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o r i g i n a l  c o m m u n i c a t i o n

In the early 1970s, increased frequencies of certain 
human leukocyte antigens (HLAs) in unrelated type-1 
diabetes individuals, compared with the general pop-

ulation, pointed to the HLA region on chromosome 6p as 
the location for type-1 diabetes susceptibility genes.1 The 
increased sharing of HLA haplotypes in pairs of siblings 
affected with type-1 diabetes added to the evidence of the 
importance of the HLA region. Since then, other candi-
date genes were found to be associated with susceptibility 
to type-1 diabetes.2-14 The genes for the heat-shock pro-

teins (HSPs)—HSP70—that map within the HLA class-
III region are also suspected to have a role in conferring 
genetic susceptibility or resistance to type-1 diabetes.15 
The HSP70 genes are located between the genes encod-
ing for the complement system and those encoding for 
the tumor necrosis factor.16,17 The product of these genes 
belongs to a major group of HSPs that are constitutively 
expressed primarily in the cytosol and mitochondria, and 
the members of their family are equipped with two major 
functional domains, including a C-terminal region that 
binds peptides and denatured proteins, and an N-terminal 
ATPase domain that controls the opening and closing of 
the peptide-binding domain.18

HSP70 was found to enhance antigen-specific prolif-
eration of human CD4+ memory T cells and to increase 
the immunogenicity of presented peptides.19 At low dos-
es of antigen, stimulation with HSP70-peptide complexes 
was found to be far superior to stimulation with peptide 
alone. The complex formation of the antigenic peptide 
with HSP70 was found to be absolutely required in or-
der to elicit an antigen-specific amplification. In this situ-
ation, the induction of HSP70 decreases the threshold of 
activation of human CD4+ T cells by the antigenic pep-
tide. The increased reactivity of T cells against a peptide 
chaperoned by HSP indicates a putative involvement of 
HSP in the pathogenesis of autoimmune diseases. Thus, 
the induction of HSP by certain stress factors, such as in-
fection, would facilitate an immune response to a given 
peptide of the self that would not be immunogenic under 
conditions where HSP is not available.

On the other hand, HSPs have been shown to play a 
protective role in islets exposed to cytokines. Expression 
profiling studies have demonstrated that HSP70 is one 
of these protective molecules.20 HSP70 has also been 
suggested to protect mitochondrial function against oxi-
dative injury, as heat-shock-induced HSP70 prevented 
H2O2-induced mitochondrial damage.21 Another mecha-
nism by which HSP70 can play a protective role is via 
cellular protection by interfering with apoptosis induc-
tion22,23 possibly by inhibition of JNK and p38.24,25

The product of certain HSP genes are autoantigen, 
which have the potential to trigger immunoregulatory 
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The polymorphism at the heat-shock protein gene was 
reported to be associated with type-1 diabetes in Cauca-
sians but not in the Japanese. We report in this study the 
association between HSP70-1 alleles and type-1 diabetes 
in 30 unrelated African-American patients and 96 ethni-
cally matched controls from the Washington, DC area. The 
polymorphic variation (A-C transversion) at position -110 in 
the HSP70-1 promoter region was amplified using the poly-
merase chain reaction. No significant differences between 
patients and controls were detected. These data suggest 
that in African Americans, HSP70-1 polymorphism is not 
associated with type-1 diabetes and is similar to findings in 
Japanese patients. The difference between results from this 
study and that of Caucasians may be due to population 
differences in genetic polymorphism or to linkage disequilib-
rium of HSP70-1 with human leukocyte antigen class-II alleles 
associated with type-1 diabetes susceptibility genes. 
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pathways that can suppress immune responses that oc-
cur in human inflammatory diseases, such as type-1 di-
abetes. Multiple studies have presented data supporting 
the possibility that HSPs may serve as endogenous sig-
nals for antigen-presenting cells (APC) maturation and 
may have a role in creating a balance between immune re-
sponse and tolerance.26 Moreover, studies in the nonobese 
diabetic mouse model of type-1 diabetes have shown that 
immunization with mycobacterial HSP60 protects against 
disease.27 In particular, HSP60-derived peptide p277 was 
shown to be effective in protecting nonobese diabetic 
mice against insulitis, and initial results of clinical trials 
of therapeutic vaccination with this peptide in patients 
with type-1 diabetes have indicated the potential of HSPs 
to be a source of immunoregulatory peptides.

It has also been shown that the p277 could bind human 
Major Histocompatibility Complex class-II molecules and 
induces proliferative T-cell responses in patients with type-
1 diabetes.28 With this promising data of the role of HSPs 
in type-1 diabetes and autoimmunity, it is important to ana-
lyze the association of HSP70 genes with type-1 diabetes. 
Previous studies looking at this area of the genome have 
yielded conflicting results. Caplen and colleagues showed 
significant association between HSP70 and type-1 diabetes, 
which was less than the HLA DR/DQ association.15 Others 
have failed to show such association.29 In this study, we in-
vestigated the association of HSP70-1 with type-1 diabe-
tes among African-American patients and controls. Vari-
ation in the 5’ flanking region of the HSP70-1 gene was 
analyzed, using polymerase chain reaction-based amplifi-
cation and polyacrylamide gel electrophoresis of the DNA 
fragment generated. The bands of different mobility were 
interpreted as corresponding to different alleles and were 
named A (slow) and C (fast). The combinations found in 
this study were the following: AA, AC and CC (Table 1). 
The frequencies of the two alleles in the control group were 

