628 Horie ef al.

glucose tolerance normal even if the autoimmune at-
tack to pancreatic islet B cells begins, and overt dia-
betes develops when f cell function cannot maintain
the normal plasma glucose level after the progression
of B cell destruction. Moreover, the in vivo study by
Sreenan ef al. [10] with non-obese diabetic (NOD)
mice, an animal model of human T1D, supports this
hypothesis. They recognized that the plasma glucose
levels of NOD mice rose after the destruction of more
than 70 % of their islet cells by infiltrating lympho-
cytes.

The time course of anti-islet autoantibodies in case
1 supports these reports. It is possible that most of the
pancreatic islet B cells in this case were destroyed in a
short period. However, in case 2, it may have been dif-

ficult to predict her clinical onset of TID even if she
had done careful follow-up by the attending physician
because anti-islet autoantibodies emerged just after the
clinical onset of diabetes. Much lower titer of anti-
islet autoantibodies in case 2 compared to case 1 may
reflect her mode of diabetes onset. Although she has
one of the resistant HLA haplotypes in the Japanese
population, its contribution to her time course of anti-
islet autoantibodies is unknown.

These results imply that the mode of development
of anti-islet autoantibodies before clinical onset of
T1D is variable in Japanese patients, and that the on-
set of TID is not always preceded by the presence an-
ti-islet autoantibodies.
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KEYWORDS Abstract  Antigen-specific immunotherapy is expected to be an ideal strategy for treating type
Diabetes; 1 diabetes (T1D). We investigated the therapeutic efficacy of a peptide in the leader sequence of
Immunotherapy; preproinsulin, which was selected because of its binding affinity to the MHC I-A%” molecule.
Insulin; Preproinsulin-1 L7-24 peptide (L7-24) emulsified in Freund's incomplete adjuvant was
Leader peptide; administered subcutaneously to NOD mice. Administration of L7—24 increased the proportion
NOD; of regulatory T cells in the spleen. Splenocytes of NOD mice immunized with this peptide
Regulatory T cell secreted IL-4 and IL-10 in response to L7-24. This peptide also significantly prevented the

development of diabetes and cured some newly diabetic NOD mice without recurrence. L7-24
peptide, which has a high affinity for pockets of I1-A%’, induced regulatory T cells and showed
therapeutic effects. This peptide may provide a new approach for developing antigen-specific
immunotherapy for autoimmune diabetes.

© 2010 Elsevier Inc. All rights reserved.

Introduction residual p cell function, although the positive effect is
transient and the drug cannot be applied in clinical practice
because of adverse side effects [2,3]. So far, treatment with
anti-CD3 monoclonal antibodies seems to be the most
effective [4,5], but the preventive effect is limited and
this drug may cause general immune suppression.
Administration of autoantigen is expected to become a
therapy to establish self-tolerance without severe adverse
effects. A recent study demonstrated that subcutaneous
injection of glutamic acid decarboxylase (GAD), an impor-
* Corresponding author. Fax: + 81 78 382 5919. tant autoantigen in the development of T1D, contributes
E-mail address: hirom@med.kobe-u.ac.jp (H. Moriyama). to the preservation of residual insulin secretion in patients

Type 1 diabetes (T1D) is an organ-specific autoimmune
disease characterized by progressive loss of g cells [1].
Autoreactive T cells that react with g cell antigen play a
major role in B cell destruction. Several treatments have
been attempted to suppress these autoreactive T cells.
Cyclosporin slows the autoimmune process and improves

1521-6616/S - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.clim.2010.02.016
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Table 1  Sequence of L7-24, B9-23, and HEL10-23.
L7-24 FLPLLALLALWEPKPTQA
B9-23 SHLVEALYLVCGERG
HEL10-23 AAMKRHGLDNYRGY

Amino acids that have a high affinity for pockets of MHC I-A%” are
shown with thick characters.

with alrecent-onset T1D, although it cannot halt the disease
process [6].

Several autoantigens involved in the development of
T1D have been identified, and there is increasing
evidence that insulin is the primary autoantigen among
them [7-9]. However, randomized controlled clinical
trials of insulin have shown that it cannot delay or pre-
vent the development of T1D [10,11], possibly because of
the limited antigen dose, the timing of administration,
or a critical epitope in the C-peptide or leader sequence.

In our study, we focused on a determinant of a signal
peptide as a new candidate for immunotherapy. Mice have
two preproinsulin genes, and the preproinsulin-1 L7-24
peptide (L7-24) was selected as the therapeutic peptide
because these amino acids match the unique pockets of

MHC 1-A27 of NOD mice [12] and peptidase cleavage sites. The
peptide was administered to NOD mice to evaluate
its protective effects on the development of diabetes.

Materials and methods
Mice

NOD/Shi/Kbe mice were maintained in the Institute for
Experimental Animals, Kobe University School of Medicine.
Insulin 2 knockout NOD mice were a gift from Dr. George
Eisenbarth at the Barbara Davis Center for Childhood
Diabetes, University of Colorado Health Sciences Center.
All experiments were done using female mice. All animals
were housed in specific pathogen-free facilities and handled
under the Guidelines for Animal Experimentation of Kobe
University School of Medicine.

Peptides

HPLC-purified (>95%) peptides were purchased from
Sigma-Aldrich Japan (Tokyo, Japan). Amino acid sequences
of the synthesized peptide used in our study were as
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IFN-y and IL-4 ELISPOT assay for splenocytes from L7-24 peptide-immunized mice (A and B) or HEL10-23 peptide-immunized

mice (C). L7-24 or HEL10-23 peptide was injected subcutaneously (s.c.) into NOD mice twice weekly. Seven days after the last
immunization, spleen cells were cultured with antigenic peptides (B9-23, IGRP206—214, and L7-24) in duplicates and analysed using an
ELISPOT assay. A representative image of an IL-4 ELISPOT assay for splenocytes from L7—24 peptide-immunized mice is shown in (A). The
antigen-stimulated spots were quantified as the mean number of IFN-y spots/1 x 10° splenocytes or IL-4 spots/1 x 10° splenocytes (n=7),
and individual IFN-vy or IL-4 spots of splenocytes from L7—24 peptide-immunized mice (B) or HEL10-23 peptide-immunized mice (C) are
depicted as separate dots. Each bar indicates the mean of the spots. Spleen cells of L7-24 peptide-immunized NOD mice showed vigorous
secretion of IL-4 and the lack of Th1 reaction, whereas spleen cells of HEL10-23 peptide-immunized mice show both Th1 and Th2 cells.
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follows: preproinsulin-1 L7-24 (FLPLLALLALWEPKPTQA),
insulin-2 B9-23 (SHLVEALYLVCGERG), islet-specific glu-
cose-6-phosphatase catalytic subunit-related protein
(IGRP) 206-214 (VYLKTNVFL), and hen egg lysozyme
(HEL) 10-23 (AAMKRHGLDNYRGY).

Peptide administration

Each peptide (100 pg/mouse) in PBS was emulsified with
Freund's incomplete adjuvant (IFA, Sigma-Aldrich Japan) and
administered subcutaneously (s.c.) to posterior cervical
region of the mice. Two subcutaneous administrations were
conducted 1week apart in all immunization. The blood
glucose concentration was measured weekly using a Free-
Style® kit (Nipro, Osaka, Japan), and the mice were
considered to be diabetic after two consecutive blood
glucose (BG) values >300 mg/dL.

Islet-infiltrating cell isolation

Islets were isolated as described previously [13]. Briefly,
collagenase (Wako Pure Chemical Industries, Osaka,
Japan) was injected through the bile duct into the
pancreas. After incubation at 37 °C for 10 to 16 min,
islets were isolated by density gradient centrifugation with
Histopaque®-1077 (Sigma-Aldrich Japan) and filtered
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Figure 2

through a cell strainer (BD Falcon, Franklin Lakes, NJ) to
remove islets.

ELISPOT

A murine ELISPOT assay was performed using a modification
of the human ELISPOT assay described previously [14,15]. In
brief, splenocytes (1x10° for IFN-+y, 1 x 10° for IL-4) or islet-
infiltrating cells (1 x 10°) were cultured with antigenic
peptides (50 pg/ml) in 96-well microtiter plates (Millititer,
Millipore, Bedford, MA) in 200 pl of RPMI 1640 with 5% FCS for
48 h for IFN-y and 70 h for IL-4. The ELISPOT assay was
performed in duplicate well according to the manufacturer's
instructions (Mabtech AB, Stockholm, Sweden). Spots were
analyzed by the readers blinded to the nature of the sample
with an ImmunoSpot Analyzer® (Cellular Technology, Cleve-
land, OH), and the spot size cutoff was determined at
0.0052 mm?2.

