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Abstract

Identification of peptides derived from pancreatic islet and presented by type 1 diabetes-susceptible MHC class II molecules has
great significance to elucidate the pathogenesis of type 1 diabetes. A bulk culture of Epstein—Barr virus-transformed B-cells, which
were established from a 22-year-old type 1 diabetic woman with HLA-DR4 and -DQwS8, was pulsed with the homogenate of a
human embryonic pancreas-derived cell line 1B2C6, and another culture was not pulsed with antigen. Peptide fractions were
obtained by treatment of affinity-purified HLA-DR and -DQ molecules with 0.1% trifluoroacetic acid, and were subjected to
reverse-phase high performance liquid chromatography (RP-HPLC). The RP-HPLC profiles of peptides derived from DR mole-
cules revealed three peaks that specifically appeared after pulsing, but no such peaks were obtained from DQ molecules. From
one of these three peaks, a peptide that consisted of 14 amino acids (AKSXNHTXXNQXRK, where X represents the undetermined
amino acids) was identified. This peptide was derived from heparin/heparan sulfate-interacting protein (HIP). Immunostaining of
pancreatic sections using antiserum for HIP peptide revealed exclusive staining of the islets. Thus, HIP was identified as an islet
protein naturally processed and presented by HLA-DR4 molecules.
© 2005 Elsevier Inc. All rights reserved.
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Type 1 diabetes is caused by the autoimmune destruc-
tion of pancreatic B-cell and T-cell-mediated autoimmu-
nity has been proposed to underliec this [-cell
destruction [1]. The major histocompatibility complex
(MHC), especially HLA class 11 (DR and DQ), most
strongly confers the susceptibility to type 1 diabetes [1].
HLA-DR4-DQA1+%0301-DQB1+%0302 and HLA-DR3-
DQA1+0501-DQB1%0201 are susceptible haplotypes in
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Caucasians, and HLA-DR4-DQA1%0301-DQB1*0401,
HLA-DR4-DQA1%0301-DQB1%0302, and HLA-DRY-
DQA1%0301-DQB1%0303 are susceptible haplotypes in
Japanese [2]. However, the molecular mechanisms by
which these HLA class II molecules cause the autoim-
mune destruction of pancreatic -cells remain unclear.
MHC class II molecules present antigens to CD 4
T-cells as form of peptides bound to the peptide-binding
groove of these molecules, which is composed of a-helix-
es of polymorphic o and B chains of MHC class 11 mol-
ecules [3]. Since the targets of autoimmunity are thought
to exist in the pancreatic B-cells or islets in type 1
diabetes, identification of antigenic peptides derived
from the pancreatic islet and presented by type 1
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diabetes-susceptible MHC class IT molecules has great
significance to elucidate the pathogenesis of type 1 diabe-
tes. For this purpose, three types of investigational ap-
proaches have been tried alone or in combination. The
first approach is assessment of affinity between MHC
class II molecules and synthetic peptides derived from
established autoantigens recognized by autoantibodies
such as glutamic aid decarboxylase (GAD) 65, insulin,
and tyrosine phosphatase-like molecules A2 [4-6]. How-
ever, this approach is biased towards assessment of pep-
tide-binding only and does not take into account the
effects of antigen processing. The second approach is to
identify antigenic peptides by screening antigen-specific
T cell lines with a set of overlapping peptides spanning
the entire sequence of native protein [7-10], or alterna-
tively by screening peptide-specific T-cell lines using T-
cell proliferation assay performed with antigen present-
ing cells expressing native protein [11]. In this approach,
antigen or peptide-specific T-cell lines were obtained by
in vitro stimulation of peripheral blood mononuclear
cells [7] or by immunizing the mouse transgenic for hu-
man MHC class II alleles [8,9,11] with known autoanti-
gens. Disadvantage of theses approaches is that the
sources of peptide antigens are limited to specific mole-
cules such as GAD®65, insulin, and IA2. Search for anti-
genic peptides should be performed from entire -cell or
islet in the form of naturally processed and presented
antigens. The third approach is direct elution of anti-
genic peptides from MHC class IT molecules on the cell
surface [12]. Although naturally processed and presented
peptides can be obtained by this method, management
and analysis of complex peptide fractions is troublesome.
In the present study, to overcome these obstacles, we
tried to obtain islet-derived antigenic peptides in the nat-
urally processed and presented form by comparing the
high performance liquid chromatography (HPLC) pat-
terns of peptides eluted from the MHC class II molecules
of cultured B-cells pulsed with the homogenate of a fetal
islet-derived cell line and unpulsed cells.

