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IINTRODUCTION !
! 1
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iH&t shock proteins (hsps) are produced by both prokaryotic and eukary otic cells under:
ta variety of stresses such as sudden elevation of temperature, oxidative radicals, anoxia, !
1alcohol, heavy metals, ischemia, cytokines, infection and inﬂainmation(l-é).This cellular |
iresp onse is presumed to be responsible for protecting stressed cells through remctivatingi
:denature protein(7). Besides, many investigations have shown that hsps perform a:
.functlon as " molecular chaperones” by foldmg unfoldmg and translocanon of) !



EFor example, hsp70 can interact with unfolding polypeptides so as potentially toE
'facilitate a conformational change in the peptide-MHC complex, which is required forl
:transn of peptide-MHC complex to cellular surface(9). Expression of MHC lSl
' Ipromoted by the stimulation via heat stress(13). Antigen presentation can be blacked by | '
.antlbodxes against hsp70(12). These data suggest that hsps belongto antigen-presenting|
imolecul&s. On the other hand, hsps also seem to be the target antigens recognized byE
:immune system, which can trigger autoimmune response,(5,14) tumor immunity(lS),:
1and graft rejection(16-24). :
: Several investigators have noted that alloreactive lymphocytes are a rather smallu
' Iproportion of T cells within infiltrating lymphocytes in allograft. Therefore, they'
postulated that graft-infiltrating lymphocytes might posses other specificity tol
laddmonal antigen(16).They found that rat allograft lymphocytes responded markedly to:
'recombmant my cobacterial hsp65 and hsp70. Many studies have recently revealed that'
:allograft undergoes a stress, in which hsps including the families of hsp60 and hsp 70 are:
:upreg.llated and hsp-reactive lymphocytes can induced in rat, (16,18-20) mouse(17)and:
thuman system(21-24). However, there are several questions required to be clarified.|
{Firstly, in several studies the reactivity of lymphocytes infiltrated in allograft tissues to,
Ehsps is evaluated by the response to recombinant or non recombinant mycobacterials
'hsps(16,18,19). This is obviously not so powerful evidence for the interpretation of]
linvolvement of hsps in allograft rejection because no hsps derived from same spices,
Ecould be tested for the response to lymphocytes in these investigations. Recently ai
1 group had a promising result that T cells from rejected human kidney allograft respond|
.to human hsp72(23). The conclusion from this report seems to imply that hsp72 is a.
ltarget antigen which elicit lymphocyte response. Do hsps really therefore serve asl
'alloantlgen or antigen presenting molecules in allogeneic lymphocyte rwctlon?'
M oreover, although hsp60-reactiveab and 7 6 T cells have been identified in mice(25):
iand humans(26), what is difference between the responses of TCR ¢ (3 -expressing cellsE
tand TCR 7 6 -expressingcells to allo-stimulator in hsp-reactive pathway? At last, the|
:hsps express generally in within both the cytoplasm and nucleus, however, would hsps:
:express on cell surface under a stressful stimulation by allo-reactivity? In present study,i
lwe definitively confirmed the expression of both hsp60 and hsp70 molecules on thel
|cells in murine mixed lymphocyte reaction in vitro. A hsp60-dependant alloreactxven

lresponse in both casesof & B Tand 7 O T cells was found in murine system in vitro. :

IMATERIALS AND METHODS



'Ammals |
nTen-week-old male inbred BALB/c (H-2d) and C57BL/6 (H-2k) mice, 2 months of age, |
lwere purchased from Shizuoka, Laboratory Animal Center (Shizuoka, Japan). AII:
,ammals had access to water and foods ad libitum and were housed in accordance w1th'
unstltutlonal animal care policies.
|

'Antibodies and reagents

|The following mAbs were used: anti-hsp60 mAb derived from the LK1 hybndoma:
'(mouse IgG1 isotype) has a unique specificity for mammalian hsp60 and avian hsp60, l
lbut does not cross react with the bacterial counterpart, or with helminths and spinach. | i
|The anti-hsp70 mAb derived from the BRM-22 hybridoma localized both the|
'constltutxve (hsp73) and inducible (hsp72) forms of hsp70 in immunoblotting BothI
,antl-hsp mAbs were purchased from Sigma. The following mAbs or reagents werel
|purchased from PHARMINGEN, USA: Biotin-conjugated hamster anti-mouse antl-
ITCR v 6 and anti-TCR « B; biotin-conjugated rat anti-mouse CD19; FIT C-
,conjugated hamster anti-mouse TCR B ; R-PE-conjugated hamster anti-mouse TCR 7 | ,
| & , FITC- or R-PE-conjugated hamster IgG isotype standard. FIT C-conjugated F(ab')2|
'rabblt anti-mouse IgG were from SEROTEC. Streptavidin microbeads were purchased'
lfrom (Miltenyi Biotec, Bergisch Gladbach, Germany). '

lPreparatlon of TCR @ B- and TCR 7 0 -expressing cells. Splenic tissues, obtalned'
.from BALB/c or C57BL/6 mice, were gently pressed by slides and passed through a,
usyrmge, in which was filled with sterilized tampon, to obtain single-cell suspension. Theu
'mononeuclear splenocytes separated from Ficoll-Hypaque centrifugation were then'
.passed through Nylon Fiber Column (Wako Pure Chemical Industries) to obtain T cell-|
|enrlched population. Purification of @ 8 or 7.6 T cells from these BABL/c splemm
lT cells were done by magnetic activated cell sorter (Miltenyi Biotec, Bergisch Gladbach, |

