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ADMINISTRATION OF A NON-DEPLETING ANTI-CD4 MONOCLONAL
ANTIBODY (W3/25) PREVENTS ADJUVANT ARTHRITIS, EVEN UPON
RECHALLENGE. PARALLEL ADMINISTRATION OF A DEFLETING
ANTI-CD8 MONOCLONAL ANTIBODY (OX$) DOES NOT MODIFY THE
EFFECT OF W28

Cellular Immunology 165:171-182 (1995)

RESUM

Objectiu: Estudiar la implicacié dels limfocits CD4 * i CD8* en el desenvolupament de I'AA
mitjancant el tractament preventiv amb AcMo dirigits contra aquestes subpoblacions

Material | mdtodes: L'AA es va induir en rates Wistar mitjangant una unica injeccié de
Mycobacterium dutyricum. Durant el perfode de latdncia de !a patologia, les rates van ser
tractades amb 1'AcMo W3/25 (anti-CD4). amb i'AcMo OX8 (anti-CD8) o amb el dos AcMo
conjuntament. Posteriorment, es va realitzar una reinduccié de !’ AA als grups que no havien
desenvolupat la patologia. La gravetat de I"artritis es va valorar mitjangant 1'fndex d’artritis.
Els efectes dels AcMo a nivell cei-lular es van avaluar per citometria de flux. Els nivells
plasmatics J'AcMo administrat i d’anticossos dirigits contra el micobacteri es van mesurar
per t2cnigues d'ELISA.

Resultats: La immunoterapia preventiva amb 1I' AcMo W3/25 administrat sol o conjuntament
amb I'AcMo OX8 va inhibir el desenvolupament del procés inflamatori de 1'AA, fins i tot
després d'una reinduccié de la patologia. En canvi, I'administracié de 1I'AcMo OX8, tot i que
va aconseguir una depleccid completa de ia subpoblacié CD8°, no va modificar el curs de
I'AA. L'aéministracié de I'AcMo W3/2§ va produir majoritAriament la modulacié de la
molécula CD4 i no la depleccié dels limfocits T CD4°. Els nivells d’anticossos
antimicobacteri en els grups tractats amb AcMo van ser similars als desenvolupats pel grup
artritic control.

Conclusions: Un AcMo anti-CD4 no depleccionant, el W3/25, és capag de prevenir el
desenvolupament de I'AA, fins i tot enfront d'una segona induccié tardana. Aquest efecte és
independent de la produccié d’anticossos antimicobacteri. Els limfocits T CD8* no sén
rellevants en el desenvolupament de I'AA i no semblen exercir un paper regulador dels
limfocits T CD4*.
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The aim of this study was to determine the effects of
the anti-C D4 monoclonal antibody (mAb) W3 25, found
to be nondepleting, on the onset of rat adjuvant arthri-
tis (AA), and, in addition, (o ascertain whether deple-
tion of CD8 cells during the same period could inter-
fere with those eflects. Female Wistar rats in which
AA had been induced were (reated with W3'25 and or
OXB (anti-rat CD8) mAb during the latency period of
artkritis. W3'25 alone or in combination with OXS pre-
vented the inflammatory process of AA. When the pro-
tected groups were rechallenged with a second dose of
Mycobacterium butyricum no arthritis was observed.
Protecrted and nonprotected arthritic animals devel-
oped the same anti-mycobacteria antibody levels as
the arthritic control group. This study indicates that
a nondepleting anti-CD4 mAb can prevent AA. while
CD8 lymphocytes do not appear reievant for the de-
velopment of AA and do not seem to have a regulatory
role for CD4 cells. - 1908 Acodemsc Proes. fnc

INTRODUCTION

The discovery of an effective treatment for an in-
dammatory arthntic disease requires an intimate
knowledge of the celis and molecules which initiate and
maintain the arthritic process. In human studies, it 1s
difficult to investigate what happens before the chnical
phase of the disease. because the first events of human
arthnitis are usually asymptomatic. The use of expen-
mental models of arthntis solves such problems. Al-
though several studies have attempted to clanify the
arthritic process (1. 2), further studies i1n t1to are
needed to elucidate the complerities of the ceflular and
molecular mechanisms responsible for the initiation of
arthnitc diseases.

Adjuvant arthntis (AA) is an experimental model of

' Abbreviztions used AA. adjuvant arthntis. mAb monocional an-
tibody. Mb, Mycobacterium butvricum. MF1. mean fluorescence in-
tensity, PBL. perspheral blood !yimmphocytes.

1

arthrnitis commonly used to study new antiinflamma-
torv and anti-arthntic drugs Although the pathogene-
s18 of AA 15 unknown, a strong T-lymphocvte depen-
dence has been descmbed 13-5: and the beneficial
effects 1in AA of W3 13, an anu-pan T monoclonal anu-
body ‘mAb: 6. RT3, an anti-a5-TCR mAb 7. and
OX35, a depleting ant;-CD4 mAb (8, have beer re-
ported

In the present studv, another anti-CD4 mAb, W3 25
was found to be nondenleting and 1ts potential immu-
nomodulatory effects on the onset of rat AA were ascer-
tained Moreover, in order to determine whether deple-
tion of CD8" cells could interfer 1n these effects. both
mAb. W3 25 « OXS were administered together during
the latency phase of AA When the protective capability
of W3 25 administered alone or in combinaztion with
OXA had been demonstrated. a rechallenge of AA was
performed on those groups treated with W3 25 or with
W325 - QXK. long after the antibodv has been cleared
In add.tion. we studied the effect upon humoral re-
sponse W mycobacteria in protected and nonprotected
arthntic animals

MATERIALS AND METHODS

Arthritis induction.  Female Wistar rats « 180-200
g. Charles River, Spain: were injected intradermally in
the tail base with 0 1 ml of an oil suspension of heat-
killed Mveobacterium butvricum (Mb: <5 mg ml. Difco
Laboratones. Detroit, M1, For determination of the
arthntic score, lesions of the four paws were each
graded from 0 te 4 according to the extent of erythema
and edema of the periarticular tissue as described by
Wood et al +97 All scorings were performed blind

mAb. W325 tmouse IgG:l. anti-rat CD4: ¢10: and
OXR imouse IgGl. anti-rat CD8' (il) hybndoma
(ECACC) were used. 124 1D1 (mouse IgGl. anti-hu-
man CD7, used as a control isotype mAb, was a kind
gift from Dr. Vilella (Hospital Clinic Provinc.t.1, Barce-

.y
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lona, Spain). Antibodies were obtained from ascitic lig-
uid. punfied by protein A solumn, and quantified spec-
trophotometrically. Antibodies were administered us-
ing PBS as vehicle and the delivery volume was 2 ml
per injection.

mAb edministration protocols. Rats were distrib-
uted in six groups of seven animals each. Three groups
were treated i_p. with 3 mg of W3'25 mAb, 1 mg of OX8
mAb. or both together (3 mg W3/25 + 1 mg OX8/ on
Day 0, before arthnitis induction, and on Days 2. 4. 7.
9. 11. and 14 thereafter. A group of healthy ammals. a
group of arthntic rats itreated only with PBY). and a
group of arthntic rats treated with 3 mg of the 1sotype
control mAb were used as cottrols Doses of W3.25 ar.d
OXR8 mAb were chosen in p:lot experiments, on the ba-
sis of their abihity t¢ appareptly eliminate blood CD4”
and CD8&° lvmphocytes for at least 72 hr

Reinduction. On Dav 39, 1e . 45 days after the last
admimstration of mAb, both Wi325- and W325 - OX»s-
treated groups were rechallenged with the same dose
of Mb as in the arthnitis induction ' see above: Arthntic
score was measursd until Day 36

Determination of T ivmphocste subpopulations. On
Davs & 17, 24, 30, 35, and 49 postainduction, blood
samples were taken by retroorbital puncture and col-
lected 1n EDTA-coated Multivette tubes iSardstedt.
Spain’. Before staiming, ervthrocytes were lysed with
NH.C1 and lvmphocyte subsets were determined by in-
direct immunofluorescence and flow cytometry as de-
scribed previously (120 Breflv. cells were incubated
with anti-rat CD4 ¢W3'25: anti-rat CD8 OX~. or with
an irrelevant mAb as a negative control. FITC -conju-
gated goat Fiab':, anti-mouse IgG «Sigma Immuno-
chemicals. Spain was added as a second aatibody.
Cells were analvzed on a Epics flow cvtometer «Coulter
Corp.. U S A Forward'side scatter gates were set to
include all viable lvmphocvtes by staining T- and B-
lymphecyies together Three thousand events were an-
alvzed using the Epics Elite flow cyvtometry worksta-
tion program version 325 ‘Coulter: and the results
were displaved as histograms

Mouse IgG1 levelsin plasma.  An enzyme-hinked im-
munosorbent assav (ELISA/ was performed. Polysty-
rene microELISA plates (Labsvstems, Spains were in-
cubated overnight with 5 ug/ml rablat anti-mouse IgG1
(Dako. Glostrup. Denmark at room temperature. Fol-
lowing incubation of test samples. peroxidase-conju-
gated goat anti-mouse ( Fab specific: [gG Sigma Immu-
nochemicals, Spaini was added. Both antibodies were
adsorbed with rat serum proteins. Mouse IgG1 from
ICN ImmunoBinlogicals U S A ) was used as standard.