Materials and methods

Bulk culture of B-cells from a type 1 diabetic patient. After obtaining
informed consent, fresh heparinized blood was obtained from a type 1
diabetic patient at 2 months after the diagnosis. She was 22 years old
and showed hyperglycemia with ketosis at the onset. Insulin therapy
was started soon after the onset. Antibodies to GAD65 have been
positive from the onset to the present (8 years after the onset). HLA-A,
-B, -C, and -DR antigens were typed by the microcytotoxicity test, and
HLA-DR and -DQ alleles were typed by the polymerase chain reac-
tion-restriction fragment length polymorphism method [13,14]. This
study was approved by the Toranomon Hospital Committee on Hu-
man Research.

Peripheral blood mononuclear cells (PBMCs) were isolated on
density gradients (Mono-poly resolving medium, Dainippon Pharma-
ceutical, Osaka, Japan) and were washed in culture medium [RPMI
1640 medium containing 20% fetal bovine serum (FBS), 50 pug/ml

kanamycin, and 200 ng/ml cyclosporine A]. After adjusting the density
to 2 x 10 cells/ml in a volume of 800 pl, 200 pl of the culture super-
natant of Epstein—Barr virus (EBV)-producing B95-8 cells, obtained
from American Type Culture Collection (ATCC), was added. Then the
EBV-infected PBMCs were cultured in a round-bottomed tube for 3
weeks with 1/2-volume medium exchange twice a week, after which the
EBV-transformed B-cells were expanded by consecutive 2-fold dilution
with culture medium. For the antigen-pulse experiment, EBV-trans-
formed B-cells were grown up to 1.2 x 10'° cells (10 L) using roller
bottles in RPMI 1640 medium supplemented with 20% FBS and 50 pg/
ml kanamycin.

Antigen pulsing, purification of HLA-DR and -DQ molecules, and
analysis of peptides eluted from HLA class I1I molecules. The antigen
source used to pulse B-cells was the homogenate of a human embry-
onic pancreas-derived cell line 1B2C6, which was obtained from Riken
Bioresource Center (Cell No. RCB0794) (http://www.brc.riken.go.jp/),
cultured in Ham’s F-10 medium supplemented with 20% FBS.
Homogenates of 1B2C6 cells were prepared by sonication in phos-
phate-buffered saline (PBS). One set of 10 L culture of EBV-trans-
formed B cells (1 x 10° cells/ml at final concentration) was pulsed twice
with the homogenate of 1B2C6 cells (1.6 x 10* cells/ml at final con-
centration) at 5 days and 1 day before harvesting, and the other set was
not pulsed with antigens. Purification of HLA-DR and -DQ molecules
and bound peptides was performed by the modification of a previously
described method [15]. Both pulsed and unpulsed EBV-transformed B-
cells were lysed at a concentration of 2 x 10% cells/ml in PBS, pH 7.0,
containing 1% Nonidet P-40 (NP-40), 25 mM iodoacetamide, 0.04%
NaN3, and 1 mM pefabloc SC (Roch Applied Science, Mannheim,
Germany), incubated for 15 min on ice, and centrifuged at 100,000g
for 20 min. Monoclonal antibodies specific for HLA-DR and
HLA-DQ were purified using a protein A column (AffinityPak
Immobilized Protein A, Pierce, Rockfoed, IL) from the ascites of
BALB/c mice and BALB/c nu/nu mice transplanted intraperitoneally
with Antibody 2.06 and IVD12 murine hybridomas, respectively, both
of which were purchased from the ATCC. HLA-DR and -DQ mole-
cules were purified from the supernatant of NP-40 lysate on immu-
noaffinity columns in which the above monoclonal antibodies were
coupled to Actigel ALD (Sterogene, Carlsbad, CA). After the super-
natant was applied, the columns were washed sequentially with 10
column volumes of lysis buffer, detergent buffer (10 mM Tris—-HCI, pH
8.3, 1% NP-40, and 150 mM NacCl), Tris buffer (10 mM Tris-HCI, pH
7.3, 150 mM NacCl), and low salt buffer (10 mM Tris-HCI, pH 7.3),
and then HLA class II (DR or DQ) molecules and bound peptides
were eluted with 10 column volumes of 0.1% trifluoroacetic acid
(TFA). SDS-PAGE was performed to confirm the presence of HLA-
DR and -DQ molecules in the eluates. The protein concentration was
determined by the BCA assay (Pierce).