ELISA

The supernatant from splenocytes cultured with antigenic
peptides was used for the ELISA. IL-10 concentration was
measured using a Biotrak Easy ELISA® (GE Healthcare,
Buckinghamshire, UK) and TGF- concentration was mea-
sured using a Quantikine® immunoassay kit (R&D Systems,

PBS
100+
£ so-
=%
celionly BS-23 IGRP L7-24 HEL
PBS
1500+
1000+
[
D
o
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0~
ceilonly BS-23 IGRP L7-24 HEL

IL-10 and TGF-p ELISA assay for splenocytes from L7-24 peptide-immunized mice or unimmunized mice. Splenocytes (1 x

10°) from immunized mice (n=8) and control mice (n=8) were cultured with antigenic peptides. The concentrations of IL-10 (A) and
TGF-B (B) in the supernatant were measured by ELISA. Control mice were immunized with PBS emulsified in IFA. A significantly higher
concentration of IL-10 was observed in the supernatant of splenocytes from mice treated with L7-24.
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Minneapolis, MN) according to the manufacturers’
instructions.

Flow cytometry

Spleen cells or islet-infiltrating cells were stained with anti-
CD4 and anti-CD25 monoclonal antibodies (BD Biosciences
Pharmingen, San Diego, CA) for 30 min at 4 °C. Cells were
permeabilized and stained using a Foxp3 staining buffer set
according to the manufacturer's instructions (eBioscience,
San Diego, CA).

Islet histology

The pancreas was fixed in 10% formalin solution, embedded
in paraffin, and sectioned at a thickness of 5 pm. The
sections were stained with hematoxylin and eosin. Immu-
nostaining for insulin and glucagon was performed using
guinea pig antibodies against insulin and rabbit antibodies
against glucagon (Dako Japan, Kyoto, Japan). The immune
complexes were detected with secondary antibodies con-
jugated with Cy3 and fluorescein isothiocyanate, respec-

tively (Jackson ImmunoResearch Laboratories, West Grove,
PA).

Statistical analysis

Student's t test was used to compare the means. A log-rank
test was used to compare the incidence of diabetes between
groups. GraphPad Prism 4® for Windows (GraphPad Soft-
ware, San Diego, CA) was used for these analyses.

Results

Determinants of preproinsulin with high affinity to
I-A%7

Sequences of preproinsulin 1 and 2 were investigated to find a
new immunological determinant with therapeutic effect
against autoimmune diabetes. Four amino acids of the peptide
are keys to determine the affinity to the binding pockets of
MHC 1-A¢7 [12]. We found that the leader peptide of
preproinsulin 1 contained three of these amino acids in their
sequence (Table 1): 13 (leucine) matches to P4, 15 (alanine) to
P6, and 18 (glutamic acid) to P9 of I-A%” binding sites.

B
0.0% 17.6%
g P<0.01 P<0.05
1 i —
15+
n= u®
& ——
- =
w = ] ] 3 ond B
B i:f, 10+ —aag :’g-r 20 " "
{1 o
& n
3 8 54 X 104
2 O .
5 0 0
100 1 4
ol " e ™ B non-treated  PBS+IFA L7-24 non-treated  PBS+IFA L7-24
PBS+IFA c
0.0% 20.1%
=1 30 =
= 154 .
n "
S - ]
= - . .
w 2\: 10 s a < 20 . e e | ]
- 2 " s ] p
£e 8 an a ™
S B [ ] (3]
i @ P} L)
- 0 54 S 104
=3 (&) o
e
S
100 10! 102 103 10¢ 0 T 7 7 7 0 g 7 ¥ v
0.0% CD4 FITC 79.9% control  day3 dayt0  day20 control day3 day10 day20
L7-24+IFA
Figure 3  Regulatory T cells are induced by L7-24 peptide immunization. Ten- to 14-week-old NOD mice were immunized with 100

ug of L7-24 peptide twice weekly. The percentages of spleen and pancreatic lymph node cells were analysed by flow cytometry. The
percentages of CD25"/CD4" and FoxP3*/CD4" T cells in spleen were analysed 3 days after the second administration (A and B). The
change in the percentage of Tregs in the spleen from L7-24 peptide-immunized mice with time (C); the peak occurred on day 3.

— 159 —



78

T. Arai et al.

The leader sequence is a peptide that is required for the
entry of preproinsulin into the endoplasmic reticulum. This
peptide is synthesized in an equimolar ratio to proinsulin,
but it is not released outside B cells and is cleaved by a
signal peptidase between L24 and B1 at the endoplasmic
reticulum and processed inside p cells after separation from
proinsulin. An 18-mer of the peptide from preproinsulin 7 to
24 (L7-24) was selected as a candidate for the therapeutic
peptide.

Administration of L7—24 peptide stimulates a Th2
response in NOD mice

To investigate the therapeutic potential of this peptide, 100
Ug of this peptide was emulsified in IFA and administered
subcutaneously into the neck of 10- to 14-week-old NOD
mice. Seven days after the last immunization, spleen cells
were cultured with several peptides and IFN-y and IL-4
secretion were measured using an ELISPOT assay. ConA
induced strong response in both IFN-y and IL-4 secretion.
Immunization with L7-24 did not induce IFN-vy secretion but
it induced IL-4 secretion significantly in response to L7-24
peptide (Figs. 1A and B). Interestingly, immunization with
HEL10-23 peptide, which also binds to I-A%’, induced the
secretion of both IL-4 and IFN-v in response to HEL10-23

peptide (Fig. 1C). The different results for HEL10-23 peptide
and L7-24 peptide might be explained by the fact that HEL is
not an autoantigen but a foreign antigen that the immune
system of the NOD mice had not been exposed to before
immunization.

IL-10 and TGF-p are also critical immunoregulatory
cytokines that suppress autoimmune processes in various
diseases. Supernatants from splenocytes of L7-24-immunized
mice were cultured with antigenic peptides, and the concen-
trations of cytokines in the supernatants were measured by
ELISA. L7-24 peptide immunization also induced upregulation
of IL-10 secretion in response to L7-24 peptide (Fig. 2A). The
amount of TGF-@ in supernatant was not different from that of
control mice (Fig. 2B).

Administration of L7-24 peptide can induce
regulatory T cells

CD4*CD25*FoxP3* regulatory T cells (Tregs) play a crucial
role in suppressing autoimmune reactions. Tregs induced by
a specific antigen have an antigen-specific immunoregula-
tory effect, which may be extended to include immunolog-
ical responses to other antigens.

Three days after the second administration of L7-24
peptide, spleen cells were collected and CD4*CD25*FoxP3*
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Figure 4

Spontaneous Th1 reaction to L7-24 peptide. Spleen cells and islet-infiltrating cells of 20- to 24-week-old NOD mice and

10-12-week-old insulin 2 knockout NOD mice were analysed by ELISPOT. (A) Ten thousand spleen cells were cultured for 48 h with
each peptide. Secretion of IFN-v in response to L7-24 was not observed. (B) IFN-y spot forming colony (SFC) from islet-infiltrating cells
was analysed. Islet-infiltrating cells of both NOD mice and insulin 2 knockout NOD mice showed vigorous production of IFN-y in

response to L7-24.
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cells were analysed by flow cytometry. The percentages of
CD25*/CD4" and FoxP3*/CD4* cells were significantly higher
in L7—24 peptide-immunized mice than in controls (Figs. 3A
and B). The percentage of cells peaked on the third day after
the second injection (Fig. 3C). Unexpectedly, the percent-
age of Tregs in the pancreatic lymph node did not differ
between L7-24 peptide-immunized mice and unimmunized
mice (data not shown).

Islet-infiltrating cells of late insulitis secrete IFN-y
in response to L7—24 peptide

To examine whether the L7-24 sequence is targeted by
pathogenic T cells, we analysed splenocytes and islet-
infiltrating cells of untreated NOD mice (20 weeks old) and
insulin 2 knockout NOD mice (12 weeks old). IFN-+y secretion
was not upregulated in response to L7-24 in splenocytes
(Fig. 4A). However, islet-infiltrating cells of both NOD mice
and insulin 2 knockout NOD mice showed vigorous production
of IFN-v in response to L7-24 (Fig. 4B).