Anti-Mb artibodies.  Plasma levels of anti-Mb anti-
bodies were measdred as described previously (13
Since a standard was not available, a pool dilution ob-
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FIG. 1. Mouse 1gG] levels detected in rat plasma foliow.ng ad-

minsstrativn of mAb agamst T tvmphecyte subpopulations dunng
the latency period of AA Values sre expressed as means - SEM
Arrows indicate davs of mAb admunistration

rained from arthritic control animals was added to each
plate This pool was arbitraniy assigned 1000 U/ml of
anti-Mb antibodies

I assav 1n ttro. In order to determine antibody
production :n titro, PBL from heaithy rats treated or
not with W325 mAb were stimulated with pokeweed
mitogen ' PWM. 10 Lg ml. Gibco'. After 7 days of incu-
bation at 37°C. supernatants from the wells were har-
vested and stored at - 20°C. I1gG determinations were
performed using standard ELISA techmiques.

Statistical analvsis.  Differences between groups in
all the parameters studied were analyzed by means of
the Mann- Whitnev U’ test. using the CSS Statistica
iStat Soft) program. Signmificant ditferences were ac-
cepted fur P - 0.05

RESULTS

Plasma levels of administered mAb.  Plasms levels
of mouse lgG1 from mAb-treated groups are summa-
nzed in Fig 1 After four doses of mAb, plasma levels
of W3 25 were 1'5 of those observed for the isotype
control group treated with the same amount of mAb,
indicating that most of W3 25 mAb was linked to CD4~
cells. Three days after finishing treatment. plasma W3
25 or OX8 antibody levels fel! markedly. and 10 days
after stopping mAb administration, no free mAb was
detected in plasma.

Porcentage of CD4™ and CD8 lvmphocvtes. CD4”
and CD8§  populations expressed as relative percent-
ages of total gated lymphocytes are represented in Fig.
2. CD4" cells in healthy and arthritic control animals
represented about 50% of total lymphocytes (Fig. 2A).
The percentage of CD8" cells in the arthritic control
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group was sigmficantiv lower on Davs » and 17 than
in healthy aramals P 0685 Fig 2B

On Day 5. following four doses of mAb no CDY cells
with normal EXpression of (D4 me Ewa%e were detected
in PBL from W3 25 treated anmimals Fige 2A and 3E-
On Day 17, 1e. 3 davs after the last dose of W3 23,
D4 cells vere first detected but nurmal CD4 cell
percentage was not achieved until Day 49 (Fig 2A
The percentage of CDN cells in W3 25-treated animals
was similar to that of the arthnitic contral group on
Days & and 17, and 1t was significantly higher on Days
24. 38, and 49 P - 105 Fig 2B

OXB-treated animals presented no CDS  celis in
PBL. after four doses ‘Fig 2B and 30 After the last
dose of OXK, the percentage of CDR ™ celis began to rise.
although 1t was not completely restored at the end of
the study. A significant increase in the percentage of
CD4" cells was observed 1n the OX&-treated group in
companson with arthnitic control animals throughout
the period studied (P - 0.05):Fig. 2A: These findings
indicate that OX8 mAb administration produced a
depletion of CDS’ cells in PBL
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Expression of the CD4 molecule on PBL from W3/ 25.
treated animals. On Day 8, CD8’ cell percentage in
W3/25-treated animals did not ircrease although CD4-
cells v.ere not detected {Fig. 2B:. This result suggests
the down-regulation of CC4 antigen expression in W3
25-treated animals.

Further analysis of histograms obtained after stain-
ing with ant)-CD4 mAb revealed that W3 25-treated
animals presented a wider negative peak than that
from nontreated ammals ‘Fiy 3E: This peak could be
due to lvmphocytes with a low expression of CD4 mole-
cule appearing unseparated from nonstamed cells His-
tograms from Davs 17 and 24 :Fig 3H and 3K showed
a progressive separation between positive and negative
peaks. demonstrating the reappearance of C4 mote-
cule on T Iymphocvtes

In order to gnantify the CD4 antigen expression on
lvmphocvtes from W3 25-treated amimals, data from
flow cvtometry were expressed as mean fluorescence
intensity - MFD of the whoie Ivmphocyvte population
The MFI ohtained through negative control histograms

NG CD4" oniie CD8’ soin
[ VY A [ ] ¢
eantrel
et
¥ - - * - - * - -
Ao -] | ’
COamAY
m . 4 4 o
* -» - * - L A - -
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FIG. 3. Frequency distrbution of the fluorescence intensities vh.
tasned sfter staimng with an orrelevant [gGl negatise control left
eolumn - or the anti-CD4 mAb middle column or the ant . UD* mAb
‘right column and the second antibaads A representative rat from
the arthritic control group ‘A-C. W3 25.treated group D-L. and
OXs-trested group M- O s shown
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FI1G. 4. Time course of mean Buorescence intensity from negatine
eontrol stamng MFLL  and starming with anti CD4 mAR MPL
for the arthntic control group and Wi 25 treated group MFL were
obtamed from the whois hmphoovte populalion in every stamming
Vaiues are exprossed as means » SEM Arrowcindicate dav< of mAb
admrrestration

‘MFL. s or CD4° histograms MFL ., from W3 25.
treated rats and from arthritic ~ontrol rats are repre-
sented 1ir Fig 4 On Dav 8. MFL ., values from W3 25.
treated animals were lower than those from arthntc
control animals, but mgher than MFL. from arthrue
control animals These results confirm the decreased
CIM expression and show mcomplete disappearance of
CD4 molecules on the lvmphocyte surface

MFIL. from W1 25-treated animals was significanthy
higher than MFI.. from the arthrnitic control group on
Davs 8-17«P - 001 mdicating that W3 25 mAb ad-
mimstered iz oo was hinked to CD4 cells, as con also
be observed in individual histograms Fig 3D and 36
On Dav 5 MFL,, and MFI .., from W1 25-treated rats
were identical. which demonstrates the complete satu-
ration of CD4 molecules after mAb administration in
tieo:Fig 40 Thas finding is alsn observed when compar-
ing Figs 3D and 3E

Effect of mAb admimistration on arthritis develop
ment  Arthntic scores from all groups are represented
in Fig 5 In comparison to health; animals. arthntic
control rats showed a full-hijown arthntic svndrome
throughout the course of the expennment Animals
treated with the 1sotype contrul antubody followed a
similar time course to the arthntic control group
throughout the <tudyv ‘data not shown .

Administration of W325 suppressed the develop-
ment of arthritis. showing significant differences with
the arthritic control group throughout the period stud-
ied ‘P - 001 on Days 14-42. F - 005 on Days 44-
52 Amimals remained protected eve:. when no W3'25
mAb levels were detected in plasma and when T cells
recovered the normal expression of CD4 molecule

When rats were treated with W325 +« OX8 mAk to-
gether. the same protective effect was observed as

|
|

i

Arthritic score

FIG. 8. Time course of arthntic seore following administration
“fmAb aganst T-humphoeste subpopulations during the latency pe-
riod of AA On Day 58 W3 2% treated ammals wers rechallonged
and inflameation was studied unt! Day %6 Values a-e expressed
as means - SEM Arrowsoindicate davs of mAb adminstration

when Wi 25 mAb was administered alone Administra-
tion of the OX® mAb alone d'ring the latency phase of
AA failed to modifv the development or the seventy of
the disease 1n comparson to arthrnitic control animals.

Arthritis reinduction. Groups protected against ar-
thritis development were rechallenged with the same
mnitial dose of Mb on Dav 59 Oniv 1 14 animals devel-
oped a muld transient inflammation, and the rest were
free of any sign of arthritis Fig 5

Antibods response in groups (n which AA was in-
duced  Plasma anti-Mb antibody levels from all ani-
mals which received mycobacteria suspension are rep-
resented in Fig 6 No significant differences were de-
tected it any of the groups studied and the time course

il 1iid

< 8 N 4 e A% a8 -1

F1G. 8. Anti-ME antibody levels ‘U ml: detected 1n plasma by
ELISA following administration of mAb against T-lvmphocyvte sub-
populations darng the atency penod of AA Values are expressed
as means - SEM  Arrows mdicate days of mAb administration
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of anti-Mb antibody levels was similar in protected and
arthritic groups.

Because the W3/25-treated animals developed a sim-
ilar anti-Mb antibody response to that of arthritic con-
trol auimals, PBL from W3/25-ireatcd animals were
stimulated with PWM in order 1o determine antibody
production in vitro. Ig levels were similar when culture
media were obtained from CD4 down-regulated PBL
and when culture media were obtained from control
cells (data not shown .

