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Summary

Type I diabetes is a disease caused by autoimmune destruction of the beta
cells in the pancreas that leads to a deficiency in insulin production. The aim
of this study was to evaluate the prophylactic potential of a prime-boost
strategy involving bacille Calmette-Guérin (BCG) and the pVAXhsp65
vaccine (BCG/DNAhsp65) in diabetes induced by streptozotocin (STZ) in
C57BL/6 mice and also in spontaneous type 1 diabetes in non-obese diabetic
(NOD) mice. BCG/DNAhsp65 vaccination in NOD mice determined weight
gain, protection against hyperglycaemia, decreased islet inflammation,
higher levels of cytokine production by the spleen and a reduced number of
regulatory T cells in the spleen compared with non-immunized NOD mice.
In the STZ model, however, there was no significant difference in the clinical
parameters. Although this vaccination strategy did not protect mice in
the STZ model, it was very effective in NOD mice. This is the first report
demonstrating that a prime-boost strategy could be explored as an
immunomodulatory procedure in autoimmune diseases.
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Introduction

Type 1 diabetes (T1D) is an autoimmune disease character-
ized by T cell-mediated destruction of the f3 cells in pancre-
atic islets. It affects the insulin production and leads to
hyperglycaemia, polyuria and hypoinsulinaemia [1]. As a
chronic condition, it may cause blindness, cardiovascular
injury and harm in other systems at later stages [2].

A variety of animal models have been used extensively in
diabetes research and, in this study, we used two of these
models. The first was the one induced with multiple low
doses of streptozotocin (MLD-STZ). STZ is a chemical sub-
stance with alkylation properties that interferes with glucose
transportation. A single high-dose strategy results in severe
toxicity and acute diabetes. Conversely, the multiple low-
dose regimen, characterized by minimal B cell toxicity,
results in autoantigen release and a possible break in self-
tolerance [3]. The T cell dependence of this model is a
debated topic, and needs further evaluation. What is well
established is that diabetes in this model cannot be trans-
ferred reliably to syngenic recipients by transfer of

splenocytes [4]. Non-obese diabetic (NOD) mice are an
inbred strain derived from Jcl:ICR mice [5], which develop
type 1 diabetes spontaneously. The infiltration in the islets
starts around 4-5 weeks, when pockets of lymphocytes are
first observed juxtaposed to the pancreatic islets of young
NOD mice. As the animals grow older, these mononuclear
cells migrate into the islets, and by the time hyperglycaemia
occurs destructive insulitis is present. This model is very
similar to the human disease. Disease onset, for example, is
preceded by infiltration of pancreatic islets by mononuclear
cells and is controlled by many quantitative trait loci, par-
ticularly major histocompatibility complex (MHC) class II
genes. Diabetes in NOD mice is the most extensively
studied model of autoimmune disease [6,7].

The discovery of regulatory T cells (Ty,) disclosed a new
field to be explored in the control of autoimmune patholo-
gies [8].
up-regulated in conditions of stress that are highly con-
served throughout evolution [9]. Although recent research
implicates hsp60 as an autoantigen involved in type 1 diabe-
tes pathogenesis [10], this protein also contributes to pro-

Heat shock proteins (hsps) are molecules
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tection against autoimmune diseases. It has been described
that microbial homologues of mammalian hsps could
induce the recruitment of T, to inflamed tissues [9].

In this study, we investigated the possible protection
against type 1 diabetes through a prime-boost vaccination
strategy. This strategy consists in priming the system with
the antigen administered in one vector and then boosting it
with the same antigen, but through another vector [11].
Thus, we made use of two different vaccines containing
mycobacterial hsp65: bacille Calmette—Guérin (BCG) and
pVAXhsp65, a DNA vaccine. This association could, theo-
retically, be interesting because both vaccines have been
already tested separately against diabetes and other autoim-
mune diseases and showed positive results [12-15]. We
hypothesized that the prime-boost strategy could expand
these beneficial effects.

Materials and methods

Animals

Female NOD mice and male C57BL/6 mice were obtained
from the animal facility of State University of Campinas
(UNICAMP, Campinas, Sao Paulo, Brazil). The animals
were maintained on a 12-h light/dark cycle and given free
access to autoclaved water and food. All animal procedures
and experimental protocols were in accordance with the
local Ethical Committee for Animal Research (CEEA -
Protocol no. 212).

