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Keywords:
 In vitro and in vivo studies have shown conflicting results regarding heat
shock protein (HSP) and leptin correlation. More importantly both HSP70
and leptin are correlated with C reactive proteins. The purpose of the
present study was to study the correlation between serum HSP70 and
leptin levels in patientswith type 2diabetes stratified according to gender.
We performed a cross sectional study on the established groups of
patients with type 2 diabetes defined as 1: patients with long standing
diabetes for more than 3 years; and 2: patients with newly diagnosed
diabetes within recent 6 months who were not on any glucose lowering
treatment other than by dietary means alone and 3: healthy controls.
Patients with long standing diabetes had higher HSP70, HbA1c and
triglyceride than controls. Serum leptin levels were significantly lower in
patientswith newly diagnosed diabetes.Womenwith type 2 diabetes had
higher leptin levels compared to men, both before and after treatment.
We showed a positive correlation between leptin and HSP70 levels in
women with type 2 diabetes. The correlation was strongest in women
with newly diagnosed diabetes (r = 0.59) andwas attenuated inwomen
whowere on treatment (r = 0.3). The significance of this correlationwas
only observed in women with type 2 diabetes. There was no correlation
between leptin andHSP70 inmen. Thepositive correlationbetween leptin
and HSP is observed in chronic inflammation such as type 2 diabetes. It
could be hypothesized that the observed correlation between serum
HSP70 and leptin implies a higher state of chronic inflammation.
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1. Introduction

Leptin, an adipocyte derived cytokine, primarily was known to be involved in the regulation of food
intake and energy expenditure (Dardeno et al., 2010). Later on studies showed the role of leptin in the
immune system modulation (Lord et al., 1998). The studies describing the role of leptin in diabetes are so
conflicting and no one could classify it into either pro-inflammatory or anti-inflammatory groups (Lam
and Lu, 2007; Weisberg et al., 2003; Xu et al., 2003). Similarly heat shock proteins (HSPs) are endogenous
highly conserved molecules produced by various cells, including macrophage, monocyte and polymor-
phonuclears when exposed to high temperature, inflammatory cytokines and oxidative stress (Kalmar and
Greensmith, 2009). The HSP genes are considered as vitagenes, which are involved in preserving cellular
homeostasis during stressful conditions, which are induced by co-ordinating information flow along its
convergent, divergent and multiply branched signaling pathways (Calabrese et al., 2010, 2011). In vitro
and in vivo studies have shown conflicting results regarding HSP–leptin correlation. More importantly
both HSP70 and leptin are correlated with C reactive protein (CRP) (Molvarec et al., 2009, 2011). The
purpose of the present study was to study the correlation between serum HSP70 and leptin levels in
patients with type 2 diabetes stratified according to gender.
2. Methods

Weperformed a cross sectional study on the established groups of patients with type 2 diabetes defined
as 1: patients with long standing diabetes for more than 3 years; and 2: patients with newly diagnosed
diabetes within recent 6 months who were not on any glucose lowering treatment other than by dietary
means alone and 3: healthy controls. Patient recruitment was from the diabetes clinic of Vali-Asr Hospital,
affiliated with Tehran University of Medical Sciences. Controls were healthy volunteers from the patients'
concomitants or hospital staffs. Healthy controls were selected from those without any known disease
including type 2 diabetes, hyperlipidemia, ischemic heart disease, and malignancy. Patients and controls
were matched according to age, sex and body mass index (BMI). Diabetes was diagnosed according to the
criteria of the American Diabetes Association (Seo et al., 2009). Exclusion criteria were smoking, pregnancy,
creatinine N1.5 mg/dl or GFR b70 cc/min, glomerulonephritis, congestive heart failure, use of antioxidant,
statins, hormone replacement therapy and hospital admission in previous 6 months. None of the
participants had overt diabetic complications. Demographic and anthropometric data including age, sex,
duration of diabetes, height, weight in light clothing, and blood pressure in sitting position were recorded.
Blood pressure was re-measured twice after 5 min and averaged. The BMI (kg/m2) was calculated
according to the Quetelet formula. The research was carried out according to the principles of the
Declaration of Helsinki. All the patients received and signed written informed consent. The local ethics
review committee of Tehran University of Medical Science approved the study protocol.
3. Blood samples

