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Chapter 7

ABSTRACT

Monitoring of T cells involved in an alloimmune response requires the presence of in
vitro assays, which can detect T cells with direct as well as indirect allospecificity. While
generally accepted assays exist to measure helper and cytotoxic T cells involved in direct
allorecognition, consensus about an assay for monitoring indirect T cell allorecognition in
clinical transplantation is lacking. Many studies claim a relationship between the reactivity
of T cells with indirect allospecificity and allograft rejection, but different approaches are
used and often, essential controls are lacking. In this review, the disadvantages and pitfalls
of the different approaches used so far are discussed and supported by our own in vitro
experiments. We conclude that an international workshop is necessary to establish and
validate a uniform, robust and reliable assay for the monitoring of transplant recipients and

to study the actual role of indirect allorecognition in acute and chronic rejection.
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Monitoring of indirect allorecognition

INTRODUCTION

Transplantation, blood transfusion or pregnancy may result in activation of alloreactive T
cells leading to rejection, graft versus host disease and/or induction of IgG alloantibodies.
These alloreactive T lymphocytes recognize non-self antigens, mostly derived from the
highly polymorphic major histocompatibility complex (MHC) on allogeneic cells or tissue.
The way by which T lymphocytes recognize alloantigens has been the focus of many stud-
ies and can occur by two distinct, not mutually exclusive pathways: the direct and indirect
pathway.

Direct allorecognition refers to the recognition of intact allo-MHC molecules expressed
on the surface of donor antigen-presenting cells (APCs). Allorecognition in this way results
in a vigorous immune response, due to the high precursor frequency of T cells involved in
this pathway (/). Two hypotheses have been proposed for this T cell activation, referred
to as the ‘high determinant density model’ and the ‘multiple binary complex model’. In the
high determinant density model it is presumed that every MHC molecule on the cell sur-
face, irrespective of the bound peptide, can serve as a ligand for host alloreactive T cells.
The high antigen density may thus account for the vigorous immune response. In the mul-
tiple binary complex model, the peptide bound in the groove of the allo-MHC molecule
is the decisive entity. Here, each peptide-allo-MHC complex is recognized by a unique
host alloreactive T cell, also leading to a strong immune response. It is obvious that direct
allorecognition only occurs after transfer of tissues or cells between genetically different
individuals. In contrast, the mechanism of indirect allorecognition is basically not different
from MHC restricted recognition of virally encoded antigens.

Indirect allorecognition is the stimulation of recipient T lymphocytes by processed donor
antigens presented as peptides in the context of self-MHC. Evidence for this alternative
pathway of T cell allorecognition came from observations that graft rejection still occurred
in the absence of immunogenic donor-derived passenger cells in the graft (2). Alloantigens
shed from the graft are internalized and processed in the same way as exogenous antigens
and presented by recipient APCs as peptides in self-MHC class Il molecules to CD4* T
cells. The frequency of T cells with indirect allospecificity is two orders of magnitude
lower than T cells directly recognizing alloantigens, and the maximal response in the indi-
rect pathway developes later (3).

To gain more insight into these alloimmune responses and eventually control them, it is
essential to develop reliable in vitro assays to monitor the magnitude and specificity of a T
cell alloimmune response. Although assays such as the mixed lymphocyte culture (MLC),

the cytotoxic T cell precursor (CTLp) assays and HLA antibody screening have shown to
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be useful for monitoring transplant recipients, we question in this review the reliability of

assays used so far for the detection of indirect allorecognition in clinical transplantation.

ALLORECOGNITION AND ALLOGRAFT REJECTION

Both the direct and indirect pathway of allorecognition can lead to graft rejection. Direct
recognition of alloantigens predominates in the first weeks to months after transplanta-
tion and is generated by donor-derived antigen presenting cells bearing allogeneic MHC
class Il molecules. CD4" T cells with exclusively direct allospecificity can mediate allograft
rejection (4).

With elapsing time after transplantation, donor APCs fade away and the indirect pathway
becomes more important. Evidence that the indirect pathway is sufficient to mediate graft
rejection was provided by Auchincloss et al. (5), who used MHC class Il deficient mice as
donors in a skin allograft model. Indirect allorecognition of donor MHC class | antigens by
host CD4" T cells could initiate rapid skin rejection. Moreover, allospecific CD4* T cells in-
duced by the indirect pathway were involved in the generation of cytotoxic T cells against
donor MHC class | and the induction of IgG alloantibody production (5, 6). The availability
of knock out mice and depletion of specific cell subsets enabled the study of individual cell
types involved in indirect allorecognition. Combined with results from other experimental
studies (2, 7-13), this provides circumstantial evidence that T cells exclusively activated by
the indirect pathway are able to mediate acute and chronic allograft rejection.

Many clinical studies in humans support the notion that an increased frequency or re-
activity of T cells with indirect anti-donor allospecificity is associated with chronic graft

dysfunction or rejection.

INDIRECT ALLORECOGNITION AND TRANSPLANTATION TOLERANCE

Indirect allorecognition can occur throughout the lifetime of a graft, since recipient APCs
continuously migrate through the graft and encounter donor-derived peptides. Graft re-
jection can be caused by indirect allorecognition. However, a protective role of T cells with
indirect allospecificity is also likely, as the presence of regulatory T cells with indirect al-
lospecificity is associated with transplantation tolerance. Immunological tolerance involves
central and peripheral mechanisms (/4). An example of the role of indirect allorecognition

in inducing a state of central tolerance is the prolongation of graft survival after intrathy-
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mic administration of donor MHC peptides in rodents (I5, 16). In the periphery, tolerance
can be achieved by various mechanisms, including deletion and regulation of effector cells.
Several studies described a state of peripheral tolerance caused by indirect allorecognition
in presence of suboptimal stimulation (/7-19), negative feedback (20) or regulation (2/-24).
It is also believed that the beneficial effect of pre-transplant blood transfusions (25-28) is
mediated by regulatory T cells with indirect allospecificity (29, 30).

Considering the central role of indirect recognition in graft rejection and tolerance, the

availability of a reliable in vitro assay for monitoring indirect allorecognition is crucial.

IN VITRO ASSAYS TO MONITOR INDIRECT ALLORECOGNITION

Studies that have established key factors for measuring indirect allorecognition in vitro are
listed in Table I. They show that in vitro allogeneic T cell responses require the presence
of APCs, and that CD4" cells recognize an allogeneic peptide in the context of a self-HLA
class Il molecule (31, 32). T cells described to respond to allogeneic peptides via the in-
direct pathway recognized synthetic HLA peptides, as well as endogenous peptides (33).
Moreover, autologous dendritic cells (DCs) pulsed with cellular fragments were able to
trigger T cells with indirect allospecificity (34, 35). Dominant epitopes on common HLA
molecules were not limited to the hypervariable region of the HLA molecule, but could
also be derived from the o, and the transmembrane domains (36). Quantitative analysis
showed that T cells with indirect allospecificity have a significantly lower frequency than
cells involved in the direct allorecognition pathway (3) and could react by both prolifera-
tion and cytolysis (37).

