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SUMMARY

The effects of a mycobacterial 71-kD hsp antigen have been investigated for its ability to modulate
arthritis in rats. Subcutaneous injection (base of tail) of increasing amounts of hsp7Wfroobacter-

ium tuberculosis(MTB) produced dose-dependent differential inhibitory effects on induction of
arthritis by MTB and CP20961 in rats. As little asu@ of the hsp71 produced a reduction in MTB
arthritis, whereas complete protection was observed whewg5@ere administered. When 71-kD-
treated rats were challenged with CP20961, all developed reduced symptoms of arthritis compared with
control rats, but in this model no complete protection was observed over the dose range studied. The
effects of 71-kD pretreatment on collagen Il arthritis were not significant, but in general symptoms of
arthritis were milder than in the control group. The same pattern of results was observed previously
when hsp65 was used in the different models. These results show that the modulatory effects of hsp on
adjuvant arthritis are not restricted to the hsp65 series, but are also mediated by a member of the hsp70
family.
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INTRODUCTION cell clones were found to modulate the development of arthritis in

. . . . . rats [9-11].
Th i hogenesis of rheumatoid arthritis (RA) in humans h ! o . .
e etiopathogenesis of rheumatoid arthritis (RA) umans has Rat adjuvant arthritis is a widely used experimental model for

been proposed to involve immunity to mycobacterial antigens an ) . . .
prop vy y 9 q?A, and is observed after animals are injected subcutaneously with

related antigens of other infectious organisms [1]. It has bee . . L N
g 9 [1] I\eat-kllled Myco. tuberculosigMTB) suspension in paraffin oil

hat th immuni rved in RA i resul . . ;
suggested t at' the auto nmu Yy Qbse ed ALS a esult 0 12]. The disease is T lymphocyte-driven and can be transferred to
cross-reactive immunological reactions between infectious organ="" . .
paive animals with T cells from spleens and lymph nodes of

isms and host cartilage components [2]. Investigation of humoral . . .
9 P [2] 9 djuvant-treated rats [13]. When animals are pretreated with the

and cell-mediated immune responses during infectious diseas%% . . o )
. P ) 9 L -kD antigen, it has been shown that arthritis induction can be
such as leprosy, tuberculosis, malaria and trypanosomiasis has

shown that bacterial stress proteins belonging to the 65-kD and 7 revented against streptococcal cell wall [14], MTB.[15], pristane
kD hsp families are major immune targets, and can be considere 6] and collagen Il [17] challenge. Pretreatment with hsp65 also

. . . reduces the severity of lipoidal amine-induced arthritis [15].
immunodominant antigens [3-6]. Enpit . tudies h further d trated that )
As a result of the proposed link between autoimmunity and ptope mapping studies have furer demonstrated that a non

infection, the role of mycobacterial hsp as antigens in RA has beeﬁlp.eDtIOIe sequence contame_d within the .65'kD. protein (amino
. L0 . acids 180-188) was recognized by arthritogenic T cell clones
a subject of expanding interest. Whether heat shock proteins araend as able to prevent arthritis induction [18-20]
actual target antigens in arthritis still remains to be determined, TVeren togethgr tvhese stuolli:eslsu;gést that_aT ;:ell immunity to
however. The expression of hsp h n reported in both synovigl AR ) ; ) .
oweve e expression of hsp has been reported in both syno ?he 65-kD antigen is important in the induction and protection

membrane cells of RA and osteoarthritic joints, and also inagainst adjuvant arthritis. In this study, we have investigated the
chondrocytes [7,8]. Moreover, T lymphocytes specific for recom- ) . ! -
ytes [7.8] ymphocy P effects of another stress protein, hsp7 IMyfco. tuberculosisfor

binantMycobacterium bovibacille Calmette—Gua (BCG) hsp65 . - R )
have been isolated from joints of RA patients, and hsp65-specific ‘FS ability to modulate arthritis in different experimental models of
' rat arthritis. The 71-kD protein is distinct from the 65-kD hsp