DISCUSSION

Five major findings emerge from the present study:
{1 Administration of W3'25, an anu-CD4 mAb. during
the latency pericd of AA prevented the development of
articular inflammation, whereas administration of
OX& did not amelisrate or aggravate the time course
of the disease. (i) Admuustration of W3'25 + OX8 mAb
together during the latency peried prevented the devel-
opment of AA to the same extent as W3'25 alone o
The protective effect of W325, adminmistered alone or
together with OX8, remained even upon rechalienge.
long after the anubody has been cleared. niv Adminis-
tration of W325, an anti-CD4 mAb, led to a2 down-
regulation of lvmphocyte CD4 antigen expression v
The down-regulation of CD4 artigen expression and
the deplesion of CDR cells did not affect the production
of antibodies against myvcobactena in mAb-treated am-
mals in comparison to the arthritic control group

Following administration of W325 and OXX, the ef-
fects of these mAb on PBL were studied by flow cvtome-
try OX8& mAb produced a complete depletion of periph-
eral blood CD&" lymphocvtes. which agrees with the
first descriptions of Holmdahi et ¢/ 1 14° However. ad-
Mitisttauon vl w025, 2n 28 O mAb praduced a
very different effect to that observed for the OX% mAb
W325 mAb led to a decrease in CD4 antigen expression
or down-regulation 1in CD4° lvmphocyvtes, as demon-
strated by the total absence of gated lymphaocyites with
normal expression of (D4 and no relative increase in
CDR" cell percentage. After stopping the admimistra-
tion of W3°25, a progressive recovery of C14 expression
on T cell surface occurred and around 10 days aiter
the last dose, ncrmal expression of (D4 molecuie was
observed in PBL Although W3.:25 mAb has been used
by several authors (15, 161 this down-regulatory effect
has not yet been described

On the other hand. the effects of OX8 and W325
mAb on AA development were established In previous
studies, a decrease in CD4/CDS ratio was obhserved 1n
PBL of arthritic animals respect to healthy animals
{17+ and an increased number of CDR " cells was feund
in arthntic synovial membranes in compansoen with
healthy tissues (18;. However. administration of the
OX8 mAb, which depleted CD8" cells, dia not aggra-
vate rat AA. The ineffectiveness of QY8 in AA agrees

18}

with resuits from Larsson ef a.. (6), who administered
OX8 mAb to arthritic animals in a less extensive proto-
col. These findings show that GX8" cells do not appear
to have an essential iole in the pathogenesis of AA.

In contrast, admin:stration of W3/25 mAb sup-
pressed the development of arthritis and this effect re.
mained even when T cells recovered normal expression
of CD4 molecule on their surface and when the rat<
were rechallenged with Mb. These results indicate s
major role of CD4" T-lvmphocytes in the pathogenesi~
of AA ard suggest that the down-regulation of CD{
molecules hinders CD4° T-lymphocvte response, re-
sulting in a reduced release of lvmphokines and other
inflammatory mediators. This powert! ! ‘mmunomodu.
latory effect of W325 mAb has not been described pre-
viously in AA, although Van der Broek e¢f al 15 re-
ported the inhibition of streptococcal cell wallinduced
arthritis by this anti-CD4 mAb On the other hand.
Bilthngham et al 8 successfully inhibited AA develop-
ment by admmistering OX35. a mAb that produces
depletion of CD4” cells The immunomodulatory effect
of anti-CD4 mAb seems therefore to be independent o
whether depletion of CD4 " cells or down-regutation of
CD4 antigen expression s induced In mice. the preven:
tive effect of anti-CD4 mAb has also been demonstrated
in cellagenanduced arthritis 119-21, but the mAb
used 1n those studies were reported as depleting ones

Adinmmistration of W325 « OX® mAb together pro-
duced a similar result to that obtained after the admn.
istration of W3 25 mAb alone OX2 mAb did not dimun
1sh the preventive effect of W25 suggesting that
CDh* cells do not regulate CD4 cells

Because Wi 25 mAb produced a wlerance against
to AA. the antibudy response to Mb was measured
Surpnsingly. anti-mycobacteria antibodies achieved
the same plasma levels for nontreated animals as for
W3 25 arand OXS-treated rats Tois stiiming res=wil
led us to test immunoglobulin production 1w c1270 and.
as in the experiment in tivo, no differences were found
between normal CD4 cells and down-regulated CD4
cells Therefure. the modulation of the CD4 molecule
interferes only in some responses of CD4 lvmphocyvtes
These results agree with these from Manme e af 22
who reported that W3'25 mAb inhibats IL.-2 production
of T cells tn t1tro, but not 11.-4 release Using other anty-
CD4 mAb against muce or rat lymphocytes. a different
susceptibility of TH1 and TH2 cell subsets to mAb has
been indicated 1n v o 123, 24 This differeni response
of (B4 T iymphocyte subsets could explain the pre-
ventive effect of W3 25 mAb in AA and also the fact that
the treatment does not interfere with the production of
antibodies against Mb. The lack of the effect of anti-
CD4 mAb in antibody response was reported in colla
gen-induced arthrnitis by Wilhams et @/ 121 In con-
trast. some authors, using other autmmmune models,
describe a decrease in antibody formation after anti-
CD4 administration in some autoimmune experimen-
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tal diseases (20, 25) and also after W3/25 mAb injection
in a model of autoimmune glomerulonephritis (16:.

In conclusion we demonstrate a potent immunomod-
ulatory effect of a nondepleting anti-CD4 mADb in AA.
Moreover, the preveation of AA with W325 remained
even when normal D4 cells were restored and it was
independent of the antibody production against the
“arthritogen™ Mb. On the other hand, CD8" T-lympho-
cytes do not appear relevant for the development of AA
and do not seem to have a regulatory role for CD4"
cells.
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TREATMENT WITH AN ANTI-CD4 MONOCLONAL ANTIBODY STRONGLY
AMELIORATES ESTABLISHED RAT ADJUVANT ARTHRITIS

Clinical and Experimenial Immunology (en premsa)

RESUM

Objectiu: Estudiar la implicacié dels limfocits T CD4* i CD8* en la perpetuacié de I'AA.
Determinar la possible efectivitat teraputica dels AcMo dirigits contra aquestes
subpoblacions limfocftiques en I'AA establerta.

Material | mdtodes: L'AA es va induir en rates Wistar mitjangant una dnica injeccié de
Mycobacterium buryricum. El dia 14 postinduccié, amb 1'artritis ja establerta, es va iniciar
un tractament amb I'AcMo W3/25 (anti-CD4), I'AcMo OX8 (anti-CD8) o els dos AcMo
conjuntament. El seguiment de la inflamacid es va realitzar mitjangant el volum articular. Les
poblaciens limfocitiques CD4* i CD8* es van analitzar per citometria de flux. Els nivells
plasmatics d’AcMo administrat, d’anticossos dirigits contra el miccbacteri i d'anticossos
produits en resposta a I’AcMo administrat es van mesurar per t&cniques d'ELISA.

Resultats: El tractament amb 1’AcMo W3/25 va revertir el procés inflamatori ja establert.
Aquest cfecte, perd, va ser transiton, ja que va desapardixer després de 6 dosis. El
tractament combinat W3/25+OX8 va produir els mateixos efectes antiinflamatoris que en
administrar només W3/25. L’administracié de I'AcMo OX8 no va aconseguir modificar el
procés inflamatori ja existent, perd sf que va incrementar els nivells d’anticossos
antimicobacteri respecte als del grup artritic control.

Conclusions: E! procés inflamatori de I'AA es pot revertir mitjangant el tractament amb un
AcMo anti-CD4 no depleccionant, el W3/25. Mentre que els limfdcits T CD4* intervenen
en la cronificacid de I'AA, els limfocits T CD3* no sén rellevants en 1a perpetuacié del
procés inflamatori ni exerceixen un paper regulador sobre els limfocits T CD4* responsables
de la resposta inflamatdria. Ara bé, la potenciacid en la produccié d'anticossos
antimicobacteri produida per 1'AcMo OX8, suggereix que els limfdcits T CD&* tenen un
efecte regulador sobre les c2l-lules responsables de la resposta humoral dirigida contra el
micobacteri.
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Treatment with an anti-CD4 monoclonal antibody strongly ameliorates 1
established rat adjuvact arthritis |

C. PELEGRI, M. P. MORANTE, C. CASTELLOTE, A. FRANCH & M. CASTELL Unit of Physiology.
Faculty of Pharmacy, University of Barcelona, Barcelona, Spain

{ Accepted for publication 20 October 1995}

SUMMARY

Some expenimental arthritic diseases can be prevented by treatment with anti-CD4 MoAbs. Trials
with ongoing disease have pot bees successful so far The aim of thi: study aas to ascertain
whether W1:28 could reverse adjuvant arthritis (AA), when beginning treatment on day 14, ie
when the disease was established. Moreover, one group of apimals treated w1tk the antu-CD4
MoAb received X8 MoADb at the same time, thus depleung CD8 * cells from circulation. During
treatment with W3;25, a stroag amelioration of infammatory signals was observed, as asseszed by
means of paw volume increase and arthritic scere. However, when treatment stopped, a rebound to
arthritis signais occurred. The parallel depietion of CDE” cells did ot modify these sfects, thus
the combined treatment W3/25 « OXS gave the same amelioration as treatment with W25 aloue.
These fndings indicate that CD4* cells play an important role in perpetuaticg rat AA. Moreover,
CDS” cells do ot seem to have a regulatory role in the CD4” cells responsible for the
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infammatory respoase.

Keywords immunotherapy mosoclosal aatibody CD4 CDE  anthritis

INTRODUCTION

Rbeumatoid arthnus (RA) is an autounmune disease charac-
terized by chronic inflammation withis toe joint, associated
with tynovitis and erosion of canilage and bone. A strategy for
the tieatment of autoimmune diseases such as RA is to admin-
ister MoAbs to block the immusological responses or inflam-
matory cascades One advantage of MoAbs over coaventional
therapy is their potential for great specificity, which aliows
them to act seiectively on 8 specific lymphocyte subset in vivo.