As chronic allograft rejection is thought to be mediated mainly by recipient T cells with
indirect allospecificity, most in vitro assays aiming to detect indirect allorecognition have
been performed after solid organ transplantation. As depicted in Table 2, recipient T cell
reactivity to donor-like or donor-derived antigens was associated with acute as well as
chronic rejection in numerous studies, except for some (38-43). However, in the following
sections it will become evident that test conditions vary considerably among studies, while
often essential controls are lacking. The different problems will be discussed, supported
by our own in vitro experiments in order to underline the need to develop a robust and

reproducible test system.
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Chapter 7

SOURCE OF ALLOANTIGEN

Indirect allorecognition refers to the recognition of a foreign peptide in the context of an
HLA class Il molecule on self APCs by recipient CD4" cells. The shedding of soluble HLA
molecules during homeostasis or attack on graft tissue during inflammatory processes
or other pathological conditions in vivo will lead to presence of allogeneic cells or cel-
lular fragments for presentation to the recipients’ immune system. They may end up in
APCs, transported to the lymph nodes and presented to recipient T cells via the indirect
pathway. The strength of this type of alloimmune response is dependent on the amount
and source of antigen as well as on the strength and duration of the interaction between
recipient APC and T cell. To ensure proper investigation of indirect alloimmune responses,
the selection of alloantigens is crucial. Alloantigen can be derived from any polymorphic
protein present in the donor and not in the recipient, but in the transplantation setting
donor HLA molecules, which can be presented via the direct and indirect way, account
for the vigorous alloimmune response. As alloantigen source, one can use donor cells or
cellular fragments with the advantage that all possible alloantigens are available for indirect
presentation. Alternatively, peptides from alloantigens can be generated synthetically for
use in in vitro assays. The advantages and disadvantages of different sources of alloantigens

will be discussed in more detail.

Allogeneic cells depleted of APCs

Theoretically, depletion of allogeneic APCs will prevent the response of recipient CD4* T
cells towards foreign HLA class |l molecules, referred to as the direct way of allorecogni-
tion. As shown in Table 2a, the stimulation of recipient CD4" T cells with APC-depleted
allogeneic peripheral blood mononuclear cells (PBMC) correlated with acute rejection
in two studies (44, 45), whereas other studies found no correlation between indirect al-
lorecognition and acute allograft rejection (39, 4/, 46). However, it cannot be ruled out
that direct allorecognition still interferes in the immune reaction as small numbers of
residual donor APCs may remain present. Therefore, the use of cellular fragments lack-
ing intact HLA molecules seems to be a more safe way of alloantigen delivery for indirect

recognition.

Cellular fragments
A big advantage of the use of fragments derived from cells of the organ donor is that theo-
retically the full repertoire of alloantigens is covered. After natural processing, peptides

derived from the HLA class | and class || molecules but also from other (minor) transplan-
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tation antigens are presented by the recipients’ antigen presenting cells. A disadvantage
is that the specificity of the alloreactive T cells is not known. Many different techniques
have been used for the fragmentation of cells, which makes it difficult to compare results
obtained by different studies. Nevertheless, all studies listed in Table 2b found a positive
association between patient response to donor derived cellular fragments and acute or
chronic allograft rejection (47-52). However, it should be noted that not all studies in-
cluded proper negative controls such as third party cellular fragments.

Fragmentation of cells or cell membranes has some pitfalls. First, without further analysis,
the content of a suspension after fragmentation is unknown with respect to the size of
the particles. The suspension may contain whole membrane-derived HLA molecules or
much smaller components similar in size to the synthetic peptides used in other experi-
mental designs. Few studies performed Western blot analysis or ELISA to demonstrate
the presence of HLA molecules after fragmentation, but even then it is unknown whether
the HLA molecules need to be intact in order to be processed and presented by an APC
(48,51). When membrane fragments still contain intact HLA molecules and costimulatory
molecules, these can cause allorecognition via the direct pathway by patient responder
cells. Recipient APCs may also acquire and integrate intact donor-derived HLA molecules,
a process called trogocytosis (53). Thus, the absence of cells in the preparation does not
warrant absence of direct allorecognition. Second, the concentration of relevant con-
stituents is unknown. A wide range of cellular fragments was used (equivalents of 5x10*
to 2x10°¢ cells), compared to the final concentration of synthetic peptides (10-20 ug/ml
per synthetic peptide) used in most studies. The concentration of relevant peptides in a
fragmented cell preparation is not known and may be much lower compared to the con-
centrations usually applied for synthetic peptides.

The availability of many different protocols for fragmentation of cells to obtain donor-
derived antigens, underscores the lack of consensus on a robust and reliable test system.
To further illustrate this, we tested the reactivity of two CD4* T cell clones against APCs
with the specific restriction element after incubation with different preparations of the
cellular fragments. Clone 4.1 recognizes an HLA-A2 peptide in the context of HLA-DRI.
Clone 2014, derived from the ThoU6 cell line (33), recognizes an HLA-DR3 peptide in the
context of HLA-DP3. Fragmentation of HLA-A2" and HLA-DR3" cells was performed
using methods described by various studies (overview in Table 3). The reactivity of the
clones towards natural ligand, synthetic peptides and cellular fragments was determined
in proliferation and ELISPOT assays. Both clone 4.1 and clone 2014 recognized the natural

ligand and the specific synthetic peptide but none of the cellular fragments (Figure ).

15




Chapter 7

uondafal duoayd Yum suan
-ed Ul Yy| Yyum s|j9d ] dydads

SOdV
snogojoane ssuasa.d uj

[19Mmys]|22
,01x§ 40 3us[eAINba ‘susdnue
d€ pameyr/uszou ‘s|9d

uondalad duouyd (y=u)