Administration of L7—24 peptide prevents the
development of diabetes

To explore the effect of L7-24 peptide in preventing
diabetes, we injected 100 pg of the peptide in IFA
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Figure 5 Administration of L7-24 peptide to 12-week-old NOD
mice. (A) Twelve-week-old NOD mice were given two subcuta-
neous injections of L7-24 peptide. L7-24 peptide prevented
diabetes compared with administration of IFA alone (p=0.046).
(B) L7-24 peptide was administered similarly to insulin 2
knockout NOD mice. Only a slight delay in the onset of diabetes
was observed. The little arrows indicate the timing of peptide
immunization.

subcutaneously twice weekly into 12-week-old NOD mice.
Only three of 22 NOD mice treated with the peptide
developed diabetes at 45 weeks of age. The protection
was significant compared with the mice given IFA without
peptide (p=0.046, Fig. 5A). The insulin 2 knockout NOD
mouse model is an accelerated model of autoimmune
diabetes that starts developing diabetes around 10 weeks
of age, and the cumulative incidence of diabetes reaches
almost 100% [7]. Unlike NOD mice, injection of L7-24 into 8-
week-old insulin 2 knockout NOD mice did not significantly
delay the development of diabetes (Fig. 5B).

Administration of L7—24 peptide to diabetic NOD
mice can restore normoglycemia

The therapeutic effect of L7—24 peptide on newly diabetic
NOD mice was investigated next. Diabetic mice (BG>300 mg/
dL) were assigned to receive injected L7-24, B9-23, or PBS
only in IFA. After injections of the peptides twice a week,
blood glucose concentration was monitored weekly. Five of
13 mice treated with L7-24 became normoglycemic 2-
5 weeks after the last injection, whereas only one of 18 mice
treated with PBS or B9-23 in IFA returned to normoglycemia
(Figs. 6A—C). Histological examination of pancreata of the
mice 16 weeks after restoration from hyperglycemia showed
that some islets were preserved despite the remarkable
infiltration of lymphocytes (Figs. 6D and E). Insulin and
glucagon staining showed the retention of insulin-producing
cells along with scattered glucagon-producing cells in the
islets.

Discussion

The ultimate goal of treatment for autoimmune diabetes is
antigen-specific suppression of the disease. There is
increasing evidence that induction of antigen-specific
Tregs is critical to halting the disease process [16,17].
Immunotherapy is currently applied in clinical practice
to treat allergic diseases such as allergic rhinitis and asthma.
However, the application of antigen-specific immunother-
apy has not yet been successful in the treatment of
autoimmune diseases.

There has been notable progress in immunotherapy for
T1D. Subcutaneous injection of the GAD molecule with alum
significantly reduces the progressive decline in g cell
function without severe side effects [6,18,19]. Insulin is
expected to be a promising autoantigen for the antigen-
specific treatment of T1D. Several studies of NOD mice have
shown the effectiveness of insulin administration in pre-
venting the development of diabetes [20-22]. Although
clinical studies of human T1D have been done, the clinical
effectiveness of insulin administration has not been shownin
humans, except for slight benefits in participants with a high
titer of insulin autoantibody in the Diabetes Prevention Trial
of T1D [10,11,23]. Nevertheless, insulin is undoubtedly the
most abundant and specific molecule in the g cell, and there
is increasing evidence that insulin is a primary antigen for
T1D [24]. We hypothesized that additional epitopes besides
those in the insulin A-B chain might be useful for providing
tolerance in T1D, and we screened the sequence of the
leader peptide that is removed from proinsulin in the rough

— 161 —



80 T. Arai et al.

BG(mgldL) L7-24+IFAs.c.

500
400
300
2007}
100
0
1] 1 2 3 4 5 6 7 8
Week after onsetof diabetes
C B9-23+ IFAs.c
BG(mg/dL) PBS+IFAs.c. BG(mg/dL) €.
500
500+
4001
4001
300+ 300+
100 100 f
0 . . ! 0 *
0 1 2 3 4 5 6 7 8 ¢ 1 2 3 4 5 6 7 8
Week after onset of diabetes Week after onset of diabetes

Figure 6 Administration of L7-24 to newly diabetic NOD mice. L7-24 peptide was administered to newly diabetic NOD mice
(BG>300 mg/dL). Five of 13 mice achieved remission of diabetes (A) whereas most mice did not by the administration of PBS in IFA
(B) or B9-23 in IFA (C). Mean +SD of blood glucose of each group on entry are as follows: L7-24, 362+53 mg/dl; PBS, 361+40 mg/dl; and
B9-23, 380+26 mg/dl. Hematoxylin and eosin staining of islets of NOD mice that achieved remission show preservation of islets despite
the marked lymphocyte infiltration (D). Insulin (red) and glucagon (green) staining showed the retention of insulin-producing cells
along with scattered glucagon-producing cells in the islets (E).
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endoplasmic reticulum before the entry into the secretory
granule.

We found that L7-24 peptide increased the frequency of
CD25*Foxp3* Tregs and the production of regulatory cyto-
kines such as IL-4 and IL-10. Administration of this peptide to
12-week-old NOD mice significantly reduced the incidence of
diabetes, probably by stimulating regulatory cytokine-
producing cells. The milder suppression of diabetic develop-
ment in groups that received PBS with IFA was an unexpected
observation. The protective effect of Freund's complete
adjuvant (CFA) but not IFA to the development of diabetes in
NOD mice is widely recognized [25]. There was, however, a
report that showed the milder protective effect of IFA similar
to our observation [26].

Interestingly, analysis of islet-infiltrating cells in late-stage
insulitis demonstrated vigorous IFN-y secretion in response to
L7-24 peptide. Theresult suggests that L7-24 is supposed to be
naturally processed and presented in the course of autoim-
mune diabetes in NOD mice. A study using pools of preproinsu-
lin peptides showed an IL-2 response after subcutaneous
administration of L7-24 peptide emulsified in Freund's
complete adjuvant but not in IFA, although the Th2 responses
were not reported [27]. In our study, L7-24 peptide immuni-
zation produced a Th2 cytokine profile due to immunization in
the presence of IFA. This peptide may have potency for both
the Th1 and Th2 responses, although Th2 immunogenicity can
be induced more predominantly in IFA. Unlike L7-24, HEL10-
24 in IFA seems to induce equally both Th1 and Th2 response.
Therefore, L7-24 can be administered more safely than HEL,
which induce adverse side effect by Th1 response.

It was advocated recently that self-peptides with low
affinity for MHC are important as autoantigenic epitopes
[28-30]. The hypothesized reason for this phenomenon is
that autoreactive T cells that recognize a weak MHC-binding
peptide can escape negative selection in the thymus. In
contrast, T cells that react with stronger MHC-binding
peptides are anticipated to receive negative selection in
the thymus and to survive as natural Tregs in the periphery
[31]. L7-24 was selected based on an alignment algorithm
described by E.R. Unanue et.al [13]. The peptide has
three amino acids that have a high affinity for pockets of
the MHC 1-A¥” molecule and is expected to be present
frequently in the thymus. Tregs induced with L7-24 peptide
may be explained by the high binding affinity of this peptide
to the 1-A%” molecule.

Although L7-24 peptide showed a therapeutic effect, the
effect remains insufficient to protect fully against the
disease. Administration of the peptide to 12-week-old
NOD mice significantly prevented diabetes, but some
mice became diabetic even after immunization. In addition,
L7-24 peptide could not prevent diabetes in insulin 2
knockout NOD mice, which develop diabetes at a faster
rate than normal NOD mice. As disease progresses, more
epitopes are being targeted due to epitope spreading. At
advanced stages of the disease, combination of more than
one epitopes may prove more beneficial. Combined peptide
therapy might be an effective immunotherapy in the future,
and the combination of peptide therapy and CD3 antibody
may be also a promising option [32].

Insulin-derived epitopes are among the autoantigens
specific to g cell and the most abundant epitopes in B cell.
The reason why whole insulin immunization have not

succeeded in protecting from type 1 diabetes (T1D) in
humans is probably due to some issues that remain to be
resolved, such as the use of correct dosage, more efficient
immunization schemes and possibility of critical epitopes
other than A-B chain.

