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It is well established that the activation of various types of T lymphocytes requires
recognition by TCRs in association with MHC molecules on the surface of APC
or target cells. Class Il MHC molecules regulate the recognition of antigens by Th
cells. It has been suggested that the antigens presented by class II molecules are
preferentially ingested or internalized exogenous proteins (1) and that these proteins
are presented in a degraded or a denatured form, rather than in the native form
(2, 3). Several studies have shown that short peptides, corresponding to mapped an-
tigenic sites of proteins, indeed have the same stimulatory capacity as the intact pro-
tein (4). The proteins used for these studies are derived from viruses or bacteria
and, thus, foreign proteins. An interesting question that arises from these findings
is whether peptides derived from self proteins like MHC molecules are also presented
to Th cells. Kourilsky et al. (5) have postulated that self, as well as nonself, proteins
can yield peptides presented by the MHC and that alloreactivity could result from
MHC molecules presenting different sets of self peptides, including peptides derived
from MHC molecules themselves. This hypothesis has been supported by the work
of Maryanski et al. (6), who have shown that synthetic peptides derived from class
I molecules can induce class I-specific CTL to lyse mouse cells (6, 7). It has, how-
ever, never been proven that class II peptides derived from the MHC are presented
to and recognized by Th cells. Here, we show that we have obtained T cell clones
that recognize HLA-DR3 peptides as well as endogenous, denatured HLA-DR3
presented by a molecule from the MHC complex, the HLA-DPw3 molecule.

Materials and Methods

FPeptide Synthesis.  The peptide U6 was synthesized in the amide form, using solid phase
peptide synthesis methodology (8-10) and checked using analytical reversed phase HPLC
and amino acid analysis (8).

The peptide is homologous to the third hypervariable region of the second domain of the
DR3 BI chain (102) (amino acid 67-85) and has the following amino acid sequence: L. L
EQKRGRVDNYCRHNYGYV.

T Cell Lines and Clones.  10° PBLs were primed in the presence of peptide in a concentra-
tion of 10 ug/ml in RPMI 1640 supplemented with 20% pooled human serum and gentamycin
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(50 mg/liter) in V-shaped wells (96-well plates; Cel-Cult, Tissue Culture Products, Felthan,
UK). After 7 d the cultures of ~60 wells were collected, spun down, and restimulated with
irradiated autologous feeder cells (3,000 Rad) at a ratio of 10:1 and peptide in 24-well plates
(Costar, Cambridge, MA). The line was cloned by limiting dilution to 10 or 0.5 cells per
well in the presence of T cell growth factor (TCGF; Biotest Serum Institut, Frankfurt, FRG)
and autologous irradiated feeder cells. The T cell lines and clones were expanded by serial
exposure to TCGF and peptide as presented by autologous feeder cells. T cell lines and clones
were frozen in small aliquots and stored in liquid nitrogen before use.

Proliferation Studies. For T cell ines and T cell clones, 20,000 and 5,000 responder cells
per well were used, respectively. The T cell lines or clones were cocultured with 10° irradi-
ated stimulator cells (2,000 Rad) in a total volume of 200 ul culture medium in flat-bottomed
microtiter plates. After 48 h of incubation (37°C, 5% CO,) the cultures were pulsed with
0.05 ml (20 pCi/ml) of tritiated thymidine and harvested 14-16 h later. [*H]Thymidine in-
corporation was then measured by liquid scintillation counting. The indicated cpm represent
the median value of triplicate cultures. The stimulation index (SI) is calculated by dividing
the cpm measured when stimulator and responder are cultured together by the sum of the
cpm measured when stimulator and responder are cultured separately.

mAbs. 'The DR backbone-specific mAb B 8.11.2 (11) was provided by Dr. B. Malissen (the
Ludwig Institute for Cancer Research, Lausanne); the DQ antibody SPV.L3 (12) was provided
by Dr. H. Spits (the Netherlands Cancer Institute, Amsterdam); and the mAb A3 (anti-DP)
was obtained from the Tenth International Histocompatibility Workshop, New York (Becton
Dickinson & Co., Mountain View, CA).