Many observations suggest that T lymphocytes contribute
significaztly to the diseasc process in RA [1-4]. Several ant-
CD4 MoAbs have been shown 10 be successful i tresting RA
{5-11), although some randomized studies have given pegative
results (12-14]. Moreover, the immunological mechanisms
upon which anti-CD4 therapy is based are still not fully
understood. Fo~ that reason, animal expsriments are required
to optimize immunomodulatory protocols and to identify the
mechanism of operation of an anti-CD4 MoAb. On the other
hand, several studies have been performed oo collager. induced
arthritis (CIA) in mice using anti-CD4 MoAbs [15-17], and
although these treatments were found to prevent the induction
of CIA, they were ineflective in ameliorating established

Correspondence: Carme Pelegri, Unitat de Fisiologia, Facultat de
Farmicia, Av. Joaa XXIII s/n, 08028 Barcelona, Spain.
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Adjuvant arthritis (AA) is an experimental autoimmune
disease 10 rats which shares certain clinical and immunological
features with RA io bumans. This experimental model bas been
commonly used to study mew anti-iaflammatory and anu-
arthritic drugs. Some studies have demonsirated the ability of
a depleting 1gG2a anti-CD4 MoAb, DX, to prevent rat AA
[i8] and, in previous studies, we have also been successful in
this, using s non-depicting 1gG1 ant-CD4 MoAb, even when
CD8 " cells were depleted from circulation [19]. However, these
treatments were degun oo the day of arthritis induction, before

To determine whether W3/25 could roverse as well as
prevent AA, rals with established arthritis were treated ntra-
peritopeally with this MoAb, beginning treatment on day 14
post-induction. Moreover, one group of animals treated with
W3/25 received GX8 MoAD st tae same time, thus depleting
CD8* cells from circulation. This form of therapy, applied
when the disease is established, would act not on the induction
but on the effector mechanisms, thereby interruptiog both the
immune and inflammatory disease procesacs, resembling what
really happens when treating RA.

MATFERIALS AND METHODS

Animals
Female Wistar rats (Charles River, Spain) weighing 180-260 g
were housed in plastic cages with food and water ad libinwm.

1
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Temperature (20 £ 2°C), relative bumidity (55%) and a 12-h
light-dark cycle were constaotly mogitored. Animals were
aliowed 1 week to adjust to the housing corditions before the
experiments began.

Induction and assersment of AA

For arthnitis induction, rats were injected intradermally in the
(il base with 0-1mi of & liquid vaseline suspension of heat:
killed Mycobacterium butyricum (Md) ($mg/mi; Difco Labs,
Detroit, MI), on day 0. Hind-paw oedema was measured using
a water plethysmometer (L1 7500; Letica. Spain). For determi-
pation of the arthritic score, lesions of the four paws were each
graded from 0 to 4 according to the extent of erythema and
cedema of the joint [20] All scorings were performed blind.

Monociona! antibodies

W3725 (mouse 1gG1, anti-rat CD4) {21} aad OXS$ (mouse 13G 1,
anti-rat CD§j [22] hybndoma (ECACC) were used. 124 1D}
(mouse IgG 1, anu-human CDT) was used as & control isotype
MoAb, and was a kind gft fiom Dr Vilella (Hospital Clinic
Provinciai, Barcelona, Spain). After culturicg the hybndoma,
ascites was induced in BALB'¢c mice (Charles River) by
standzsd methods IgG from asaitic liguid was purified by
prosein-A column and its coscentration was quantified spectro-
photometrically. Aztibodies were administered using PBS as 8
vehicle, and the deliveny volume was 2 ml per injection.

Treaimen: protocols

Oa dzy 14 post-induction, before beginaing treatment, oaly
those rat: 1o which the disease was clearly established were
selected and distnbuted 1 six groups of seven anunals each,
feading to groups with equal mean of arthntc score. Three
groups were treated istrapentoneally with either Img of W3/25
McAb, 1mg of OXE MoAb, or both together (Jmg W3/
25 + 1mg OX8) A group of healthy animale, a group of
arthritic rats (treated only with PBS) and a group of arthntic
rats treated with 3 mg of the isctype control MoAb were used as
controls Doses of W3725 and OXS MoAbs were chosen in pilot
experinents on the basis of their apparest ability to eliminate
blood CD4” and CD8 " lymphocyts for at least T2& Th:
MoAbs were administered 3 days/week from day 14 until day
28, giving a total of seven doses

Flgw cytometry from peripheral blood

On days 18, 25, 31, 38 and S0 post-induction, blood samples
were taken by retroorbitai puacture and collected in EDTA-
coated Multvette tubes (Sardstedt, Spain). Samples were thea
treated with an erythrocyte lysing solution of NH QO and biood
lympbocyte subsets were determined by indirect immusofiuor-
escence and flow cytometry, as described previously [23].
Briefly, cells were incubated with anti-rat CD4 (W3/25), anti-
rat CD8 (OXS) or with az irrelevant MoAb as a negative
control. FITC-conjugated goat F(ab'); anti-mouse IgG (Sigma
Immuncchemicals, Spain) was added as & second antibody.
Cells were analysed on a Epics Elite flow cyrometer (Coulter
Corp., Hialeah, FL). Additiosally, two-colour CDS$/CD4 and
CDS/CDS staining was performed using an unlabelled MoAb,
followes by PEconjugated goat anti-mouse IgG (Sigma). After
adding 10ug/m! of ncrmal mouse IgG, the staining was
completed with FITCcomjugated MoAb directed to the
second marker.

Mouse IgG 1 levels in plasma
An ELISA was performed. Polystyrene microELISA plates
(Labsystems, Spain) were incubated overnight with $ ug/ml
rabbit anti-meuse 13G1 (Dako, Glostrup, Deamark) at room
temperature. Following incubation of test samples, peroxidase-
conjugated gost anti-mouse (Fab-specific} IgG (Sigma) was
added. Both antibodies were adsorbod with rat serum proteins.
Mouse [gG1 from ICN ImmunoBiologicals (USA) was used az
astandard.

Anti-mowse antibody response

To determine the immune respoose agaiast W3/25 MoAbs,
plasma were aralysed by means of an ELISA technique W3/
25coated plates (1 ug/mi) were incubated with plasma dilu-
uons and [ater with peroxidase-conjugated rabbit asti-rat IgG
{Dako), previously sdsorbed with mouse sera. A pool of sera
from five- and seven-{old treated rats was used as a standard
This pool was arbitrarily assigned 800 U/mi of anti-mouse
antibody.

Ansi-MY antibody

Plasma levels of agu-Mb antibody were measured as described
previously [24] Since s standard was not available, a pool
dilution from arthnuc control animals was added to each plate.
This pool was arbitranily assigned 1000 U/ml of apu-Mb ant-
body.

Expression of resuits and sratistical analysis

Hizd-paw infammation is expressed as volume wncresse com-
pared with articular vohimne measured on day 0. The eflects of
treatment oo paw volume were mezsured as the area upder
curve (AUC) and as the percentage of swelling inhiditics
D:fTerences between groups in all the parameters studied were
apaiysed by means of the Mann-Whitney U-test Significant
differences were accepted for P <005

RLSULTS

Effc:ts .t treatment om inflarmation
Hiod-paw solume from all studiad groups is represented in
Fig. 1. Anbhritic scores gave umilar resulis to those oblained
measuring hind paw volume (data not shown). Arthnitic con-
trol rats showed s full-blown arthritic syndrome shroughout
the course of the expeniment, showing & significantly higher
paw volume thau bealthy animals from day 14 until the end of
the study (F <0-01). Animals treated with the isotype control
antibody followed a similar time course to the arthritic control
g oup throughout the penod studied (data not shown).
Treatmr 2nt with anti-CD4 MoAbs had efficiently diminished
the urticular sweiling by day 18, when only two doses of MoAbs
had been administered, showing a 70% of swelling inkubition
with respect 10 the arthritic control group (Fig. 1). The hind
paw volume of anti-CD4-treated animals was significantly
lower than that of the anthritic con‘rol group unul day 25,
i.. 3 days before the end of the treatment (P<00S; Fig 1).
Percentages of swelling inhibition were between 70% and 80%
during this period. The AUC of the W3/25-treated group from
day 14 until day 28 was signiicantly lower than that from the
srthritic control group (P <0-006). On day 28, although ani-
mals were still receiving the last dose of treatment, a rebound 10
the arthritis signals was observed. On day 32, hind paw volume

© 1996 Blackwell Science 1.:d, Cimical end Experimenial Immmciogy. 183000000
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Fig. 1. Tune course of hund-paw volune increase follewing adminis-
traon of [4oAbs agaiast T lympbocyte subpopulatons iv established
disease. Values are expressed as means + s.e.m. Arrows ndicats days
of McAb sdministration. O, Healthy, @, adjuvent asthritis (AA)
contral, 0. AA + W1'25, T AA + OXE O, AA + W25 + OXB

from W3725-treated animals achieved arthntc control group
values and followed the same tme course during the rest of the
study.

Treatment with W3/25 + OX& together showed a similar
efect 1o that observed with W1725 alone. The effectiveness of
thus combined treatment was noticeable on day 18 (swelung
inhibition of §7%), and remarned significant until day 30

(P <005 The AUC obtained {nliowing this combined treat-,

mezt from day 14 unti! day 28 was significantly lower than that
from the srthnitic costrol group (P < 0-006). Io this treaument a
rebound 10 arthrits signals was slso observed, achieving
arthritic control value: on day 32

Treatment with OX8 alote was usable to modify the
disease throughout the period studied, following the same
time course 23 the arthntic costrol group.