The leader peptide of insulin has not attracted the
attention of researchers as an autoantigenrelevant toT1D.
However, a recent study using human HLA-A0201 showed
that the CD8 epitope of the leader peptide is a candidate
autoantigen in human T1D [33]. Taken together, these
previous findings and our results suggest that the leader
sequence contains some critical determinants for devel-
opment of diabetes in both human T1D and NOD mice. Our
study is the first to demonstrate a therapeutic effect of the
peptide, which is contained in the leader sequence. The
identification of the T cell response to the leader sequence
in patients with T1D suggests that some of the leader
sequence may also be applicable in the protection against
and cure for humanT1D.
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Antigen-specific regulatory CD4" T cells have been described but there are few reports on regulatory CD8*
T cells. We generated islet-specific glucose-6-phosphatase catalytic subunit-related protein (IGRP)-spe-
cific regulatory CD8" T cells from 8.3-NOD transgenic mice. CD8" T cells from 8.3-NOD splenocytes were
cultured with IGRP, splenic dendritic cells (SpDCs), TGF-B, and all-trans retinoic acid (ATRA) for 5 days.
CD8" T cells cultured with either IGRP alone or IGRP and SpDCs in the absence of TGF-B and ATRA had
low Foxp3* expression (1.7 + 0.9% and 3.2 + 4.5%, respectively). In contrast, CD8" T cells induced by expo-
sure to IGRP, SpDCs, TGF-B, and ATRA showed the highest expression of Foxp3" in IGRP-reactive CD8" T
cells (36.1 + 10.6%), which was approximately 40-fold increase compared with that before induction cul-
ture. CD25 expression on CD8" T cells cultured with IGRP, SpDCs, TGF-B, and ATRA was only 7.42%,
whereas CD103 expression was greater than 90%. These CD8" T cells suppressed the proliferation of dia-
betogenic CD8" T cells from 8.3-NOD splenocytes in vitro and completely prevented diabetes onset in
NOD-scid mice in cotransfer experiments with diabetogenic splenocytes from NOD mice in vivo. Here
we show that exposure to ATRA and TGF-B induces CD8*Foxp3* T cells ex vivo, which suppress diabeto-

genic T cells in vitro and in vivo.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

The adaptive immune response is initiated by T cells that ex-
press receptors for diverse antigens. The repertoire of T cell recep-
tors is regulated by positive selection and negative selection.
Autoreactive T cells are usually deleted by negative selection in
the thymus [1]. However this process is not exhaustive: T cells
expressing receptors with low affinities for self-antigens are usu-
ally present in peripheral organs and may cause autoimmune dis-
ease if activated. Suppressor mechanisms for self-reactive T cells in
peripheral organs have been presumed. The concept of T cell sup-
pression of the immune response was first proposed by Gershon
and Kondo for regulatory CD8" T cells [2]. There are few studies
on regulatory CD8" T cells because of the difficulty of identifying
regulatory CD8" T cell populations and their mechanisms of action.
The CD4" population of regulatory T cells (Tregs) was first de-
scribed by Sakaguchi et al. as CD4"CD25" T cells [3]. Although
CD25 expression has been used as a marker to identify Tregs, it
is not specific for Tregs because it is expressed by all activated T
cells. Recent studies revealed that the forkhead/winged helix fam-
ily (Foxp3) transcription factor is a master switch specific to

* Corresponding author. Fax: +81 78 382 5919.
E-mail address: yasuda@med.kobe-u.ac.jp (H. Yasuda).

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2010.02.176

CD4*CD25" Tregs that induces differentiation of naive T cells into
the Treg lineage and maintains their suppressive function [4,5].

The CD4*CD25" T cells described by Sakaguchi et al. originated
in the thymus and developed their suppressive function in periph-
eral organs. On the other hand, Luo et al. revealed that transform-
ing growth factor-B (TGF-B) and B-cell peptide-pulsed dendritic
cells from NOD mice induced CD4"CD25*Foxp3” T cells from naive
T cells in BDC2.5-NOD splenocytes, which suppressed diabetes on-
set in cotransfer experiments [6]. In contrast to the regulatory cells
in the thymus, BDC2.5 CD4°CD25~ T cells can be switched to
CD4*CD25Foxp3* T cells by regulatory cytokines such as TGF-f.

Vitamin A (retinol) and its metabolites (retinoids) are a group of
potent natural or synthetic molecules which act as modulators for
a variety of inflammatory and immunological events in immune
system. The mechanism of this molecule has been reported as sup-
pression of inflammatory immune cells, modulation of the function
of immune cells and production of several cytokines [7]. All-trans
retinoic acid (ATRA), a potent retinoids, has been clinically used
to treat acute leukaemia and acne vulgaris [8,9]. Now it has also
been reported as having a potential of generating CD4" Tregs
[10,11]. In addition, dendritic cells purified from the small intestine
were found to undergo a high level of CD4" Treg conversion when
exposed to TGF-B and ATRA that was highly expressed in GALT
[12].
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Recent publications have shown that the regulatory T cell fam-
ily consists not only of CD4" T cells but also CD8" T cells [13-17],
presuming that regulatory CD8" T cells can be induced from these
naive CD8" T cells in 8.3-NOD mice in an adequate milieu. In this
study, we generated regulatory CD8" T cells from transgenic 8.3-
NOD mice expressing CD8-TCR specific for islet-specific glucose-
6-phosphatase catalytic subunit-related protein (IGRP) in p-cells
[18]. CD8" T cells exposed to ATRA and TGF-B exhibited regulatory
functions in vitro and in vivo.

2. Materials and methods
2.1. Mice

NOD/Shi/Kbe mice were maintained at the Institute for Experi-
mental Animals, Kobe University School of Medicine, Kobe, Japan.
The cumulative incidence of diabetes is 85% in females and 30%
in males at 40 weeks of age. NOD-scid mice were purchased from
Clea Japan (Osaka, Japan). 8.3-NOD mice were purchased from
Jackson Laboratories (Bar Harbor, ME). All animals were treated
according to the Guidelines for Animal Experimentation of Kobe
University School of Medicine.

2.2. Antibodies and reagents

FITC-conjugated anti-mouse monoclonal antibodies, CD8 (53—
6.7) and CD103 (M290), were purchased from Pharmingen (San
Diego, CA), as were the phycoerythrin (PE)-conjugated anti-mouse
monoclonal antibodies, CD4 (L3T4), CD8 (53-6.7), and B220 (RA3-
6B2), peridinin chlorophyll protein complex (PerCP)-conjugated
anti-mouse CD4 monoclonal antibody (L3T4), and the APC-conju-
gated anti-mouse CD25 monoclonal antibody (3C7). The PE-conju-
gated anti-mouse Foxp3 monoclonal antibody (FJK-16s) was
purchased from eBioscience (San Diego, CA). Anti-CD11c (N418)
microbeads and the CD8 isolation kit were purchased from Milte-
nyi Biotec (Bergisch-Gladbach, Germany). Carboxyfluorescein
diacetate succinimidyl ester (CFSE) was purchased from Dojindo
(Kumamoto, Japan).

2.3. Cell purification and culture

Splenic dendritic cells (SpDCs) were purified from 8- to 12-
week-old 8.3-NOD mice splenocytes using CD11c-magnetic beads.
After selection using an autoMACS magnetic cell sorter (Miltenyi
Biotec), CD8" T cells were purified by depletion of CD4-, B220-,
CD49b-, CD11b-, and Ter-119-positive cells. To study the prolifer-
ation of CD8" T cells, some cells were stained with 10 uM CFSE for
15 min at 37 °C followed by two washes with HBSS at 4 °C. All cells
were cultured in an atmosphere containing 5% CO, at 37 °C in 96-
well tissue culture plates in 200 pl of RPMI 1640 supplemented
with 10% heat-inactivated FCS, 2 mM sodium pyruvate, 10 mM
Hepes buffer, 50 IU/ml penicillin, 50 pg/ml streptomycin, 40 ug/
ml gentamycin and 5 x 107> M 2-mercaptoethanol. CD8" T cells
(6.0 x 10*) were cultured with 0.1 uM of IGRP alone or with IGRP
and 2.0 x 10* of SpDCs as controls. In addition to IGRP and SpDCs,
CD8* T cells in other groups were cultured with 2 ng/ml of TGF- or
with TGF-p and 10 nM of ATRA to induce the regulatory cells. Five -
days later, cells were harvested and stained with several antibodies
and propidium iodide (PI); only Pl-negative cells were analyzed
using the FACS 440 flow cytometer (Becton Dickinson, San Jose,
CA). For each group, the CD8" T cells were cultured as described
previously and harvested; only CD8" T cells were selected using
the magnetic beads. CD8" T cells cultured with IGRP alone were
designated I cells, those cultured with IGRP and SpDCs were desig-
nated ID cells, those cultured with IGRP, SpDCs, and TGF-B were

designated IDT cells, and those cultured with IGRP, SpDCs, TGF-B,
and ATRA were designated IDTA cells.

