvanneer de MOI > 1 was. Bij een MOI < 1 werd wel bescherming gevonden.

De hiervoor benodigde hoeveelheid interferon was omgekeerd afhankel.ijk
van de MOI. Bescherming bleek een tijdelijk fenomeen te zijn: hoehoger
de MOI was, des te korter de bescherm'ing aanh'ield. verschilìende moge-

lijkheden werden nagegaan om de M0I afhankelijkheid van interferon te
verklaren. uitgesìoten werd dat dit verschìjnsel wordt veroorzaakt door
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de aanwezighe'id van subtypen virussen met verschillende'interferon ge-

voeìigheden. Ook werd geen seìectie van interferon ongevoeì'ige sub-
typen gevonden door interferon behandeling. Het antivirale effect van

interferon bij lage MOI werd niet veroorzaakt door inductie van inter-
feron door het infecterende virus. Evenmìn werd directe inactivatie
van het antivirale effect van interferon door vìrus gevonden. l,,lij con-
cludeerden dat ook met interferon behandelde cellen een virale infectie
niet kunnen overleven. Door interferon wordt de virale repìicatìe
slechts geremd, zodat celdood wordt uitgesteld.

Hoofdstuk 4 bevat twee studies over de celgroei-remmende werking van

interferon. In het eerste gedeelte werd dit effect bestudeerd met

behulp van beenmergkweken in agar. De remmende werkìng van humaan leu-
cocyten interferon (HLI) en humaan fibroblasten interferon (HFI) op

voorìopercellen van de myeloîde (CFU.) en erythroîde (CFU") reeks
werden met elkaar vergeleken. Interferon bleek cFUs formatie nauwel'ijks
te beînvloeden. HLI remde CFUç vorming veel sterker dan HFI. Muize-
interferon, gelnduceerd'in L929 cellen, remde de groeì van CFUc enCFUs

in muizebeenmerg op dezelfde w'ijze als HFI dit jn menselijke celìen
deed. Celgroe'iremmìng van de onderzochte interferonen was species-
specì fì ek.

In het tweede gedeeìte van hoofdstuk 4 werd de celgroe'iremmende

eìgenschap van interferon onderzocht onder omstandigheden van een vira-
le'infectje. Het anticellulaire effect werd nìet beînvloed door virus,
noch door het tegel'ijk aanwezìg z'ijn van verschillende typen interferon.
Hogere temperaturen (38-390 C) deden de cytotoxiciteit van zowel HLI

als HFI toenemen. De groeÍ van cellen in monolayer werd gemeten meteen

kleur- en extractiemethode. Resultaten met deze snelle techniek bleken
identiek te zìjn aan die verkregen met celtel'ling en met de bepalìng
uun 3H-TdR'incorporatie.

In hoofdstuk 5 komen onze pogingen aan de orde om chronische HBsAg

positieve hepat'itìs therapeutisch te beînvloeden met interferon. HFI

had geen effect op hepatìtjs B vjrus indices, terwijl HLI een daì'ing

van de HBc-'associated' DNA polymerase (DNAP)-activiteit veroorzaakte.
Deze enzymactiviteit is een maat voor de hoeveelheid circulerende Dane

partìkels (het verondersteìde hepatìtìs B virus).
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In een dubbelbljnde studie met hoge doses HLI vonden wij echter geen

ander effect op hepatìtìs B virus indices dan de aì genoemde dalingvan
het DNAP. Deze dal'ing zou het gevoìg kunnen zijn van de door HLI gein-

duceerde koorts en hoeft niet te berusten op replicatieremmìng van het

hepatitis B virus. Naar ons inzicht is toediening van uitsluitend in-
terferon aan patiënten met chron'ische HBsAg posìtieve hepatìtis niet
z'i nvol .

In hoofdstuk 6 wordt een dubbelblinde studie met HFI in niertrans-
plantatìepatìënten beschreven. In dierexperimenteeì werk komt de anti-
virale actìvite'it van interferon voornamelijk tot uìting wanneer het
profylactisch wordt toegepast-Æaarom kan men veronderstellen dat men-

sel iike interferonpreparaten kl ini sch waardevol zul len zijn ì n die

situatie, waar men virale infecties kan verwachten. Dit is het gevaì

na niertranspìantaties. Intramusculaire toedìenìng van 3 x 106 units
HFI tweemaal per week gedurende 3 maanden was echter niet in staat
virale infecties bji niertransplantatiepatiënten te voorkomen. 0m deze

reden ontwikkelden wij een primatenmodel ten ejnde tot een effectief
antiviraal doseringsschema voor humaan interferon te komen.