(/%) uoneyuejdsuen
1483y Ja)e uond3fau

Jouop jo sapuanbauy pareas|g  uonedsyjoud iyl Aep € uss|ds Jdouop pameyr/uszoly s||@2 | INOYIUM pUE (£=U) YUAA 2IUOYD Ul Y| JO 3|0y
(emys1193 4,01 x§
J0 udjeAINb3) D gd pameys
A1anijep [u9Z0} . TY-VTH (w/Er 0] (£¥) 9w
U931UBO||B 40} JUBIDIYD ISOW  $DJV .S | YA-VTH Jo dud DUOD [BUL ‘0T |-T6 SONPIsaJ) (9713) Jo} AuaAljep uadnueo|e
9. §||92 JoUOp pameyl/uszo.l -saJd ul uonessjijoad Aep ¢ sapndad snayiuds ,7v-v1H o)t oN JO AeM BA1309)43 ISO||
sjuawsedy senjR) (q)
uondafad jo aandadsaul syuaned sOWNGd uonoalau ououyd (9=u) (]#) uoneiuedsue.n
paauejdsuen ui auasaud s Yy W Aep ¢ / Aep § d€ 4o Jouop pa19|dap-Ddy DWgd INOYIM pue (7=U) YIAA  ASUpD] Jaye Yy Jo 3|0y
uondafad dluoayd
Inoyum pue yum sauaned ul sOWgd uondala. duoayd (| |=u) (94) uoneyue|dsueny
juasaJd si suadnueo|e Jo Yy D1 Aep § 1auagolje pais|dep-Ddy DWgd INOYM pue (Z=U) YIAA  ASUpD] Jaye YV Jo 3|0y
vl v u uonesayjo.d
aJnseaw 01 d|qesn 10U aJe Y] Aep ¢ Ja1ye Juereuadns s||e2 uon (6€) uoneiueidsue.n
pUE DA SUSBNUEO||E JO Y| ON Ul T AR 9 usa|ds .Ilouop pa3ajdep-Ddy DWgd -eaue(dsuen Jae pue alogeg B3y Ul V| JO 3|0y
uondalau
QINDE JO SIJ YIUM $9IB[DJI0D D1 Aep JWad uondalau (gz=u) (s¥) uoneuedsuen
Aemyred yy/| Jo uoneandy 7 Jaye juejeusadns ui Z-q) c1ouado|je paia|dap-Ddy JWgd INOYIIMm pue (O] =U) YUAA  ASupDj Jalje YY| JO 3|0y
(WV!1) Aanoeadolje jo Aemyred
Po3214359.-J[9S JI9Y3 UlRID OYM JWad uondalea a1nde (g|=u) (44) uondsloa yeas Asupp
syuanyed ul sundd0 Ajuo uondalay W s1auado|je pais|dep-Ddy Jgd INOYIUM pue (£7=U) YUAA -0} 2ANDIpa.Id Aesse oA uj
sOHdV d1ouadoje jo jeaowdy ()
swomnQ no pesy susdnueo||y sJapuodsay sjusney [eon

*,uonDIUD|dsuD UpSI0 pijos 4dYD uonuS032.0[p 1234ipul Sulinspaw SADSSD 04l Uj *T d]GDL

116



Monitoring of indirect allorecognition

uond3(ad d1uoIyd YIM sIudn

-ed ul s3s1xa 3uipeauds adoyds
‘poojq ur ueyl yea3 ui 12ay3iy pjoy
0S-01 s! Y| Ul PSAjoAUL s||9d ] jo
Aousnbauy tuondafeu sluoayd pue
9INJE YIM s91.|2..0D sapndad
-O||e Jouop 03 A3jAdea |92 |

vl

pUE Yy 24nseaw 01 poylaw
|ngasn Ajjestuld :gHDH4 ‘uondalad
9Inde yam sauaned ul suadnue

Jouop 01 Aj1Andead |92 | J9ySiH

V| PUB YyQ aJnsesw

01 poyIsw SANRISUSS 1] OdSIT3
uondafad a1nde 3urinp suadnue

Jouop 01 A1Andead ||9d | JaySiH

SOg Yyam sauaned ul susdnue
Jouop 01 A3Andeal |93 | J9ySiH

uondafau
1uoayd yum sausned ul susadnue
Jouop 03 A31Andeal |93 | JoysiH

SOdV
sno3ojoine jo aduasaud

u| uoisuedxa Aep 7 Jaye
Aesse sisauagoase|q Aep ¢

DWgd snodojoane
Jo 9ouasaud ul (yYQ Aep /£
J93)e) uoneuajjoad Aep ¢

sDdYV sno3ojoine jo adud
-saud u1 OO A-N41 Y S|

10dSIT3 A-N41 Y 0%
sDdV sno3ojoine jo
9ouasaud ul uoneasyljoud
VA7 Aep ¢ Jeae JueIRU
-1adns ul -] Jo adussauy

uoneJayijo.d Aep §

spndad

yaea jo WMl | 108-79 ‘6€-1T
‘611 senpisalis3R||e Y-V 1H
Z£ ‘4ouop 03 3uipuodsa.Lio)
spndad

yoee jo |yl | 108-79 ‘6€-1T
‘61~ senpisau sdR|[e Ya-vIH
Z€ ‘douop 03 3uipuodsauiod)

|1oMmys]|23
5,01 JO 2uajeAInbs ‘suadnue 4¢
PaMmeL1/uszody ‘s||92 uss|ds Jo
DINgd Jouop pameyr/uazo.y

(oM
/S92 0| xT JO 2usjeAInbs 5|9
ua3|ds Jouop pameyl/uazo.4

[IPM/S[32 ,0 | x§ JO 3us[eAINba
{SUS3NUB J§ POIMBYI/UDZO) ‘S||9D
u99|ds Jouop pameyr/uszo.y

DINGd Jouop pameyi/uszo.y

S||°d ] Yed

OWdad

JWad

JWad

S|Ied |

OWad

uondalfad duoayd
40 9INJE INOYIIM pUB YIAA

uondsfed 93ne (0| =u)
INOYIM PUE (6=U) YIAA

(g1=u:e202) uonalau ande
Ja3ye pue Sulnp ‘a10)g

sog (11=v)
INOYUM PUE (8=U) YUAA

uondalau duouyd (g]=u)
INOLIIM pue (g=U) YIAA

(65-+5) uoneaueidsueny
14BaY J23je Uondalad
YeJ30|[e ul Yy| JO 3|0y

sopiadad ci3ayjuhs (9)

(1) uon

-ejue|dsue.ay Asuppy Jaije
VI PUB YyQ Jnseaw
0} |oo) dulioluow
aunwiwli ‘SAISBAUI-UOU \/

(05) uoneiue|dsue.n
1J4eay Jayje uondasle. ande

Ul dvI pue yva jo 9oy

(6#) uoneiueidsue.n 3un|
J91)e uondaau d1uoayd
Ul yv| pue ¥vqQ jo 3|0y
(z58%)

uonejue|dsue.d Asupp)
J91)' uondafau d1uoayd
Ul yv| pue YvqQ jo 3|0y

awonnQ

N0 peay

susdnueo||y

suapuodsay

swuaney

[e0D

‘panunuo) *z 9qoL

117



Chapter 7

SOg Yam sausired ur sopndad

| SSE]D \/TH JOUOP SPJEMO] S[|9d
1 jo Aouanbauy dosandaud pue
asuodsau aAneJayijoad JaysiH
Apynads Yy

U3IM S|[93 | Ul 9DUBIS|03 3dNpUl
sopndad paJsife g Ya-V1H 4Aq
pa321I3sal ‘TV-VTH 40 0T1-T6
anpisaJ :adoaids jueuiwoq