Study groups

NOD mice were distributed in three groups: non-
immunized NOD mice (NOD); NOD mice immunized
with BCG vaccine (BCG-NOD) and NOD mice immunized
with the prime-boost BCG/pVAXhsp65 (BCG/DNAhps65—
NOD). Diabetes type 1 in male C57BL/6 mice was induced
with STZ and animals were allocated into four groups: non-
immunized, non-diabetic mice (control); non-immunized
diabetic mice (STZ), mice immunized with BCG (BCG-
STZ) and mice immunized with the prime-boost BCG/
pVAX-hsp65 (BCG/DNAhps65-STZ).

Genetic vaccine construction and purification

The vaccine pVAXhsp65 was derived from the pVAX vector
(Invitrogen, Carlsbad, CA, USA), digested previously with
BamHI and NotI (GiBco BRL, Gaithersburg, MD, USA) by
inserting a 3-3 kb fragment corresponding to the Mycobac-
terium leprae hsp65 gene and the cytomegalovirus (CMV)
intron A. DH5a Escherichia coli transformed with plasmid
pVAX or the plasmid carrying the hsp65 gene (pVAXhsp65)
were cultured in Luria-Bertani liquid medium (Gisco
BRL) containing kanamycin (100 pg/ml). The plasmids
were purified using the Concert High Purity Maxiprep
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System (GiBco BRL). Plasmid concentrations were deter-
mined by spectrophotometry at 260 and 280 nm by using
the Gene Quant II apparatus (Pharmacia Biotech,
Amersham, UK).

Immunizations with BCG and pVAXhsp65

BCG vaccine [50 ul containing around 10° colony-forming
units (CFU)] was administered subcutaneously at the base
of the tail when NOD mice were 7 weeks old and C57BL/6
mice were 4-6 weeks old. In the prime-boost group,
animals were additionally injected with pVAXhsp65
(100 ug/100 ul) associated with 25% of saccharose by the
intramuscular route (quadriceps muscle) 15 days after BCG
immunization. NOD mice were monitored until their 29th
week of life, whereas STZ groups were monitored for 21
days after diabetes induction. Body weight and blood
glucose level were measured weekly and insulitis scores were
measured only after euthanasia. In addition, in the NOD
mice, cytokine production by spleen cells and the presence
of T, cells in the spleen were analysed.

Streptozotocin-induced diabetes and blood glucose
level determination

In order to induce diabetes, male C57BL/6 mice were given
intraperitoneal injections of STZ diluted in citrate buffer
(40 mg/kg; Sigma-Aldrich, St Louis, MO, USA) for 5 con-
secutive days. Using this protocol, glycaemia was deter-
mined once before the first STZ dose and three times after
the last dose. Non-fasted glucose concentration was deter-
mined in blood samples collected from the facial vein and
measured using Prestige LX Smart System Test-strips
(Home Diagnostic, Inc., Fort Lauderdale, FL, USA). NOD
mice are known to develop hyperglycaemia around week 12
and, therefore, blood glucose concentration was measured
from the 11th week onwards. Animals were considered dia-
betic when blood glucose levels were higher than 200 mg/dl
during 2 consecutive weeks. If they reached more than
400 mg/dl, mice were injected daily with 50U of Humulin N
(Eli Lilly and Company, Indianapolis, IN, USA).

Histopathological analysis

After euthanasia, pancreas were removed and fixed in
phosphate-buffered formalin 10% (phosphate buffer
pH=7-2) for 24 h. The organs were conserved in alcohol
70% until histological processing and paraffin inclusion.
Five-um sections were cut and stained with haematoxylin
and eosin (H&E). All islets on the slides were analysed and
the following criteria were employed to determine insulitis
score: 0 =intact islet; 1= peri-insulitis; 2= moderate
insulitis (< 50% mononuclear infiltration); and 3 = severe
insulitis (more than 50% mononuclear infiltration).
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Cytokine production by spleen cells

Spleen cells were cultured in RPMI-1640 medium supple-
mented with 10% fetal bovine serum, 2 mM L-glutamine
and 40 mg/l of gentamicin and then plated at 5x 10°
cells/ml in 48-well flat-bottomed culture plates (Nunc,
Sigma-Aldrich) and stimulated with 10 pg/ml of recombi-
nant heat shock protein 65-kDa (rhsp65). Cytokine levels
were evaluated 48 h later by enzyme-linked immunosorbent
assay (ELISA) in culture supernatants using interferon
(IEN)-y, interleukin (IL)-5 and IL-10 BD OptEIA Sets
(Becton Dickinson, San Jose, CA, USA) and tumour necro-
sis factor (TNF)-o. Duoset (R&D Systems, Minneapolis,
MN, USA). The assays were performed according to the
manufacturer’s instructions.

