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Intranasal vaccination with p277 tandem repeat sequences
carried by Hsp65 prevented type 1 diabetes in NOD mice
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ABSTRACT AIM: To improve the prevent efficacy of
peptide p277 in autoimmune diabetes. METHODS:; The
recombinant expression plasmid pEI'28-Hsp65-6 X p277
was constructed by inserting 6X p277 which were ampli-
fied by PCR into the vector pET28-Hsp65. The plasmid
pET28-Hsp65-6 X p277 was transformed into E. coli
BL21 (DE3) and the fusion pwotein ( Hsp65-6X p277)
was expressed effectively as soluble protein after inducing
by lactose. The fusion potein was purified and then used
to immunize 4-week old female NOD mice with three
times of i.n. inoculations in the absence of adjuvants.
Serum samples from the immunized mice were collected at
monthly intewval. The concentrations of blood glucose and
antibodies were measured by automatic analyzer. RE-
SULTS: Administration with the Hsp65-6Xp277 to NOD
mice could prevent the development of diabetes. CON-
CLUSION: The fusion protein Hsp65-6X p277 might be
further developed to a vaccine againgt insulin-dependent
diabetes mellitus.
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It is now generally agreed upon that type 1 diabetes
mellitus, also called IDDM (insulin-dependent diabetes
mellitus) , is caused by an autoimmune process in which
T cells invade the pancreatic islets and destroy the insu-
lin-producing (3 cells"’ . The 60-kD heat shock protein
(Hsp 60) has gained notoriety for its apparent involve-
ment in the disease . A peptide, p277, from the se-
quence of the mammalian Hsp 60 molecule was identified
as containing a taiget epitope for diabetogenic T cells™ .
Prediabetic nonobese diabetic (NOD) mice manifest spon-
taneous antiboby formation and T cell responses to Hsp 60
and to peptide p277 prior to the onset of diabetes 7 .
V accination with the p277 peptide by itself can induce re-
sistance to spontaneous diabetes in NOD mice

The immune response has an important wle in the
pathogenesis of type 1 diabetes mellitus. Inflammation
and autoimmunity to heat shock proteins are part of the

progression of the discase'”

. In this regard, immune-
based therapies can mitigate the disease process. More
and more evidence supports that mucsal administration of
autoantigens can decrease ogan-specific inflammation and
disease in several models of autoimmunity, such as
atherogenesis . In this work, in order to improve the ef-
ficacy of the peptide p277 against diabetes, a fusion pro-
tein of Hsp65-6X p277 was constructed by genetic engi-

neering.
1 MATERIALS AND METHODS

1.1 Materials 4-week-old female NOD /it mice were
purchased from Shanghai Slaccas Experiment Animal Lim-
ited Company (SCXK 2003-0003) . The incidence of dia-
betes in the lony is 70%-80% at 7 months of age. The
protein thVEGF-p277 and HSP65 wer gifts from ZHU
Ai-hua (PhD) in our laboratory. All other chemicals and
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reagents were obtaned from chemical or biological compa-
nies (Takara, AMRESCO, Sigma, ef al). All the chem-
ical reagents used in the experiment were analytical
grade.

1.2  Construction of the vector Hsp65-6X p277
Bacterial genomic DNA containing the Hsp65 gene was
extracted from Mycobacterium tuberculosis var. bovis as
described ? . The Hsp65 gene was amplified by PCR from
the bacterial genomic DNA template using H1 (57 -
TTCGCCATGGCCAAGACAATTGCGTACG-3") and H2
(5 -AAAAAGATCTGCGAAATCCATGCCACCCATGT-
%) as foward and reverse primers. Amplified Hsp65
DNA fragments (1.6 kb) were analyzed in 1.0% (w /v)
agarose gel (Fig 1). After purification, the amplified
fragments were digested by endonuclease Ncol and Bglll
and then inserted into the pEI28a previously digested by
Ncol and BamHI to form a new expression vector pET28-
Hsp65. The p277 gene was amplified by PCR using Al
( 5 -ATGGGCTAGCGTTCTGGGTGGTGGTIGTT-GCTCT-
GCTGOGCGTTATCC-CGGCTCIG-3’) and A2 (5 -TAT-
GTCTAGAATCTTCGTTAGCTGGGGTCAGGGAGTCCAA -
AG-CCGGGATAAC GC G-3’) as forward and reverse
primers, respectively. Amplified p277 DNA fragments
were analyzed in 1.0% (w /v) agawse gel (Fig 2). Af-
ter purification, the amplified fragments were digested by
endonuclease Nhel and Xbal and then inserted into the
pET28-Hsp65 previously digested by Nhel to fom a new
expression vector pET28Hsp65-p277. The plasmid
pET28Hsp65-p277 still has Nhel site. The amplified
frasments p277 still can be inserted into pET28-Hsp65-
p277. The same process was repeated six times. Thus a
vector expressing the fusion protein Hsp65-6X p277 was