OAIA Uj S||92 9saY3 Bulule3ulRW 10}
9|qisuodsau aJe sDJy wuaididay
oAlA up Juasaud aue A3diydads

V-V 1H-13UE 123.1pul YaIM S[|9d |

syuaned sawos ul sunddo
Suiyoums adoaids ‘uonoaleu
s1uoayd Yaim sauaned ul sapndad
Jouop 01 AjAndesd |92 |
uonejueld

-sue.} 433k A|Jed SUNd20 Yy 4o
UONEBANDE ‘uondalau dluoJyd pue
9INJE YIM s91.|2.J40D sapndad
-O||e Jouop 01 AJ1Andea |90 |

sopndad s1oua8uAds
Jo sapndad | ssep yH Jouop
a|qnedwodul o3 asuodsau oN

DWgd snodojoine

Jo aouasaud ul (yQ Aep
/ 193e) uoneusyjoid Aep
€ ‘uoneJayijoud Aep 7

s7D7-g Jo ddus

-saud ul uoneusyljoad Aep ¢
V@1 ui uonesayjoad

Aep ¢ J493ye Juereusadns

ul Z-7] Jo 9duasaug

DWWdad
snoZojoane jo aduasaud uj

(V@ Aep £ J9e) uoness
-jij0.d tuoneusyijoud Aep /

DWgd snodojoane
Jo 9ouasaud ul (yYq Aep /£
J93)e) uoneJajjoad Aep ¢

uoneJayijo.d Aep 4

w3 0g

:UONEIIUSDUOD [eul {(UBWIOP
'0) $8-09 onpisad typg- ‘gg-
TV-IV-VIH 40 [1e1]202 g€
pue Jouop o1 Suipuodsalio)

jw/3r o]

:UOIIE.IUSDUOD [BUl {SUORNINS
-qns ee 9|3uls yum sandojeue
TV-VIH'0L1-8€1 ‘0C1-T6
‘¥8-LS SONpIsaI 'TV-V1H
w3

0| ©u0d [euy:0/|-8€| ‘0TI
~T6 ‘¥8-LS SPNPISaI TY-VIH
Iw/3r 001-5T1°€
:UONEBIIUBIUOD [eUl ‘SUOISa.
d|qelteAtadAy ureys-g Usw-gg
*€4A- S 1YA- 1NA-VIH dE
pue Jouop 03 Suipuodsauio)

spndad

yors jo Wr | 108-29 6€-1T
‘611 senpisaJ is3p9||e YQ-VIH
7€ tJouop 03 Suipuodsauiod
lw/3r oz

:uone.nuaduod euly sapndad
J2W-G | ‘PIALISP | SSBP H ‘dE
pue uouop 01 3uipuodsatiod)

OWgad

(97713
ooL

OWgad

JWad

OWdd

OWdad

(€=u) sienpiaipur AypjeaH
S04 (b=u)
oYM puE (§=U) YIAA

3yeaso|e Aoupp| 7Y
-V1H jo uondafau duoayd

Yyam sned -7y-yH suO

uondalau ououyd (gz=u)
INOYIUM pUE (9]=U) YUAA

uond3fa4 INOYIM pue YIAA

(g=u) uonsalau d1uoay> pue

(z1=u) uondalaa a1nde YUAA

(99) uoneiue|dsueny
3un| ur sapndad paALIap |

SSE|2 V'TH 30 VI j© 3|0y

(5949) uoneaue|dsue.n
Asuppj| 493y uondalod
2lUOJYD Ul YY| Y3 3z

-19310eJRYD pue ajelnuend

(£9) uoneyue|dsueny
Aaupp| 421y uondafed
dluodyd Ul Yy Apnis o1
Aesse |njasn Ajed1uip vy

(z9-09)

uoneiue|dsue.) JaAl| ISy
uonda(ad duoayd pue
91NdE Ul Y| Jo 3|0y

(8¢)

uonejuedsueay 3unjaaesy
J9yye uondafad dluoayd
Jo 23nde Ul Yy Jo 3|0y

awomnQ

N0 peay

susdnueo||y

suapuodsay

swuaney

[e0D

‘panunuo) *g 9JqoL

118



Monitoring of indirect allorecognition

J|9s 01 [eonuapi sapndad

01 asuodsau os|y!sapndad 7y 01
asuodsad yam pageldosse AJoasly
Apoqiue 7y-yH-12UB 9ARISOd
UIBWIOP dUB.IqUIWSURI) pUe

£0 uy osje :sadoyids JueuIWOQ

uondalfau

J1uo.yd pue AIANDESIO|[B
103J1puUl U99MIDq UOIIBID0SSE ON|
V| Sulioliuow Joj

|nyasn si Aesse | OdS|73 ‘sauaned
9|qeas 03 pasedwod syuaned ysu
y3iy ui uonejnwns apndad uodn
s|]23 | Supnpoud A-N4| 24014
WVI Yam sausned

ui uononpoud @ |-q| Jueuiwopaid
‘S|enpIAIpuUl AY3jeay ul Yy/| os|e
tuonsafeu a1nde pue uoneiapjo.d
US9M13q UONEIDOSSE ON|

SOg Yam sauanyed ul sapndad
|| SSE|> Y/ ]H JOUOP SPJEMO §||9d
1 jo Aouanbauy yosandaud pue
asuodsau aAnesapjod JaydiH

uondalad jo suis [esuld
Inoyam sauaned ul usdpueole
Jouop 01 A3AnRdRal (|9 |

Aesse jw/3r g| 4o

10dSI73 A-N4| Y 8f ‘Aesse  { :UOIBIIUSOUOD [BUI JBW-9 |
Suipuiq spndad yqa-vH Jo -g| Buiddejueno tgy-vH
Jw/3r pg-| :uone.sausdUd

[euy 's3|3]| YQ- ‘g~ ‘V-V1H

10dSIN3 A-N41 Y +T tJouop 01 Suipuodsatiod)

jw/3r | :uon
10dSI 13 -B3uddU0d Jeuy Y-V IH 'd€
A-N4140 01-71°S-71Y8F  pue Jouop o3 Suipuodsa.Lio)

juezeusadns Jw/8r og :uone.sIUSOUOD

24MN3 JO S| UKD [RUY LIBW | T-p | YQ-VTH '€

uonesajijoud Aep ;  pue Jouop o3 Suipuodsaliod)

lw/3rl 00| ©3

SINgd snoSojoine  §7'9 :UOIILIIUIIUOD [euly ‘uoiSa

jo aouasaud ul (g1 Aep  9|qelaeAladAy ureys-d (51 YQ-

£ 491ye) uonesdpjosd Aep ‘€yQ- ‘1 YA-VTH JO 1EPPOS dg

¢ ‘uoneJajijoud Aep ;  pue Jouop o3 Suipuodsaliod)
ueIRU

-1adns ul - Jo @dussaly Jw/3r 0]-§°Z :uone.IUIdUOD

sDdV sho3ojoine Jo adua  [euly fadw G |-G Suiddejusno gy

-soud ur uoneaayijoud Aep ¢ -yH t4ouop o3 Suipuodsalio)