Antibody Blocking Assays.  Ascitic fluid was added to the culture in a final dilution of 1:300
at the initiation of the T cell proliferation assay.

Results and Discussion

Panel Reactivity of the Anti-U6 T Cell Line ThoU6. PBLs from individual Tho (DR4,5;
DQw3; DPw3,w4) were in vitro stimulated with a synthetic DR3 peptide (peptide
U6). The obtained T cell line ThoU®6 was tested in a proliferation assay for recogni-
tion of peptide U6 in the presence of autologous irradiated APC and for recognition
of PBLs of different HLA types. A representative experiment is depicted in Table I.

As expected, ThoU®6 recognized peptide U6 presented by autologous APC. In
this experiment two PBL. donors also stimulate ThoU®6 in the absence of U6. These
PBLs express DR3 and share the expression of DPw3 with Tho. Therefore, stimula-
tion of ThoU6 might, in these cases, be due to presentation of processed DR3 mole-

TabLE 1
Recognition of Peptide U6 and PBLs by T Cell Line ThoU6

Responder
Stimulator HLA type ThoU6 None
cpm
SdK DR3,3 DQw2 DPw2,w3 78,992 335
Mun DR2,3 DQw1,w2 DPw3,w4 66,779 380
PvtS DR2,3 DQw1,w2 DPw2,w4 805 425
Bier DR2,3 DQwi,w2 DPw2,w4 890 390
Tho DR4,5 DQw3 DPw3,w4 555 425
HeyL DRw6 DQw1 DPw3 635 525
JB DR2 DQw1 DPw4 415 290
Gul DRw6 DQwl,w3 DPwl,w4 480 110
Tho + peptide U6 (1 ug/ml) 31,470 285
Tho + peptide U6 (10 pg/ml) 86,108 285

The counts represent the median value of triplicate cultures.
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cules by DPw3. To examine this possibility an extended panel of PBLs was tested
for its stimulatory capacity in the presence and in the absence of synthetic peptide.

24 PBLs were tested in the presence of peptide U6 in a concentration of 10 pg/ml.
11 of 11 DPw3* PBLs, but none of the 13 DPw3~ PBLs, were able to stimulate the
line in the presence of peptide.

52 PBLs were tested in the absence of peptide. The results are shown in Fig. 1.
There is a highly significant difference between the stimulation induced by DR3
DPw3* PBLs and PBL:s expressing only one or none of these antigens (p < 0.0001).

From the results of the panel studies, it can be concluded that T cell line ThoU6
recognizes not only synthetic peptide U6 presented by HLA-DPw3, but also a natu-
rally occurring peptide that is most likely a product of denaturation of the DR3 mol-
ecule. Although we have no formal proof that the presented antigen is a product
of DR3, we will refer to it as the natural DR3 peptide. Possibly, the DR3 molecule
is internalized and processed by the APC.

Cloning of ThoU6. To exclude the possibility that synthetic peptide and dena-
tured DR3 molecules are recognized by two different sets of T cells, ThoU6 was
cloned. Nine clones, five of which originated from 10 cells/well and four from 0.5
cells/well, were tested against a panel of eight PBLs in the presence and absence
of peptide U6. The clones all recognized peptide U6 presented by autologous APC
or DPw3* PBLs (n = 2) as well as DR3 DPw3* PBLs (n = 2). None of the DR3*
DPw3~ (n = 2) or DR3 DPw3~ (n = 2) PBLs were able to stimulate the clones.
As there are no differences in the reactivity patterns of the clones, we conclude that
peptide U6 and the natural DR 3 peptide are recognized by the same set of T cells.

Proliferation Inhibition Studies with mAbs. Because all APC stimulating T cell line
ThoUS6 express DPw3, it is very likely that this molecule presents the DR3 peptide
to the responder cells. To prove that the DP molecule is responsible for the presenta-
tion of antigen, we performed blocking studies with monomorphic mAbs against
DR, DQ, and DP. Results of the experiment using the original line and two clones
are shown in Fig.2, a~¢c. When the autologous APC (Tho) and DPw3* DR3™ PBLs
(HeyL) were used as stimulators in the presence of peptide U6, the anti-DP mono-
clonal could completely block the recognition of the peptide. This was also the case
when a DR3 DPw3* stimulator was used in the absence of peptide U6 (Slot).
Therefore, it can be concluded that the DP molecule is indeed responsible for the
presentation of synthetic peptide as well as for the presentation of natural DR3 peptide.