Eluates containing HLA-DR and -DQ molecules were lyophilized,
dissolved in 2 ml of 0.1% TFA, and incubated at 70 °C for 15 min. The
low molecular weight (LMW) fractions were isolated by centrifugation
through an Ultracent 30 ultrafiltration filter (molecular weight cut-
off = 30,000, Tosoh, Tokyo, Japan), after which the filtrates were
lyophilized. The LMW fractions were dissolved in 100 pl of 0.1% TFA,
subjected to reverse-phase (RP)-HPLC using a Shiseido Capcell Pak C
18 column (UG120 As um, 1.5 mmd x 150 mm/L), and eluted with a
gradient of acetonitrile (2-60%) containing 0.1% TFA at 0.2 ml/min.
The absorbance of the eluate was monitored at 215 nm. By comparing
the RP-HPLC patterns derived from pulsed and unpulsed samples,
peaks specifically emerged by the pulse with the homogenate of 1B2C6
cells were identified and subjected to amino acid sequence analysis by
employing Edman degradation chemistry (Takara, Kusatsu, Japan).
The peptides thus obtained were aligned to regions of proteins stored
in the database using the BLAST network at the National Center for
Biotechnology Information [16].

Generation of antiserum to a synthetic peptide, Western blotting, and
histological examination. A synthetic peptide of AKSKNHTTHNC
(obtained from Qiagen, Tokyo, Japan) was conjugated via its
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sulfhydryl residue to keyhole limpet hemocyanin (KLH) with sulfo- of the peptides derived from HLA-DR and HLA-DQ
succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate molecules in both pulsed and unpulsed cultures (Figs.

(Pierce). Antiserum was raised against this peptide by immunizing . _ . )
Harteley guinea pigs with the peptide-KLH conjugate according to the IA and B). Although no pulse-sp ecific peak was ob

standard protocol. served in RP-HPLC analysis of the peptides derived

Lysates of EBV-transformed B cells and those of 1B2C6 cells, from HLA-DQ molecules (Fig. 1B), RP-HPLC analysis
which were prepared in the same way, were subjected to 15% SDS-— of the peptides derived from HLA-DR molecules
PAGE (10 pg protein/lane) and then transferred to a polyvinylidine revealed three peaks that speciﬁcally appeared after

difluoride (PVDF) membrane. The membrane was blocked with 3%
bovine serum albumin and 3% polyvinylpyrrolidone K-30 dissolved in

pulsing (Fig. 1A). Although no phenylthiohydantoin-

Tris-buffered saline with Tween (TBST; 10 mM Tris-HCI, pH 8.0, f“min.o acids WeI:e released fjrom peaks.l and 3 (shown
150 mM NacCl, and 0.05% Tween 20). Then immunoblotting was done in Fig. 1A) during sequencing, a peptide from peak 2
with antiserum for the synthetic peptide (dilution 1:500), control gui- (Flg IA) was successful]y Sequenced_ This peptide con-
nea pig serum (dilution 1:500), and an'ti—cx.—tubulin monoclonal anti- sisted of 14 amino acids: AKSXNHTXXNQXRK
body (Monosan, Uden, Netherlands, dilution 1:5000). Subsequently, . . .

X . . (where X represents undetermined amino acids). A
the membrane was probed with horseradish peroxidase (HRP)-con- R
jugated rabbit anti-guinea pig IgG (Dako, Glostrup, Denmark, dilu- homOIng Se%rCh using the B.LA.ST ne.twork . showed
tion 1:10,000) and visualized with an ECL-Plus Western blotting that this peptide completely coincided with residues 2—
detection system (Amersham-Pharmacia Biotech, Buckinghamshire, 15 of human homologue of ribosomal protein L29 [17]

UK).
Sections (5 um) were cut from formaldehyde-fixed paraffin-em-
bedded specimens of human pancreas, and were stained by an indirect

or heparin/heparan sulfate-interacting protein (HIP)
[18] (Table 1). When we tentatively aligned this peptide

immunoperoxidase technique using the above-mentioned antiserum with the previously reported peptide motifs of HLA-
for the synthetic peptide or control guinea pig serum (dilution 1:400) DRBI1*0405 [19] and HLA-DRB1+0407 [20](Table 1),
followed by biotinylated rabbit anti-guinea pig IgG antibodies it did not coincide with the reported peptide motifs of

(Zymed, San Francisco, CA, dilution 1:500) and streptavidin-HRP

) San either molecule at relative positions 1 and 4, but did
(Pierce, dilution 1:5000).

coincide at relative positions 6 and 9 (Table 1).
Western blotting of the lysates of 1B2C6 cells and
EBV-transformed B cells showed the expression of HIP
proteins by both cells (Fig. 2). Immunostaining using
antiserum raised against obtained HIP peptide showed
exclusive and homogeneous staining of the islets in the
pancreatic sections (Fig. 3), while immunostaining using
control guinea pig serum showed no staining of the islet.