.Germany) Cells were resuspended in labeling buffer (PBS, pH7.2, 2mM EDTA), to.
lWthh biotin-conjugated mAbs anti-CD19 (1mg/106 cells) and anti-TCR v 0 or antl-
'TCR @ B were added at 1mg/106 cells. The cells were incubated for 20 min on ice and'
|washed twice with labeling buffer. The resuspended cells were then incubated thh.
lstreptawdm microbeads (10ml/107 cells) for 15 min on ice and washed. Cells were thenl
'added in a column, which was placed in magnetic activated cell sorter. We collected the'

.entlre effluate as a " nonmagnetic" fraction, in which @ 8 or 7 8 T cells accounted;
I

lfor >90%, as analyzed by fluorescence staining. |



'Prohferatlon assay: One-way reaction and two-way reactionof @ 8 or v 6 T cells'
,to allogeneic splenocytes. Two-way allo-reactivity: proliferative responses of « f3 or,
l 7 0 T cells from spleens of BALB/c mice to splenocytes from C57BL/6 mice wereu
'deterrmned in a 3%-TdR incorporation assay. Responder cells (1 X 10* @B or “r'
| 1 0 T cells from BABL/c mice) were cultured with2 X 10° irradiated (20 Gy x-ray).
lor not irradiated (living) stimulators (splenocytes from CS7BL/6 mice) in triplicate 1nl
'the wells of 96-well V-bottom microtiter plates (Nunc, Wiesbaden, Germany) in a,
uvolume of 02 ml. The medium was RPMI-1640 supplemented with 10%heat-|
unactlvated FCS, 10 mM HEPES, 2 mM L-glutamine, 100 U/ml penicillin, and 100 1 E
‘g/ml streptomycin. The cells were incubated at 37°C in a humidified atmosphere of 5%l
|C02 in air for 6 days. Anti-hsp 60 (1:400) or -hsp70 (1:5000) mAb was added t01
'cultures respectively. Controls included responder or stimulator alone, and culturesl
_,thhout anti-hsp60 or -hsp70 mAb. At the mdlcated time, individual microcultures were,
; pulsed with 1 £ Ci 3"-TdR per well and incubated for another 6 hours. Thereafter, !

'cultures were harvested onto glass fibers and counted for beta emission using a trace-96'

'dlrect beta counter (Berthold). :

: The one-way mixed lymphocyte reactnon in a3%-TdR incorporation assay was also:
'performed 5 X 10* T cells (responder), which were separated by nylon woolI
,1solatlon from splenocytes from BABL/c, co-cultured with irradiated (20Gy) 5 X 104'
|spleen cells (stimulator) from C57BL/6 mice in 96-well- round-bottom rmcroplates:
'(Nunc) for 3 days, while expressions of hsp60 and hsp70 on responder stimulator a.nd'
iresponder +stimulator cells were analyzed at day 2 and days3.

:Flow cytometry

'F or phenotypic analysis, the magnetic isolated cells were stained with FITC-anti-TCR !
| B and R-PE- anti- TCR 7 6. For hsp expression of analysis, cells were stained w1th|
'antl-hsp 60 or anti-hsp70 respectively for 15 min on ice. After two washing steps, cells'
.were then incubated with FITC-conjugated F(ab")2 rabbit anti-mouse IgG for 15 min on.
l1ce ‘and washed twice. The cells were resuspended in PBS with 1% paraformaldehy de. l B

'All analyses were measured on a FACScan flow cytometer (Becton Dickinson). '

:Statistical analysis
'AnalySIS of variance was used to test the differences among all tested groups in]

I

|prollferatlon assay. I
1 !
I

1

I



RESULTS | ;
l I
l

lExpr&ssmn of hsp60 and hsp70 on cultured cells in one-way mixed lymphocyte reactlon'
'm vitroAs illustrated in figl, a conventional proliferation of murine splenic T cell'
.(BALB/c) anti allogeneic irradiated splenocyte (C57BL/6) was obviously observed|
ldunng3 days of culture in vitro. However, the event in this process we are interested ml
,1s whether the response of T cells to allogenexc stimulation could correspond with hspl
wxpr&sswn on cells. As shown in fig2, both freshly isolated responder (BALB/c) spleruc.
IT cells and stimulator (C57BL/6) splenocytes could express surface hsp60 molecule ml
Immor population (< 6%, A and B). Responder cells maintained this level of hsp 60'
|expressmn at day2 (C) and increased at day3 (F) with 25%. The hsp60 expression m.
'm'adlated (20Gy) stimulator cells increased with prolonging time of culture (at day2, l
,' 43% and at day3, 62%). In the cultures of responder mixed with irradiated stlmulator,
:cells there was increasing positive cell percentage in the whole population accounted forn
'49% at day2 and 67% at day3 respectively. At same time point, the sequence for thel
'levels of hsp60+ cell percentages is as follows: responder with stimulator (R with S) >l
lstlmulator (S) > responder (R). We used a formula to calculate a net mcreasmgn
' percenta@ in cells from the culture of responder with stimulator. That is, %net'
.mcreasmg = %R with S - [%R (responder) + %S (stimulator)/2]. According the,
lcalculatlon with this formula, we found the net increasing percentages in cultures ofn
'resp onder with stimulator cells were 24.5% at day2 and 23.5% at day3. It indicates that'
.an increasing hsp60 expression exists in cultures of responder with stimulator cells,]
lwhen compared with responder or stimulator cells at same time. Similar mamfestatlom
'a]so happened in the case of hsp70 expression in same test system (fig2 I to P). Before'
.culture both responder T cells and stimulator splenocytes expressed hsp70 molecule on.
lthelr surface in minor population (8%, I and J). After culture, responder cells almostl
'kept this level at day2 (K, 6%) and increased at day3 (N) with 43%. The hsp70'
.expresswn in irradiated stimulator cells increased with prolonging time of culture (at.
lday2 50% and at day3, 24%). The hsp 70+ cell percentages in the cultures of resp onderl
'Wlth irradiated stimulator cells significantly increased (38% at day2 and 58% at day3).; '
|The1r net percentages were 10% at day2 and 29% at day3. '
I