Frequency of CD4*CD25*orkhead box protein 3
(FoxP3") cells in the spleen

Spleen cells were collected, the red blood cells were lysed
with Hanks’s buffer containing NH,Cl and the remaining
cells were adjusted to 2:5 x 10° cells/100 pl. These cells were
incubated with 0-5 pug of fluorescein isothiocianate (FITC)
anti-mouse CD4 (clone GK1-5) and 025ug of
allophycocyanin (APC) anti-mouse CD25 (clone PC61-5)
for 20 min at room temperature. Staining for FoxP3 was
then performed utilizing the phycoerythrin (PE) anti-
mouse/rat FoxP3 Staining Set (eBioscience, San Diego, CA,
USA), according to the manufacturer’s instructions. After
incubation, the cells were fixed in paraformaldehyde 1%.
The cells were analysed by flow cytometry using
FACSCalibur (Becton Dickinson) and BD CellQuest Pro
software (Becton Dickinson, San Jose, CA).

Statistical analysis

Results are presented as mean * standard error of the mean
(s.e.m.). For diabetes incidence, the y* test was used. In all
other cases, one-way analysis of variance (ANovA) was used
for parameters with normal distribution and the Kruskal-
Wallis test for parameters with non-normal distribution.
Dunn’s test was used when necessary. Significance level
was P <0-05. Statistical analysis was accomplished with
SigmaStat for Windows version 3-5 (Systat Software Inc.,
Chicago, IL, USA).

Results

Effect of BCG/DNAhsp65 prime-boost in
STZ-induced diabetes

Weight variation, glycaemia and the score of mononuclear
infiltration in the pancreas were analysed in mice immu-
nized with BCG alone or with prime-boost (BCG followed
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Fig. 1. Effect of bacille Calmette—Guérin (BCG)/DNAhsp65
prime-boost in streptozotocin (STZ)-induced diabetes. (a) Weight
variation and (b) blood glucose concentration were measured weekly
in C57BL/c mice. The first measurement was performed before STZ
inoculation and the other three were performed 7, 13 and 21 days
after the last STZ dose. BCG and pVAXhsp65 were administered
before diabetes induction. The histopathological analysis of the
pancreatic islets (c) was performed 21 days after the last STZ
administration in pancreas sections stained with haematoxylin and
eosin (H&E) and all the islets were analysed. Results are expressed as
mean * standard error of the mean. *P < 0-05.

by pVAXhsp65) before diabetes induction with STZ. As
shown in Fig. la, although all the groups gained weight,
BCG-STZ and BCG/DNAhsp65-STZ exhibited a smaller
variation (3 and 1%, respectively) in comparison to the
control group (9%). BCG alone and BCG/DNAhsp5 prime-
boost were not able to avoid blood glucose increase in any
period and glycaemia in these groups was always similar to
the STZ group (Fig. 1b); histopathological pancreas analysis
revealed that the vaccines did not prevent insulitis either. As
shown in Fig. 1c, BCG and BCG/DNAhsp65 reduced the
percentage of intact islets (0 and 8%, respectively) in com-
parison to the STZ group (10%) and increased score 3
mononuclear infiltration (6 and 14%, respectively), also in
comparison to the STZ group (2%).

BCG/DNAhsp65 reduces diabetes clinical manifestation

in NOD mice

Despite the negative results of the vaccination protocols in
the MLD-STZ model, BCG alone and prime-boost BCG/
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Fig. 2. Effect of prime-boost bacille Calmette—Guérin
(BCG)/DNAhsp65 in diabetes manifestations in non-obese diabetic
(NOD) mice. Weight variation (a) and blood glucose (b) were
measured once a week from weeks 11 to 29. BCG was administered on
week 7; the prime-boost group was also vaccinated with pVAXhsp65
at week 9. Diabetes incidence through the weeks can be analysed in
(c). Results are expressed as mean + standard error of the mean.

*P < 0-05 in comparison to the NOD group. The percentage of
diabetic and non-diabetic mice at week 29 can be observed in (d) and
P=0-003.