Correspondence: Dr A. E. Kingston, Lilly Research Centre Ltd., Erl @ntigen, and belongs to the 70-kD hsp gene family as defined by
Wood Manor, Windlesham, Surrey GU20 6PH, UK. biochemical and antigenic analysis [5,21]. Garsial [22] have
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shown no homology at the gene level between the 65 and 70 hsp 25 —

family members, and moreover, there is no cross-reactivity L

between antibodies directed at the two antigens [23]. Like hsp65, 20

hsp71 antigen can induce immune responses in human individuals

exposed to mycobacteria [3,4]. Distribution studies have showng i

that immunogenic sequences contained within hsp70 gene pro® 15 -

ducts may be restricted to the more pathogenic types of mycobacg i a—~ A—aA A

teria, includingMyco. leprag Myco. bovisandMyco. tuberculosis -E, 10—

[3]. This contrasts with hsp65, which is found in both pathogenic < + , —mmmteeel Ao eemee 2 (NS)
and non-pathogenic mycobacteria. In view of the concordant 5 A / (P<0.05)
immune reactivity to both the 65-kD and 70-kD antigens during (P<0-01)
infection, it is of interest to investigate the activity of hsp71 in 4 —0——e- | [ ) 3(_P<'0-oo11
experimental models of RA. The results of this study show that the 10 15 20 25 30 35
effects of the 71-kD antigen are consistent with those seen Time after MTB challenge (days)

previously for the 65-kD antigen. Fig. 1. The effects of hsp71 pretreatment btycobacterium tuberculosis

(MTB)-induced arthritis. Rats were pretreated with recombinant hsp71 in

MATERIALS AND METHODS oil at 1-50ug per rat subcutaneously at the base of tail for 21 days before
) o challenge with MTB (25Qig/rat) at base of tail. Results represent mean
MTB adjuvant arthritis arthritis scores of five rats per group.values were calculated at day 33.

Age-matched female Lewis rats (5—6 weeks old; Bantam andNsS, Not significantO, 50ug hsp71;@, 5ug hsp71{], 1 g hsp71;A, oil
Kingman Ltd., Hull, UK) were injected with 250g of Myco. alone; A, disease control.

tuberculosis(heat-killed human strains C, DT and PN; Central

Veterinary Laboratory, Weybridge, UK), subcutaneously in the

base of the tail. The MTB was finely ground in a pestle and mortaf25]. The differences in arthritis scores between groups were
and suspended in paraffin oil at a concentration &n2g/ml. analysed statistically by the Wilcoxon rank test aRdvalues
Arthritis was assessed by scoring symptoms at 10 sites: hind feetyere calculated for a two-tailed test.

fore feet, ears, eyes, tails and nose on a scale of 0—4, where 0

represents no signs and-4severe arthritis. A total score of 32 was Lymphoproliferation assay

possible for each rat, but arthritis development was usuallyFemal Lewis rats injected with MTB adjuvant or paraffin oil alone
terminated when the rats reached a score of 25. Five rats wengere killed 12 days after challenge when cell-mediated immune

used in each experimental group. responses to antigens were found to be optimal (unpublished
results). Rats injected with 5@ of either hsp65 or hsp71 were
CP20961 arthritis killed 21 days after immunization. Spleens were removed and

A synthetic lipoidal amine CP20961 (LA;n-dioctadecyln’ n-bis pooled from five rats, and single-cell suspensions were prepared.
(2-hydroxyethyl) propanediamine; Avridine; Pfizer, Groton, CT) Cells were resuspended in RPMI 1640 culture medium containing
induces an arthritis in Lewis rats [24]. Female Lewis rats were5% fetal calf serum (FCS), penicillin (100 U/ml), streptomycin
injected subcutaneously in the base of the tail with 5mg of(100.g/ml), 2-mercaptoethanol (5 10-° m) and HEPES (10 m).
CP20961 in paraffin oil (50 mg/ml). Arthritis development was Lymphocytes were cultured in 96-well round-bottomed microtitre

evaluated as described above. plates (2x 1C° cellsiwell; Nunclon, Paisley, UK) for 6 days in an
atmosphere of 5% CQin air at 37C. *H-thymidine (Amersham,
Type Il collagen-induced arthritis Aylesbury, UK); specific activity 5 Ci/mmol) was added to the cell