'The alloreactive proliferative responses of ¥ 6 T or @ B T cell to allogeneic stimulator!
|cells in one-way or two-way reaction were completely or partially blocked by antl-
lhsp60 antibody in vitro. To directly address the role of hsp60 and hsp70 in allo-l
'reactmty of @B T or 70 T cells (BABL/), we performed the experiment as'



ullustrated in fig 4. As noted elsewhere, 7 & T cells were not as good resp onder as « :
' 1 B T cells to alloantigens. In one-way reaction, there was no growth detected in cultures'
.of 7 O T cells plus irradiated allogeneic spleen cells (C57BL/6), which was similar w1th.
lthe cases of all controls, suchas v & T cells, & B T cells, irradiated or not 1rrad1atedl
-, ,(hvmg) stimulator cells alone. A detectable proliferation was found in the cultures of| ]
.‘r 0 T cells with living allogeneic cells (two-way reaction) during 3 to 4days of'
,;mcubatlon in vitro (P<0.05, when compared with all controls or 7 6 T cells plusl
,u'radlated allogeneic stimulator cells), while this response was completely blocked byl
|addmg mAb anti-hsp60 to culture (P<0.05, 7 0 T cells + living stimulator versus (vs).
l T 0 T cells + living stimulator + anti-hsp60), and was not affected at all by anti-hsp 70l
'(P>O 05, v 6 T cells + living stimulator vs v 0 T cells + living stimulator + anti-)
.hsp70) Differentially to ¥ § T cells, @« 8 T cells demonstrated irradiated allo-l
_'lymphocyte-mduced proliferation at the top level on day4. We interestingly noted that'
.thxs allo-reactive response was not influenced by adding both mAbs anti-hsp60 and anti-
lhsp 70 to cultures (P>0.05, when compared these groups). However, when the 1rrad1ated|
'stlmulator was changed into living allogeneic cells, anti-hsp60 antibody could blocked'
lthe proliferative allo-reactivity of between & B T cells and allogeneic living spleen cells,
I(P<O 05, blocked vs not blocked), which was the strongest proliferation in this testedl
'system (P<0.05, when compared with other groups except @ B T cells plus hvmg'
.stlmulator with anti-hsp70). Anti-hsp70 antibody did not show any blocking effect on| ,
ntwo-way allo-reaction between @ B T cells and allogeneic living spleen cells. As clwrlyn
ishown in fig4, the following proliferative responses during the period from day3 to'
'day5 were at same level (P>0.05, when compared with each other): @ 8 T cells plus,
urradlated stimulator with or without mAbs anti-hsp60 or anti-hsp70, « 8 T cells plus:
'hvmg stimulator with mAb anti-hsp60, and v & T cells plus living stimulator with or'
|w1thout mAb anti-hsp70. All statistical analyses above were basely on data from the;

ldeterrmnatlon at time ﬁ'om day3 to day4.

.Expressnon of hsp60 and hsp70 on cultured & B and v 0 T cells and stxmulator.
'cells in one-way or two-way mixed lymphocyte reaction in vitro. The both freshlyl
'1solated @B and v § T cells (BALB/) express hsp60 and hsp70 at similar level to'
|T cells isolated with nylon wool as shown in fig2 (data not shown). At the top of|
lalloreactxve proliferation in one-way or two-way mixed lymphocyte reaction at day4l
,(ﬁg4) we analyzed the expressions of these two hsps on cultured cells (fig5). Aﬁer,
.4days of culture, 7 0 T cells alone had 40% of hsp60+ cells (A) and 53% of hsp70+.

lcells (G) respectively, whereas @& 8 T cells alone possessed 26% of hsp60+ cells (D)l



iand 25% of hsp70+ cells (J) respectively. Among v 6 or @ B T cells with stimulatori
I(C57BL/6) irradiated -splenocytes (one-way reaction), there were 60% (B, v 0) or}
.38% (E, @ B) of hsp60+ cells, as well as 49% (H, v §) and 37% (K, @ B) of:
'hsp70+ cells respectively. On the other hand, there were 48% (C) of hsp60+ cells andl
'43% (@ of hsp70+ cells in cultures with ¥ & T cells plus not irradiated stlrnulator'
ncells whereas there were 44% (F) of hsp60+ cells and 53% (L) of hsp70+ cells m:
lcultures with « B T cells plus not irradiated stimulator cells. We had analyzed culturedl
'cells with 768 or ¢ BT cells plus stimulator with or without irradiation via duall
|color staining by means of anti-TCR @ B -PE or anti-TCR 7 0 -PE plus ant1-hsp60/-

lhsp70-FITC the results showed that all non-& 8 T cells or non-7 § T cells in thel
.cultures were 100% positive for hsp60 or hsp70 (data not showed) '

| DISCUSSION

|Although hsps have basically intracellular expression under a stress, the expression of
'both hsp60 and hsp70 molecules on cellular surface were observed in present'
.mvestlgatxon We found that there was the expressxon of both hsp60 and hsp70 on the.
lcells in one-way mixed lymphocyte reaction in vitro. In our experimental system, thesel
'hsps expressed at small proportion in responder cells (T cells), at large rate in 1rrad1ated'
.stlmulator lymphocytes, and at the highest percentage in the responder with 1rrad1ated.
lstlmulator cells. Some T cells cultured with only medium could express hsp60 andl
'hsp70 on surface. As every immunologist knows, T cells tends to die in vitro if they,
.would not be further stimulated by antigens, mitogens, or T cell growth factor, such as.
IIL-2 If no stimulation for T cells in vitro could serve as a stress to T cell, it would notl
'be any difficulty for us to understand the phenomenon of hsp expression in thxsl
|cond1t10n Furthermore, irradiated lymphocytes expressed high rates of hsp 60:
'(51gmﬁcant1y) and hsp70 molecules in same cultural condition. X-ray irradiation seemsl
'to be a stimulus for hsp expressions of the lymphocytes. The highest expression of both'
|hsp60 and hsp70 happened in the case of the mixture of T responder cells w1th|
'allognelc irradiated lymphocytes in vitro. After the spontaneous expressions of bothl
'hsp 60 and hsp 70 were excluded, the net increasing rates of these expressions were found'
un this case. It strongly suggests that an allogeneic stimulus could trigger inducible hsp.
lexpressmn on cellular surface. Based on the analysis above, we have a reason tol
!  postulate that hsps might be alloantigens or alloantigen-related molecules to participate :
|m the allo-reactivity of lymphocytes as someone have already presumed it several years:

'ago(l6) We then designed a further experimental system in vitro. In the design, we'



|
:had stressed the three key points as follows: (1) to check possible different alloreactivei

'mpomes of ® 8T and 7 0 T cells to hsp molecules; (2) both one-way and two-!
uway mixed lymphocyte reaction might be all necessary for the evaluation of the role ofi n
lhsp in all-reactivity, because the hsps could express on both alloreactive lymphocy tes; l
I(3) checlqng possible blocking effects of anti-hsp antibodies on alloreactive response is|
nmportant to definite hsp-reactive response in this system. As expected, and noted by :
lsomeone else(27), it is difficult to induce a response of v & T cells against 1rrad1atedl
'alloganelc lymphocytes, unlike the situation with ¢« 8 T cells. However, an allor@actxvel
prohferatlon was found in two-way allogeneic reaction in the mixture of v 6 T cells.
'w1th living allogeneic lymphocytes. Moreover, this proliferation was comple'celyl
'blocked by anti-hsp60 antibody added to the culture, whereas an increasing expr&sswn.
|of hsp60 molecule was detected at same time on the cells of both 7 6 T cells culturedn
}alone and 7 & T cells with allogeneic spleen cells. Although hsp60 expressed in 60% of |
,the cells cultured with irradiated allogeneic splenocytes, there was no cell growth,
ldetected in this culture yet. However, a complete hsp-reactive alloreactive response of i !
' 7 0 T cells with allogeneic spleen cells existed in anti-allo-lymphocyte/y & T cells in!

:our experimental system. In striking contrast, & 3 T cells responded to 1rrad1ated'

:allogneic spleen cells at similar proliferative levelto v & T cells with living allogeneici

5cells, while there was the strongest cell growth in the mixture of @ 8 T cells with living:
'allogneic spleen cells. Alloantigens are obviously good stimuli for the response of @ 3, !
lT cells. In blocking test, we found that both antl-hsp 60 could partially blocked two-way | |
'allo-reactmty with 31-43% inhibition rate at day3 to day5 of culture, but did not affect '
jone-way allo-reactive response. Similarly to the case of 7 0 T cells, we also found the,

Eexpression of both hsp60 and hsp70 on the cells in the cultures of « 8 T cells withouti

lor with irradiated or not irradiated allogeneic spleen cells, which were all positive for
1hsps. In spite of high rate of hsp70+ cells in two-way reaction culture, there was not a :
iblocking effect of anti-hsp70 antibody to be detected in the experimental system. ItE
,indicates that hsp70 seems not to be related to allo-reactivity or only to participate in;
:antlgen presentation in intracellular environment. :
| Taken together, our results indicate that alloreactive response in two-way reaction of !
'both 7 0 T cells to allogeneic spleen cells could be a complete hsp60-dependant, that'
|lS hsp60 serves as an exclusive alloantigen in our experimental system. On the other:
lhand, the allo-reactivity of & B T cells only partially due to hsp60, while MHC class Il
Iand II alloantigens might be responsible for remaining effect. If this mechanism could be,

nconﬁrmed in humans both in vivo and in vivo, a strategy based on blockmg hsp60—
l



'dees it is need to clarify the further questions: what is exact role of hsp60 in allo-|

reactive response? Is it target antigen itself, or an antigen present molecule? The;
I

}
:molution of these question will provide further evidence for the participation of hsp in!
| alloreactive response.
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SUMMARY
Heat shock protein (hsp)-reactive lymphpcytés and inducible expression of
hsps have been recently found to be present in allograft undergoing rejection. It
is necessary to check the role of hsp in allogeneic lymphocyte reaction, to
analysis the difference between the responses of afT cells and 3T cells to
allo-stimulator Tihsp-reactive pathway, and to detect hsp expression on cell
surface under a stressful stimulation. In present study, we definitively
confirmed increasing expression of both hsp60 and hsp70 molecules on murine
cells in a one-way or two-way mixed lymphocyte reaction in vitro. T cell or x-
ray irradiated Iymphocytes could express both hsp60 and hsp70 molecules in
the absence of exogenous cell growth factor, antigen or mitogen. Allogeneic
stimuli would markedly promote these hsp expressions. afT cells, not y3T
cells, responded to allogeneic irradiated -lymphocytes. in vitro. The strongest
proliferation would be elicited when aT cells co-cultured with allogeneic
living lymphocytes not irradiated. This proliferation was partially (31-43%)
blocked by anti-hsp60 antibody. On the other hand, a detectable proliferative
response occurred in the mixture of y8T cells with allogeneic lymphocytes not
irradiated, which would completely (100%) inhibited by adding anti-hsp60
antibody to the culture. Our results suggest that hsp60-dependant allo-reactivity
in murine system in vitro is completely related to y8T cells and partially to afT
cells. A strategy based on blocking hsp60-dependant allo-reactivity would be
beneficial to the control of allgraft rejection in clinic if the mechanism above -
would be further confirmed in humans both in vitro and in vivo.