S)
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Ficure 1. Reactivity of T cell line ThoU®6 against
80 a panel] of 52 PBLs. Specificities DR1 to DRw15 and
specificities DPwl to DPw5 are represented. The
panel is divided into DR3* DPw3*, DR3* DPw3-,
DR3~ DPw3*, and DR3~ DPw3" stimulators, as

d indicated along the x-axis. The stimulation index (SI)
is indicated along the y-axis.
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stimulator Tho + U6 HeyL + U6 Slot
- 52,495 cpm 50,515 cpm [T46,635 cET_F_] FiGure 2.  Results of the block-
22;,},’,5’ T i ing studies with mAbs B8.11.2
A3 ] - (DR), SPV.L3 (DQ), and A3
(DP). Stimulators are autolo-
b T cell clone 2013 gous APC (Tho) in the presence
stimlator Tho + U6 HeyL + U6 slot of U6, DPw3* DR3~ ;\50
. (HeyL) in the presence of U6;
ps.q1,p [—litcen Fdocen | | ss00em ] DR3DPw3® PBL (Slot) in
Spv.L3 ] T ] the absence of U6. Responders
i i I are (a) the original T cell line
ThoUS6; (b) clone 2013; and ()
c
T cell clone 2014 clone 2014. Results of the assays
stimulator Tho + 06 HeyL + US slot without the addition of mAbs
- ] N represent 100% proliferation.
se.tr2 | 080 cpm 7,685 cpm ]1 6,990 cpm ] presen o p
SPV.L3 )| T 1
A3 I

It has been suggested that allorecognition does not neccessarily have to be recog-
nition of the intact HLA molecule, but can be the recognition of a processed HLA
molecule presented as nominal antigen (5-7, 13, 14). Kourilsky and Claverie (15)
hypothesized that peptides derived from the breakdown of most or all cellular pro-
teins are able to associate with class I or class IT antigens and would thus be continu-
ously presented at the surface of cells. Peptides derived from MHC molecules would
be no exception to this rule (5, 15). So far, there has only been proof for the class I-
restricted presentation of class I molecules (6, 7 13). Here, we report of a DP-restricted
response to DR3 after in vitro sensitization of PBLs with synthetic DR3 peptide.
Our results, furthermore, imply a continuous presentation of natural DR3 peptides
by DP molecules.

We have recently been able to raise a second T cell line that is responsive to both
synthetic and natural DR3 peptide. This time, the response was restricted through
HLA DRw6 (data not shown). This finding, together with the results discussed in
the present article, suggests that the DR3-derived peptide can probably be presented
by several HLA class IT molecules. The presentation of natural, MHC-derived pep-
tides by different self class IT molecules might have implications for the induction
of self tolerance (16) and, through that, for autoimmunity and organ transplanta-

tion (17).

Summary

T cell clones raised against a synthetic peptide, identical to the third hypervari-
able region of the DR3 BI chain, were tested for secondary proliferative responses
against a panel of PBLs. All seven DR3 DPw3* stimulators could induce prolifer-
ation. DR3™ DPw3* PBLs were recognized when the synthetic peptide was added
to the cultures. Inhibition studies with mAbs showed that in both cases the HLA-DP
molecule is involved in the recognition of both types of stimulators. We conclude
that the clones recognize the DR 3 peptide presented by HLA-DPw3. This stimulus
can be obtained in two different ways: (a) by addition of synthetic peptide to DPw3*
PBLs or () by using DR3 DPw3* stimulator cells where DR3 peptides are present
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in the culture as a product of denaturation of the DR3 molecule. Because all DR3
DPw3* PBLs tested could stimulate the line and clones, we assume that the pre-
sentation of the DR3 peptide by DP is a naturally and continuously occurring
phenomenon.