Native bovine type Il collagen was prepared according to pre-cultures (625uCi/well) during the last 6 h of culture. Cells were
viously described methods in a 1:1 emulsion df\® acetic acid  harvested using an automatic cell harvester (Skatron, Newmarket,
and Freund's incomplete adjuvant (FIA; Difco Labs Inc., Detroit, UK) and radioactivity was determined by means of a Wallac
MI). Female Lewis rats were injected subcutaneously with 2 mg ofBetaplate liquid scintillation counter.

collagen Il, and arthritis development was scored as described for
MTB-induced arthritis. The arthritis produced by collagen Il was
usually localized in the hind feet and therefore did not achieve

scores in excess of 8. RESULTS
Effect of hsp71 on MTB-induced arthritis
Pretreatment of Lewis rats with hsp71 Rats pretreated with different amounts of hsp71 in oil showed

A purified recombinant preparation of hsp71 frdtyco. tubercu-  dose-dependent reduction in arthritis scores as a result of MTB
losiswas obtained from Dr Ruurd van der Zee (National Institute challenge (Fig. 1). Pretreatment with gier sebrought about a

of Public Health and Environmental Protection, Bilthoven, The modest reduction in the severity of arthritis, but it was evident that
Netherlands) in support of the UNDP/World Bank/WHO Special pretreatment with 71-kD superimposed greater suppression of
Programme. Hsp71 was dissolved i1 @ PBS and mixed with an  arthritis scores in a dose-dependent manner. It was evident that
equal volume of paraffin oil. Emulsions containing 5—%@0ml injection of only 1.9 of hsp71 produced a significant effect against
were prepared andDml volumes injected subcutaneously in the MTB challenge, with complete protection observed when rats were
base of the tail of female Lewis rats. Rats were immunized for 21pretreated with 5@g of the heat shock protein. Control rats that
days before challenge with arthritogens: MTB, CP20961 or col-were injected with ovalbumin (5@g) all developed arthritis scores
lagen 1. Hsp65 was prepared and purified as described previouslsimilar to the MTB disease control group (Fig. 2).
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01() 12 14 16 18 20 Fig. 4. Spleen cell proliferative responses to hsp antigens. Spleens were
removed and pooled from 12 daWlycobacterium tuberculosi§MTB)
adjuvant-treated rats. Single-cell suspensions were prepared and cells were
Fig. 2. The effect of ovalbumin pretreatment dfycobacterium tubercu-  cyltured in microtitre plates for 6 days in the presence of either recombinant
losis(MTB)-induced arthritis. Rats were pretreated with 1@0ovalbumin hsp65 [J) or hsp71 W). Cell proliferation was measured Bii-thymidine

(OVA) in oil Subcutaneously at the base of tail for 21 dayS before Cha”engql'lcorporation, and results represent the mead. of quadrup”cate

with MTB (250 ug/rat) subcutaneously at the base of tail. Results represengytures.

the mean arthritis scores of five rats per graup50u:g OVA; @, disease

control.

