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Background: Type 1 diabetes in humans is an autoimmune 
disease in which T cells target pancreatic islets of Langerhans, 
leading to the progressive destruction of the insulin-
producing beta cells. Both genetic and environmental factors 
contribute to the development of autoimmune diabetes. 
The non-obese diabetic (NOD) mouse model of human type 
1 diabetes demonstrates two missense mutations in the 
transient receptor potential vanilloid receptor-1 (TRPV1) gene.
Objectives: To investigate whether polymorphism in the 
TRPV1 gene may play a role in the predisposition to human 
type 1 diabetes.
methods: We genotyped 146 Ashkenazi Jewish type 1 diabetic 
patients and 205 Ashkenazi Jewish healthy controls for the 
rs222747 (M315I), rs224534 (T469I) and rs8065080 (I585V) 
variants of the TRPV1 gene.
results: There was a significant increase in the rs222747 
(M315I) variant of the TRPV1 gene in the type 1 diabetes cohort 
compared to the control: rs222747 (M315I) homozygous: (61% 
vs. 48.3%, P = 0.02). Logistic regression analysis revealed that 
type 1 diabetes was significantly associated with rs222747 
(M315I), such that having diabetes increased the odds of 
rs222747 homozygosity (M315I) by 67.2%, odds ratio 1.6, 95% 
confidence interval 1.08–2.57, P < 0.02. No difference was found 
in the rs224534 (T469I) and rs8065080 (I585V) allelic variants. 
There was no difference in any of the TRPV1 variants by gender, 
age when type 1 diabetes was diagnosed, body mass index, 
glycemic control, blood pressure, positive autoantibodies 
(ICA, GAD, IAA), and other autoimmune diseases. 
conclusions: Our study demonstrates that TRPV1 may be a 
susceptible gene for type 1 diabetes in an Ashkenazi Jewish 
population. These results should be replicated in the same 
ethnic group and in other ethnic groups. 
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aBstract:

KeY wOrds:

t ype 1 diabetes in humans is an autoimmune disease in 
which T cells target pancreatic islets of Langerhans, lead-

ing to the progressive destruction of the insulin-producing 
beta cells. Although both genetic and environmental factors 
contribute to the development of autoimmune diabetes, 
the precise etiology and the initiating factors that trigger 
the autoimmune response against pancreatic islets are still 
unknown. Information about genetic factors that modify the 
risk of type 1 diabetes is believed to lead to a better under-
standing of the pathogenesis of the preclinical stage of the 
disease, and may result in preventive treatment [1]. 

The non-obese diabetic mouse serves as a model of 
spontaneous type 1 diabetes since it shares many traits with 
the human disease [2]. Using NOD1 model mice, Razavi et 
al. [3] sequenced the TRPV1 (transient receptor potential 
vanilloid receptor-1) gene and discovered two unique 
in-frame amino acid replacements mapping to highly 
conserved regions among many species. They also showed 
with electrophysiological studies that the NOD-TRPV1 is 
hypofunctional and hyposecretory compared with the wild-
type TRPV1 [3]. They proposed that a defect in sensory 
neurons innervating the pancreas initiates local inflamma-
tion and an autoimmune process in pancreatic islets that 
lead to local insulin resistance and beta cell destruction. 
They believe that their data disclose a fundamental role for 
TRPV1 function in the pathogenesis of autoimmune dia-
betes. Their theory and the clues to a linkage between the 
nervous system and autoimmune diabetes were the subject 
of reviews and discussions [4-6]. 

Many previous genetic studies have focused on candi-
date genes for type 1 diabetes susceptibility. Genome-wide 
association studies have provided distinct type 1 diabetes 
loci [7-11]. None of these loci are located near the TRPV1 
gene. Nevertheless, intrigued by the TRPV1 mutations that 

NOD = non-obese diabetic
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were found in the NOD mouse, we looked at the possible 
role of TRPV1 polymorphism in the predisposition to 
human type 1 diabetes.

Patients and metHOds

Our cohort was enrolled by two medical centers: Wolfson in 
Holon and Hadassah in Jerusalem. The local Helsinki Review 
Board and the Israel Ministry of Health Genetic Research 
Helsinki Review Board approved the recruitment protocol. 
Informed consent was obtained from all parents and patients. 
Data regarding age at diagnosis, gender, ethnicity, family his-
tory of type 1 diabetes and other autoimmune diseases, glyce-
mic control, body mass index and blood pressure were obtained 
from the patients and the referring endocrinologists and 
recorded prior to genotyping. All genotyping was performed 
by a single investigator blinded to phenotypic data (E.L-S). The 
reference group DNA was obtained from 205 healthy human 
Ashkenazi Jewish controls, from the National Laboratory for 
the Genetics of Israeli Populations at Tel Aviv University. 

genetic analYsis

Genomic DNA was extracted from peripheral blood using 
the Puregene kit (Gentra, Minneapolis, USA) according to 
the manufacturer’s instructions. In a preliminary study we 
sequenced the TRPV1 gene in 12 type 1 diabetes patients 
and compared the single nucleotide polymorphism fre-
quencies to the published database. Three SNP2, which 
are minor alleles in healthy populations according to 
the dbSNP database, were found in most of our patients. 
These SNP were rs222747 (M315I), rs224534 (T469I) and 
rs8065080 (I585V).We decided to analyze these SNP in 
larger type 1 diabetes and control cohorts.