DNAhps65 protected NOD mice against diabetes type 1
development. Seven-week-old NOD mice were immunized
with BCG, and in the prime-boost group they also received
a pVAXhsp65 dose 15 days later. Body weight and glycaemia
were then measured until week 29. The weight variation
from weeks 11-29 is shown in Fig. 2a. All the animals
gained weight; however, the variation in BCG-NOD and
BCG/DNAhsp65-NOD groups (20 and 21%, respectively)
was significantly higher than in non-immunized NOD mice
(13%). Weight gain was similar in the two immunized
groups. The blood glucose variation during the experimen-
tal period can be observed in Fig. 2b. Blood glucose levels in
the NOD group were always higher than 200 mg/dl from
week 18 onwards. Both BCG-NOD and BCG/DNAhsp65—
NOD groups had glycaemia measurements below the dia-
betic threshold; however, they were even lower in mice
immunized with the prime-boost. Therefore, the vaccines

Prime-boost protection against diabetes

protected mice against diabetes and data for the disease
incidence are shown in Fig. 2c. In the non-immunized
group, mice started to become diabetic by week 15. BCG
alone was able to delay diabetes onset until week 24 and
prime-boost BCG followed by pVAXhsp65 protected mice
completely until week 29. Figure 2d shows the percentage of
diabetic and non-diabetic mice per group, considering all
animals. By week 29, 78% of all diabetic mice were in the
non-immunized NOD group while the remaining 22%
were in the BCG-NOD group; there were no diabetic mice
in the BCG/DNAhsp65-NOD group. Thus, when analysing
the non-diabetic mice, only 17% of all animals were in the
NOD group, 38% were in the BCG-NOD group and almost
half of them (45%) were in the BCG/DNAhsp65-NOD

group.

Insulitis score is modulated by prime-boost
BCG/DNAhsp65 in NOD mice

Examples of each one of the inflammatory scores found in
the pancreas islets are shown in Fig. 3a: (i) presents a score
0, intact islet; (ii) shows a score 1 of infiltration, character-
ized by peri-insulitis; (iii) is a moderate infiltration defined

(a)

(b) Score 0 (%) |Score 1 (%) |Score 2 (%)|Score 3 (%)
NOD 23 17 10 50
BCG-NOD 17 40 23 20
BCG/DNAhsp65-NOD 23 31 29 17

Fig. 3. Effect of prime-boost bacille Calmette—Guérin
(BCG)/DNAhsp65 in the insulitis score in non-obese diabetic (NOD)
mice. The degrees of insulitis (a) were evaluated using a
semi-quantitative scale: (i) 0 = intact islet; (i) 1 = peri-insulitis; (iii)
2 = moderate insulitis (< 50% mononuclear infiltration); and (iv)

3 = severe insulitis (more than 50% mononuclear infiltration). The
analysis of the severity of mononuclear infiltration in NOD
immunized with the prime boost BCG/DNAhsp65 is shown in (c)
based on the score described above. All islets of all pancreas sections
were analysed.
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Table 1. Diabetes in C57BL/6 and non-obese diabetic (NOD) mice: comparison of clinical and histopathological parameters.

C57BL/6: day 21 (15 animals per group)

NOD: week 29 (11 animals per group)

STZ BCG -STZ BCG/DNAhsp65 — STZ NOD BCG - NOD BCG/DNAhsp65 — NOD
Glycaemic levels (mg/dl) 322 366 287 186 159
Diabetes incidence (%) 100 100 64 27 0
Insulitis score 3 (%) 2 6 50 20 17

BCG: bacille Calmette—Guérin; STZ: streptozotocin.

as score 2 and (iv) shows an accentuated level of inflamma-
tory infiltration, i.e. a score 3. Based on this score system,
Fig. 3b illustrates the diversity of insulitis scores found in
NOD mice. Although the three groups exhibit a similar per-
centage of islets on score 0, there is a descending pattern
from score 1 to score 3 in BCG-NOD and BCG/
DNAhsp65-NOD groups and the opposite occurs in the
non-immunized NOD group. The major difference is
observed in score 3; mice from the NOD group showed
50% of destructive islets while BCG alone and prime-boost
BCG/DNAhsp65 groups showed only 20 and 17%,
respectively.

Diabetes in C57BL/6 and NOD mice: comparison of
clinical and histopathological parameters

Comparisons between clinical and histopathological data
from induced (day 21) and spontaneous (week 29) diabetes
are shown in Table 1. Previous vaccination in NOD mice,
but not in the C57BL/6 strain, had blood glucose levels
considered non-diabetic. This protection was more pro-
nounced when NOD mice were immunized with the prime-
boost procedure. Analysis of diabetes incidence revealed the
same pattern, i.e. protection in spontaneous but not in
induced disease and superior efficacy of the prime-boost
strategy compared to BCG alone. Vaccination increased
insulitis in STZ-induced diabetes but decreased this process
in NOD mice.