Arthritis score

3H-thymldlne incorporation (ct/min)

Time after MTB challenge (days)

show marked differences to the arthritis control groups (Table 1).
Effect of hsp71 on CP20961 arthritis Although there appeared to be a trend in reduction of arthritis

Lewis rats pretreated with the hsp71 antigen and subsequentﬁforesm rats treated with 71-kD, because of the degree of variation
challenged with 5 mg of CP20961 all developed varying degrees of? Méan arthritis severity for the groups in this model, there were

arthritis symptoms (Fig. 3). It was evident, however, that there wad1© Significant dose-related protective effects against collagen Il

a significant reduction in the severity of score which was propor-2rthritis.

tional to the dose of hsp71 administered. A maximum of around

50% protection was observed at the highest level gf@6f hsp71. [N Vitro response of MTB-treated rats to hsp71 antigen
Figure 4 results show that for MTB-treated rats, hsp71 stimulated

Effect of hsp71 pretreatment on collagen Il-induced arthritis ~ SPleen cell proliferation in a dose-dependent manner that was

The arthritis observed in Lewis rats pretreated with hsp71 anfomparable to the responses observed for the 65-kD antigen.

subsequently challenged with 2 mg of collagen II did not appear td-YMPh node lymphocytes also responded to hsp71 (results not
shown). Results in Table 2 show that in normal untreated control

30 — rats there was a modest stimulation by hsp65 and hsp71 above

Table 1. The effect of hsp71 on collagen Il arthritis

o
o
8 (**) L
o Arthritis score
€ 71-kD
< treatment*
(nglrat) Day 21 Day 33 Day 37 Day 40
e 10 44411 24+09 254059 26+11
I B J 5 32411 30+10 37+15 35+15
10 12 14 16 18 20 22 1 27+18 44422 43+19 33+11
Time after CP20961 challenge (days) 05 34+15 76+204 76+26 48+123

. . - Oil 48+17 58+125 6.6+125 6.4£15
Fig. 3. The gffects of 'hsp71 on CP20961-|nduc_ed .arthrltls. Rats WereCollagen Il control 5.6-15 44+103 3.3L08 27113
pretreated with recombinant hsp71 at 1+8Qer rat in oil subcutaneously
at the base of tail for 21 days before challenge with CP20961 (5 mg/rat)
subcutaneously at the base of tail. Results represent the mean arthritis * Rats were pretreated with recombinant hsp71-8-00ug rat in oil
socres of five rats per group.values were calculated at days 15, 19 and 21. subcutaneously at the base of tail for 21 days before challenge with collagen
*P < 0-05; ”P < 0-01; *P < 0-002.0, 5019 hsp71;@, 5.9 hsp71,0, Il (2mg per rat) subcutaneously at base of tail. The results represent the
1,9 hsp71;A, oil alone; A, disease control. mean arthritis scores of five rats per group.
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Table 2. In vitro lymphorpoliferative responses to hsp antigens

3H-thymidine incorporation (ct/min) in

rat group*
Antigen
(10 pug/ml) Normal Paraffin oil hsp65 hsp71
hsp65 1274+ 659 28814+ 3982 42 050t 3649 21350t 1892
hsp71 712+ 220 25213+ 3361 4033t 503 59 000+ 5419
Unstimulated 37356 6003+ 371 3594+ 881 6123+ 528

*Rats were injected with 50g of either hsp65 or hsp71 in Fruend's incomplete adjuvant (FIA)
subcutaneously at the base of tail and killed 21 days later. Paraffin oil-treated rats were killed 12 days after
s.c. injection. Spleen cells were prepared and pooled from each group and the proliferative responses to
predetermined optimal concentrations of hsp65 or hsp71 were assayed. The results show thesmeah
guadruplicate cultures and are representative of four experiments.