OWdd

OWdad

OWgad

JWad

OWdd

S|Ied |

aue|dsue.an Asupp e Joy
Bunieme ‘sisAelp uo syuaned

uondafad
31UOIYD INOYIIM PUB YUAA

(51=u) suaned (sposids
uondafaJ 2INdE dUO 15EJ| IB)
s yBly pue (7| =u) a|qers

(0z=U) sienpiaipur Ayajesq
uondafed 93ne (0| =u)

INOYIM pUE (8] =U) YUAA

so4g (6=Y)
INOYUM PUE (6=U) YUAA

(01=u) uonouny
yeJS 9|qeIs Yam siusney

(%)
sapndad paAlIRp 7V-V1H
Jo sanuadoud d1usdnuy

(£#) uoneiue|dsueny
Asupp| J93ye A3IARdRRIO||Y

(89) uon

-ejue|dsue.ay Asuppy Joie
syuaned ul yy| d4nseaw
01 PoyIaW SARISUIS

(0v)
uonejue|dsue.y ASuppy
J21je pue 2J0joq sapndad

AUA-VH 0 YV| J0 310y

(£9) uoneiue|dsue.ny
3un| u sapndad paAlIsp ||

SSE|2 VTH 40 VI j© 3|0y

(z#) uoneyuedsuen
Aauppy 1938 YV 4o 3J0Y

awomnQ

no pesy susdnueo||y

suapuodsay

swuaney

[e0D

‘panunuo) *z 9qoL

119



Chapter 7

*SQUIY 192 | D ‘SdU0p 192 | DD ‘U0NDIDAJ uIDYd 3sDIWA[0d 1yDd ‘S||92 JD3ppNnuUoUoL
poojq [piayduad :DWgd @inynd d1h>0yduwiA] paxiw )W ‘sisAipup uonnip Suniwiy g7 ‘Z-unnajaiul :z-7] “-uotajsarur :A-N4| ‘Uoniugodalofp 13a4ipul 1Yy ‘UaSniuD 314503n3]
upwiny :y7H “Abssp uona.das aurjo1hd> A1owo01h> moy) :$9H4 10ds wagiosounwiwi payul-aWAzUd ;] OdS[73 ADSSD WagI0sOUNWWI PIUl-aWAZUD (YS|TF ‘U0INUS0D3.0)D 134
-Ip :yvq “Ap4ip ppaq d139WO0IAD 1ygD) ‘Du0IpuAs SUDISIGO SIUjOIYdUOI] :SOF ‘DUl |30 ploispjqoydwAl g :TDT-g ‘S[[e2 Sunuasaid uadnup :sHqy ‘pPD ounwp :pp ALpd paIyl :d€
‘uonafaa pup d1auagdolp pup Ja3djay | ‘uoidaleu pup sapndad dnayiuds

‘uondafes pup uaSNUDOJD pup 123.1pul 13UZ0)D PUD UONDIUSSI] 1D3.IpUl ‘SUSSNUDOJID PUD UOIIUS03. 123JIpul ‘SUSSIUDOJD PUD UONIDIUSSII] 1234IpUl ‘U0IIUS0D3.0(|D
1241pul :Swd) HS3W Suimojjo) ay1 01 Sulpuodsatiod s|pnpIApul upwiny paub|dsup.l ul uoiuS033.0([D 123.1pul SULINSDIW SIIPNIS OJUA Ul 4D 7 JJGD] Ul SIIUIJ24 PaIsl| Y,

dva YDd awn-[eal

pue Yy| yaoq ssauddns ued 1] pue sIsA|euE J1139W0IAd

L£dx04,57aD.+AD ‘saunjoikd  mojy sdxo ‘syuereusadns
AJore|n3au pue AJoljewiwejul $9 24mynd Jo vgd/vsI3 jw/8rl | t4ow-|Z 01 - | WA

-onpoud D | 9ARDESIO|[R 323.1pU| uoniqIyul uoneasyljold -y H ‘Jouop o1 3uipuodsatio) DL
Jw/8r 0g-0| :uoneIIUSIUOD (69) uoneiueld
uonoalas aande pue uonesayoid [euly taaW-|Z 03 - | *YA-VIH uonoalad a3nde (g=u) -sue.n ASupp| Ja1e Yy/|
U29M19q UONIBIDOSSE ON| uoneJayijo.d Aep 7 t1ouop o031 Buipuodsaliod JWad INOYUM pue (8=u) YUAA  YSnouya s||9d Jo ANARdY
awomnQ N0 peay suadnueo||y sJapuodsay swuaney [eoD

panunuo) *g 9qoL

120



Monitoring of indirect allorecognition

To exclude that the lack of proliferation of the T cell clones was due to fragmentation in-
duced toxicity, T cell clones and the specific allopeptide were cultured with (supernatants
of) cellular fragments. Fragmentation did not result in inhibitory or toxic substances and

the response to the specific peptide remained intact (data not shown).

Synthetic peptides

The studies presented in Table 2c used overlapping, synthetic peptides as source of donor
antigen (36, 38, 40, 42, 43, 54-69). Both HLA class | and class Il peptides corresponding to
the donor phenotype, were used to stimulate patient cells. However, it can be assumed
that donor-HLA class |-derived peptides are the major inducers of recipient T cell activa-
tion leading to chronic allograft rejection, since the expression of HLA class | molecules in
the graft is far more abundant than that of HLA class |l, especially after donor passenger
cells bearing HLA class Il molecules have disappeared. In that perspective, it is odd that
several studies aim at the detection of a T cell response to synthetic HLA-DR peptides
rather than to HLA class | peptides (54-63, 67).

The advantage of using synthetic peptides is the exact knowledge of the antigen (amino
acid length and concentration), resulting in a reproducible assay. By varying the amino acid
length, immunodominant epitopes were identified for several HLA antigens. However,
the indiscriminate dissection of a protein into synthetic peptides has disadvantages, one
of them being the creation of new epitopes (neo-epitopes). Peptides may be synthesized
which do not occur in vivo, due to absence of natural splicing sites at relevant positions on
the full protein. On the other hand, when working from the encoded sequence, one does
not take into account that several posttranslational modification mechanisms can occur in
vivo. This includes glycosylation of proteins to improve protein folding and stability of the
peptide-HLA complex (70). By exogenously offering 15- to 30-mer synthetic peptides to
recipient APCs, they may end up directly in an HLA molecule in unglycosylated form. In
addition, posttranslational splicing of peptides has been shown to occur (7/). In peptide
synthesis that is purely based on amino acid sequence of the full protein the latter two pos-
sibilities are simply not considered. Apart from this, and more importantly, a major flaw in
many studies is the lack of appropriate peptide controls. To support the results of indirect
T cell activation studies, inclusion of control peptides based on self-HLA sequences, seems
to be a logical corollary, but is rarely performed.