Effect of vaccinations on cytokine production and
presence of T, cells

The cytokine profile in NOD mice was investigated based
on their production by cultured spleen cells stimulated with
rhsp65. Mice immunized with BCG alone and the prime-
boost BCG/DNAhsp6 presented a significantly higher pro-
duction of IFN-y in comparison to non-immunized NOD
mice (Fig. 4a). As shown in Fig. 4b, this increased produc-
tion by mice immunized with BCG followed by pVAXhsp65
was also seen in TNF-a levels compared to the NOD group.
The BCG/DNAhsp65 group showed a high production of
IL-5 in comparison with the NOD and BCG-NOD groups,
although there was no statistical difference (Fig. 4c). IL-10
levels seen in spleen cells stimulated with rhsp65 were
similar among the groups; however, there was a small
increase in the BCG/DNAhsp65-NOD group. CD4*CD25*

FoxP3" T, cells were quantified in the spleen by using flow
cytometry. As shown in Fig. 4e, the BCG- and BCG/
DNAhsp65-immunized groups presented —significantly
lower percentages of T, cells in the spleen than the non-
immunized NOD mice.

Discussion

T1D is an autoimmune condition associated with T cell-
mediated destruction of pancreatic beta-cells, resulting in
loss of the ability to produce insulin [16]. As diabetes has no
cure and the only available treatment consists in insulin
administration, there is a great deal of interest to investigate
immune-based interventions capable of protecting against
the disease. Various studies have shown the potential of
hsps to suppress immune responses in inflammatory dis-
eases, such as rheumatoid arthritis, allergy and T1D [9,17].
In this scenario, we hypothesized that a prime-boost
approach with administration of BCG (a M. bovis that
naturally expresses the mycobaterial hsp65) followed by the
vaccine pVAXhsp65 (DNA vaccine encoding the hsp65 gene
from M. leprae) could protect mice against the development
of type 1 diabetes. These vaccines have already been tested
separately and showed promising results not only in T1D,
but also in other autoimmune diseases as arthritis
and experimental autoimmune encephalomyelitis [12—
15,18,19]. Thus, we expected an additive or synergistic
effect from combining BCG and pVAXhsp65.
Seven-week-old female NOD mice were primed with
BCG vaccine and, 2 weeks later, they received the
pVAXhps65 booster. A non-immunized group and a group
immunized with BCG alone were used as experimental
control groups. In this model, animals start to present
mononuclear infiltration on the islets by the age of 4-5
weeks; however, clinical evidence for diabetes is only meas-
urable around week 12 [4,7]. For this reason, body weight
and glycaemia were evaluated from weeks 11-29. Weight
gain was evaluated daily and indicated that all three groups
gained weight; however, the immunized mice presented a
significantly higher percentage of weight acquisition. Most
relevant, the incidence of diabetes was also affected. While
the hyperglycaemia in non-immunized mice began to be
observed by week 15, in the BCG-NOD group it was
delayed until week 24 and in NOD mice immunized with
the prime-boost it was not detected during the whole pro-
tocol. Also, the percentage of diabetic mice was significantly
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NOD

Fig. 4. Effect of prime-boost bacille NOD

Calmette—Guérin (BCG)/DNAhsp65 in cytokine
production and frequency of regulatory T cells (e)
(Tyeg) cells. The production of interferon
(IFN)-y (a), tumour necrosis factor (TNF)-o.
(b), interleukin (IL)-5 (c) and IL-10 (d) by
spleen cells stimulated with rhsp65 in
non-obese diabetic (NOD) mice were
determined by enzyme-linked immunosorbent
assay (ELISA). The effect of prime-boost
BCG/DNAhsp65 in the frequency of T in the
spleen is represented at (e). Data were obtained
by flow cytometry. Results are expressed as
mean + standard error of the mean. *P < 0-05.