INTRODUCTION

Heat shock proteins (hsps) are produced by both prokaryotic and eukaryotic

! Address correspondence to Dr. Xiao-kang Li, Department of Experiment Surgery & Bioengineering,
National Children’s Medical Research Center, 3-35-31, Taishido, Setagaya-ku, Tokyo 154 Japan



cells under a variety of stresses 'such as sudden elevation of temperature,
oxidative radicals, anoxia, alcohol, heavy metals, ischemia, cytokines, infection
and inflammation.'® This cellular response is presumed to be responsible for
protecting stressed cells through reactivating denature protein. ’ Besides, many
investigations have shown that hsps perform a function as “ molecular
chaperones™ by folding, unfolding, and translocation of polypetides™®, which is
closely related to antigen processing and presentation. *'* For example, hsp70
can interact with unfolding polypeptides so as potentially to facilitate a
conformational change in the peptide-MHC complex, which is required for
transit of peptide-MHC complex to cellular surface. > Expression of MHC is
promoted by the stimulation via heat stress.”® Antigen presentation can be
blacked by antibodies against hsp70. ' These data suggest that hsps belong to
antigen-presenting molecules. On the other hand, hsps also seem to be the
target antigens recognized by immune system, which can trigger autoimmune
response,** tumor immunity', and graft rejection. '*** :

Several investigators have noted that alloreactive lymphocytes are a rather
small proportion of T cells within infiltrating lymphocytes in allograft.
Therefore, they postulated that graft-infiltrating lymphocytes might posses
other specificity to additional antigen.'® They found that rat allograft
lymphocytes responded markedly to recombinant mycobacterial hsp65 and
hsp70. Many studies have recently revealed that allograft undergoes a stress, in
which hsps including the families of hsp60 and hsp70 are upregulated and hsp-
reactive lymphocytes can induced in rat, ***** mouse'” and human system. 22
However, there are several questions required to be clarified. Firstly, in several
studies the reactivity of lymphocytes infiltrated in allograft tissues to hsps is
evaluated by the response to recombinant or non recombinant mycobacterial
hsps.'*'** This is obviously not so powerful evidence for the interpretation of
involvement of hsps in allograft rejection because no hsps derived from same
spices could be tested for-the response to lymphocytes in these investigations.
Recently a group had a promising result that T cells from rejected human
kidney allograft respond to human hsp72.2 The conclusion from this report
seems to imply that hsp72 is a target antigen which elicit lymphocyte response.
Do hsps really therefore serve as alloantigen or antigen presenting molecules in
allogeneic lymphocyte reaction? Moreover, although h5p60-react1ve ofy and
¥8T cells have been identified in mice® and humans®, what is difference
between the responses of TCRaB-expressing cells and TCRy3 -expressing cells
to allo-stimulator in hsp-reactive pathway? At last, the hsps express generally
in within both the cytoplasm and nucleus, however, would hsps express on cell
surface under a stressful stimulation by allo-reactivity? In present study, we
definitively confirmed the expression of both hsp60 and hsp70 molecules on
the cells in murine mixed lymphocyte reaction in vitro. A hsp60-dependant
alloreactive response in both cases of ofT and y8T cells was found in murine



. system in vitro.

MATERIALS AND METHODS

Animals '
Ten-week-old male inbred BALB/c (H-2%) and C57BL/6 (H-2%) mice, 2 months

of age, were purchased from Shizuoka, Laboratory Animal Center (Shizuoka,
Japan). All animals had access to water and foods ad libitum and were housed

in accordance with institutional animal care policies.

Antibodies and reagents
The following mAbs were used: anti-hsp60 mAb derived from the LK1
hybridoma (mouse IgG1 isotype) has a unique specificity for mammalian
hsp60 and avian hsp60, but does not cross react with the bacterial counterpart,
or with helminths and spinach. The anti-hsp70 mAb derived from the BRM-22
hybridoma localized both the constitutive (hsp73) and inducible (hsp72) forms
of hsp70 in immunoblotting. Both anti-hsp mAbs were purchased from Sigma.
The following mAbs or reagents were purchased from PHARMINGEN, USA:
Biotin-conjugated “hamster anti-mouse anti-TCRyd and anti-TCRaf3; biotin-
conjugated rat anti-mouse CD19; FITC-conjugated hamster anti-mouse TCRp;
'R-PE-conjugated hamster anti-mouse TCRy3, FITC- or R-PE-conjugated
hamster IgG isotype standard. FITC-conjugated F(ab’), rabbit anti-mouse IgG
were from SEROTEC. Su'eptavxdm microbeads were purchased from (Miltenyi
Biotec, Bergisch Gladbach, Germany)

Preparation of TCRaf- and TCRydS-expressing cells
Splenic tissues, obtained from BALB/c or C57BL/6 mice, were gently pressed

by slides and passed through a syringe, in which was filled with sterilized
tampon, to obtain single-cell suspension. The mononeuclear splenocytes
separated from Ficoll-Hypaque centrifugation were then passed through Nylon
Fiber Column (Wako Pure Chemical Industries) to obtain T cell-enriched
population. Purification of ap or y8 T cells from these BABL/c splenic T cells
were done by magnetic activated cell sorter (Miltenyl Biotec, Bergisch
Gladbach, Germany). Cells were resuspended in labeling buffer (PBS, pH7.2,
2mM EDTA), to which biotin-conjugated mAbs anti-CD19 (1pg/ 10° cells) and
anti-TCR y8 or anti-TCR ap were added at 1ug/ 10% cells. The cells were
incubated for 20 min on ice and washed twice with labeling buffer. The
resuspended cells were then incubated with streptavidin microbeads (10p1/107
cells) for 15 min on ice and washed. Cells were then added in a column, which
was placed in magnetic activated cell sorter. We collected the entire effluate as
a* nonmagnetic” fraction, in which af or y3 T cells accounted for >90%, as
analyzed by fluorescence staining.