2.4. Proliferation assays

CD8* T cells from 8.3-NOD splenocytes that were selected using
magnetic beads were stained with 10 pM CFSE for 15 min at 37 °C
and were washed twice. Induced CD8* T cells (1.0 x 10°) (I cells, ID
cells, IDT cells, or IDTA cells) and CFSE-stained fresh CD8" T cells
(1.0 x 10°) were cultured together with 0.1 uM of IGRP. After
3 days, all cells were harvested and only CFSE" cells were analyzed
using flow cytometry. To further examine the suppressor activity
of induced CD8" T cells in vitro, freshly-isolated effector CD8" T
cells (1.0 x 10°) (E) were cultured with induced CD8" T cells (IDT
cells or IDTA cells) (R) at the indicated ratios in the presence of
0.1 uM of IGRP.

2.5. Adoptive transfer

CD8* T cells (6.0 x 10°) from 8.3-NOD splenocytes cultured
with IGRP alone or IGRP, SpDCs, TGF-B, and ATRA were intrave-
nously cotransferred into 8-week-old NOD-scid mice with
1 x 107 diabetogenic NOD splenocytes. The recipients were moni-
tored for diabetes onset by testing urine glucose level twice
weekly. Diabetes was defined as a blood glucose concentration
greater than 250 mg/dl (13.9 mmol/l) on two consecutive days.

2.6. Statistical analysis

Statistical analysis of the incidence of diabetes was performed
using the log-rank test. Statistical analyses of flow cytometric data
were performed using the Mann-Whitney U test. A p value less
than 0.05 was considered significant. All data are presented as
the means * SD.

3. Results

3.1. Induction of CD8"Foxp3* T cells from splenocytes in 8.3-NOD mice

The prevalence of CD8Foxp3™* T cells among splenocytes in 7-
week-old 8.3-NOD mice was first analyzed using flow cytometry
to evaluate “natural” CD8*Foxp3* T cells. The population of CD8"
T cells in the spleen from 8.3-NOD mice exceeded 50% of spleno-
cytes, which was higher than that of littermate NOD mice
(Fig. 1A). The population of CD8*Foxp3™ T cells in the spleen from
8.3-NOD mice was no more than 1.0% of splenocytes, which was
equal to that in littermate NOD mice (Fig. 1B).

SpDCs and CD8" T cells were cultured for inducing regulatory
CD8" T cells ex vivo. SpDCs were selected from the splenocytes of
8.3-NOD mice using CD11c-magnetic beads. CD8" T cells were neg-
atively selected using magnetic beads followed by labeling with
CFSE. CFSE-labeled CD8* T cells (6.0 x 10*) were cultured for
5 days with 0.1 uM of IGRP alone (I cells), IGRP and 2.0 x 10*
SpDCs (ID cells), IGRP, SpDCs, and 2 ng/ml of TGF-p (IDT cells) or
with IGRP, SpDCs, TGF-B, and 10 nM of ATRA (IDTA cells). Fig. 1C
and D show the in vitro proliferation of Foxp3* cells in cultured
CD8* T cells from 8.3-NOD splenocytes. Only 1.7 + 0.9% of I cells
and 3.2 +4.5% of ID cells expressed Foxp3, whereas 8.6 + 6.7% of
IDT cells and 21.4 + 4.2% of IDTA cells expressed Foxp3. IDTA cells
showed the highest expression of Foxp3 and significantly higher
expression than I cells ( p=0.028). To further examine whether
the efficiency of conversion to Tregs can be increased, we also cul-
tured CD8" T cells from 8.3-NOD mice with titrating concentrations
of ATRA (0, 1, 5, 10, and 20 nM) in the presence of constant IGRP,
splenic DC, and TGF-p concentrations. The percentage of Foxp3®
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Fig. 1. (A, B) Splenocytes from 7-week-old 8.3-NOD or NOD mice were stained with anti-CD4 and CD8 antibodies (A) or anti-FoxP3 and CD8 antibodies (B). A representative
example of four separate experiments is shown. (C, D, E) CFSE-labeled CD8" T cells (6.0 x 10*) selected from the splenocytes of 7-week-old 8.3-NOD mice were cultured for
5 days with 0.1 pM of IGRP alone (I cells), IGRP and 2.0 x 10* SpDCs (ID cells), IGRP, SpDCs, and 2 ng/ml of TGF-B (IDT cells), or IGRP, SpDCs, TGF-B, and 10 nM of ATRA (IDTA
cells). Five days later, all cells were harvested and gated on Pl-negative and CFSE posjtive cells. A representative example (C), percentage of Foxp3* cells in CFSE" cells
( p=0.028, 1 vs. IDTA) (D) and percentage of Foxp3* cells in IGRP-reactive CFSE" cells ( p = 0.048, 1 vs. IDTA) (E) are shown.

cells in 10 nM of ATRA was the highest among these titrating con-
centrations (data not shown). Among IGRP-responded CD8" T cells,
36.1+10.6% of IDTA cells showed Foxp3 expression, which was
approximately 40-fold increase compared with that before induc-
tion culture and significantly higher than that of I cells
('p =0.048) (Fig. 1E).

3.2. Cell surface marker of CD8*Foxp3™ T cells

To determine which surface markers were expressed on
CD8'Foxp3™ T cells, IDT cells or IDTA cells were stained with
CD25 and CD103 antibodies (Fig. 2). In contrast to CD4*Foxp3* T
cells, only some of the CD8Foxp3* T cells were CD25-positive,
and most were CD103-positive.

3.3. In vitro suppression assay

To examine the suppressor activity of CD8" T cells in vitro,
1.0 x 10° of the CFSE-labeled effector CD8" T cells were cultured
with IGRP and 1.0 x 10° of I, ID, IDT, or IDTA cells (Fig. 3A). Prolifer-
ation of CD8" T cells in the presence of I, ID, IDT, or IDTA cells with
IGRP was compared with that induced by IGRP alone. % Suppression
of each proliferation was —1.8 +7.6%, 2.9 +9.0%, 1.0 +8.5%, and
12.9 + 8.9%, respectively, and the presence of I, ID, or IDT cells did
not markedly suppress proliferation of IGRP-reactive CD8" T cells.
In addition, there was no significant suppression in the presence of
ID cells or IDT cells compared with the presence of 1 cells
(p > 0.05). However, only the presence of IDTA cells significantly
suppressed proliferation of IGRP-reactive effector CD8" T cells than
the presence of I cells ( p = 0.009) (Fig. 3B). Furthermore, the sup-
pressive activity seems to be strengthened in a E:R ratio-dependent
manner, though not all of IDTA cells express Foxp3 (Fig. 3C).

3.4. In vivo suppression assay

Because IDTA cells alone have suppressor activity for diabeto-
genic antigen-specific CD8" T cells in vitro, in vivo suppressor activity
was examined using a diabetes-transfer model. IDTA cells or I cells
were intravenously transferred into NOD-scid mice with diabeto-
genic splenocytes from NOD mice. All of five mice injected with dia-
betogenic NOD splenocytes alone and six mice injected with
diabetogenic splenocytes and I cells became diabetic by 44 days
after transfer. In contrast, none of the five mice injected with diabe-
togenicsplenocytes and IDTA cells became diabetic in this cotransfer
experiment ( p =0.01, IDTA vs. control) (Fig. 4). In another set of
experiment, none of mice injected with diabetogenic splenocytes
and IDTA cells became diabetic even at 150 days after transfer which
was more than 30 days after last positive control became diabetic
(data not shown). These findings suggest that CD8" T cells induced
by exposure to SpDCs, TGF-B, and ATRA have suppressor activity
against the autoimmune response in vivo and that the disease should
be suppressed only by the Foxp3* population.

4. Discussion

This study demonstrates that regulatory CD8" T cells can be in-
duced from diabetogenic 8.3 transgenic NOD mice, which express
the TCR-oo and TCR-B of a diabetogenic H-2Kg4-restricted B-cell
cytotoxic CD8" T cell clone and promote diabetes [19]. Original
NY8.3 CD8" cloned T cells cause severe insulitis and diabetes when
cotransferred with NOD CD4" T cells [20]. The 8.3-NOD mice in our
colony develop diabetes more rapidly than the original NOD mice,
but the incidence of diabetes does not differ from that of NOD mice
(75% among females aged 20 weeks and 30 weeks, respectively).
Santamaria et al. reported that high avidity of 8.3 TCR T cells devel-
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Fig. 2. IDT cells and IDTA cells were stained with antibodies against Foxp3, CD25, and CD103. Only some of the CD8"Foxp3” T cells were CD25-positive, and most were
CD103-positive. A representative example of four separate experiments is shown.