CD4*CD25*FoxP3* cells frequency (%)

higher in the NOD group compared to the BCG-NOD and
BCG/DNAhsp65-NOD groups. These results suggest that
although BCG alone is protective, the booster with
pVAXhsp65 increased its potential to modulate the disease.
We then analysed the insulitis score in the pancreas. Even
though there was no difference in the score 0, BCG alone
and BCG followed by pVAXhsp65 were able to reduce the
percentage of destructive insulitis (score 3) in NOD mice.
Comparisons of cytokine production indicated that there
was significantly higher production of IFN-y in both
immunized groups and that the BCG/DNAhsp65-NOD
group also exhibited higher levels of TNF-o in comparison
to the non-immunized group. These cytokines, better
known by their proinflammatory profile, could mediate
one of the mechanisms by which both vaccine strategies
protect mice against diabetes. Studies from [13] Qin et al.
demonstrated that the co-operation of IFN-y and TNF-a
triggers the apoptosis of diabetogenic T cells through both
Fas-FasL and TNF-TNFR1 pathways. IFN-y is also known
to induce MHC class II in various cell types. Thus, MHC
class II presentation of hsp fragments in the absence of
proper co-stimulation could boost regulatory T cell
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responses [20]. IL-5 and IL-10 levels were not statistically
different among the groups; however, their production was
slightly higher in the BCG/DNAhsp65-NOD group. To
evaluate the possible contribution of Ty, cells to this pro-
tective effect, we quantified these cells in the spleen. A
decreased percentage of CD4*CD25'FoxP3" cells in the
immunized groups was detected in comparison to the
NOD group. Hypothetically, these regulatory cells could
have exited the spleen in these immunized groups and
entered the pancreas to play their regulatory role on the
inflammatory site. This possible explanation finds support
in studies that show migration of T, cells from lymphoid
organs to the inflammatory site. For example [21], Tonkin
and Haskins demonstrated that the migration of regulatory
T cells from the peripheral lymphoid organs to the pan-
creas in the NOD mouse model resulted in reduced T
helper type 1 (Th1) effector cells and their cytokines in the
islets. We also suggest that these migrating T.., lymphocytes
could be hsp-specific T cells. These cells exert their regula-
tory effect when exposed to hsp, which is a stress protein
and could therefore be up-regulated at the inflammatory
site [9].
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Altogether, these results showed that the prime-boost
procedure protected NOD mice against diabetes and that
this strategy was even more effective than BCG alone, as
suggested by diabetes incidence findings. Further investiga-
tion will allow us to determine if T, cells are really located
in the pancreas and if these cells are hsp-specific, as we are
proposing.

Interestingly, the protective effects observed in NOD
mice were not detected in the MLD-STZ model. This
finding was unexpected and differ, to some extent, from
what has been suggested by a few papers. There is only one
report where the authors demonstrated that a BCG vaccine
prevented insulitis in MLD-STZ diabetes in mice [12].
However, a direct comparison with the present work is
hardly possible because distinct protocols, including mouse
strain, timing and the BCG immunization route, were
adopted. In addition, two other studies showed that vacci-
nation with a heat shock protein (hsp65) was able to protect
mice against diabetes induced by STZ [19,22]. Considering
that the prime-boost strategy was able to decrease signifi-
cantly the severity of insulitis and to avoid hyperglycaemia
in NOD mice, we are tempted to attribute the observed
failure to the STZ model itself. These two diabetes type 1
models present characteristics that could account for their
distinct behaviour. The NOD mouse has been considered to
be the model that resembles human type 1 diabetes most
accurately in its genetic and immunopathogenic complexity
[23,24]. For this reason it has been the preferred choice in
investigating the role played by different T cell subsets in
insulitis [25,26] and also to explore treatment strategies that
target the autoimmune process [27,28]. The MLD-STZ is
also considered a type 1 diabetes model in which the contri-
bution of macrophages, Th subsets and Tc cells have been
characterized [19,29,30]. However, STZ can induce diabetes
even in the absence of T and B cells, suggesting that it does
not model the human pathology as closely as the disease
developed by NOD mice [31]. This model is indicated pref-
erentially to pursue therapies targeting cytokines and oxi-
dants and also approaches to prevent beta cell death
[28,32]. The need to use a toxic diabetogenic drug could
also contribute to the inefficacy of BCG/pVAXhsp65 over
the STZ model. The current view is that STZ determines
strong immunosuppression associated with significant
lymphopenia [33]. A direct effect of this drug over the
immune system has been ascertained in vitro and in vivo
[34,35]. This effect of STZ over the immune system could
render it refractory to a potential immunomodulatory
activity of the BCG/pVAXhsp65 association. The concur-
rence of the C57BL/6 strain background, especially the
peculiarities associated with their T, cell subset, can also be
considered.

In conclusion, these results indicate that the prime-boost
BCG/DNAhsp65 is able to protect NOD mice against type 1
diabetes, although a more detailed investigation will be nec-
essary to clarify the immunological mechanisms. Our find-

ings suggest that apoptosis of diabetogenic T cells and
activity of T, cells could be involved.
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