"

T: Promoter Hsp65 T termmator
'
"Ts Promoter Hsp65

VLGGGVALLRVIPALDSLTPANED

p277 amino acid sequence
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successfully constructed. It contained Hsp65 and six
times 25-amino-acid residue of p277 ( PVLGGGVALL-
RVIPALDSLTPANED) . The plasmid pET28-Hsp65-6<
p277 was transformed into E. wli BL21 (DE3) and the
resultant colonies were screened by kanamycin resistance,
and then sequenced to confirm correct insertion. A sche-

matic presentation of Hsp65-6X p277 is shown in Fig 3.

1 2

2027bp
1904bp
1583bp
1375bp

Figl PCR products analyzed by 1. 0% agarose electrophore-
sis
Lane 1; ADNA/ EcoRI/HindlIl; Lare 2; PCR products ( BCG as template)

1 2

Fig2 PCR products analyzed by 1. 7% agarose gel electro-
phoresis

1: DNA marker (pBR322 /Alul); 2 p277 DNA fragment amplified by PCR
with A;, A, as up- and dowmrstream primers

pET28- Hsp65

T: termumator

pET28-Hsp65-6 X p277

Fig3 Schematic diagram of the plasmid of Hsp65 and Hsp65 6x< p277
Hgp65 (A) and Hsp65-6X 277 ( B) fusion proteinwere expressed in E. @li using the pET28 vecior under the direction of the T7 pranoter. The T7 promoters
are represented in hatched boxes. The Hsp65 gene is represented by open box. In addition, the p277 are represented by cross boxes. The T7 temminator is repre-

sented by linear boxes.
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1.3 Expression and purification of Hsp65-6>< p277
fusion protein In our laboratory, several fusion proteins
had been prepared successfully . The same strategy was
used in expression and purification of the fusion protein
Hsp65-6X p277. The resultant bacteria were grown in
Luria-Bertani (LB) medium supplemented with kanamy-
cin (50 #g"mlﬁl) and incubated for 4 h after induction
with laciose when the optical density value at 600 nm
(ODgwo) of the bacterial suspension reached 0.50. Cul-
tures were harvested analyzed by 12% SDS-polyaciylam-
ide gel electrophoresis ( PAGE) .

After harvest, cells (wet weight of 10.0 g) were
suspended in 100 ml of 10 mmol °L ' PB supplemented
with 40 #1 lysozyme (10 “g°ml ') and 10 #1 DNasel ( 1
mg“m]il) at 37 Uor 30 min with shaking, then centri-
fuged at 12 000X g for 15 min. The supermatant was pre-
cipitated using ammonium sulfate at 20%—40% satura-
tion. Appwoximately 80 % of Hsp65-6X p277 was precipi-
tated. The precipitate was solubilized in 100 ml PBE ( 10
mmol°L ' PB[pH 7.4] and 5 mmol °L._' EDTA). The
solution was dialyzed to double-distilled H,O for 24 h,
and then loaded in a DEAES2-cellulose ( Whatman,
USA) column pre-equilibrated with PBE. The column
was washed with the equilibration buffer until the absor-
bance value at 280 nm was below 0.2 Hsp65-6X p277
was eluted using a linear gradient of 50— 500 mmol °L '
NaCl in PBE protein- ontaining fractions were ollected
and then analyzed by 12% SDS-PAGE.

1.5 Vaccination 4-week-old female NOD mice were
divided into three groups of 10 animals each ( n= 10 per
group) . Two groups, respectively, 1eceived three i. n.
inoculations of 100 g of purified Hsp65-6X p277, HSP65
solubilized in sterilized phosphate-buffered saline at 4, 7
and 10 weeks of age; the control mice received three i.n.
inoculations of phosphate-buffered salire.