basal®H-TdR incorporation, i.e. @- and 19-fold, respectively.  presentation of antigenic peptides to immune cells [29]. Hsp70 has
Rats injected with paraffin oil alone showed spleen cell prolifera-been shown to bind to unfolded proteins by means of a region that
tive responses to the 65-kD and 71-kD antigen8-(dnd 42-fold, has been proposed to be similar to the peptide binding region of
respectively) that were greater than those observed for control rat8HC class | proteins [30,31]. Both antigens have been used
In contrast, for the hsp65-immunized group, there was a cleaexperimentally as adjuvant carrier molecules for vaccination
differential stimulation of spleen cell proliferation to hsp65 produ- purposes [32,33]. It is conceivable, therefore, that such molecules
cing an 117-fold response compared with only modest stimulation may promote the formation of immunogenic complexes when up-
by hsp71 (Table 2). Similarly, for 71-kD immune rats, lympho- regulated or administeread vivo.
proliferation was specific for the hsp71 antiger6¢®ld stimula- In experimentally induced adjuvant arthritis, immune cell
tion) with weaker stimulatory effects produced by hsp65-@ld). reactivity to mycobacterial antigens has been implicated in the
pathogenesis of joint inflammation. In a previous report,
Bilingham et al [15] showed that mycobacterial 65-kD
produced a potent resistance to MTB-induced arthritis, with
Several reports to date have shown that the hsp65 antigen cdesser effects on arthritis induced by either a synthetic non-
protect against experimental arthritis in rodents [14-17]. Theimmunogenic adjuvant CP20961 or type Il collagen. In this
mechanism whereby the 65-kD protein is able to confer resistancstudy pretreatment of rats with 71-kD showed an analogous
to arthritis is unknown, although studies have shown that 65-kD-order of effect to that of hsp65 in preventing arthritis induction
reactive T lymphocytes may mediate its effeictsivoin rats [14]. by the different arthritogenic stimuli. Moreover, evidence that
Most evidence would suggest that hsp65 is an immune target ithese effects were hsp-specific was shown by the inability of
both human and experimental RA, and that the mechanism of itevalbumin pretreatment to suppress arthritis induction. Investiga-
experimental effects may be due to the highly conserved nature dfon of the cell-mediated responses to hsp71 in MTB disease rats
the antigen and its ability to induce a tolerization to the arthrito-showed that, like hsp65, there is an immune recognition of the
genic effects of autologous hsp65 itself or to a cross-reactiveantigen during induction of arthritis, as judged loyvitro lym-
cartilage-associated molecule present within the joint [26].phoproliferative responses. The observed parallelism between the
Others have shown that hsp65 can induce expansion of T celh vivoandin vitro effects of hsp65 and hsp71 would support that
clones that suppress arthritis development [11] and that immunizathe two antigens share a similar mechanism of action. The
tion with hsp may cause an immune deviation away from patho-observation that oil alone produced some inhibitory effects on
genic pathways [16]. Consistent with these reports are furtheadjuvant disease is of interest, and may also be attributed to an hsp-
studies that have shown the presence of epitopes on the hsp®&ediated mechanism, since paraffin oil-treated rats have enhanced
molecule capable of regulating responses to arthritogenic epitopeE cell reactivity to hspn vitro. In this study, it is evident that tha
also contained within the molecule [27]. vivo effects of hsp71 are clearly superimposed over vehicle effects
In this study we have shown that a mycobacterial 71-kD hspper se and it is worth noting that in experiments in which rats were
belonging to the hsp70 gene family is also able to induce gpretreated with hsp65 in saline, the same inhibitory effects have
suppression of adjuvant arthritis, and like hsp65 is not itselfbeen observed as described for hsp65 in oil (manuscript in
arthritogenic. Stress proteins are classified according to theipreparation). Given that the relative purities of the recombinant
molecular weight. At least three major families of hsp have beermycobacterial hsp preparations used in these studies are not
described: the 90-kD family, the DnaK or 70-kD family, and the absolute, the possibility that contaminatiBgcherichia colipro-
GroEL or 60-kD family. Members of the hsp60 and hsp70 familiestein homologues may also contribute an effect can not be excluded.
are thought to act as molecular chaperones preventing aggregatidtiowever, Thompsoast al. [16] have shown that mice injected with
of newly synthesized polypeptides and participate in the unfoldingg. coli equivalent GroEL have no effect on pristane-induced
and renaturation of damaged proteins [28]. Since both hsp65 anarthritis. Further experiments are in progress to determine whether
hsp70 are able to bind polypeptides, they may play a role in theheE. colihsp, GroEL and DnakK, can also mediate the same effects

DISCUSSION
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