Half of the studies used only peptides corresponding to the donor phenotype and based
their conclusive remarks on the response to the specific peptide. These studies should be
considered non-conclusive as responses to synthetic peptides corresponding to self-HLA

molecules do occur frequently. Since the adaptive antigen-specific immune system distin-
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Table 3. Overview of different methods to fragment cells.

PBMC
Fragmentation method | (47,50) 2 3(4851) 4 SALs
Cells 20x10¢ PBMC 20x10°PBMC  PBMC PBMC 20x%10¢ SALs
Lysis 3% N,/37°C* 3% N,/37°C 3x N,/37°C 3% N,/37°Ciin 4x N,/37°C
RPMI RPMI Tris-EDTA- Tris-EDTA- RPMI

based buffer; based buffer;
1/5000 NP-40  1/8000 NP-40

Protease inhibitors - - 0. mM PMSF 0.1 mM PMSF -
- - 1/200 mixture  1/800 mixture -
- - 5 ng/ml SBTI 5 ug/ml SBTI -

It centrifugation step — 20 min, 16,000 g, 2 min, 1000 g, 2 min, 2000 g, -

RT 4°C 4°C
Sample Whole solution Supernatant Supernatant Supernatant Whole solution®

2" centrifugation step — - 45 min 14,000 g, 2 min, 3000 g, -
RT 4°C

Sample - - Pellet Supernatant -

3 centrifugation step — - - 60 min, 100.000 g, —
4°C

Sample - - - Pellet -

?Personal communication Dr. Maria Hernandez-Fuentes, King’s College London, UK.

bFreezing/thawing cycle in liquid nitrogen and waterbath, respectively.

‘Before use, cell suspension was filtered to remove cloths.

EDTA: ethylenediaminetetraacetic acid, PBMC: peripheral blood mononuclear cells, PMSF: phenylmethylsulphonyl
fluoride, RT: room temperature, SALs: single antigen cell lines, SBTI: soybean trypsin inhibitor.

guishes self from non-self, starting with deletion of T cells in the thymus with a high affinity
for self-antigens, it is not likely that individuals recognize a natural self peptide presented
in the context of their own HLA class Il. Figure 2 shows that reactivity was observed to
synthetic peptides based on self-HLA molecules using cells from a healthy non-primed
individual or umbilical cord blood (UCB). The peptides used here probably differ from
naturally processed peptides and are seen as neo-epitopes by the autologous T cells. A
logical consequence is that in some cases the reactivity towards synthetic allopeptides
is interpreted incorrectly. This type of reactivity is not restricted to T cell responses to
synthetic HLA peptides but also accounts for responses towards synthetic RhD peptides
in RhD-positive individuals, as tested in our laboratory (data not shown). Our observa-
tions are in agreement with others. Hanvesakul et al. showed recognition of peptides with
a sequence identical to self in patients awaiting a renal transplant, as determined in IFN-y
ELISPOT assay (36). Barker et al. described proliferation of naive T cells of RhD-positive
individuals to synthetic RhD peptides and concluded that this was presumably due to cor-
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Monitoring of indirect allorecognition

respondence of the peptides to cryptic epitopes normally not presented in vivo (72). Two
other studies also demonstrated that non-primed T cells are able to respond to alloge-
neic synthetic peptides (40, 42). Two possibilities arise for the response to self: absence
of regulatory mechanisms or induction of neo-epitopes. Natural regulatory mechanisms,
which prevent occurrence of an autoimmune response in vivo, may be absent in in vitro test
systems. A more plausible explanation lies in the synthetic character of the peptides. A
synthetic peptide does not use the normal route of processing and may end up as a new

amino acid sequence in an HLA molecule of an APC. Responder T cells will recognize such

(@) (b)
25 501
x 20 x 40+
2 2
5 151 = 301
kT 5
S 10 S 201
£ £
7] &
54 Cellular fragments 10 Cellular fragments
0 0
KL AP QoS »@@@ S &L QRAR  QRA®
S5 W ow e g8 e 55 S BREEE SBSG
?‘}V‘} 'Z’,z;o S TR FAUYT IR

Figure 1. Response of Clone 4.1 (panel a) and Clone 2014 (panel b) towards natural ligand, synthetic peptides and cel-
lular fragments. Clone 4.1 (recognizes HLA-A2 in HLA-DRI) proliferated upon stimulation with natural ligand (A2*DRI*
cell) or specific A2* peptide (aa 101-122), but not upon stimulation with A2* or A2 cellular fragments, produced by
method 1, 2, 3 or 4 (n=3). Clone 2014 (recognizes HLA-DR in HLA-DP3) produced IFN-y as measured in ELISPOT upon
stimulation with natural ligand (DR3*DP3* cell) or specific DR3* peptide (U6), but not upon stimulation with DR3* or
DR3- cellular fragments, produced by method 1, 2, 3 or 4 (n=2). Stimulation index panel a: counts per minute (CPM) of
stimulated clone divided by CPM of unstimulated clone (medium control). Stimulation index panel b: IFN-y production of
stimulated clone divided by IFN-y production of unstimulated clone (medium control).

a new epitope (neo-epitope) in the context of self HLA class II; however this type of rec-
ognition is not necessarily related to indirect recognition of a naturally processed allopep-
tide. To our opinion, positive tests obtained with synthetic peptides should be confirmed

by reactivity against the natural ligand.
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EXPERIMENTAL SET UP

Besides the antigenic stimulus, the responder cell population, as well as the experimental
setup of an in vitro assay, are crucial. The optimal location to detect recipient T cells with
indirect allospecificity would be in or near the graft, since T cells migrate towards the graft
after they have been triggered by recipient APCs presenting a donor derived peptide. In
the graft they are supposed to exert their effector functions, which eventually may cause
graft rejection. Although the frequency of T cells with indirect allospecificity during rejec-
tion may be 10-50 fold higher in the graft than in the periphery (54), for practical reasons

most studies have been performed with PBMC.

(a) (b)

20 A1 peptides A2 peptides 125 A2 peptides B7 peptides

M 10.0

Stimulation index
>
Stimulation index

Peptide pools Peptide pools

Figure 2. Proliferative response (in triplicate) of healthy control PBMC (panel a) and umbilical cord blood (UCB; panel
b) towards foreign synthetic peptides (HLA-Al and HLA-A2 respectively) and peptides corresponding to self (HLA-A2
and HLA-B7 respectively). HLA type of healthy control: A2, A25, B7, BI8, Cw4, Cwi2, DRI, DRI5, DQ5, DQ6. HLA type
of UCB: A3, A32, B7, B35, Cw4, Cw7, DRI I, DRI5, DQ3, DQ6. Peptides were added in pools of 3 overlapping 30-mer
peptides. Proliferation was measured at day 7. MRM: memory recall mix. Stimulation index: counts per minute (CPM) of
stimulated cells divided by CPM of unstimulated cells (medium control).