Proliferation assay: one-way reaction and two-way reaction of afor y5 T cells
to allogeneic splenocytes

Two-way allo-reactivity: proliferative responses of af or y§ T cells from
spleens of BALB/c mice to splenocytes from C57BL/6 mice were determined
in a *H-TdR incorporation assay. Responder cells (1 x 10* af or y§ T cells
from BABL/c mice) were cultured with 2 x 10* irradiated (20 Gy x-ray) or not
irradiated (living) stimulators (splenocytes from C57BL/6 mice) in triplicate in
the wells of 96-well V-bottom microtiter plates (Nunc, Wiesbaden, Germany)
in a volume of 0.2 ml. The medium was RPMI-1640 supplemented with
10%heat-inactivated FCS, 10 mM HEPES, 2 mM L-glutamine, 100 U/ml
penicillin, and 100 B g/ml streptomycin. The cells were incubated at 37C in
a humidified atmosphere of 5% CO, in air for 6 days. Anti-hsp 60 (1:400) or -
hsp70 (1:5000) mAb was added to cultures respectively. Controls included
responder or stimulator alone, and cultures without anti-hsp60 or -hsp70 mAb.
At the indicated time, individual microcultures were pulsed with 1 1 Ci *H-TdR
per well and incubated for another 6 hours. Thereafter, cultures were harvested
onto glass fibers and counted for beta emission using a trace-96 direct beta
counter (Berthold). -

The one-way mixed lymphocyte reaction in a *H-TdR incorporation assay
was also performed. 5 x10* T cells (responder), which were separated by
nylon wool isolation from splenocytes from BABL/c, co-cultured with
irradiated (20Gy) 5 x 10* spleen cells (stimulator) from C57BL/6 mice in 96-
well round-bottom microplates (Nunc) for 3 days, while expressions of hsp60
and hsp70 on responder, stimulator and responder +stimulator cells were

analyzed at day 2 and day3.

Flow cytomeiry
For phenotypic analysis, the magnetic isolated cells were stained with FITC-

anti-TCRP and R-PE- anti- TCRyS. For hsp expression of analysis, cells were
stained with anti-hsp60 or anti-hsp70 respectively for 15 min on ice. After two
washing steps, cells were then incubated with FITC-conjugated F(ab’), rabbit '
anti-mouse IgG for 15 min on ice and washed twice. The cells were
resuspended in PBS with 1% paraformaldehyde. All analyses were measured
on a FACScan flow cytometer (Becton Dickinson).

Statistical analysis
Analysis of variance was used to test the differences among all tested groups in

proliferation assay.



RESULTS

Expression of hsp60 and hsp70 on cultured cells in one-way mixed
lymphocyte reaction in vitro

As illustrated in fig.1, a conventional proliferation of murine splenic T cell
(BALB/c) anti allogeneic irradiated splenocyte (C57BL/6) was obviously
observed during 3 days of culture in vitro. However, the event in this process
we are interested in is whether the response of T cells to allogeneic stimulation
could correspond with hsp expression on cells. As shown in fig.2, both freshly
isolated responder (BALB/c) splenic T cells and stimulator (C57BL/6)
splenocytes could express surface hsp60 molecule in minor population (< 6%,
A and B). Responder cells maintained this level of hsp60 expression at day2 (C)
and increased at day3 (F) with 25%. The hsp60 expression in irradiated (20Gy)
- stimulator cells increased with prolongmg time of culture (at day2, 43% and at
day3, 62%). In the cultures of responder mixed with irradiated stimulator cells,

there was increasing positive cell percentage in the whole population accounted
for 49% at day2 and 67% at day3 respectively. At same time point, the
sequence for the levels of hsp60” cell percentages is as follows: responder with
stimulator (R with S) > stlmulator (S) > responder (R). We used a formula to
calculate a net increasing percentage in cells from the culture of responder with
stimulator. That is, %net increasing = %R with S - [%R (responder) + %S
(stimulator)/2]. According the calculation with this formula, we found the net
increasing percentages in cultures of responder with stimulator cells- were
24.5% at day2 and 23.5% at day3. It indicates that an increasing hsp60
expression exists in cultures of responder with stimulator cells, when compared
with responder or stimulator cells at same time. Similar manifestation also
happened in the case of hsp70 expression in same test system (fig.2 I to P).
Before culture, both responder T cells and stimulator splenocytes expressed
hsp70 molecule on their surface in minor population (8%, I and J). After
culture, responder cells almost kept this level at day2 (K, 6%) and increased at
day3 ‘(N) with 43%. The hsp70 expression in imradiated stimulator cells
increased with prolonging time of culture (at day2, 50% and at day3, 24%).
The hsp70* cell percentages in the cultures of responder with irradiated
stimulator cells significantly increased (38% at day2 and 58% at day3). Their
net percentages were 10% at day2 and 29% at day3.

The alloreactive proliferative responses of y8T or offT cell to allogeneic
stimulator cells in one-way or two-way reaction were completely or
partially blocked by anti-hsp60 antibody in vitro

To directly address the role of hsp60 and hsp70 in allo-reactlvxty of aBT or ydT
cells (BABL/c), we performed the experiment as illustrated in fig. 4. As noted
elsewhere, y8T cells were not as good responder as ofT cells to alloantigens.