1.6 Hyperglycemia After the final administration,
serum samples were collected at monthly interval. The
concentration of blood glucose was measured by Hitachi
automatic analyzer ( model-7150, Tokyo, Japan). A
mouse was corsidered to be diabetic if the blood glucose
level was™ 11 mmol°L. ' on two mnsecutive examina-
tions. The data were expressed as ( x T=s). Paired Stu-
dent’ s t-test was used.

1.7 ELISA analyses of specific antibodies against
p277 or Hsp65  Purified thVEGF-p277 or Hsp65 was
diluted with 0. 1 mmol°L ' carbonate-bicarbonate buffer
(pH-9. §), and, applied to flat-hottom ELISA plates ( Costs
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ar, USA) at 100 g per well. ELISA plates were incubat-
ed ovemight at 4 ‘C. Wells were blocked with 10
l phosphate buffer (pH 7.4) containing 5%
(w/v) bovine serum albumin (Sigma, USA) for 1 h.
Then the wells were incubated with 1 - 100 two—fold dilut-

ions of serum samples collected from immunized animals

mmol °L

overnight at4 “C. The wells were washed three times with
10 mmol °L ' phosphate buffer ( pH 7.4) containing
0.1% (v/v) Tween-20. Each well was added 100 1
goat anti-mouse IgG horseradish penxidase ( Promega,

USA) which was diluted 1 *20 000 with 10 mmol°L '
phosphate buffer (pH 7.4) containing 1%} (w/v) BSA
and then incubated at 37 ‘C for 1 h. The wells were
washed intensively six times with 10 mmol °L ' phosphate
buffer (pH 7.4) containing 0. 1%§ (v/v) Tween-20. To
each well, 50110.01% (w/hv) 3,3,5,5 -tetramethyl-
benzidine and 50 #1 0.2 mol°L ' NayHPO, — 0.1
mol °L ' citrate buffer ( pH 5.5) containing 0.24 % ( wl
v) H,0,-urea was added and incubated at 37 C for 15
min. The reaction was stopped by adding 50 #1 2
mol °L. ' H280s. OD o value of the reaction solution was
measured by multiskan spectrum micwoplate spectropho-

tometer (Themo, USA).
2 RESULTS

2.1 Construction of the vector Hsp65-6 < p277
Hsp65 gene (1.6 kb) was successfully amplified using
BCG genomic DNA as the template and two primers de-
signed on the basis of Hsp65 DNA sequence, and mserted
into pEl28a to form the pET28a-Hsp65 plasmid. The
p277 gene was successfully amplified using the two oligo-
nucleotides and inserted into pET28a-Hsp65 to fom the
pEI28a-Hsp65-6X p277 plasmid. The amount of Hsp65-
6X p277 in engineered E. @li strains increased to the
highest level when cells were further cultured in LB medi-
um for 5 h after lactose induction. The fusion protein
Hsp65-6X p277 was expressed as soluble proteins in en-
gineered stains ( shown in Fig 4) .

2.2 Expression and purification of Hsp65-6< p277
fusion protein After impurity was partially removed by
precipitation in 25% saturated ammonium sulfate, about
80% of Hsp65-6X p277 was precipitated with 45%; satu-
rated ammonium sulfate. The precipitations was solubi-
lized and dialyzed to 10 mmol°L ' PB to remove most of
ammonium sulfate in solutions. Then it was further puri-
fied by DEAES2-cellulose. The fusion protein was eluted
at 100— 130 mmol°L ' NaCl in PB. It was purified to
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appoximate homogeneity using the above procedure (Fig
5.

kD

116
66.2

45.0
35.0

25.0
184

144

Fig 4 Expression of Hsp65 6X p277

Hsp65-6X p277 fusion protein was analyzed in 12% SDS-PAGE gel stained
with Coomassie blue. Lane 1. total poteins of E. w/li BL21 ( DE3); lane 2.
Total proteins of E. coli BL21 ( DE3) containing pET28a induced by lactose;
hne 3: otal proteins of E. coli BL21 (DE3) containing pET28& Hsp65 in-
duced by lactose; lane 4: total proteins of E. coi BL21 ( DE3) containing
pET'28-Hsp65-6X p277 induced by lactose; lane 5: protein mokculir weight
markers

2.3 Administration of Hsp65-6>X p277 could prevent
diabetes in the absence of adjuvants We immunized
NOD female mice three times with Hsp65-6 X p277 in

PBS at 4, 7 and 10 weeks of age respectively. Control

mice treated with PBS for spontaneous IDDM appearing.
The results indicated that the fusion protein Hsp65-6 X
p277 could reduce significantly the severity of spontaneous
diabetes developing (Tab 1) .