A none IGRP onIy B
, 100 ! ID IDT IDTA
g] T W} 8

.| 10.98% .  75.73%
§ ¢ 5
& 3 (=]
24 3 ]
[
2
a . o . a
o 0! c; w0 ot o wo‘ mf 10° m* g-
(7]
B3

IGRP + | cells IGRP + ID cells

y *p =0.009
M 304

76.79%

C [CJIDT cells

5 I IDTA cells
ST e s . e "
IGRP + DT cells  IGRP +IDTAcells § °
. ? 54
] 7 A i—iﬂ E @ ®
. 86.02% s 61. 85%il §10'
3 ] N 154
# LS
20
o o] | 1:1 1:3 1:5
1% ! &9;? w0d w* 100 Ity ?:x wh o owd E : R ratio

Fig. 3. CFSE-labeled CD8" T cells (1.0 x 10°) purified from 8.3-NOD splenocytes were cultured for 5 days with IGRP alone or with IGRP and 1.0 x 10° induced CD8" T cells in
each group shown in Fig. 1. Three days later, all cells were harvested and gated on CFSE" cells. (A) Proliferation of CD8" T cells induced by IGRP alone or in the presence of I, ID,
IDT, or IDTA cells with IGRP was examined. A representative example of eight separate experiments is shown. (B) Proliferation of effector CD8" T cells in the presence of I, ID,
IDT, or IDTA cells with IGRP was shown as % suppression, in comparison with that induced by IGRP alone ( p = 0.009, I vs. IDTA). (C) Proliferation of effector CD8" T cells (E) in
the presence of IDT, or IDTA cells (R) with IGRP in comparison with that induced by IGRP alone was shown as % suppression at the indicated E:R ratios.

ops with aging in 8.3-NOD mice [21]. Because 10-20% of the mice
did not develop diabetes, we presumed that regulatory T cells were
present in 8.3-NOD mice. We generated Tregs in CD8" T cells for
this reason.

Induced regulatory CD8* T cells have been used in some studies

with IGRP, SpDCs, TGF-B, and ATRA showed suppressor activity
and the highest expression of Foxp3, which indicates that
CD8'Foxp3™ T cells played a key role in the generation of regulatory
CD8" T cells. Although the role of the expression of Foxp3 in these
CD8" T cells is not well understood, Foxp3 expression is known to in-

[14-17], two of which showed that Foxp3 is an important marker
of regulatory CD8" T cells [14,17]. Regulatory CD8" T cells cultured

duce regulatory T cells. The Foxp3-transduced 6426 CD8" T cell
clone, which recognizes insulin B chain peptide 15-23, delayed the
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Fig. 4. Diabetogenic NOD splenocytes (1 x 107) alone (closed circle, n=5) or with
6.0 x 10° I cells (open square, r=6) or IDTA cells (closed square, n=>5) were
transferred into 7- to 8-week-old NOD-scid mice. 1 cells had no effect on
suppression of diabetes transfer, whereas IDTA cells completely suppressed
diabetes transfer ( p =0.01, IDTA vs. control).

onset of diabetes compared with control 6426 clone when trans-
ferred into NOD-scid or young NOD mice [22]. This study indicated
that expression of Foxp3 changes effector CD8" T cells into regula-
tory CD8* T cells.

Rigorous purification of regulatory CD8 Foxp3” T cells in cellular
transfusion material would prevent autoimmune diabetes. Because
Foxp3 is not a surface marker, we examined whether the
CD8*Foxp3™ T cells express specific surface markers that would en-
able purification of these cells in vitro. Unlike the case with
CD4*CD25*Foxp3* T cells, CD25 is not a marker of regulatory CD8"
T cells. More than 90% of the CD8"Foxp3* T cells induced in our study
also expressed CD103. CD103, the ®EB7 integrin, is a marker for allo-
antigen-induced regulatory CD8" T cells [15,23,24]. AsCD8"Foxp3~ T
cells also expressed CD103, it is not completely specific for
CD8"Foxp3" T cells. Purification of regulatory T cells using a CD103
antibody may isolate CD8*Foxp3* T cells more efficiently.

ATRA has been reported to play an important role in immune
system so far. It has been currently used to treat acute leukaemia
and acne vulgaris [8,9]. The role of ATRA in the generation of
CD4" regulatory T cells has also been reported recently [10-12].
Belkaid et al. reported that naive CD4"Foxp3~ T cells converted
CD4'Foxp3™ T cells in the gut and that gut-resident DCs produced
ATRA. This conversion of Tregs occurred in a TGF-B and ATRA-
dependent fashion [12]. Powrie et al. also reported that ATRA-
dependent naive T cells converted to Tregs after oral administra-
tion of antigen [11]. CD4*Foxp3~ T cells cultured with TGF-p, IL-
2, and ATRA can convert into a CD4"Foxp3 oER7"CCR9” phenotype
in vitro and ATRA enhances the expression of Foxp3 and increases
their suppressor activity [10]. ATRA can induce regulatory CD4* T
cells from naive CD4* T cells more efficiently in a Foxp3-dependent
way. In this study, we first showed that ATRA and TGF-p was used
to generate regulatory CD8" T cells ex vivo.

5. Conclusions

ATRA and TGF-p induce antigen-specific regulatory CD8" T cells
in autoimmune diabetic mice. Regulatory CD8" T cells induced

ex vivo would be useful as a therapeutic tool for autoimmune
diabetes.

Acknowledgment

We are grateful to Ms. Atsumi Katsuta for her outstanding
assistance.

References

[1] H. Hengartner, B. Odermatt, R. Schneider, et al., Deletion of self-reactive T cells
before entry into the thymus medulla, Nature 336 (1988) 388-390.

[2] RK. Gershon, K. Kondo, Cell interactions in the induction of tolerance: the role
of thymic lymphocytes, Immunology 18 (1970) 723-737.

[3] S. Sakaguchi, N. Sakaguchi, M. Asano, et al, Immunologic self-tolerance
maintained by activated T cells expressing IL-2 receptor alpha-chains (CD25).
Breakdown of a single mechanism of self-tolerance causes various
autoimmune diseases, J. Immunol. 155 (1995) 1151-1164.

[4] S. Hori, T. Nomura, S. Sakaguchi, Control of regulatory T cell development by
the transcription factor Foxp3, Science 299 (2003) 1057-1061.

[5] J.D. Fontenot, M.A. Gavin, A.Y. Rudensky, Foxp3 programs the development and
function of CD4+CD25+ regulatory T cells, Nat. Immunol. 4 (2003) 330-336.

[6] X. Luo, KV. Tarbell, M. Suthanthiran, et al, Dendritic cells with TGF-betal
differentiate naive CD4+CD25— T cells into islet-protective Foxp3+ regulatory
T cells, Proc. Natl. Acad. Sci. USA 101 (2007) 2821-2826.

[7] K. Pino Lagos, M.J. Benson, R]. Noelle, Retinoic acid in the immune system,
Ann. NY Acad. Sci. 1143 (2008) 170-187.

[8] S. Castaigne, C. Chomienne, M.T. Daniel, et al., All-trans retinoic acid as a
differentiation therapy for acute promyelocytic leukemia. 1. Clinical results,
Blood 76 (1990) 1704-1709.

[9] JJ. Leyden, Therapy for acne vulgaris, N. Engl. J. Med. 336 (1997) 1156-1162.

[10] M]. Benson, K. Pino Lagos, M. Rosemblatt, et al, All-trans retinoic acid
mediates enhanced Treg cell growth, differentiation, and gut homing in the
face of high levels of co-stimulation, ]. Exp. Med. 204 (2007) 1765-1774.

[11] J.L. Coombes, K.R. Siddiqui, C.V. Arancibia Carcame, et al, A functionally
specialized population of mucosal CD103+ DCs induces Foxp3+ regulatory T
cells via a TGF-beta and retinoic acid-dependent mechanism, J. Exp. Med. 204
(2007) 1757-1764.

[12] CM. Sun, J.A. Hall, R.B. Blank, et al., Small intestine lamina propria dendritic
cells promote de novo generation of Foxp3 Treg cells via retinoic acid, J. Exp.
Med. 204 (2007) 1775-1785.