In some studies donor antigens were added to PBMC, by which the encounter of antigen,
processing and presentation by autologous APCs occured in the same environment as
presentation to T cells. Only a few studies used a more sophisticated system, in which
autologous APCs were purified by T cell depletion, incubation with antigen and finally
added to responder T cells (42, 47, 49). To refine the antigen presenting cell population, we
performed costaining experiments of fragments of single antigens lines (SALs) and differ-

ent cell populations (Figure 3). Only CDI14* cells (monocytes) showed costaining of PKH26
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Monitoring of indirect allorecognition

labeled SAL fragments and may be able to internalize the fragments, process them and
finally present them in the context of HLA class II. This allows for selection of the proper
APC population and control the ratio between CDI14* APCs and T cells. In order to de-
velop and validate a reliable in vitro system, standardization and quality controls within the
different phases leading to indirect allorecognition are inevitable.

As read out, most studies focused on the capacity of CD4" cells to proliferate upon stimu-
lation, but differ in other test characteristics. Proliferative capacity is often measured upon
coculture with synthetic peptides or cell fragments directly or after stimulation in limiting
dilution analysis (LDA). LDA quantifies the response by measuring the frequency of allo-
reactive cells, but involves prolonged in vitro culture systems, which may affect estimations
of the true in vivo frequencies. More recently, ELISPOT and flow cytometric approaches
are used to estimate the number and phenotype of alloreactive T cells respectively. The
ELISPOT is more sensitive than other techniques, such as MLC and ELISA, but represents

a snapshot of the T cell response. Some of the cytokine-producing cells may not proceed

40+ Joh
1) [11h
3 301 I 2h
3 3 4h
£ B 6h
? 20-
Q@ I 8h
3 B 10h
3 10 Bl 24h
X

o-m.a,.m T nﬁr.IIII T o T

CD3*CD4* cD3*CD8* CD14* CcD19* CD56*

Cell populations

Figure 3. Costaining of SAL fragments on different cell populations. SAL fragments (stained with PKH26) were incu-
bated for various lenghts of time with PBMC (stained for different cell populations) (n=2). The percentage of double
stained cells was determined in flowcytometric analysis.

to proliferation or may undergo activation-induced cell death (68). The flow cytometric
approach allows for the individual characterization of cells and the subsequent staining
for cytokines to refine the categorization of specific cell subsets, rather than just surface

markers. Because a major feature of T cells with indirect allospecificity is their low fre-
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quency, a sensitive technique is required. In this respect, the phenotypic characterization
of alloreactive T cells has an additional benefit above standard proliferation assays.

When monitoring patients, it is essential to distinguish the response of naive cells from
that of primed donor reactive T cells. To develop an in vitro assay able to detect T cells
with primed indirect allospecificity, one should focus on the detection of memory cells.
Therefore, knowledge about the kinetics of a response is crucial. In our above-described
experiment using stained SAL fragments cocultured with stained PBMC, it was possible
to monitor the double positive-stained cells at different time points (Figure 3). Within 24
h after coculture, 25% of the CDI14" cells showed costaining of SAL fragments. This time
span is in agreement with results of a recently performed study in which a time period
of 16-20 h was found to be necessary for processing, intracellular routing and peptide
presentation by APCs (34). Considering the use of primed responder cells and the uptake
and processing of antigen within | day, one may question the need for a 7 day incubation
period to detect memory cells as is used in most studies. Because cytokine secretion pre-
cedes proliferation upon stimulation, incubation of recipient PBMC with donor antigens
in ELISPOT was usually much shorter. Nevertheless, a study focusing on the kinetics of a

memory is required to shed light on this.

CONCLUDING REMARKS

Various studies claim a relationship between the reactivity of T cells with indirect allo-
specificity and graft rejection. However, many different approaches are used and often, es-
sential controls are lacking. Hardly any study confirms the presence of indirect recognition
using different approaches including the natural ligand. This is essential as all assays used so
far clearly have disadvantages and pitfalls.

The use of donor cells for fragmentation has our preference as antigen source for in vitro
assays because they contain the full HLA phenotype. However, no method to fragment
cells has emerged as optimal, which is emphasized by the lack of consensus. Addition-
ally, one should include control experiments when using fragmented cells to exclude rec-
ognition of alloantigens via the direct pathway. The exact knowledge of the alloantigen
when using synthetic peptides is overshadowed by the ability to create neo-epitopes. This
turned out to be a big obstacle in defining a specific response and requires at least the
use of control peptides. Besides different antigenic sources, additional differences exist
in test characteristics between studies in which most of them do not distinguish a naive

response from a memory response. To monitor the low frequency of T cells with indirect
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allospecificity in vitro, it is essential to determine the kinetics and optimal conditions to
detect a memory response.

Detailed knowledge about the indirect allorecognition is required and it would be the right
time to set up an international workshop to establish and validate a proper and robust

assay to measure T cells with indirect allospecificity.

MATERIALS AND METHODS

Subjects and sample collection

PBMC from heparinized peripheral blood from healthy individuals or mononuclear cells
from umbilical cord blood (UCB) were isolated by standard Ficoll density-gradient centrif-
ugation. PBMC were used immediately as responder cells in proliferation assays or were
cryopreserved in RPMI 1640 (Gibco, Paisley, UK) with 20% fetal calf serum (FCS, Gibco)
and 10% dimethyl sulfoxid (DMSO, Fluka, Buchs, Switzerland). Cells were frozen at -70°C

and stored in liquid nitrogen until further use.

T cell clones

The T cell line ThoU6 was obtained as described before (33). In brief, PBMC of individual
Tho (DPBI*0301*, DRBI*0301") were primed in the presence of an HLA-DR3 peptide
(aa 67-85: LLEQKRGRVDNYCRHNYGYV) in RPMI 1640 supplemented with 5% pooled
human serum and gentamycin. After 7 days, the cultures were collected and restimulated
with irradiated autologous feeder cells at a ratio of 10:1 and synthetic HLA-DR3 peptide.
The line was cloned by limiting dilution in the presence of T cell growth factor (TCGF,
Biotest, Germany) and irradiated autologous feeder cells. The CD4* clone 2014 was kept
in culture by weekly stimulation with irradiated allogeneic PBMC with IL-2 in RPMI 1640
supplemented with 10% pooled human serum.