1 2 3 4 5
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Fig 5 Purification of Hsp65 6x< p277

Hp65-6X p277 fusion protein was analyzed in 12% SDS-PAGE gel stained
with Coomassie blue; Lane 1: protein molecular weight matkers; lane 2 total
proteinsof E. coli BL21 (DE3); lane 3: total proteins of E. coli BL21L
( DE3) containing pET28a induced by laciose; lane 4: total proteins of E. co-
i BL21 ( DE3) containing pET28-Hsp65— 6X p277 induced by lactose; lane
S: purified Hsp65-6X p277
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2.4  Specific anti-p277 antibody formed in NOD
mice ELBA assay showed that the serum samples col-
lected from mice immunized with Hsp65— 6X p277 con-
tained anti-p277 antibodies. The anti-p277 antibodies
could be detected as early as the age of 7-week-old post
the first immunization ( Fig 6) . Specific antibodies against
p277 continued to be made at high levels and last for
more than 12 weeks. ELISA assay showed that the seum
samples ollected from mice immunized with Hsp65-6<
p277 by intranasal administration contained anti-Hsp65
antibodies also (Fig 7).
1.2 B Hsp65-6 X p277

@@ Hsp65
O pPBS

0 1 3 4 5
Mice age/month

Fig6 Antip277 antibodies in immunized mice

Anti-p277 antibodies were detected by ELISA at several time points (D 4,
value of the reaction solution was indicated with ordinate, and the ages of
mice were indicated with abscissa. Serum samples from mice immunized with
the fusion protein Hsp65-6X 1277 Serum samples from mice inmunized with
the fusion protein Hsp65; Serum samples from mice in control group. High
level anti-p277 antibodies have been induced in Hsp65-6X p277-treated mice
compared with PBS-treated mice ( P 0.01).

1.8 B Hsp65-6 X p277
1.6 0O Hsp6b

14 PBS
1.2

= 1.0

< 0.8

0.6
0.4
0.2

0

0 1 2 3

4 5 6 7
Mice age/month

Fig7 Anti Hsp6S antibodies in immunized mice
Anti-Hsp65 antibodies were detected by ELISA at several time points. A,
value of the reaction solution was indicated with ordinate, and the ages of

mice were indicated with absci ssa.
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Tab1 Effect of administering antigens on development of disbetes( x+s, n— 10, mmol°L ")
Spontaneous IDDM
Group Tzzz};;r: 6 months 7 months 8 months

Incidence Blood glucose Incidence Blood glucose Incidence Blood glucose

A PBS 2/10 8.4+14.5 6/10 18.2+4.8 80 20.9£8.5

B Hsp65 2/10 12.8416.3 3/10 13.6114. 8 5/0 15.3+14.9

C  Hsp65-6X p277 0/10 3.712. 90 0/10 4.2843.50 0ho 5. 0942. 30

4-week-old NOD female mice were treated by i. n. inoculation with PBS or with 100/ g of the indicated antigens. The mice were inoculated other twice at 7 weeks

and 10 weeks of age respectively. Spontaneous IDDM was assayed at ages 6, 7 and 8 months. A mouse was considered to be diabetic if the blood glucose levelwas

> 11 mmol°L™! on wo corsecutive exaninations

3 DISCUSSION

Studies showed that the peptide p277, an immuno-
modulatory peptide from Hsp60, could arreste B-cell de-
struction and maintain insulin production in newly diabetic
NOD mice and in patients with newly diagnosed (< 6
months) type 1 diabetes "' . The p277 peptide can be
exploited to regulate the spontaneous autoimmune pocess
of B-cell destruction in NOD mice'” . But the peptide,
p277, only contained 25-amino-acid residue ( PV-
LGGGVALLRVIPALDSLTPANED), which apparently is
very weak antigen on its own. The weak antigenicity of
the self-antigen culd be overcome by several methods
such as linking the self-antigen with strong T-helper
carrying  the

[ 15] .
molecules  or other methods. In this paper we use the

epitopesm] , self-antigen by carrier
fusion protein strategy to evhance the antigenicity of
p277. Mycobacterium heat shock protein-65 was chosen
as camrier and six copies p277 as strong T-helper
epitopes. Special immune response against p277 was suc-
cessfully triggered n body after immunizing mice with the
Hsp65-6X p277 without any adjuvants.