CD4" and CD8” lymphocy tes
Percentages of CD4™ and CD8" cells with respect to total
gated lymphocytes from peripheral blood of treated and con-
trol animals were studied at intervals of 6-10 days throughout
the study (Fig. 2). CD4” cells represented about 50% of total
lymphocytes in beal’hy and arthritic control groups (Fig. 2a).
The percentage of CD8" cells in healthy animal. was abouat
20% (Fig. 2b), and arthritic control animals presented signifi-
cant increased CDE* cell values on days &5 and 38 in compar-
ison with bealthy animals

Treatment with W3/25 produced the down-regulation of
CD4 molecule as observed, after two doses of MoAbs, by a
marked decrease ic CD4* cells with normal expression of CD4
(Fig. 2a). The CDS/CD¢ double staining (Fig. 3) showed that
treatiment with W3/25 did not modify the percentage of CNS*
cells, while CDS*CD4"* celis were not detected. In addition,
this finding was nct accompanied with s proportional increase
in the CDS°CD$* population. When analysing the
CD4*CDS” population before and after treatment, po signifi-
cant changes were observed.

The percentage of CD4™ lymphocytes increased afier

. (8}

Por comt CD4’

oS 38888 3288¢8
¥

R iIIXIK I 1 1 )
0 s 16 b L » @ 48 $6

Oeys

&)

- V:\L—-...._.

s

ol A

0 8 18 24 32 & &8 55
Days

Fig 2 Tupe course of peroentages of CD4° (a) azd JDS° (1) T
lymphocyties foliowing admunistration of MoAbs agazst T lymphocyte
subpopulations io eststlisbed disease. Values are expressed as weans +
s.c.m Arrcws indicate days of MoAb administratios . C, Healthy: @,
adjuvent arthnits (AA! costrol, 0, AA + W3,25, 7, AA + OX5, €.
AA + W315 + OX§

3 8 8 8 8 3 8
T

Pur cont CDB*
-t

©o &

™7

stopping W3/2$ treatment, althaugh control values were not
reached at the end of the period studied, showing significant
differences even on day 50 (P <005). Altbough ou day 18
CD8"* cell percentage from W3/25-treated saimals was similar
to that of the arthritic control group, oo days 25 and 38 thus
percentage was higher than in the arthritic coatrol group
(P <0-09).

Treatment with X8 caused a significant and sustained
increase of about 15% in the pumber of CD4" cells ic
comparison with asthritic control animal; throughout the
period studied (Fig. 2a; P <0-05). Moreover, OX8-treated
animals presented no CD8 * cells, and after stopping treatmest,
CD8* cells progressively and sliowly rcappeared (Fig. 2b;
£ <0-0} with respect to the arthritic control group wroughout
the study).

When rats were treated with W3/25+ OX8 together, the
same percentage of CD4 * cells as in animals treated with W3/
25 alope was observed during treatment. However, once

© 1996 Blackwell Science Lud, Clinical and Experimental Imwumology. 163.000-000
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Fig 3 Two<olowr feorocytometnc aealyses of ra: peripheral bood
fyrmptocytes oblazed before (a.b) and after (c.d) W3'15 sdmmmstna.
ton Correlation of CDS witk CD4 (a.c) 83 CDS with CDS expressios

treatment stopped, CD4” lymphocytes with sormal expression
of CD4 quickly increased, reachung arthntic cootrol values on
day 3!, ie 3 davs after stopping treatment, and precenting a
tendency to ackieve OX8-treated group values thereafier The
combined treatment led to 2 curve of percentage of CDS” cclls
similar to that observed 1z OX8-treated amumals, although
CDE" cell recovery was slower.

Piasma levels of admumstered MoAbs and anti-mouse aniibody
response

Plasma ievels of mouse 1gG1 from treatment are represested in
Fig 4a Oz day 18, alter two doses of MoAbs, plasma levels of
W3/28 were less than half of isotype control MoAb levels,
indicatng that more thas halfl of the W3/25 adnunistered was
oot {ree in plasma, but hoked to CD4* cells.

Animals treated with W3/25 + OX8 presented slightly
lower plasina levels of IgGl than W3/2S-trested sgimals
throughout the study, thus indicating that the aou-CDS§
MoAbs was not free in plasma. OX8-treated snimals showed
very low levels of G during treatment. On day 31, i.e. Jdays
after stopping treatment, IgGl levels fell markedly in all
groups, schieving non-detectable values on day 50.

W3/25-treated animals developed an anti-mouse astibody
response, showing high levels from day 24, i.c. after neceiving
five doses of the MoAb, uctil the end of the studied period
(F:g &b).

Arti-Mb antibody

Arthritic control ssimas presented high levels or antibody
against Mb throughout the study, although treatments applied
even increased these antibody levels (Fig. 5). In the W3/25-
treated group, levels of aoti-Mb antibody were significantly
higher than those of the arthritic control group from day 38

%
§¢H
£ o

PRI 11 X 1 1 X S

Days

Fig 4 Muuse 1gG! levels (a) and asu-mouse asubody kevels )
detected 1o rat plasna foliowing sdmunistration of MoAbs sgasst T
hymphocyte subpopulations in establsbed disease. Values aze expressed
23 meazs + se.m. Arrows indicate days of MoAD sdminisvraton @,
Adjuvazt arthnitis (AA) + control isotype; U, AA + WI/25, T AA +
OXE, O, AA + W23 « OXS.

until the end of the period studied (P <0-05) When treatment
consisted of W3728+ OXE, levels of anti-Mb antibody were
sightly higher than those from W3/25 treatmaent duning aimos’
all the study, and significantly higher thao those from the
arthritic control group (P <0-0] cn days 25 and 3§, P<0v2
oo davs 17 and 49).

When CD8* cells were depleted from circulation in OXS-
treated animals, anti-Mb antibody increased markediy to
values which were almost four-fold those of the other groups
(P <0-01 with respect to arthritic control group oo days 25-38
and P<C-02 on day 49).

DISCUSSION

The first conclusion of this study is that ueatment with ant-
CD4 MoAbs car ameliorate established AA. It is now clear
that T lympbocytes play s crucial role in AA, as demonstrated
by induction of arthritis either by transfer of lymphocytes
{25.26] or by the clones {27} Moreover, Billingham et o/ [1§]

© 1996 Blackwell Science Lud, Clinical and Experimental Invmunoloyy. 103.000-000
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Fig. 8. Anu-Mycobacteriom butyricwm (MY} anubody levels (Urml)
deiecied o plasma by ELISA folowing sdmimisirance of MoAds
sgainst T lympbocye subpopulauoss 1o established disease Values
are sxpressed as means ¢ sem Arrows edicate dagss of MoAd
sAmunistratos @, Adjuvan: arthnus (AAY control, T, AA + W1/28,
T AA « OXS & AA + WIS » OXE

reported the preveston of AA using OX3S, 8 depleting ;n'.r’
CD4 MoAb, acd w previous studies we obscrved that W3/25,
an acu-CD4 MeAb hat led to 2 down-regulation of CD4
molecules, couid also prevent the development of AA{19] o
both cases, the prevention was mastained throughou: the
study, and & rechallenge parformed when CD4” cells were
recovered was unsuccessful

Here we demoastzate that reatment with W328 McAb to
rats %tk a full-blows arthnuc syndrorme reduced mest inflam-

ratory signs alter only two doses However, thus effect was only
transient, lasung dunsg the manumum of wlanmatios and
disappearing aflter vz doses Afterwards, W325-treated rats
followed the same course 1< the arthritic control group. The
wneSicacy of last doses of the ant-CD4 MoAbs could be due 1o
an ant-mouse response developed by the tresled rats, which
biockel the subsequent doses. These results suggest that inter-
ference with CD4 molecule can be an efflctive method to
reverse chuonic inflammation, but this interference shouid be
contpuous, and therefare as anubody that does aot act as an
immunoges is needed.

To our knowledge, the high capability of W3/25 ia ameb-
crating AA bas oot been described Van den Broek ef o/ {28)
reported 8 decrease in paw swelling when administering W3/25
to rats with established streptococcal cell wall-induced arthritis.
In contrast, anti-CD4 MoAbs were upable to ameliorate
established CIA 1o mice {15-17] or in rats (29}

Immugotherapy with W3/25 mostly produced s decrease in
CD4 antger or down-reguiation in CD4* lympbocytes, as
demcastrated by the total absence of CDS*CD4” lympho-
cytes, accompanied by a poo-proportiopal increase in
CDS"CD8" cell perceptage. However, lymphocyte percen-
umfmdayslsmmlbondthﬁummof
CD8" ceils than those from the arthritic coatrol group, which
could indicate 8 partial depletion of CD4* lymphocytes. The
CDS*CD8" double staining from cells obtained before and
after yeatmernt bas shown that depletion of CD4° cells was a

minor effect of W3/25 MoAb treatment.

Anti-C1>4 therapy did not affect the production of an:i-Mb
antibody, thus suggesting a different effect of W3/25 on Thi
and Th2 activities. These resulis agree with expeniments per-
fermed in vitro [30]. However, when treatment stopped, a
kigher anti-MDb response was observed in W3,25-treated ani-
mals with respect to the arthritic control groep. This sugpests
that the reappeararce of CD4 * cells with normal expression of
CD4 enbances the humoral response.