The CD4* T cell clone 4.1 recognizes an HLA-A2 peptide (aa 101-122: CDVGSDWRFLR-
GYHQYAYDGKD) presented in HLA-DRI. The clone was maintained in culture by weekly
stimulation with irradiated allogeneic PBMC and allogeneic B cells, PHA and IL-2 in IMDM
(Gibco) with 10% pooled human serum. Both T cell clones were used in functional assays

between | and 2 weeks after restimulation.
Synthetic peptides

Synthetic 20-mer overlapping peptides corresponding to residues 45-66 and 101-122 of a,

and o, domain from HLA-AZ2 alleles and synthetic 30-mer overlapping peptides represent-
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ing the a, and a, domain of HLA-AI, -A2, -B7 and -B8 were synthesized by solid-phase
strategies on an automated multiple peptide synthesizer (Syro Il; MultiSynTech, Witten,
Germany). The purity of the peptides was determined by analytical reversed-phase high
performance liquid chromatography (HPLC).

Cellular fragments

Fresh or thawed PBMC or SALs were used for fragment preparation. Fragmentation of

PBMC was performed using 4 different methods:

*  Method I: PBMC were lysed by three cycles of freezing (liquid N,) and thawing (water-
bath: 37°C) in RPMI 1640 complete medium at a concentration of 2x107 cells/ml. The
absence of whole intact cells was confirmed by microscopy (47, 50).

*  Method 2: PBMC were lysed by three cycles of freezing (liquid N,) and thawing (wa-
terbath: 37°C) in RPMI 1640 complete medium at a concentration of 2x107 cells/ml,
centrifuged at 16.000 g for 20 min and the supernatant was collected.

*  Method 3: PBMC were lysed by three cycles of freezing (liquid N,) and thawing (wa-
terbath: 37°C) in a Tris-EDTA-based buffer containing 1/5000 NP-40 (Fluka, 74385),
0.ImM PMSF (Sigma P7626; Buchs, Switserland), 1/200 protease inhibitor mixture
(Sigma, P8340) and 5 ng/ml soybean trypsin inhibitor (Sigma, T6522), centrifuged at
1000 g for 2 min, and the supernatant was collected and further centrifuged at 14.000
g for 45 min at 4°C (48, 51).

*  Method 4: PBMC were lysed by three cycles of freezing (liquid N,) and thawing (wa-
terbath: 37°C) in a Tris-EDTA-based buffer containing 1/8000 NP-40 (Fluka, 74385),
0.ImM phenylmethanesulfonyl fluoride (PMSF, P7626, Sigma, Buchs, Switserland),
1/800 protease inhibitor mixture (Sigma, 8340) and 5 pg/ml soybean trypsin inhibitor
(Sigma, T6522), centrifuged at 2000 g for 2 min (4°C), followed by a centrifugation step
of the supernatant at 3000 g for 2 min (4°C). Supernatant was harvested and further
centrifuged at 100.000 g for 60 min (4°C) in the buffer described above. The pellet
was resuspended in 10-20 pl of solubilising solution: urea (Sigma, U0631), 2% CHAPS
(Calbiochem, San Diego, CA, USA) and protease inhibitor cocktail (Roche 1836153;
Basel, Switserland) (personal communication Dr. Maria Hernandez-Fuentes, King’s
College London, UK).

Fragmentation preparations were tested for protein concentrations using BCA protein
assay kit (Pierce, Rockford, IL, USA) and stored at -70°C until further use.
Fragmentation of SALs was similar to method I, but one additional round of freeze/thaw-

ing was performed. Before use, the cell suspension was filtrated through a 70 uym cell
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strainer (Falcon; BD Bioscience, Bedford, MA, USA) to remove cell cloths.

Proliferation assays: healthy control and UCB

A total of 2x10° PBMC of healthy individuals or mononuclear UCB cells were incubated
with a pool of three synthetic HLA-derived peptides at a final concentration of 10 pg/ml
per peptide. As a positive control a memory recall mix (MRM) was used containing tetanus
toxoid (SVM, Bilthoven, the Netherlands), mycobacterium tuberculosis sonicate (Statens
Serum Institute, Copenhagen, Denmark) and Candida albicans (HAL Allergy, Haarlem, the
Netherlands). The cells were plated out in round-bottom 96-well plates (Costar, Cam-
bridge, MA, USA) in a total volume of 200 pl of RPMI 1640 complete medium supple-
mented with 5% autologous serum. After 6 days, wells were pulsed with | pCi of *H-TdR
(Amersham International, Amersham, UK) and the cultures were harvested onto glass
fiber filters 18 h later. Proliferation was measured by 3H-TdR incorporation using a beta-

plate counter (Wallac, Turku, Finland).

Proliferation assay: clone 4.1

A total of 10° irradiated (30 Gy) A2'DRI* PBMC were pulsed overnight with A2* synthetic
peptides at a final concentration of 10 pug/ml per peptide or A2"- cellular fragments at a
final concentration of Ipg/well in IMDM complete medium with 5% pooled human serum.
Also, intact A2’'DRI*, A2*DRI* or A2'DRI" cells were kept overnight in Iscove’s medium.
T cell clone 4.1, which was kept overnight at 37°C in Iscove’s medium containing 100 U/ml
IL-2, was then added at 5%10° cells per well. After 48 h, wells were pulsed with | pCi of

3H-TdR and proliferation was measured as described above.

Enzyme linked immunospot (ELISPOT) assay: clone 2014

A total of 10° irradiated (30 Gy) DR3-DP3* PBMC were pulsed overnight with DR3* syn-
thetic peptides at a final concentration of 10 pg/ml per peptide or cellular fragments at a
final concentration of | pg/well IMDM with 5% pooled human serum. T cell clone 2014,
which was kept overnight at 37°C in Iscove’s medium containing 20 U/ml IL-2, was then
added at 5x10° cells per well, centrifuged for a short time to concentrate the cells and
stored for 2 h at 37°C. Then, cells were harvested and transferred to an ELISPOT plate
(MAHA S45 10, Millipore, Amsterdam, the Netherlands) coated with a mouse anti-human
IFN-y mAb (Mab I-DIK; Mabtech, Nacka, Sweden) followed by blocking for | h at 37°C
with RPMI 1640 containing 5% pooled human serum. Cells were incubated in the ELISPOT
plate for 24 hr at 4°C to allow spot formation. Plates were washed with PBS supplement-
ed with Tween20 and an IFN-y detection antibody (Mab 7-B6-|-biotin; Mabtech, Nacka,
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Sweden) was added for 2 h at room temperature (RT). The conjugate (extravidin alkalin
phosphatase, Sigma E2636) was added for | h at RT, followed by a washing step and addi-
tion of the substrate (BCIP-NBT tablet, Sigma B5655) for 5 min at RT. The reaction was
stopped with tap water. The resulting spots were counted using a Bioreader 3000 Pro

(BioSys, Karben, Germany).
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