In recent years more and more self-antigens have
been selected for vaccine development, such as anti-lu-
teinizing homone releasing hormore (LHRH), anti-hu-

)[1q and other

man human chorionic gonadotophin (hCG
vaccines, which have been tested for immunocontraception
in primates or other animals. Administration of the p277
peptide by itself can induce resistance to spontaneous dia-
betes in NOD mice'” , but the weak immunogenicity lim-
its its efficiency. Although the 65 kD heat shock protein
(Hsp65) of mycobacterium tuberculosis could be used to
[4] al-
s0, it lied on the approach of administration and it needed

vaccinate against autoimmune diabetes in NOD mice

adjuvants. Now we reported that the fusion protein
Hsp65-6X p277 could educe significantly the severity of

spontaneous diabetes developing in NOD mice even in the

absence of adjuvants, and the efficiency outgo administra-
tion of the p277 peptide by itself only.

Muwsal administration of autoantigens not only has
proven effective as a treatment for a laige number of ani-
mal models of autoimmure disease' " but also has provid-
ed numerous advantages over comventional subcutaneous
injection. These include convenience, safety and accept-
ability by more people. However, despite these attractive
features, in practice, it is rather difficult to stimulate
stiong immune responses by mucosal administration of an-
tigens. Our study showed that using Hsp65 as a carrier for
presenting repeat p277 epitopes could successfully stimu-
late long-lasting immune response against p277 in mucosal
administered mice even in the absence of adjuvanis. It
provides convenience for human to develop vaccine in the
future.

Special immune response against p27/ and Hsp65
was successfully triggered in body after immunizing mice
with the Hsp65-6X p277 without any adjuvants. The titer
of anit-p277 antibodies culd be last long term. NOD
mice vaccinated with the fusion protein Hgp65-6X p277
could decrase significantly the incidence of spontaneous
IDDM. It was verified that the strategy was effective for
developing vaccines. The fusion protein Hsp65-6 X p277
has the potential to be developed as a suitable vaccine

against nsulin-dependent diabetes mellitus.

REFERENCES

1 Castano L, Eisenbarth GS. Type— I diabetes; a chronic auto-
immune disease of hunan, mouse, and raf J] . Annu Rev Im-
munol, 1990; 8: 647— 79

2 Birk OS, Douek DC, Elias D, Takacs K, Dewchand H, Gur
SL, et al. A role of Hsp60 in autoimmune diabetes; analysis in
a transgenic model[ J] . Proc Natl Acad S USA, 1996; 93 1032
—7

3 Elias D, Reshef T, Biik OS, Van der Zee R, WalkerMD, Co-
hen IR. Vaccination against autoimmune mouse diabetes with a
T-cell epitope of the human 65kD heat shock pwotein| J]. Proc
Nat! Acad Sci, USA, &8. 3088



° 862 -

4 Elias D, Markovits D, Reshel T, van der Zee R, Cohen IR.
Induction and therapy of autoimmune diabetes in the non-obese
diabetic (NOD/D) mouse by a 65-kD heat shock protein[ J] .
Proc Natl Acad Sci USA, 1990; 87: 1576— 80

5 Bik OS, Elias D, Weiss AS, Rosen A, van-derZee R, Walk-
er MD, e al. NOD mouse diabetes: the ubiquitous mouse
Hsp60 is a beta-cell target antigen of autoimmune T cells[ J] .
Autoimmunity , 1996; 9: 159— 66

6 Elias D, Cohen IR Peptide therapy for diabetes in NOD mice
[J]. Lance, 1994; 343. 704— 6

7 Elias D, Marcus H, Reshef T, Ablamunits V, Cohen IR. In-
duction of diabetes in standard mice by immunization with the
p277 peptide of a 60-kD heat shock protein[ J] . Eur J Immu-
nol, 1995; 25; 2851— 57