In one-way reaction, there was no growth detected in cultures of y8T cells plus
irradiated allogeneic spleen cells (C57BL/6), which was similar with the cases
of all controls, such as y8T cells, afT cells, irradiated or not irradiated (living)
stimulator cells alone. A detectable proliferation was found in the cultures of
v8T cells with living allogeneic cells (two-way reaction) during 3 to 4days of
incubation in vitro (P<0.05, when compared with all controls or y0T cells plus
irradiated allogeneic stimulator cells), while this response was completely
blocked by adding mAb anti-hsp60 to culture (P<0.05, ydT cells + living
stimulator versus (vs) y8T cells + living stimulator + anti-hsp60), and was not
~ affected at all by anti-hsp70 (P>0.05, y8T cells + living stimulator vs y8T cells

+ living stimulator + anti-hsp70). Differentially to ydT cells, affT cells
demonstrated irradiated allo-lymphocyte-induced proliferation at the top level
on day4. We interestingly noted that this allo-reactive response was not
influenced by adding both mAbs anti-hsp60 and anti-hsp70 to cultures (P>0.05,
when compared these groups). However, when the irradiated stimulator was
changed into living allogeneic cells, anti-hsp60 antibody could blocked the
proliferative allo-reactivity of between afT cells and allogeneic living spleen
cells (P<0.05, blocked vs not blocked), which was the strongest proliferation
in this tested system (P<0.05, when compared with other groups except afT
cells plus living stimulator with anti-hsp70). Anti-hsp70 antibody did not show
any blocking effect on two-way allo-reaction between affT cells and allogeneic
living spleen cells. As clearly shown in fig.4, the following proliferative
responses during the period from day3 to day5 were at same level (P>0.05,
when compared with each other): afT cells plus irradiated stimulator with or
without mAbs anti-hsp60 or anti-hsp70, BT cells plus living stimulator with
mADb anti-hsp60, and y8T cells plus living stimulator with or without mAb anti-
hsp70. All statistical analyses above were basely on data from the
determination at time from day3 to day4.

Expression of hsp60 and hsp70 on cultured ofand y8T cells and
stimulator cells in one-way or two-way mixed lymphocyte reaction in vitro

The both freshly isolated o.f and y5 T cells (BALB/c) express hsp60 and hsp70
at similar level to T cells isolated with nylon wool as shown in fig2 (data not
shown). At the top of alloreactive proliferation in one-way or two-way mixed
lymphocyte reaction at day4 (fig4), we analyzed the expressions of these two
hsps on cultured cells (fig.5). After 4days of culture, y5 T cells alone had 40%
of hsp60" cells (A) and 53% of hsp70” cells (G) respectively, whereas afT
cells alone posseésed 26% of hsp60* cells (D) and 25% of hsp70” cells (J)
respectively. Among y8 or afT cells with stimulator (C57BL/6) irradiated
splenocytes (one-way reaction), there were 60% (B, y) or 38% (E, aB) of
hsp60* cells, as well as 49% (H,yd) and 37% (X, B) of hsp70" cells
respectively. On the other hand, there were 48% (C) of hsp60* cells and 43%



(@) of hsp70* cells in cultures with y8T cells plus not irradiated stimulator cells,
whereas there were 44% (F) of hsp60* cells and 53% (L) of hsp70* cells in
cultures with afT cells plus not irradiated stimulator cells. We had analyzed
cultured cells with y6 or afT cells plus stimulator with or without irradiation
via dual color staining by means of anti-TCRaB-PE or anti-TCRy3-PE plus
anti-hsp60/-hsp70-FITC, the results showed that all non-af T cells or non-
¥0T cells in the cultures were 100% positive for hsp60 or hsp70 (data not

showed). ~
DISCUSSION

Although hsps have basically intracellular expression under a stress, the
expression of both hsp60 and hsp70 molecules on cellular surface were
observed in present investigation. We found that there was the expression of
both hsp60 and hsp70 on the cells in one-way mixed lymphocyte reaction in
vitro. In our experimental system, these hsps expressed at small proportion in
responder cells (T cells), at large rate in irradiated stimulator lymphocytes, and
at the highest percentage in the responder with irradiated stimulator cells. Some
T cells cultured with only medium could express hsp60 and hsp70 on surface.
As every immunologist knows, T cells tends to die in vitro if they would not be
further stimulated by antigens, mitogens, or T cell growth factor, such as IL-2.
If no stimulation for T cells in vitro could serve as a stress to T cell; it would
not be any difficulty for us to understand the phenomenon of hsp expression in
this condition. Furthermore, irradiated lymphocytés expressed high rates of
hsp60 (significantly) and hsp70 molecules in same cultural condition. K-ray
irradiation seems to be a stimulus for hsp expressions of the lymphocytes. The
liighest expression of both hsp60 and hsp70 happened in the case of the
mixture of T responder cells with allogeneic irradiated lymphocytes in vitro.
After the spontaneous expressions of both hsp60 and hsp70 were excluded, the
net increasing rates of these expressions were found in this case. It strongly
suggests that an allogeneic stimulus could trigger inducible hsp expression on
cellular surface. ’

Based on the analysis above, we have a reason to postulate that hsps might be
alloantigens or alloantigen-related molecules to participate in the allo-reactivity
of lymphocytes as someone have already presumed it several years ago. ' We
then designed a further experimental system in vitro. In the design, we had
stressed the three key points as follows: (1) to check possible different
alloreactive responses of T and y8T cells to hsp molecules; (2) both one-way
and two-way mixed lymphocyte reaction might be all necessary for the
evaluation of the role of hsp in all-reactivity, because the hsps could express
on both alloreactive lymphocytes; (3) checking possible blocking effects of
anti-hsp antibodies on alloreactive response is important to definite hsp-