A second conclution of this study is the absence of effect of
0X8 MoAb upoa established AA The dese of OXS given to
arthritic rats practically eliminatsd CD8* cells from peripheral
blood during treatment. Depletion of these cells was evidenced
by quantifying this subpopulation, and also by the conconutant
increase in CD4" cells. Nevertheless, the duappearance of
CD3” lymphocytes did pot influence the chronic nflame2tory
response Astibodies against CDE molecule are also inefectc ¢
in the prevestion of rat AA {31} and mouse CIA [16] CDS”
cells do not seem therefore to regulate the wnfammatory
response. either 1 the inubation or in the perpetuation of an
arthritic direase.

On the other hand the depletion of CD$ ™ cells in penpl-
eral blood produced a significas! increase in specific anubody
response Anti-Mb anubody levels rose quickly after four doses
of OX8 to levels that were a'most fousr-foid those of the
arthnuc control group. 1herefore, CDS® lympbocytes have
a5 effect upon those T lymphocytes which direct immuncglo-
bulin synthesis, but not upon those T lympbocyies invobhed io
the inflammatory respunse. The question therzfore anises as to
whether T suppressor fymphocytes act on Th2 cells but pot on
Thl celis Further analysit should be performed w answer this
Quesuos

A turd form of therapy was assaved 1o thus study combin-
ing W325 and OXE. The same effect as treatment with W3728
alone resulied. The CD8* cell depietion together with CDS
mod+lation did not modify the ameliorating efiect from W372§
alc~e On tie other band, the reappearance of CO8° cells in
anr.als treated with W3723+OX8 was slower than what
observed for OX8-treated snimals, thus suggesung ao infuence
of CD4 down-regulation or this process. The high ant-Mb
antbody levels achieved by OXS-treated animals were ot
observed when CDM4* celis were modulated at the same ume
as CDS* cells were depleted. This suggest that, whea CDS*
cells are depleted, tae ability of modulaied CD4° cells to
increase the antibody response was lower thap that of pormal
CD4” cells

in conclusion, we have demonstrated that establis’ «d rat
AA can be strongly amelicrated by treatmentwithanar D4
MoADb, which indicates an essential roie of CD4™ cells i the
perpetuation of this disease. Moreover, CD8 * cells do not seem
to have the regulatory role of those CD4* cells which are
responsible for the inflammatory respoase, although CDS®
lymphocytes regulate those CDD4° cells respoasible for the
antibody response against the inducer agent
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L’artritis adjuvent és una patologia indulda en rata mitjancant 1'administracié, via
intradérmica, d'adjuvant con:plet e Freund. Aquest model va ser induit per primera vegada
per Stoerk i col. (1954) i perfeccionat més tard per Pearson (1956). L'AA es considera un
model experimental d’AR humana i s’utilitza tant per a I'estudi i investigacié d’agen:s
antiinflamatoris com per intentar esbrinar els mecanismes implicats en la patoginesi de!
procés artritic. En aquest sentit, té importdncia establir els maxims paral-lelismes entre la
malaltia humana i 1a patologia experimental.

L’AA ha estat objecte d'estudi en el nostre grup de recerca des d'un punt de vista
immunoldgic, fet que ha perm?s la deteccid i quantificacié d’autcanticosses contra Ig (Castell
i col., 1985 i 1986, Franch i col., 1994d), conira components del cartflag articular
(Pantaleoni i col., 1991; Franch i col., 1994)), aix{ com autoanticossos dirigits contra
filaments intermedis d=l citosquelet (Franch i col., 1994<), alteracions tambdé presents en
I'AR. D'aitra banda, també s’han constatat desequilibris entre les diferents poblacions
limfocftiques presents en sang periferica (Franch i col., 1994a) i en teixits limfoides (Carol
i col, 1995; Redriguez-Palmero i col., 1995).

Un dels objectius d’aquest treball va ser de tipus metodoldgic i va consistir en un estudi
comparatiu dels efectes, sobre les poblacions imfocitiques de rata, de tres métodes de lisi
d’eritrdcits, utilitzats normalment per a sang humana (lisi amb clorusr amdnic, amb reactiu
de Becton & Dickinson i mitjangant el sistema Coulter Q-prep) i dels efectes d’un gradient
de sedimentacié Ficoll-Isopaque adaptat a rata (Franch i co!., 1993).

El gradient de sedimentacié Ficoll-Isopaque adaptat a rata va proporcionar els percentatges
més baixos de limfdcits T, fet que va suggerir la perdua selectiva d'aiguns d’aquests
limfocits. D altra banda, perd, el gradient és I'tinic métode dels quatre estudiats que permet
separar els limfocits dels granuldcits.

En relaci6 als dos metodes comercials, la lisi amb el reactiu de Becton & Dickinson i 1a lisi
mitjangant el sistema Coulter Q-prep, en ambdés casos es van obtenir uns valors percentuals
de limfocits T i B intermitjos i comparables. E! principal avantatge d'aquests dos mitodes
és la seva rapidesa, perd en contrapartida, els dus mdtodes requereixen reactius especffics
que impliquen un cost elevat i, a més a més, el sistema Coulter Q-prep també requereix un
aparell especific per processar les mostres.

Quan es va aplicar el clorur amdnic com a metode de lisi d'enitrdcits el percentatge de
limfocits B va ser inferior a 1’obtingut pels aitres mtodes, suggerint la ptrdua selectiva
d’alguns iimfocits B com a resultat de la susceptibilitat d’aquests a la solucié Ge clorur
amdnic. Malgrat aquest efecte sobre els limfdcits B, la lisi amb clorur amdnic no afecta
selectivament cap subpoblacié de limfocits T i representa un metode de baix cost i facil
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aplicabilitat. A causa del nostre inters espectfic centrat en I’anllisi de limfdcits T, i en base
als avantatges ja esmentats que presentava el mdtode de lisi amb clorur amdnic, aquest va
ser l'escollit per avaluar I'efecte en els limfdcits T dels AcMo administrats en la
. \Di

El primer objectiu no metodoldgic del present treball va consistir en esbrinar quins tipus
cel-lulars estan implicats en el procés artrftic a niveil local. L'interds va sorgir de resultats
previs que van mostrar un desequilibri entre les poblacions limfociiiques de sang periferica
de rates amb AA. Es va realitzar un estudi immunohistoquimic de la membrana sinovial de
genoll de rates amb AA i d’entre tots els marcadors utilitzats, el teixit sinovial sa només va
presentar cdl-lules CD4° i Ia* en la capa fntima, corresponent possiblement a macrdfags
(Jefferies i col., 1985) i a cdl-lules dendrftiques {Steinmann i Nussenzweig, 1980),
respectivament. Set dies després de la induccié de I'AA, durant la fase de latdncia de la
patologia, els canvis observats van ser minims, mentre que a partir del dia 14, les alteracions
tissulars van comportar la proliferacié de macrdfags i c2l-lules dendritiques i la infiltracié
d’altres tipus cel-lulars.

Es van trobar alguns limfdcits T (c2l-lules CDS5*) a niveli de 1a subintima durant els dies 14-
21 postinduccid, perd aquest fet no es va reproduir en tots els teixits estudiats i, a més a
més, els limfocits no estaven distnibuits en cimuls al voltant dels vasos, tal 1 com s’ha descrit
per a I'AR (Iguchi i col., 1986). En relacié a I'AA, tot i que els primers estudis histoldgics
realitzats per Pearson i col. (1961) també descriven la preséncia d'infiltracions de limfocits
en aquest model, estudis posteriors realitzats també per t¥cniques J’histologia convencional
no fan referdncia a la preséncia daquests infiltrats, coincidint amb els nostres resultats (Mohr
i Wild, 1976; Taurog i col., 1988).

La poblacié de cdl-lules CD4° es va trobar augmentada en els teixits sinovials artritics. La
majoria d"aquestes cdl-lules, en base a la seva mida, a la tinci6 citoplasmatica observada amb
I'AcMo anti-CD4 i després de comparar els resultats amb I’AcMo ED2 (marcador de
macrofags; Dijkstra i col., 1987), es van identificar com a macrdfags.

A P'anilisi immunohistoqufmica ambé es va detectar la preséncia de cdl-lules CD8* en la
subintima sinovial, fet que no coincidia amb |'escassesa o abstacia de limfdcits 1’ revelats
amb un AcMo anti-CDS5 i que reflectia, per tant, la preséncia de cdl-lules CD8°CD5'. Aquest
recultat va suggeris la possibilitat que fossin limfdcits T-y/5, alguns dels quals sén CDS-
CD4CD8* (Goodman i Lefrancois, 1988). Els limfocits T-y/3 representen una poblacid
minoritaria de limfdcits T que expressen un receptor per a I'antigen estructuralment diferent
ai convencional, és a dir, expressen un TCR format per una cadena «y i una § (Raulet, 1989).
Les funcions dels limfocits T-y/8 in vivo encara no es coneixen, perd s’ha descrit un augment
d’aquestes ctl-lules en sang periferica i en liquid sinovial de malalis amb AR (Breanan i col.,
1988 i 1989). A més a més, s’ha demostrat que els limfdcits T-y/8 proliferen davant
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d’antfgens micobacterians (Haregewoin i coi., 1989; Janis i col., 1989) i també s’ha descrit
la seva possible implicaci6 en la patogtnesi de I'AIC en ratolf (Peterman i col., 1993).

L'any 1994, Kiihnlein i col. van produir i caracteritzar un AcMo dirigit contra el TCR-y/8
de rata. Aquests autors van caracteritzar ¢ls limfdcits T-y/8 presents en ganglis limfatice, en
melsa i en intestf prim de rates i van mostrar que el fenotip d’aquests limfdcits era variable
i depenia de la seva localitzacié. Per tant, resultavz factible que la poblacié CDS'CD8*
observada en el teixit sinovial artritic correspongués a limfocits T-/8, els quals, com ja s’ha
esmentat, semblen ser importants en alguns processos artritics.