Blood samples were collected after 12 h of fasting, centrifuged and were kept at −70 °C until analysis.
Serum creatinine, fasting blood sugar (FBS), total cholesterol, triglycerides, high-density lipoprotein- (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol, andHbA1cweremeasured for all participants. Glucose
measurements (intra-assay coefficient of variation [CV] 2.1%, inter-assay CV 2.6%) were carried out using the
glucose oxidase method. Cholesterol, HDL, LDL and triglycerides were determined using direct enzymatic
methods (Parsazmun, Karaj, Iran). Measurements of HSP70 were performed using a quantitative sandwich
ELISA immunoassay (EKS-715, Stressgen, USA). The intra- and inter-assay CVs ranged between 4.5% and 7%.
Serum leptin concentration was determined by an enzyme-linked immunosorbent assay (DRG Instruments
GmbH, Germany) with an intra-assay CV of 5.9–6.9% and an inter-assay CV of 8.6–11.5%. The measurements
for the patients with long standing diabetes and controls were performed separately. We standardized the
values obtained for leptin for further comparison. CRP was assessed using a two-site, enzyme-linked
immunosorbent assay (ELISA) (Diagnostic Biochem, London, Ontario, Canada). Sensitivity of the assay was
10 ng/l. Intra- and inter-assay CVs were 8% and 10% respectively.
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4. Statistical analysis

The statistical package SPSS 17 for windows (Chicago, Illinois, USA) was used for analysis. Variables are
presented as mean and standard error of mean (SEM). Paired samples t test was used to compare
variables, before and after treatment. Independent samples t test was employed to compare men and
women. Pearson's correlation test was employed to study the correlation between leptin, HSP70, CRP, BMI
and waist circumference. Partial correlation coefficient was employed to study the correlation between
the studied variables after adjustment for BMI.
5. Results

Primary characteristics of the groups of patients and controls are presented in Table 1. Patients with
long standing diabetes had higher leptin, HSP70, HbA1c and triglyceride than controls. Serum leptin levels
were significantly lower in patients with newly diagnosed diabetes, compared to other groups (Table 1).
Women with newly diagnosed diabetes had higher leptin and CRP levels compared to men (Table 2).
Table 2 presents the characteristics of patients with newly diagnosed diabetes, stratified according to
gender.
6. Correlation

We studied the correlation between serum HSP70, leptin, BMI, and waist circumference (Table 3).
While HSP70 was significantly correlated in women with newly diagnosed diabetes, there were not such
correlations in men with newly diagnosed diabetes, men and women in long standing diabetes and
controls. This correlation remained significant after adjustment for BMI (Table 3). Fig. 1 shows the
correlation coefficient between leptin and HSP70 in the studied groups stratified according to gender. The
correlation coefficient is not different between men and women in control group. The greatest difference
exists between patients with newly diagnosed diabetes and patients with long standing diabetes (Fig. 1).
Table 1
Comparing demographic and biochemical variables among patients with long standing diabetes, patients with newly diagnosed
diabetes and healthy controls.

Controls
(n = 41)

Newly diagnosed diabetes
(N = 44)

Long standing diabetes
(n = 44)

P value

Age (years) 52.7 ± 1.72 52.0 ± 1.77 55.1 ± 1.45 NS
BMI (kg/m2) 26.8 ± 0.50 27.8 ± 0.72 27.4 ± 0.58 NS
Waist circumference (cm) 99.0 ± 1.23 97.2 ± 1.58 91.2 ± 1.49 NS
Diastolic blood pressure (mm Hg) 78.4 ± 1.16 87.5 ± 2.39 78.6 ± 1.48 NS
Systolic blood pressure (mm Hg) 125.2 ± 1.55 127.9 ± 3.54 125.7 ± 2.03 NS
FBS (mg/dl) 85.9 ± 1.26 181.9 ± 8.48 187.2 ± 10.14 b0.001
HbA1c (%) 4.8 ± 0.06⁎⁎⁎ 8.3 ± 0.36 7.8 ± 0.28 b0.001
Creatinine (mg/dl) 0.93 ± 0.024 0.8 ± 0.033 0.89 ± 0.03 NS
Triglyceride (mg/dl) 135.0 ± 9.85⁎⁎ 201.9 ± 14.8 185.1 ± 15.50⁎ b0.001
Cholesterol (mg/dl) 183.1 ± 5.0⁎⁎ 206.4 ± 6.3 215.8 ± 5.56 b0.001
LDL (mg/dl) 92.7 ± 2.73⁎⁎ 123.9 ± 6.03 113.9 ± 2.91 b0.01
HDL (mg/dl) 43.2 ± 2.22 44.7 ± 1.85 43.5 ± 1.05 NS
Standardized leptin 0.48 ± 0.05⁎⁎ 0.27 ± 0.03 0.41 ± 0.03⁎⁎ NS
HSP70 (ng/ml) 0.60 ± 0.10 0.77 ± 0.03 0.92 ± 0.16 b0.05
CRP (mg/ml) 1.8 ± 0.21⁎⁎ 3.6 ± 0.35 3.4 ± 0.27 b0.01

Variables are expressed as mean ± standard error of mean (SEM). The column of “P value” is presented when comparing patients
with long standing diabetes vs. controls.