8 Ruth Mawn, Weiner MD. Mucosal administration of Hsp65 de-
creases atherosclerosis and inflammation in aortic arch of low-
dendty lipopmtein receptor-deficient mice[ J]. Circulation,
2002 106: 1708— 15

9 Qi GF, Mao D, Wu J, Zhong PL, Zong L, Rouel SR, et al.
Long-lasting specific against CETP induced by subcutaneous and
mucosal administration of a 26-amino acid CETP epitope carmied
by heat shock pwtein 65-kD in the absence of adjuvants| J] .
Vaccine, 2004; 22. 3187—9%4

10 Jinshu X, Jingjing L, Duan P, Zheng Z, Ming D, Jie W, et
al. The immunogenicity of recombinant and dimeric gonadotro-
phin-releasing hommone vaccines incorporating a T-helper epitope

and GnRH or repeated GnRH units[ J]. J Immuno M ethods,

Chin J Clin Pharmacol Ther 2006 Aug; 11(8)

2004; 289: 111—2

11 Elas D, Meilin A, Ablamunits V, Bitk OS, Carmi P, Konen-
Waisman S, ef al. Hsp60 peptide therapy of NOD mouse diabe-
tes induces a Th2 cytokine burst and downregulates autoimmunity
to varous beta-cell antigend J] . Didbetes, 1997; 46 758— 64

12 Raz I, Elias D, Awron A, Tamir M, Metzger M, Cohen I. (-
cell function in new-onset type 1 diabetes and immunomodul ation
with a heat-shock pwotein peptide ( DiaPep277) : a randomised,
double-blind, phase Il trial J] . Lancet, 2001; 358: 1749— 53

13 Elias D Cohen IR: Treatment or autoimmune diabetes and insu-
litis in NOD mice with heat shock potein 60 peptide p277 J] .
Diabetes, 1995 44; 1132— 38

14 Panina-Borgignon P, Tan A, Temijtelen A, Demotz S, Corrma-
din G, lanzavecchia A. Univesally immunogenic T cell
epitopes pomiscuous binding to human MHC class 11 and pro-
miscuous recognition by T cells[ J] . Eur J Immundl, 1989; 19:
2237—42

15 Perraut R, Lussow AR, Gavoille S, Garraud O, Matile H, Gy-
sin J, e al. Successful primate immunization with peptides con-
jugated to purfied protein derivative or my cobacterial heat shock
proteins in the absence of adjuvants| J] . Clin Exp Immunol,
1993; 93: 382— 6

16 Thau R. Anti-IHRH and anti pituitary gonadotopin vaccines:
their development and clinical applications[J] . Scand J Immu-
nol Suppl, 1992; 11. 127— 30

17 Faria AMC, Weiner HL. Oral tolerance; mechanisms and ther-
apeutic applicationy J| . Adv Immundl, 1999; 73; 153— 264

SORE B4 % Bl BR 1 Hsp65-6.< p277
TR NOD /N §s, 1 983 R 10 & 4E

&5, £ F,REHE, X Rdh

E AR A

CARE % K p277 89 R IR B, A 5
H 3l & R AR R R A TR AR A . : ¥ p277
6 K& 8 5 Hsp 65a% & F T pET28a F 49312 F 48 Hsp
656X p217T R ik, ZEARBEEKRBATH
BL21 ¥ vA & s 7T o5 K&K, R0k 8T am e 3
BRER e i IR AT JDEAE ¢ 44 5242 BAT 4h
WIRIFE 89 &G . R i BEiak %8 Hsp 656X
p277 8L JR 452 7y K, 42 NI AnAEATAE 76 17 2

et 5 BARF R, d 7 210009, Lk

T 3k %954 BEMEENOD R, & A IRA R,
Hoi] FAk Aot A8 R . Y B R RN
AR5 & 8 Hsp 65-6X p277 T 4p% NOD &+ 1 &
AR Ry R A @R A% 8 Hep 65-6X p277 A
B KB B Wb MR FAR MU B R Rtk
R 8R .
AR B BG 65; p277; MRS F AR H M AE K
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