[13] M. Rifa'i, Y. Kawamoto, 1. Nakashima, et al., Essential roles of CD8+CD122+
regulatory T cells in the maintenance of T cell homeostasis, j. Exp. Med. 200
(2004) 1123-1134.

[14] RP. Singh, A. La Cava, M. Wong, et al., CD8+ T cell-mediated suppression of
autoimmunity in a murine lupus model of peptide-induced immune tolerance
depends on Foxp3 expression, J. Immunol. 178 (2007) 7649-7657.

[15] E. Uss, A.T. Rowshani, B. Hooibrink, et al., CD103 is a marker for alloantigen-
induced regulatory CD8+ T cells, J. Immunol. 177 (2006) 2775-2783.

[16] S.D. Koch, E. Uss, RA. van Lier, et al, Alloantigen-induced regulatory
CD8+CD103+ T cells, Hum. Immunol, 69 (2008) 737-744.

[17] M. Mahic, K. Henjum, S. Yaqub, et al, Generation of highly suppressive
adaptive CD8(+)CD25({+)FOXP3(+) regulatory T cells by continuous antigen
stimulation, Eur. J. Immunol. 38 (2008) 640-646.

[18] S.M. Lieberman, A.M. Evans, B. Han, et al., Identification of the beta cell antigen
targeted by a prevalent population of pathogenic CD8+ T cells in autoimmune
diabetes, Proc. Natl. Acad. Sci. USA 100 (2003) 8384-8388.

[19] J. Verdaguer, JW. Yoon, B. Anderson, et al, Acceleration of spontaneous
diabetes in TCR-beta-transgenic nonobese diabetic mice by beta-cell cytotoxic
CD8+ T cells expressing identical endogenous TCR-alpha chains, J. Immunol.
157 (1996) 4726-4735.

[20] M. Nagata, P. Santamaria, T. Kawamura, et al., Evidence for the role of CD8+
cytotoxic T cells in the destruction of pancreatic beta-cells in nonobese
diabetic mice, ]. Immunol. 152 (1994) 2042-2050.

[21] A. Amrani, ]. Verdaguer, P. Serra, et al, Progression of autoimmune diabetes
driven by avidity maturation of a T-cell population, Nature 406 (2000) 739-
742.

[22] J. Peng, B. Dicker, W. Du, et al., Converting antigen-specific diabetogenic CD4
and CD8 T cells to TGF-beta producing non-pathogenic regulatory cells
following FoxP3 transduction, ]. Autoimmun. 28 (2007) 188-200.

[23] J. Lehmann, J. Huehn, M. de la Rosa, et al., Expression of the integrin alpha E
beta 7 identifies unique subsets of CD25+ as well as CD25- regulatory T cells,
Proc. Natl. Acad. Sci. USA 99 (2002) 13031-13036.

[24] A. Banz, A. Peixoto, C. Pontoux, et al, A unique subpopulation of CD4+
regulatory T cells controls wasting disease, IL-10 secretion and T cell
homeostasis, Eur. J. Immunol. 33 (2003) 2419-2428.

— 169 —



LETTERS TO THE EDITOR

BIGUANIDE, BUT NOT THIAZOLIDINEDIONE,
IMPROVED INSULIN RESISTANCE IN
WERNER SYNDROME

To the Editor: Werner syndrome (WS) is an autosomal re-
cessively inherited disorder and is known for adult progeria
characterized by clinical phenotypes of early aging. The
cause of this disease is identified as homologous mutations
in WS protein (WRN), a RECQ family deoxyribonucleic
acid (DNA) helicase gene.! In particular, WS patients often
represent type 2 diabetes mellitus characterized by marked
insulin resistance.

A §5-year-old female patient with WS, who recently
died at 63 years of age, had visited our hospital for glycemic
control. She was thin (body mass index 18.6 kg/m?) and had
the characteristic features: loss of hair, cataracts, skin ulcer,
soft tissue atrophy, history of thyroid tumor, and type 2
diabetes mellitus. Genomic DNA analysis revealed that she
was homozygote for type 6 (6/6) mutation in WRN DNA
helicase gene, and WRN protein was not detected by
immunoblot analysis.? Diabetic duration was 17 years, her
having been diagnosed with diabetes mellitus at 38 years of
age. Fasting serum C-reactive protein {CRP) and 24-hour
urinary CRP were 2.8 ng/mL and 58.0pg/d, respectively.
These results showed that her insulin secretion was not im-
paired, suggesting the presence of insulin resistance. The
number of insulin receptors and the insulin receptor tyro-
sine kinase activity in her erythrocytes were measured using
enzyme-linked immunosorbent assay method and were
found to be normal.?> Although she had been treated
with 42 U daily of humalin3/7 (insulin), blood glucose re-
mained high, and her glycosylated hemoglobin (HbA1c)
was 9.8%. Therefore, troglitazone (TRO, thiazolidinedi-
one), a peroxisome proliferator-activated receptor-y ago-
nist, buformin (biguanide) on humalin3/7, or both were
added. TRO administration on humalin3/7 failed to im-
prove glycemic control. In contrast, buformin on humalin3/
7 markedly improved glycemic control from 9.8% to 6.9%
at HbAlc level and reduced daily insulin requirement from
42U to 28 U. Moreover, additional TRO administration on
buformin plus humanlin3/7 showed neither improvement
of glycemic control nor reduction of daily insulin require-
ment. A euglycemic-hyperinsulinemic clamp was per-
formed during insulin alone and buformin plus insulin
therapy. Exogenous glucose infusion rate (GIR) at an insu-
lin concentration of 150 pU/mL was 3.65 mg/kg per minute
during insulin therapy alone and 3.68 mg/kg per minute
during buformin plus insulin therapy. At an insulin con-
centration of 400 pU/mL, which suppresses hepatic glucose
production, each GIR was similarly increased, up to ap-
proximately 11 mg/kg per minute (Figure 1). These results
indicated that her insulin resistance depended on impair-
ment of peripheral glucose uptake improved by high insulin
concentration. In addition, there were no differences in GIR

l Insulin alone (42U) I in:igl;;a?;i)) I
B IRT (50 pU/mL
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Figure 1. Change in glycosylated hemoglobin {HbA1c), final
insulin requirement, and glucose infusion rate (GIR) in
euglycemic-hyperinsulinemic clamp before and during biguanide
plus insulin therapy.

between the therapies with or without biguanide, but big-
uanide clinically improved her insulin resistance, suggesting
the presence of another factor.

Thiazolidinedione improves insulin sensitivity primar-
ily by increasing glucose uptake and biguanide by decreas-
ing glucose production.* A previous report demonstrated
that biguanide activates adenosine monophosphate (AMP)-
activated protein kinase as well as adiponectin, resulting in
a decrease in hepatic glucose production.® In the current
case, biguanide, but not thiazolidinedione, markedly im-
proved insulin resistance in WS. Recently, biguanide and
insulin have been reported to suppress hepatic gluconeo-
genesis through phosphorylation of cyclic AMP response
element binding protein—binding protein through the differ-
ent signaling pathways.® This is compatible with the find-
ings of the current study that combination therapy of
biguanide and insulin had an additive lowering effect on
blood glucose levels.

This experience provides new evidence that an increase
in endogenous glucose production rather than a decrease in
peripheral glucose uptake could account for insulin resis-
tance in WS and that biguanide may be a promising ther-
apeutic tool for insulin resistance in this disease.

Hisafumi Yasuda, MD, PhD

Masao Nagata, MD, PhD

Kenta Hara, MD, PbD

Hiroaki Moriyama, MD, PhD

Koichi Yokono, MD, PhD

Department of Internal and Geriatric Medicine
Kobe University Graduate School of Medicine
Kobe, Japan
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THE MAN WHO COULDN’T CLOSE HIS MOUTH

To the Editor: An 82-year-old man was referred for a sus-
pected transient ischemic attack. He said that, while having
a meal, he was suddenly unable to close his mouth. He was
unable to chew and continue his meal but was better after
about 10 minutes. On further questioning, he also com-
plained of aches in his jaw on chewing and intermittent pain
in the neck associated with weakness. He had several sim-
ilar episodes where he could not close his jaw since then,
including an episode during the consultation.

Routine investigations including inflammatory markers
were normal, excluding giant cell arteritis. His acetylcho-
line receptor antibody was positive at 43.1 (normal <5). By
this time, he had also developed intermittent dysphagia and
generalized weakness. A diagnosis of myasthenia gravis was
made, and all his symptoms resolved after intravenous
immunoglobulins and oral pyridostigmine and predniso-
lone.