⁎ P b 0.05 when comparing patients with long standing diabetes or controls vs. patients with newly diagnosed diabetes.
⁎⁎ P b 0.01 when comparing patients with long standing diabetes or controls vs. patients with newly diagnosed diabetes.

⁎⁎⁎ P b 0.001 when comparing patients with long standing diabetes or controls vs. patients with newly diagnosed diabetes.



Table 2
Characteristics of patients with newly diagnosed diabetes according to gender.

Men (n = 19) Women (n = 25)

Age (year) 56 ± 2.6⁎ 49 ± 2.1
Waist circumference (cm) 96 ± 1.7 98 ± 2.6
Hip circumference (cm) 103 ± 2.1 107 ± 2.7
BMI (kg/m2) 26 ± 0.54⁎⁎ 29 ± 1.0
Systolic blood pressure (mm Hg) 133 ± 5.5 123 ± 4.6
Diastolic blood pressure (mm Hg) 137 ± 52.7 76 ± 3.1
Diabetes duration (years) 4 ± 1.9 1.9 ± 0.60
Fasting blood sugar (mg/dl) 186 ± 14.5 189.4 ± 10.5
HbA1c (%) 9 ± 0.65 8.2 ± 0.41
Cholesterol (mg/dl) 206 ± 11.9 212 ± 6.8
HDL (mg/dl) 43 ± 2.6 46 ± 2.8
LDL (mg/dl) 126 ± 10.8 124 ± 6.5
Triglyceride (mg/dl) 195 ± 26.7 209 ± 15.9
HSP70 (ng/ml) 0.76 ± 0.04 0.77 ± 0.05
Leptin standardized 0.19 ± 0.02 ⁎⁎⁎ 0.58 ± 0.07
CRP (mg/ml) 2.6 ± 0.4⁎⁎ 4.1 ± 0.4

Variables are expressed as mean ± standard error of mean (SEM).
⁎ P b 0.05 when comparing men with women.

⁎⁎ P b 0.01 when comparing men with women.
⁎⁎⁎ P b 0.001 when comparing men with women.
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7. Discussion

Here we showed the appearance of a positive correlation between leptin–HSP70 in women with type 2
diabetes. The correlation was highest in women with newly diagnosed diabetes and was attenuated in
women who were on treatment. The significance of this correlation was only observed in women with
type 2 diabetes. There was no correlation between leptin and HSP70 in men (both newly diagnosed and
long standing disease).

There are contradictory results between leptin and HSP-70 correlation. Most of the studies which have
shown a positive correlation are carried out in disease states. However, while some have shown a positive
correlation, others have shown a negative one. In consistent with our findings Rong Quan and collaborators
showed that leptin activates HSP70 expression in a dose dependentmanner inMCF-7 breast cancer cell line
(Xue et al., 2012). Similarly Bonior and collaborators showed that leptin administration stimulates the
expression of HSP60 in pancreatic acinar and beta cell lines. Leptin protects pancreatic acinar cell line from
the damage of acute pancreatitis (Bonior et al., 2006).

On the other hand, Figueiredo et al. showed that leptin administration would decrease food intake
and HSP70 levels in the liver and hypothalamus of chickens but not in the muscle. The effect of leptin on
HSP70 levels was independent of the inhibition of food intake (Figueiredo et al., 2007). In another study,
geranylgeranylacetone (GGA) administration induced HSP70 expression in liver, which rendered
physiologic protection against high fat diet in mice, while decreased leptin levels (Adachi et al., 2010).
Sirotken et al. showed that leptin administration inhibited the transcription of HSP70 in ovarian follicular
granulosa cells. Heat stress, but not malnutrition can promote depletion of HSP70 in ovarian cells, which is
partly reversed by leptin (Sirotkin and Bauer, 2011).

Why there is a discrepancy in different studies reporting leptin–HSP70 correlation? We hypothesized
that the answer is the duality of HSP70 behavior in different inflammatory or non-inflammatory envi-
ronments (Nakhjavani et al., 2012). As stated, the positive correlation between leptin and HSP is observed
in chronic inflammation such as type 2 diabetes (our findings) and breast cancer; while all other studies,
which have shown a negative correlation, are carried out in the normal cells, without any chronic inflam-
matory state. We have previously shown the positive correlation of HSP70 with ADMA, a nitric oxide
inhibitor, in chronic inflammatory states while it was negatively correlated to ADMA in normal physiology
(Nakhjavani et al., 2012). Thismay explain the discrepancy of leptin–HSP70 correlation in different studies,
as they have different inflammatory states.