En resum, 1'estudi de les poblacions cel-lulars presents en la membrana sinovial inflamada
de rates amb AA va revelar un augment en el nombre de cl-lules mononuclears a partir del
dia 14 postinduccid, sense la presdncia de cimuls de limfdcits T CD5*. Aquests fers van
suggerir que la sinovitis a I'AA estava causada majoritidriament per macrdfags, més que per
limfocits. si bé quedava per aclarir si I'increment en c2l-lules CD8* reflectia la presincia de
limfocits T-y/8. Cal esmentar que aguest increment en les c2l-lules CD8* no va disminuir
en membranss sinovials procedents d’animals tractats amb dexametasona, les quals eren
similars a les sindvies control pel que fa a les altres poblacions ccl-lulars.

Per tal d°analitzar la implicacié dels limfocits T-y/8 en el desenvolupament de I'AA es va
portar a terme una immunoterapia amb I'AcMo V6S, dingit contra el TCR-9/8 de rata.

Es ~an desenvolupar diferents protocols d'administracié de I'AcMo V6S: un tractament
preventiu, realitzat a animais nounats durant tot el perfode previ a la induccid de I'AA, i dos
tractaments curatius, iniciats abans o durant el maxim d’inflamacid, respectivament. Tots els
tractaments amb I'AcMo V65 van conduir a la presdncia, en sang i ganglis limfatics, d"una
poblacié de limfdcits amb una expressi6 antigénica disminuida de les moldcules de TCR-/$
i de CD3 en la seva superficie, fet que indica que I'AcMo V65 va produir ia down-regulation
del receptor i la comodulacié de la moldcula CD3. Ara bé, el percentatge d'aquesta
subpoblacié amb el TCR iodulat era inferior 2l percentatge de limfdcits T-y/8 detectats
abans del tractament, suggerint que algunes cdl-lules T-v/8 s’havien depleccionat o havien
perdut totalment I’expressié del seu TCR.

Malgrat I'efectivitat i especificitat de I’ AcMo V65 demostrada sobre els limfocits T-y/8 i que
els nivells detectats d'AcMo en plasma van ser saturants, cap deis protocols assajats en la
immunoterapia amb i’ AcMo V65 va aconseguir prevenir el desenvolupament de la patologia,
ni modificar la simptomatologia clinica ni les alteracions hematoldgiques de la mateixa.
L’avaluacid histoldgica de I'articulacié del turmell va mostrar, perd, que el tractament amb
I’AcMo V6S iniciat abans del maxim d’inflamacié (dies 12, 15 i 18 postinduccid) va produir
un grau de destruccié articular significativament superior al dels animals artrftics control.
Aquest fet va suggerir que els limfocits T-y/3 exerceixen un paper protector a nivell local
en ung determinada fase de la patologia.
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Aquest efecte fase-depenent dels limfdcits T-y/3 a I'AA, és semblant al descrit en algunes
patologies experimentals inflamatdries en ratolf, com 1I'AIC (Peterman i col., 1993) i la
listeriosi (Mombaerts i col., 1993; Fu i col., 1994), on s’ha demostrat que els limfdcits T-y/8
es localitzen en els infiltrats inflamatoris tissulars només en fases secundiries o tardanes de
Ia patologia.

Es va pensar que la propietat moduladora dels limfdcits T-y/8 a I'AA podia estar mitjancada
per Iz regulacié de la resposta enfront d'antfgens micodacterians. De fet, s’ha demostrat que
una proteina d'estrés tdrmic (hsp) d’origen micobacterid, la hsp-60, i piptids derivats
d’aquesta proteina tenen un efecte protector 2n I'AA (Anderion i col., 1995). Aixf, els
limfecits T-y/8 podien exercir la seva accié protectora mitjancant la reaccié amb la hsp-60.
Fins zra, perd, I'dnic clon de limfdcits T caracteritzat, que respon a la hsp-60 i que és capag
de transferir propietats antiartritiques en I'AA, expressa el fenotip TCR-a/8°CD4* (Anderton
i col., 1995). Aquests resultats i el fet que el tractament amb V6S no nodifiqués els nivells
d’anticossos antimicobacteri en els animals tractats, descarten 1a possibilitat que ¢l mecanisme
d'accié del tractament amb I'AcMo anti-TCR-y/8 sigui mediat principalment per Ia resposta
enfront del micobacteri.

Un altre possibie mecanisme de 1'accid protectora dels limfdcits T-y/8 podia ser indirecte.
mitjangant 1a neutralitzacié de I2 capacitat proartritogerica dels limfdcits T-a/8 (Yoshino i
col., 1990a i b). Aquesta possibilitat estd basada en estudis desenvolupats en ratolf que
demostren que la modulacié dels limfocits T-y/8 afecta la reactivitat dels limfdcits T-a/8, i
suggereixen que ia poblacié T-y/8 esth implicada en la regulacié de I'activacié dels limfocits
T-a/B in vizc. En el nostre cas, les dades obiingudes per citometria de flux durant el
tractament amb I’ AcMo anti-TCR-+y/3 mostren que n: el nombre ni |’ expressié fenotipica dels
limfdcits T-a/8 estan modificats.

Després de descartar la intervencié directa dels limfdcits T-y/8 en 12 patoginesi del procés
artrftic experimental, varem centrar ’atencid cap als limfocits T-a/B, concretament cap a la
poblacié CD4" i 1a CD8". Estudis de transferéncia realitzats per Holoshitz i col. (1983) i
Taurog i col. (1983) havien demostrat un paper essencial dels limfocits T CD4* en ei
desenvolupament de I'AA. Quedava per veure, perd, si els limfocits T CD8* exercien algun
efecte complementari o capag de modular el dels limfocits T CD4°.

Per estudiar la implicacié de les subpoblacions limfocftiques CD<* i CD8* en el
desenvolupament de I'artritis, es va realitzar una immunoteripia preventiva amb AcMo
dirigits contra ambdés tipus cel-julars durant la fase de latdncia de la patologia.

Durant els perfodes de tractament amb els AcMo W3/25 i OX8 =3 van estudias els seus
efectes a nivell cel-lular, mitjancant I'andlisi dels limfdcits T CD4* i CD8* per citometria
de flux. L'AcMo OX8 va produir la depleccié completa dels limfocits T CD8* de sang
periferica, tal com s’havia descrit préviament (Holmdahl i col., 1985; Larsson i col., 1985).
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En canvi, I’'administracié de I'AcMo W3/2S va produir majorithiriament la modulacié o down-
regulation de la moldcula CD4 de la superficie dels limfdcits T CD4*. Aquest efecte, no
s’havia descrit anteriorment per a I'AcMo W3/25.

La immunoteripia preventiva amb I’AcMo W3/25 va inhibir completament I’ artritis, mentre
que I’administracié de I'AcMo OX8 no va produir cap efecte. A més a més, 1'administracié
conjunta de I'AcMo OX8 amb el W3/25 no va modificar I'efecte innibidor d’aguest dltim.
Cal esmentar que I'efecte preventiu de I'AcMo W3/25 va romandre fins i 20t quan els
limfdcits T ja havien recuperat 1'expressié normal de CD4 i va ser efectiv en protegir els
animals d’una segona induccié amb Mycobacterium busyricum.

Aix{, malgrat I'augment de limfocits T CD8* en sang periférica (Franch i col., 1994a) i
I'increment del nombre de cdl-lules CD8* en el teixit sinovial artrftic, aquesta poblacié
cel-lular no sembla exercir un paper rellevant en la patog2nesi de I'AA.

Els resultats obtinguts indiquen que els limfocits T CD4° estan implicats en la fase de
desenvolupament de I’AA i suggereixen que la down-regulation de la molécula CD4
comporta tn rediccié en i'alliberament de limfocines i altres mediadors inflamatoris dels
limfocits T CD< . L'efecte preventiu de I'AcMo W3/25 no havia estat descrit préviament
en I'AA, tot i que Van den Broek i col. (1992) havien publicat la inhibicié dc 1'artritis
p-oduiaa per SCW emprant aquest mateix AcMo. D’altra banda, Billingham i col. (1990)
havien descit que un AcMo anti-CD4 amb capacitat depleccionant, 1'OX3S, era capag de
prevenir el desenvolupament de I’AA. Aix{, I'efecte bencficiés dels AcMo anti-CD4 sobre
el desenvolupament de I'AA sembla que és independent del seu efecte a nivell cel-lular, és
a dir, depleccié o modulacié de la molecula CD4.

L’AcMo W3/25 no va maodificar els nivclls d’anticossos antimicobacteri respecte el grup
artritic control, indicant que la down-regulation de la moldcula CD4 només interfereix
algunes funcions dels limfocits T CD4 *. Aquests resultats suggercixen que !I'AcMo W3/25
té un efecte diferent sobre les activitats Thl i Th2, és a dir, les responsables del procés
inflamatori i les responsahles de la produccié d'anticossos, respectivament. Aquesta hiptiesi
concorda amb els estudic de Papp i col. (1992) que descriuen 1a inhibicié de la produccié de
IL-2 perd no de IL4 per un AcMo anti-CD4.