The rs222747 C/G (M315I) was genotyped by amplify-
ing exon 4+5: Primers: F: 

5 ’ - C A C T T T C T G C C C A G T T C C T C - 3 ’, R : 5 ’ -
GAGTCCCGCACACACAGATA-3’. PCR product (815 bp 
fragment) was digested overnight with DpnII (New England 
Biolabs, Beverly, MA, USA). Digests were run on a 4% aga-
rose to determine the G or C alleles: 317+334+79+110 bp 
fragments for the G allele, 317+238+69+79+110 bp frag-
ments for the C allele.

The rs224534 C/T (T469I) was genotyped by amplify-
ing exon 8: F: 5’-CAGGGACTATGGCTTCATGG-3’ R: 
5’-GAGCGCTGAGGGATCTTCTT-3’. PCR product (253 
bp fragment) was digested overnight with BpmI (New 
England Biolabs). Digests were run on a 4% agarose to 
determine the C or T alleles: 127+20+106 bp fragments for 
the C allele, 147+106 bp fragments for the T allele. 

The rs8065080 A/G (I585V) was genotyped by ampli-

sNP = single nucleotide polymorphism

fying exon 11: F: 5’-CCGTTTCATGTTTGTCTAA-3’R: 
5’-TGGCAGCCACAGCACTTC-3’. PCR product (280 
bp fragment) was digested overnight with BSrGI (New 
England Biolabs). Digests were run on a 4% agarose to 
determine the A or G alleles: 250-+30 bp fragments for the 
A allele, 250 bp fragments for the G allele. 

data analYsis

Analysis of data was carried out using SPSS 19.0 statistical 
analysis software (IMB Inc., USA). For continuous variables, 
such as age and anthropometric parameters, descriptive statis-
tics were calculated and reported as mean ± standard deviation 
as well as median (min-max). Normality of distribution of con-
tinuous variables was assessed using the Kolmogorov-Smirnov 
test (cutoff at P = 0.01). Continuous variables were compared 
by SNP using ANOVA followed by Bonferoni’s test. Categorical 
variables were compared by SNP and, separately, type 1 diabe-
tes, using the chi-square test. Logistic regression analysis was 
used to model each of the dichotomized SNP, and odds ratios 
with 95% confidence intervals were calculated. All tests are 
two-sided and considered significant at P < 0.05.

results

Data were obtained from 146 type 1 diabetic Ashkenazi 
Jewish patients, 54% female, mean age at diabetes onset 
25.4 (SD 14.6), mean HbA1c 7.4% (SD 2.2), mean BMI3 26.5 
(SD 5.3). Additionally, DNA from 205 Ashkenazi Jewish 
healthy controls was used for comparison. 

There was a significant increase in the rs222747 (M315I) 
variant of the TRPV1 gene in the type 1 diabetes cohort 
compared to the control: rs222747 (M315I) homozygous 
(61% vs. 48.3%, P = 0.02). Logistic regression analysis 
revealed that type 1 diabetes was significantly associated 
with rs222747 (M315I), such that having diabetes increased 
the odds of rs222747 homozygosity (M315I) by 67%: OR4 
1.67, 95%CI5 1.08–2.57, P < 0.02. No difference was found 
in the rs224534 (T469I) and rs8065080 (I585V) allelic vari-
ants. There was no difference in any of the TRPV1 variants 
by gender, BMI, HbA1c, blood pressure, positive autoan-
tibodies (ICA, GAD, IAA), or other autoimmune diseases. 
There was no association of these variants with age at onset 
of type 1 diabetes or with younger age at diagnosis.

discussiOn

Our study identified a significant increase in homozygous 
allelic variant M315I (rs222747) of the TRPV1 gene in the type 
1 diabetes Jewish-Ashkenazi cohort. This variant is localized 

BMI = body mass index
OR = odds ratio
CI = confidence interval
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Razavi et al. [3] propose that a defect in sensory neurons 
innervating the pancreas contributes to insulin resistance 
and β-cell stress in NOD mice by initiating local inflamma-
tion and an autoimmune stress on pancreatic islets. These 
results strongly suggest that autoimmunity, inflammation 
and the nervous system are linked. Further, two mutations 
in conserved regions of the TRPV1 gene in NOD mice were 
described and TRPV1 was proposed as a candidate gene for 
the diabetes susceptibility [3]. 