Myasthenia gravis is largely underdiagnosed in the el-
derly population and can present with subtle and unusual
clinical patterns.»* Acetylcholine receptor antibody, mus-
cle-specific tyrosine kinase antibody, and repetitive nerve
stimulation studies usually confirm the diagnosis.®* It
should always be remembered to maintain a high index of
clinical suspicion in elderly patients with subtle neurolog-
ical and musculoskeletal symptoms, as in this case, espe-
cially given that the prevalence of myasthenia gravis in
elderly people has increased.’**
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Department of Geriatric Medicine
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ACUTE UPPER GASTROINTESTINAL BLEEDING IN
ELDERLY PEOPLE: PRESENTATIONS, ENDOSCOPIC
FINDINGS, AND OUTCOMES

To the Editor: Acute upper gastrointestinal (GI) bleeding
in elderly patients is a commonly encountered medical
problem, with annual hospitalization costs estimated to be
approximately $1.48 billion.” The rate of admission for
acute upper GI bleeding increases 30-fold between the third
and ninth decades of age, and the percentage of patients
aged 60 and older with a diagnosis of acute upper GI
bleeding increased from 46.1% in 1987 to 63.2% in
2001.%3

The increase in the incidence of acute upper GI bleeding
in elderly people has been attributed to many factors, in-
cluding an increase in the use of nonsteroidal anti-inflam-
matory drugs (NSAIDs) in elderly people,*who are at
greater risk of GI toxicity from these agents, as well as a
higher prevalences of Helicobacter pylori* and gastro-
esophageal reflux disease in elderly people.*

Several studies in the GI literature have compared acute
upper GI bleeding in the elderly population with that in
younger individuals. The incidence of acute upper GI bleed-
ing was more common in women than men.>~’ Peptic ulcer
disease is the most common source of acute upper GI
bleeding in elderly people.®!° Esophagitis is a common
etiology for acute upper GI bleeding, especially in patients
aged 80 and older.’>® Variceal bleeding is more commonly
seen in younger patients than in those aged 75 and older.!!
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BERE 53

%12 % (2010)

Table 1 ABERRZER R

RS AST (GOT) 17 TU/1
EH (=) ALT (GPT) 10 TU/1
i3 (=) y-GTP 18 1U/1
b vtk (=) ALP 237 1U/1
{ 2R} LDH 173 1U/1
WBC 4800 /! Na 139 mEq/!
BFHER 65.0 % K 46 mEq/1
IR H Bk 1.0 % Cl 105 mEq/!
HER 40 % Ca 85 mg/d!
) v SER 30.0 % P 36 mg/dl
RBC 41075 /ul BUN 18 mg/di
Hb 116 g/dI Cre 0.81 mg/d!
Ht 35.7 % TP 71 g/dl
IV 8 2297 /ul Alb 37 g/di
{ifi 3 A L2 A/GH 1.09
ik 60 5 56 mm/h Amy 80 IU/I
CRP 244 mg/dl T-Bil 05 mg/d!
PTINR 0.93 INR LDL-C 136 mg/d!
APTT 282 8 HDL-C 73 mg/dl
TG 82 mg/dl
Glu (k) 241 mg/dl
HbAlc 89 %
Table 2 AFEKEBAR R
P P s 1 5L {APS B}
| i A AV 2.0 mg/day TSH 2.327 pU/ml
24 i CPR (JR) 146 ug HERE T3 2.5 pg/ml
CPR < 0.03 ng/ml HERE T4 0.86 ng/dl
At CPR < 0.2 ng/ml PL TPO Pifk (RIA) 177 U/ml
ICA (+) F4uro7) yHk (RIA) 1.8 U/ml
$i GAD #itk 8679.3 U/ml yLoras) 1.9 ng/ml
IA-2 hitk 24 U/ml ACTH 495 pg/ml
INFV—N 149 pg/di
HLA : DRBI 0901/0901  $iEIE R EHulk (=)
DQB1 0303/0303  #iEHEEHIME (=)

Pt H.Pylori Jufk

(+)

ELY)EFRIRIONZLE LD, ZTORKE
IRERIEE 2R L7z, 2009 SEMIE8 CT MifrL7z& 25
BOEIER R D272, F4E 3 ARAINE B I AR
Loz

BEERE @ TADA (—), COPD(BERIAGE), 2008
£ OBRRREE (L —¥—&k), ik

RIERE : Fimd &z LRl

A YE IE 0 BRAE 2008 4E K ¥ T 20 A/H x50 4E fk
2001 FELNERE AT TLLF— ¥ (-), &F
{~2

BT R - B & 1588cm, K& 57.3kg, BMI 22.7kg/
m®  [iE 128/90mmHg, kA 103 [H/4, ik 36.8°C,

SpO: 98% (room air), Eiki&HH, £F I\ FHZHAB
(FREETIC—B L 2w, WL L. #uke L. %8
L. @FEMERD 50% b)), IREEEE @ il
L, ERERAEE : #gee L HFRBR - EBRZL, REY
oS3, PP W A EF fine crackle BE
B WERE, MEEIENES. BEEETRICEE R
L. FFMfEZ L. WUBRiEZ L. RE)E - T CFW
KT, ER: TRTEEKRT, EFE: E¥ 7%
L A SCAHE R, e RN E SR 3. fREE 2 L.
PR L. femikB, RHRER, MAESGRE E
REAER, REERAEIT, FRMEBIITRTER. grx
V7B T B,
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I MBERFERET AT YT

Fig. 1 W& CT %
A HEGREA B AERERME L

B R (Table 1, 2) 1 REBRETIZY b ok
XM T, migE Tt Glu(bikF) 241mg/dl, HbAlc
89% (JDSfl) THo7z. TLRICTHET VT I VK
HHYF. M CPRIZZ VA T VAR 65#TH<02
ng/ml Tdh-7:z. ICA Bk, $t GAD Hifkis 8679.3U/
ml EEWLERERL, A2 LBHETH- 2
HLA ## #F T & DRBI 0901-DQBI 0303/DRB1 0901-
DQB1 0303 (k E#HAK) & EBERZHEETFEELT
Wiz, FRBANVEYORFERRBORI o728, H
TPO §ufkkatE, ¥l Tg vk ER L7, £/ ACTH
495pg/ml L HRE F R AD A%, PiEIE R ke
T Addison # i3 TEEM TH - 72. it HPylori HifkBy
HTHHBMFEAIEE T, EHRELLBEENT
ol MERETIIEFEZ2#EOT, MRI- MRA 125
WTHBEIEYS 2 FEEEZEDLOATH o7,
CT (Fig. 1) TIZMEBEE L& L S TEISH T TERL
HEBEOIEZ A7, KHEBERG (Fig2) TETHE
BEMRIC—H LB L UREERICD-2EH

Fig. 2 REEHRE

GUBRARDBEET A IV TIEFBELEVHRTH -
7. L2 L, RBENICREDRECERCAHOER R Y
DOFAEEZRO T, ARSERECIE, BENEILE
WFE D% X &R0, D NARZEDT. THD
el b X hosRTiE, ENFREDT. KEN
FEE=%Y Y7 TIXLES EiZ LA L, R L 24
EENIIZ L A LREOT, ARIRENZ05% THY, BE
THAIYTORRECFEL ok DEXY, 7L —
FUEROBET H 57 LWL

AIEBNE, 1 BUBERIE % A3 5 % MRtk H CREER
B (APS) ThY, FHBEREBIUEENLEE=
Y UZIZT, BETHAS Y TOEMERDL:. B
11 BUBERRAE IO LTI, SRMEA R ) VR Rk
L, BE7THIYTIC0 LTS RmBE (= ba—
V) WERBERE U 7-A%, WETREERER, MR TREdE
LTwWizzdo—B PRI E LEEZ Azl ZA%ER
WELED L o72720, TELLICAFREOART
BRBETAI L L 72, HOGREEFIRRE
BIZBWTIZ, ERB X UHRBRRVE Y O A9
w2k, SEEAEICBVLTIREREROA VT E
25, FRAEROFRBICH L CIEABEZIT)I 2L
o,

zZ E

LR ECRIEIERE (APS) OWFAIS %% Table
SUTR L7z, ARERTIE 1 BBERKE, BHOREERR
JREEE, SEMARASEEL, BIEREICEL TR
BEOBREERTIZAD D00, REITREINAIES
Thor70, 2RIZYHETH S Addison FHITHEMN T
HY, ABES L VBBFRMECREREEZAT S
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