We thank Alan Thompson for his generous cooperation.
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References

1. Germain, R. 1986. The ins and outs of antigen processing and presentation. Nature (Lond.).
322:687.

2. Unanue, E. R. 1984. Antigen-presenting function of the macrophage. Annu. Rev. Im-
munol. 2:395.

3. Grey, H. M., and R. Chestnut. 1985. Antigen processing and presentation to T-cells.
Immunol. Today. 6:101.

. Ziegler, K., and E. R. Unanue. 1981. Identification of a macrophage antigen processing
event required for I-region restricted antigen presentation to T lymphocytes. J. Immunol.
127:1869.

5. Kourilsky, P.,, G. Chaouat, C. Rabourdin-Combe, and J. M. Claverie. 1987. Working
principles in the immune system implied by the “peptidic self” model. Proc. Natl. Acad.
Sci. USA. 84:3400.

. Maryanski, J. L., P. Pala, G. Corradin, B. R. Jordan, and J. C. Cerottini. 1986. H-2
restricted cytolytic T-cells specific for HLA can recognize a synthetic HLA peptide. Na-
ture (Lond.). 324:578.

. Maryanski, J. L., P. Pala, J. C. Cerottini, and G. Corradin. 1988. Synthetic peptides
as antigens and competitors in recognition by H-2-restricted cytolytic T cells specific
for HLA. J. Exp. Med. 167:1391.

8. Anderson, D. C.,, M. E. Barry, and T. M. Buchanon. 1988. Exact definition of species
specific and crossreactive epitopes of 65 kilodalton protein of M. leprae using synthetic
peptides. J. Immunol. 141:607.

9. Barany, G., and R. B. Merrifield. 1980. Special methods in peptide synthesis. In The
Peptides, Analyses, Synthesis, Biology. Vol. 2. E. Gross and J. Meienhofer, editors. Aca-
demic Press, New York. 1-284.

10. Houghton, R. A. 1985. General method for the rapid solid phase synthesis of large numbers
of peptides: specificity of antigen-antibody interaction at the level of individual amino
acids. Proc. Natl. Acad. Sci. USA. 82:5131.

10a. Gorski, J., and B. Mach. 1986. Polymorphism of human Ia antigens: gene conversion
between two DR loci results in a new HLA-D/DR specificity. Nature (Lond.). 322:67.

11. Rebai, N., B. Malissen, M. Dieres, R. S. Acolla, G. Corte, and C. Mawas. 1983. Distinct
HLA-DR epitopes and distinct families of HLA-DR molecules defined by 15 monoclonal
antibodies either anti-DR or anti-allo-Ia crossreacting with human DR molecules. Eur.
J. Immunol. 13:106.

12. Spits, H., J. Borst, M. Giphart, J. Coligan, C. Terhorst, and J. de Vries. 1984. HLA-DC
antigens can serve as recognition elements for human cytotoxic T lymphocytes. Eur. J.
Immunol. 14:299.

13. Clayberger, C., P. Parham, and J. Rothbard. 1987. HLA-A2 peptides can regulate cytol-
ysis by human allogeneic T-Lymphocytes. Nature (Lond.). 330:763.

14. Parham, P, C. Clayberger, 8. L. Zorn, D. S. Ludwig, G. R. Schoolnik, and A. M. Krensky.

PSS

=]

~J



1196 DE KOSTER ET AL. BRIEF DEFINITIVE REPORT

15.

16.

17.

1987. Inhibition of alloreactive cytotoxic T-lymphocytes by peptides from the alpha 2
domain of HLA-A2. Nature (Lond.). 325:625.

Kourilsky, P., and J. M. Claverie. 1986. The peptidic self model: a hypothesis on the
molecular nature of the immunological self. Ann. Inst. Pasteur. Immunol. 137D:3.
Anderson, D. C., W. C. A. van Schooten, M. E. Barry, A. A. M. Janson, T. M. Buchanan,
and R. R. P. de Vries. 1988. A Mycobacterium leprae-specific human T cell epitope cross-
reactive with an HLA-DR2 peptide. Science (Wash. DC). 242:259.

Claas, F. H. J., Y. Gijbels, J. van der Velden-de Munck, and J. J. van Rood. 1988. Induc-
tion of B cell unresponsiveness to non-inherited maternal antigens during fetal life. Science
(Wash. DC). 241:1815.