It seems that TRPV1 or downstream TRPV1-related 
pathways are important in the pathogenesis of diabetes. The 
sensory neurons might be a beta cell-intrinsic phenomenon 
or reflect an aberrant islet response to stress.

In large genome-wide accociation7 studies of subjects 
with type 1 diabetes, many susceptible loci and genes were 
found – both HLA-associated and non-HLA-associated 
[1,7-11]. No type 1 diabetes distinct loci have been found in 
chromosome 17p13.2 (TRPV1 gene location). The reason 
for this could be that none of the platforms used for the 
GWA studies (Affimetrix 500K or Illumina 550K) contains 
the SNP rs222747. GWA studies in other multifactorial 
diseases have been shown to be ethnicity dependent, e.g., 
the Crohn disease-susceptible gene NOD2, which was 
not found in Japanese Crohn disease patients [18]. This 
suggests that different genetic factors are involved in the 
pathogenesis of diseases in different populations. Studies in 
the Jewish Israeli population have demonstrated the asso-
ciation of polymorphisms in the insulin gene in Ashkenazi, 
Yemenite and Ethiopian Jews as well as the HLA haplotypes 
with type 1 diabetes [19-21]. 

The role of TRPV1 polymorphism in the autoimmune 
cascade that leads to type 1 diabetes needs further investi-
gation. Our results should be replicated in the same ethnic 
group and in other ethnic groups. 
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postulated to mediate protein-protein interaction [Figure 1].

Recently, the agonists capsaicin and anandamide were 
found to elicit a greater maximal response in TRPV1 I315 
and TRPV1 P91 variants compared to TRPV1 WT. These 
two variants demonstrated a markedly increased level of 
TRPV1 expression (100% more than the TRPV1 WT) in 
whole-cell expression and cell surface expression [12]. 
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“as i grow to understand life less and less, i learn to live it more and more”
Jules Renard (1864-1910), French author 

Current therapies for pulmonary arterial hypertension have 
been adopted on the basis of short-term trials with exercise 
capacity as the primary end-point. Pulido et al. assessed 
the efficacy of macitentan, a new dual endothelin receptor 
antagonist, using a primary end-point of morbidity and 
mortality in a long-term trial. A total of 250 patients were 
randomly assigned to placebo, 250 to the 3 mg macitentan 
dose, and 242 to the 10 mg macitentan dose. The primary 
end-point occurred in 46.4%, 38.0% and 31.4% of the patients 
in these groups, respectively. The hazard ratio for the 3 mg 
macitentan dose as compared with placebo was 0.70 (97.5% 

confidence interval 0.52–0.96, P = 0.01), and the hazard ratio 
for the 10 mg macitentan dose as compared with placebo was 
0.55 (97.5%CI 0.39–0.76, P < 0.001). Worsening of pulmonary 
arterial hypertension was the most frequent primary end-point 
event. The effect of macitentan on this end-point was observed 
regardless of whether the patient was receiving therapy for 
pulmonary arterial hypertension at baseline. Adverse events 
more frequently associated with macitentan than with placebo 
were headache, nasopharyngitis, and anemia.

N Engl J Med 2013; 369: 809
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Few disciplines in contemporary clinical research have 
experienced the high expectations directed at the gene 
therapy field. However, gene therapy has been challenging to 
translate to the clinic, often because the therapeutic gene is 
expressed at insufficient levels in the patient or because the 
gene delivery vector integrates near proto-oncogenes, which 
can cause leukemia. Biffi et al.(science 2013:341;1233158, 
published online 11 July) and Aiuti et al. (1233151; published 
online 11 July) report progress on both fronts in gene therapy 
trials of three patients with metachromatic leukodystrophy 
(MLD), a neurodegenerative disorder, and three patients 
with Wiskott-Aldrich syndrome (WAs), an immunodeficiency 

disorder. Optimized lentiviral vectors were used to introduce 
functional MLD or WAs genes into the patients’ hematopoietic 
stem cells (HsCs) ex vivo, and the transduced cells were then 
infused back into the patients, who were then monitored 
for up to 2 years. In both trials, the patients showed stable 
engraftment of the transduced HsC and high expression 
levels of functional MLD or WAs genes. Encouragingly, there 
was no evidence of lentiviral vector integration near proto-
oncogenes, and the gene therapy treatment halted disease 
progression in most patients. A longer follow-up period will be 
needed to further validate efficacy and safety.
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