A partir de I'any 1987, es va comencar a aplicar el tractament amb AcMo anti-CD4 a malalts
amb AR. Aquest fet resulta sorprenent ja que préviament no s’havia descrit 1'eficicia
d’aquesta terdpia en cap model experimental d’artritis. No va ser fins I'any 1992, que Van
den Broek i col. van descriure I'eficicia teraptutica d'un AcMo anti-CD4 sobre 1'artritis
induida per SCW. D’altra banda, el tractament resultava inefectiu en 1°AIC en ratolf (Ranges
i col., 1985; Hom i col., 1988; Williams i col., 1994) i en rata (Goldschmidt i Holmdah!,
1994).
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El tractament de rates amb AA ja establerta cmprant I'AcMo W3/25, a la mateixa dosi que
la utilitzada en el tractament preventiu, va ser capag de revertir la inflamacié. Juntament amb
el tractament amb W3/25, es va realitzar una teripia amb OX3 sol o addicionat al W3/25.
La depleccid dels limfocits T CD$*, aconseguida en ambdds casos, no va interferir ni en el
desenvolupament de I"artritis establerta ni en 1'efecte positiu del W3/25, mostrant novament
la poca rellevincia dels limfdcits T CD8* en la cronificacié del procés artrftic. De totes
maneres, cal remarcar que la depleccié dels limfocits T CD8* va conduir a un gran
increment en els nivells d'anticossos antimicobacteri. Per tant, durant la fase cronica de
I’AA, els limfocits T CD8* exerceixen un paper regulador sobre els limfdcits involucrats en
la sintesi d'anticossos.

Els efectes beneficiosos observats amb I'AcMo W3/25 en els nostres experiments sobre AA
establerta van ser transitoris i van desapardixer després de 6 dosis. La ineficicia de les
dltimes dosis pot ser atribuida a la resposta antiratolf que es va detectar en les rates tractades
amb W3/25. En aquest sentit, la interferdncia amb la moldcula CD4 pot esdevenir un nrdtode
efectiu per revertir la inflamacié cronica, perd és necessari que aquesta interferéncia sigui
continua i, per tant, és molt important que 1'AcP4o a emprar no actui com a immunogen. Per
tant, és de gran importincia disposar dc grans quantitats d'anticossos humanitzats per al
tractamerit de I'AR humana.

En resum, en aquest treball s’ha demcstrat 1z implicacié dels limfocits T CD4° o
col-laboradors no només en la fase de desenvolupament dei procés artrtic, sind també en el
procés de cronificaci6, fet que permet considerar els iimfocits T CD4* com a possibles
diares d’un tractament en I'AR humana. Cal tenir en compte, perd, que aquest tractament
s’ha de realitzar de forma continua i amb moldcules que no estimulin una resposta
iminunitaria. A més a més, s’ha demostrat que els limfocits T-y/3 juguen un paper secundari
en ¢l desenvolupament de 1I'AA i que aquest paper és més aviat protector, modulant 1'accié
exercida per altres tipus cel-lulars en una determinada fase de la patolcgia. D'altra banda,
els limfocits T CD8* no estan implicats en el desenvolupament de 1’artritis, ni tan sols com
a moduladors de 1'acci6 dels limfdcits T CD4 * artritogenics. Per ditim, malgrat la rellevancia
dels limfocits T col-laboradors en el procés artritic, la presdncia d’aquestes cdi-lules a nivell
inflamatori local és minima, suggerint un efecte regulat majoritiriament per citocines des dels
Organs limfoides.
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L’estudi immunohistoquimic del teixit sinovial de genoll de rates amb artritis adjuvant
va mostrar absincia de cimuls de limfdcits T, tot i que es van detectar algunes
ctl-lules CDS* els dies de maxima inflamacié articular. D’altra banda, es va observar
un augment de cdl-lules moncnuciears CD4* en la membrana sinovial inflamada.
Aquesis dos fets suggereixen que els macrdfags poden ser el tipus cel-lular
majoritdriament responsable de la sinovitis en I'AA.

La membrana sinovial de genoll dels animals artritics va mostrar un augment en la
poblacié CD8°. Aquest increraent i la restringida pres®ncia de limfocits T (CDS*)
sén indicatius de la presdncia de c2l-lules CD8°CDS en la sindvia inflamada.

La membrana sinovial dels animals artritics va presentar un increment en les cél-lules
0X39°*, que ja va ser manifest durant la fase de latncia, i un augment en el nombre
de cl-lules OX6° i OX33* a partir de I'establiment de la patologia.

El tractament amb dexametasona (0,3 mg/kg/dia, p.o) va revertir la sinovitis
observada en els animals artritics i va restaurar, a excepcid de les cdl-lules CD8°, els
increments de les poblacions cel-lulars detectats en sindvies inflamadey.

La immunoterdpia de I'artritis adjuvant amb I’AcMo anti-TCR-y/$ de raa, VoS,
acministrat de forma preventiva des del naixement o bé de forma terapdutica, abans
o durant el maxim d'inflamacié, no va modificar la simptomatologia ¢!fnica ni les
alteracions hematologiqres de I'AA, fet que indica que els limfocits T-4/8 no
intervenen en la seva patogénia.

El tractament de !"artritis adjuvant amb I'AcMo anti-TCR-v/8 iniciat abans del maxim
d'inflamacié va potenciar, en fases tardanes de la patologia, el grau de destruccié
articular present e els animals artritics, suggerint un paper protector fase-depenent
deis limfocits T-+/9.

L'administracié de I'AcMo anti-TCR-y/$ va provocar la desaparicié de I'expressié
normal del TCR en els limfdcits T-y/8 de sang i ganglis limfatics. En una part de la
poblacié cel-lular T-4/8 es va detectar 1a down-regulation del TCR mitjangant la
pres2ncia de limfdcits amb expressié reduida del receptor.

L'administracié de 1'AcMo anti-TCR-9/8 no va modificar el Jercentatge de limfoxcits
T-a/B ni I’expressid antigenica del TCR-a/8.
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El gradient de sedimentacié Ficoll-Isopaque adaptat a rata i els tres metodes de lisi
d’eritrdcits estudiats (lisi amb clorur amdnic, amb reactiu de Becton & Dickinson i
el sistema Coulter Q-prep) sda, eis quatre, mdtodes potencialment vilids i aplicables
en I'aillament i canacteritzacid fenotfpica de limfocits de sang periferica de rata.

El gradient de densitat Fico!l-Isopaque adaptat a rata és ¢l mdtode que proporciona
uns percentatges de limfocits CDS*, CD4* i CD25* més baixos, suggerint una
ptrdua selectiva d’alguns limfocits T. Amb el mtode de lisi amdb clorur amdnic
s’obtenen els percentatges més baixos de limfdcits B, la qual cosa suggereix que els
limfocits B sén sensibles a les condicions d’aquest mdtode.

L’administracié de set dosis de I'AcMo anti-CD4 W3/25 durant 1a fase de latdncia de
I'AA va prevenir el desenvolupament de la inflamacié articular, fet que confirma el
paper essencial dels limfdcits T CD4°* en la patogenesi de I'AA.

L'administracié de I’AcMo anti-CD8 OX8 durant la fase de latdncia de I'AA no va
afectar el desenvolupament de l2 inflamacié articular. A més a més, 1'administracié
conjunta de I'AcMo OX8 amb 1I’'AcMo W3/25 no va modificar I'efectivitat de I'AcMo
W3/25, la qual cosa indica que els limfocits T CD8* no intervenen directament ni
exerceixen un paper regulador sobre els limfdcits T CD4” en la patogénesi de I'AA.

El tractament preventiu amb i'AcMo W3/25 sol o conjuntament amb I’AcMo OX8
va induir un estat de resistdncia enfront d'una segona induccié de la patologia,
realitzada 45 dies després de 1'dltima administraci6 d’'AcMo.

L'administracié de I'AcMo W3/25 procdueix majoritiriament una down-regulation de
la molécula CD4 en la superficie dels limfcits T de sang periférica.

L'administracié de I'AcMo W3/25 sol o conjuntament amb 1I'AcMo OX8 durant la
fase de latdncia de I'AA no va modificar la produccié d anticossos dirigits contra
I’'2gent inductor. Aquest fet demostra que la down-regulation de la moidcula CD4 no
interfereix ¢l desenvolupament de la resposta immunitaria humoral.

El tractament amb 1’'AcMo anti-CD4 W3/25 iniciat un cop instaurada la patologia és
capag de revertir la inflamacié articular ja establerta, fet que indica una implicacié
directa dels limfocits CD4* en la perpetuacié de i°'AA.

L'efectivitat terapdutica de 1I'AcMo W3/25, que ja és aparent després de
’administracié de dues dosis, desapareix després de la sisena dosi. Aquesta perdua
d’efectivitat es pot atribuir a la presdncia d’anticossos dirigits contra 1'AcMo
administrat, dzteciats en el plasma dels animals tractats.
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El tractament amb 1' AcMo anti-CD8 OXS8 iniciat quan la patologia ja és establerta no
modifica el curs de I'AA. A més a més, la terdpia combinada W3/25 +0X8 procueix
els mateixos efectes beneficiosos que 1'administracié de I'AcMo W3/25.

La depleccid dels limfocits CD8*, conseqiient al tractament curatiu amb I'AcMo
OX8, s’acompanya d'un fort increment dels nivells d’anticossos anti- um
butyricum. Aquests resultats mostren la infludncia dels limfocits T CD8* en la
regulacié de la resposta immunitiria humoral. Aguest fet, perd, no ha interferit en
el desenvolupament de la resposta inflamatdria.
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