estimated from 192 chromosomes and were as follows: 
A=0.23, C=0.76. Similar frequencies were derived from 60 
chromosomes of type-1 diabetes individuals (A=0.18 and 
C=0.82). All three genotype combinations were observed 
in controls, but only AC and CC were found in type-1 dia-
betes. The AA genotype was found in 8.3% of the controls 
and was absent in the type-1 diabetes group. The homozy-
gous CC and the heterozygous AC genotypes were equally 
distributed in type-1 diabetes and controls. No significant 
differences were detected between these two groups.

When analyzed independently from the HSP gene 
HSP70-1, the HLA DR3, DR4 and DR3/DR4 genotypes 
were all significantly increased in type-1 diabetes (Table 2).

HSP70-1 allele frequencies in this study showed a pre-
dominance of the C allele over the A allele. Previous stud-
ies in Europeans have shown that the A allele was more 
frequent than the C allele with respective frequencies of 
0.614 and 0.386.30 Casino and colleagues showed no as-
sociation between HSP70-1 and type-1 diabetes. Others 
have suggested that HSP70-1 alleles are associated with 
type-1 diabetes.15 In Caucasians, Casino’s group has re-
ported that DR3 was strongly associated with HSP70-1 
polymorphism.30 This strong association shows that the re-
sults obtained by Caplen et al. in 1990 are probably due 
to linkage disequilibrium between HSP70-1 and DR3 in 
Caucasians. Our data suggest that in African-American pa-
tients, HSP70-1 polymorphism is not associated with type-
1 diabetes, which is similar to that reported among Japa-
nese individuals.31 This difference between results from the 
African-American and Japanese populations in one hand 
and that of Caucasians may be due to population differenc-
es in genetic polymorphism or to linkage disequilibrium of 
HSP70-1 with HLA class-II alleles associated with type-1 
diabetes susceptibility genes. It is noteworthy to mention 
that our study only investigated the association of HSP70-
1 gene with type-1 diabetes but did not look at the role of 

Table 2. DR3 and DR4 alleles in type-1 diabetes and controls

	 Type-1 Diabetes	 Controls 
HLA-DRB1	 N=70 (%)	 N=214 (%)	 c2	 P	 RR
DR3/-	  7 (10.00)	  8 (3.74)	 4.13	 0.0420	 2.8611
DR4/-	  2 (2.86)	  6 (2.80)	 0.00	 0.9813	 1.0196
DR3/X	 23 (32.86)	  46 (21.49)	 3.70	 0.0543	 1.7872
DR4/X	 12 (17.14)	  17 (7.94)	 4.87	 0.0274	 2.3976
DR3/DR4	 12 (17.14)	  2 (0.93)	 29.5	 0.00001	 21.931
Non-DR3/non-DR4	 14 (20.00)	 135 (63.08)	 39.26	 0.00001	 0.1463

X: non-DR3, non-DR4

Table 1. HSP70-1 polymorphism at 5’ flanking region tested in type-1 diabetes patients and controls

	 Type-1 Diabetes	 Controls 
HSP70-1 Genotypes	 N=30 (%)	 N=96 (%)	 c2	 P
AA	 0 (0)	 8 (8.33)	 2.67	 0.1023
CC	 19 (63.33)	 59 (61.46)	 0.03	 0.8535
AC	 11 (36.67)	 29 (30.21)	 0.44	 0.5071
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HSP70-2 and HSP70-hom polymorphism also found with-
in the HLA region, although these two genes are close-
ly linked and are likely to have the same association with 
type-1 diabetes. In addition to the disease association men-
tioned above, several studies have demonstrated an associa-
tion between HSP-specific T cells with a long-lasting auto-
tolerance that prevent autoimmune diseases via T cells. In 
a recent review, Raska and Weigl proposed three possible 
mechanisms to explain this association:32 1) bystander anti-
inflammatory effects of lymphocytes educated in gut-asso-
ciated lymphoid tissues through interleukin 10 (IL-10) and 
transforming growth factor beta (TGF-β), 2) low affinity 
TCR recognition of self HSP peptide leads to suppression 
of inflammatory T-cell response through B7.2–CTLA-4 in-
teraction, and 3) nonprofessional APC presentation of HSP 
epitopes without costimulatory molecules drives T cell to 
anergy. The current study could not confirm the associa-
tion of HSPs with either susceptibility or resistance to type-
1 diabetes. It is important to study the polymorphism of 
HSP70-2 and HSP70-hom genes together with other HSP 
genes located in other regions of the genome for possible 
association with type-1 diabetes in this African-American 
population and other populations. To achieve good power 
statistics, a larger sample size is required to allow for strati-
fication of the data to eliminate the strong effect of classi-
cal HLA genes. The type-1 diabetes genetics consortium 
has gathered a large repository of cells and DNA samples 
that were collected mainly from North America and Eu-
rope. There is a need for more diverse population sampling 
in particular, people of Asian and African descent.
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