reactive response in this system. As expected, and noted by someone else?, it
is difficult to induce a response of y8T cells against irradiated allogeneic
lymphocytes, unlike the situation with opT cells. However, an alloreactive
proliferation was found in two-way allogeneic reaction in the mixture of y3T
cells with living allogeneic lymphocytes. Moreover, this proliferation was
completely blocked by anti-hsp60 antibody added to the culture, whereas an
increasing expression of hsp60 molecule was detected at same time on the cells
of both y8T cells cultured alone and y8T cells with allogeneic spleen cells.
Although hsp60 expressed in 60% of the cells cultured with irradiated
allogeneic splenocytes, there was no cell growth detected in this culture yet.
However, a complete hsp-reactive alloreactive response of y0T cells with
allogeneic spleen cells existed in anti-allo-lymphocyte/y6T cells in our
experimental system. In striking contrast, afT cells responded to irradiated
allogeneic spleen cells at similar proliferative level to y8T cells with living
allogeneic cells, while there was the strongest cell growth in the mixture of
afT cells with living allogeneic spleen cells. Alloantigens are obviously good
stimuli for the response of afT cells. In blocking test, we found that both anti-
hsp60 could partially blocked two-way allo-reactivity with 31-43% inhibition
rate at day3 to day5 of culture, but did not affect one-way allo-reactive
response. Similarly to the case of y8T cells, we also found the expression of
both hsp60 and hsp70 on the cells in the cultures of afT cells without or with
irradiated or not irradiated allogeneic spleen cells, which were all positive for
hsps. In spite of high rate of hsp70" cells in two-way reaction culture, there was
not a blocking effect of banti-hsp70 antibody to be detected in the experimental
system. It indicates that hsp70 seems not to be related to allo-reactivity or only
to participate in antigen presentation in intracellular environment.

" Taken together, our results indicate that alloreactive response in two-way
reaction of both y8T cells to allogeneic spleen cells could be a complete hsp60-
dependant, that is, hsp60 serves as an exclusive alloantigen in our experimental
system. On the other hand, the allo-reactivity of afT cells only partially due to
hsp60, while MHC class I and II alloantigens might be responsible for
remaining effect. If this mechanism could be confirmed in humans both in vivo
and in vivo, a strategy based on blocking hsp60-dependant allo-reactivity might
be beneficial to the control of allgraft rejection in clinic. Besides, it is need to
clarify the further ‘questions: what is exact role of hsp60 in allo-reactive
response? Is it target antigen itself, or an antigen present molecule? The
resolution of these question will provide further evidence for the participation

of hsp in alloreactive response.
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Legends:

Figure 1. The proliferative response of BABL/c splenic T cells (R) freshly
isolated by nylon wool column to allogeneic (C57BL/6) irradiated (20Gy)
splenocytes (S) in vitro. The data represent the mean value of triplicate wells

+SD from 7 cases of mice

Figure 2. The expressions of hsp60 and hsp70 on cells in one-way mixed
Iymphocyte reaction in vitro. The culture protocol was as same as one in fig.1.
Cells were stained with mAbs anti-hsp60 (A to H) and anti-hsp70 (I to P)
followed stained with FITC-conjugated F(ab’), rabbit anti-mouse IgG. The
curves with solid areas are FITC-conjugated F(ab’), rabbit anti-mouse IgG
staining alone as isotype control, while ones with empty areas are anti-hsp60-
or -hsp70-FITC. Samples: A and I: BABL/c splenic T cells freshly isolated by
nylon wool column before culture; B and J: splenocytes from fresh C57BL/6
mouse before culture; after 48 hours (C to E and K to M) or 72 hours (F to H
and N to P) of culture in vitro, the following cells were stained: responder cells
(BABL/c splenic T cells, C, F, K and N), stimulator cells (irradiated C57BL/6
splenocytes, D, G, L and O) and responder + stimulator cells (E, H, M and P).

Figure 3. Immunofluorescence analysis of murine afT and y8T cells isolated
by magnetic activated cell sorter. The sorted cells were stained with anti-
TCRafB-FITC and anti-TCRy8-PE. FL1-H: TCRoeB-FITC. FL2-H:

TCRy5—PE.

Figure 4. The alloreactive proliferative responses of offT ory8T cells to
allogeneic stimulator cells in one-way or two-way reaction. T or y6T cell
(BABL/c) were co-cultured with stimulator allogeneic spleen cells (C57BL/6)
with (two-way) or without (one-way) x-ray irradiation (20Gy) for 6 days. The
mixed lymphocyte cultured cells were added or not by mAb anti-hsp60 (1:400,
ahsp60 in legend) or anti-hsp70 (1:5000, ahsp70 in legend) respectively. Living
stimulator in legend means the C57BL/6 splenocytes without irradiation. Data
were expressed as mean cpm of triplicate culture from three separate

experiments. SD were <10% of mean values.

Figure 5. The expressions of hsp60 and hsp70 on cells in one-way or two-way
mixed lymphocyte reaction in vitro. The culture protocol was as same as one in
fig.4 and staining was performed at day4 of culture. Cells were stained with -
mAbs anti-hsp60 (A to F) and anti-hsp70 (G to L) followed stained with FITC-
conjugated F(ab’), rabbit anti-mouse IgG. The curves with solid areas are
FITC-conjugated F(ab’), rabbit anti-mouse IgG staining alone as isotype
control, while ones with empty areas are anti-hsp60- or -hsp70-FITC. Samples:
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A and G: y8T cells (BABL/c) alone; B and H: y8T cells (BABL/c) with
C57BL/6 splenic irradiated (20Gy) cells; C and I: y8T cells (BABL/c) with
C57BL/6 splenic cells; D and J: afT cells (BABL/c) alone; E and K: afT cells
(BABL/c) with C57BL/6 splenic irradiated (20Gy) cells; F and L: afT cells
(BABL/c) with C57BL/6 splenic cells.



Abbreviation:

hsp(s), heat shock protein(s); TCR, T cell receptof; mADb, monoclonal antibody;
FITC, fluorescein isothiocyanate; R-PE, R-phycoerythrin; Sav-PE,
Streptavidin-phycoerythrin.
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