Results

This patient had the following HLA type: A 2/31, B
51/48, C —/—, DR4 (DRBI1+*0405/%0407), and DQw8
(DQA1+03-DQB1%0302/ DQA1+03-DQB1*0302). Sixty
micrograms of HLA-DR molecules and 47 pg of HLA-
DQ molecules were obtained from the unpulsed culture
of 1.2 x 10" EBV-transformed B-cells, while 990 pg of Discussion
HLA-DR molecules and 133 pg of HLA-DQ molecules
were obtained from the culture of 1.2 x 10'® EBV-trans- It is unknown what kind of peptides are presented on
formed B-cells pulsed with the homogenate of 1B2C6 neighboring antigen-presenting cells by type 1 diabetes-
cells. Many peaks were revealed by RP-HPLC analysis susceptible MHC class II molecules when pancreatic

A 0.0 0,20_1 3 B 0.20 -
1 2
] 1 g 0.10
E | s
p 0.10 - g 0.10 -
& ]
0.00 < 0.00 -4 0.00 - 0.00
rm— 7T T T T 7T T T T 7T | L S S S S e S B S B R EE O B
0 20 40 60 0 20 40 60

Elution time (min) Elution time (min)

Fig. 1. RP-HPLC analysis of peptides eluted from HLA-DR molecules (A) and HLA-DQ molecules (B). HLA-DR and -DQ molecules were purified
from EBV-transformed B cells, which were derived from a newly diagnosed type 1 diabetic patient, and were pulsed with the homogenate of 1B2C6
cells (red lines) or were unpulsed (blue lines). Although no difference was noted in the RP-HPLC profile of the peptides derived from HLA-DQ
molecules, three peaks (1-3 in A) was specifically emerged after pulsing in the RP-HPLC profile of the peptides derived from HLA-DR molecules.
These three peaks were subsequently sequenced. Please note the difference in the scales of 4,;5 nm between pulsed (red lines) and unpulsed (blue lines)
conditions.
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Table 1
Tentative alignment of the newly isolated peptide with the peptide motifs of HLA-DRB1%0405 and HLA-DRB1%0407
Relative position Source (reference) Residues
1 2 3 4 5 6 7 8 9
Anchor or preferred residues in F, Y vV, 1 N,S Pol* D, E
HLA-DRBI1x0405
W,V L, M T,Q Chag® Q
ILL D, E K,D Al
M
Anchor or preferred residues in F, Y A N, T Q
HLA-DRBI1x0407
w V, K D, S N
Sequenced peptide A K S X N H T X X N Q X R K
Homologous peptide A K S K N H T T H N Q S R K RPL29[17]or HIP [18] 2-15

Amino acids are expressed as one-letter codes. X denotes undetermined amino acids. RPL 29, ribosomal protein 1L29; HIP, heparin/heparan sulfate-
interacting protein. Anchor or preferred residues in HLA-DRB1%0405 and -DRB1%0407 were quoted from references [19] and [20], respectively.

# Polar amino acid.
® Charged amino acid.
¢ Aliphatic amino acid.

1B2C6 EBV-transformed
cells B cells

31 kDa
ANti-HIP peptide | e————.
serum 515
—31 kDa
Control serum
—215
ANti-o-tUDUIIN | c——

Fig. 2. Western blotting of lysates of 1B2C6 cells and EBV-trans-
formed B cells using guinea pig anti-HIP peptide serum, control guinea
pig serum, and anti-o-tubulin antibody. HIP was detected in lysates of
both cells.