In hoofdstuk 7 wordt een experimentele vaccìnia vìrus infectie in de

rhesusaap beschreven. Dagelìjkse ìnjecties van 5 x 105 units/kg HLI van

dag -1 tot dag 7 na vaccjnatje beschermden de apen volledìg tegen

vaccinia virus. Er ontstonden ook geen huìdlaesies na dag 7. Lagere

doses HLI verminderden de ernst van deze huidlaesies. Intramusculaire
toediening van 5 x 105 units/kg HFI resulteerde in geìijke bloedspìe-
geìs en was ook even effectìef als 1.25 x 105 units/kg HLI.

Systemisch toegediend humaan interferon kon dus een antivirale ac-

tiviteilu in uiuo uitoefenen, 'in dìt geval bìj vaccinia virus. Hetbleek

echter dat vaccinia vjrussen resistent waren tegen interferon inuitro.
In de sera van de apen was ook geen anti-vaccjnia activiteìt aantoon-

baar 3-4 uur na toedìening van interferon. Interferon kan dus ùn uiuo

effectief zijn tegen een virus dat ongevoelìg ìs voor de antivirale
werk'ing van interferon in uítro.

Wij concìudeerden dat het antivirale effect van ìnterferon in uiuo
niet op repì'icatieremming van het virus hoeft te berusten maar via
gastheermechanismen kan verl open.
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LIST OF ABBREVIATIONS

ALT alanine aminotransferase

AST amìno aspartate transferase
CAH chronic active hepatitìs
CF test comp'lement fixation test
CFU. human myeìoid colonies (colony formìng uníts)
CFUe human erythroid colon'ies (colony forming units)
CMV cytomegalo virus
CPE cytopathogenic effect
cpm counts per minute

DEAE diethyl aminoethyì

DMEM Dulbecco's modification of Eagle's minimal essential medium

DMS0 di methyì suì phox'i de

DNA deoxyribonucleic acid
DNAP DNA polymerase

DRB dichloro-1-ß-D-ribofuranosyl benzimidazole
ds-RNA double-stranded RNA

EBV Epsteì n-Barr vi rus

ELISA enzyme-ìinked immunosorbent assay

FCS foetal cal f serum

HBcAg hepatitis B core antigen
HBeAg hepati t'i s B 'e' ant'i gen

HBsAg hepatitjs B surface antigen
HEL cells human embryo ìung ceììs
HEPES hydroxyethyì p'i perazine-fl'-2-ethane sul phoni c aci d
HFI human fibroblast interferon
HI test haemagglutinatìon inhibition test
HLI human leucocyte interferon
HSV herpes simp'lex vi rus

i .m. intramuscul ar('ly)
i.v. intravenous(ìy)
MIF mouse interferon
MOI mult'iplic'ity of infection
M0PS morpholinopropane sulphonic acìd



I2T

NCS newborn cal f serum

nd not done (determined)

NDV Newcastle dìsease virus

NK cell natural killer cell
PBS PhosPhate buffered salìne

PFU p'l aque formi ng un'its

P/N rati o posi t'ive,/negati ve rati o

poly(rI). poly'inosinic-poìycyt'idyl'ic acid
poly(rC)

REC rat embrYo cel'ls

RIF rat interferon
RIV Rìiksjnst'ituut voor de Volksgezondheid

RM cells cells derjved from a spontaneous rat rhabdomyosarcoma

RNA ri bonucl ei c ac'id

ROS cells cells from a rat osteosarcoma

RSb cells Rous sarcoma virus-transformed human cells

RSC cells cells from a radiation-induced rat skin carcinoma

RSV resPìratorY syncytial virus

RUC cells cells from rat urethral carcinomas

SD standard deviation

TCID56 tissue culture infectjve dose (50%)

TEs trìs-(hydroxymethyì)methyì-2-amjnoethane sulphonìc acìd

U uni ts
vs versus

VSV ves'icular stomatitis virus

UZU vari cel I a zoster vi rus

XC cells celìs derived from a Rous sarcoma virus-induced rattumour
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