B-cells are destroyed. To address this issue, we created
an in vitro model using bulk culture of EBV-trans-
formed B-cells with type 1 diabetes-susceptible HLA
class II alleles as the antigen-presenting cells and a hu-
man embryonic pancreas-derived cell line 1B2C6 as
the source of islet antigens. 1B2C6 cells originally se-
creted insulin and glucagon, but lost this ability after
several passages (Hiroshi Ishikawa, personal communi-
cation). On the basis of the reproducibility of peptide
profiles eluted from each HLA-DR allele [21], our strat-
egy was to obtain unique RP-HPLC peaks in the condi-
tion of antigen pulse by subtracting the unpulsed
RP-HPLC profile from the pulsed profile, as suggested
by Chicz and Urban [22]. We found three such

RP-HPLC peaks, and identified a peptide presented by
HLA-DR molecules but not HLA-DQ molecules.
Restriction of islet cell antigen (GAD®65)-specific T cell
lines by HLA-DR molecules rather than HLA-DQ mol-
ecules, was reported previously [7]. In this study, the in-
crease of expression after antigen pulsing itself was
striking for HLA-DR (about 17-fold) compared with
HLA-DQ (about 3-fold).

The peptide that we detected had a length of 14 ami-
no acids, corresponding to the usual length of peptides
eluted from MHC class II molecules [19]. Tentative
alignment of this peptide showed that its motif did not
closely resemble those of peptides eluted from HLA-
DR 4 (DRB1#0405 and DRBI1*0407) molecules, espe-
cially in that it did not have a hydrophobic residue at
relative position 1 [19,20]. Since this peptide was par-
tially matched with the reported peptide motif only at
relative positions 6 and 9 [19,20], it may be possible that
this peptide was bound to MHC molecule by partially
filling the peptide-binding groove as reported in murine
MHC class IT molecule, I-A¢ [23]. Little is known, how-
ever, about the peptide motifs that arise when exoge-
nous antigens are pulsed and MHC expression is up-
regulated as in our experiment. Thus, binding of this
peptide with MHC molecules may not be so strong,
but the peptides with strong binding do not necessarily
induce T-cell recognition in vivo [24]. Although the B4
product DRB4*0101 (DR53) is coexpressed with the
B; product DRB1%0405 or DRB1*0407, its effect on
the analyzed peptides seemed to be small or negligible
because of the abundant expression of 3; molecule com-
pared with the other B molecules [25,26].

The source of this peptide was identified as heparin/
heparan sulfate-interacting protein (HIP) [18] or ribo-
somal protein L29 [17] by a homology search. HIP plays
a role in the implantation of embryo [18], modulation of
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Fig. 3. Immunohistochemical staining of a human pancreatic section for heparin/heparan sulfate-interacting protein (HIP) (original magnification

200x). Islets are homogeneously stained.

coagulation activity [27], and metastasis of cancer [28].
It is expressed at different levels by a variety of human
cell lines and normal tissues [18]. In fact, we found that
both 1B2C6 cells and EBV-transformed B cells ex-
pressed HIP by Western blot analysis (Fig. 2). Since it
specifically emerged after pulsing with the homogenate
of 1B2C6 cells, one possibility is that HIP protein was
incorporated into EBV-transformed B-cells, processed,
and presented by HLA-DR molecules, while the other
possibility is that upregulation of HLA-DR molecules
induced by pulsing with the homogenate of 1B2C6 cells
caused EBV-transformed B-cells to present an intrinsic
HIP peptide that is seldom presented in the natural
state. In either case, destruction of 1B2C6 cells (islet
cells) was associated with HIP peptide presentation by
HLA-DR molecules on neighboring B-cells (antigen-
presenting cells). On the other hand, the expression of
HIP in pancreatic sections was exclusively observed in
the islets. Thus, even if the HIP peptide in MHC groove
was derived from EBV-transformed B-cells, T-cell acti-
vation against islets may occur in the pancreas. How-
ever, demonstration of HIP-reactive T-cells is needed
to provide support for this speculation. Although preli-
minary T-cell proliferation assays were performed on
the patient from whom the EBV-transformed B-cells
were derived using HIP peptide and HIP protein ex-
pressed in Escherichia coli as antigens at 1 year and 7
years after the onset of diabetes, respectively, we failed
to show a proliferative response of T-cells (Komatsu
and Nakanishi, unpublished data). Further analysis of
T-cell responses in newly diagnosed type 1 diabetic pa-
tients is needed to determine the role of this peptide in
cellular autoimmunity.

In conclusion, by analyzing peptides eluted from type
1 diabetes-susceptible HLA class II molecule, HLA-
DR4, we identified a novel islet protein, heparin/hepa-
ran sulfate-interacting protein (HIP).
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