Fig. 1. Demonstrating the correlation coefficient between serum HSP70 and leptin levels in healthy controls, patients with newly
diagnosed and patients with long standing diabetes; stratified according to gender. * P b 0.05.

Table 3
Presenting the correlation of leptin, CRP and Hsp70 in the studied groups, before and after adjustment for BMI.

Before BMI adjustment After BMI adjustment

CRP Leptin HSP70 CRP Leptin HSP70

Newly diagnosed
diabetes
(n = 44)

CRP Men – 0.38 0.52⁎ – 0.29 0.50⁎

Women – 0.13 0.27 – 0.14 0.32
Leptin Men 0.38 – 0.16 0.29 – 0.08

Women 0.13 – 0.59⁎ 0.14 – 0.44⁎

HSP70 Men 0.52⁎ 0.16 – 0.50⁎ 0.08 –

Women 0.27 0.59⁎ – 0.32 0.44⁎ –

Waist circumference Men 0.25 0.46 0.16
Women −0.07 0.32 0.01

BMI Men 0.35 0.33 0.27
Women 0.0 0.65⁎⁎ 0.19

Long standing
diabetes
(n = 44)

CRP Men – 0.34 −0.01 – 0.02 −0.02
Women – 0.63⁎⁎ 0.42 – 0.64⁎⁎ 0.42

Leptin Men 0.34 – −0.01 0.02 – −0.04
Women 0.63⁎⁎ – 0.31 0.64⁎⁎ – 0.29

HSP70 Men −0.01 −0.01 – −0.02 −0.04 –

Women 0.42 0.31 – 0.42 0.29 –

Waist circumference Men 0.25 0.65⁎⁎ −0.23
Women 0.25 0.42 −0.07

BMI Men 0.51⁎ 0.62⁎⁎ 0.02
Women 0.01 0.21 0.03

Controls
(n = 41)

CRP Men – 0.46⁎ 0.11 – 0.36 0.23
Women – 0.62⁎⁎ 0.34 – 0.43⁎ 0.31

Leptin Men 0.46⁎ – −0.04 0.36 – 0.07
Women 0.62⁎⁎ – 0.03 0.43⁎ – −0.07

HSP70 Men 0.11 −0.04 – 0.23 0.07 –

Women 0.34 0.03 – 0.31 −0.07 –

Waist circumference Men 0.03 0.12 0.08
Women 0.05 0.23 0.03

BMI Men 0.36 0.45 −0.23
Women 0.53⁎⁎ 0.64⁎⁎ 0.14⁎⁎⁎

⁎ P b 0.05.
⁎⁎ P b 0.01.

⁎⁎⁎ P b 0.001.
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One could argue that this correlation is only present in women, while we do not observe such a
correlation in men. Both leptin and HSP70 have been shown to be higher in women (Nakhjavani et al.,
2010a, 2010b; Nakhjavani et al., 2011; Rossi et al., 2012; Samara et al., 2010). Leptin plays a crucial role in
modulating immune response. Earlier studies on leptin deficient mouse have shown marked reduced
number of lymphocytes with impaired humoral response and thymic atrophy (Gruver and Sempowski,
2008;Mancuso et al., 2002). Lipoatrophy in HIV infected patients is assumed to be a result of reduced leptin
in these patients (Papaevangelou et al., 2007). Serum leptin levels were significantly elevated in patients
with multiple myeloma and chronic lymphatic leukemia (Pamuk et al., 2006). Serum leptin levels are
increased in women with type 2 diabetes (Nakhjavani et al., 2010a, 2010b). Why is it so? The answer
depends on one's view of gender difference in type 2 diabetes. One explanation was that a greater adipose
tissue in women is the underlying reason (Rossi et al., 2012). On the other hand, studies have repeatedly
shown that women with type 2 diabetes and metabolic syndrome have higher serum leptin levels, after
adjustment for body fat composition (Meyers et al., 2008; Thomas et al., 2000). The other explanation could
be that an increased serum leptin level is associated with accelerated immune cell activation in women
with type 2 diabetes. Interestingly we have previously shown that women with long standing diabetes
have higher serum HSP70 levels (Nakhjavani et al., 2010a, 2010b). Rodrigues-Krause and collaborators
have suggested a role of BMI on extracellular HSP70 levels (Rodrigues-Krause et al., 2012). After adjust-
ment for BMI, leptin–HSP70 correlation remained significant. Glucose lowering therapy increased leptin
and did not decrease HSP70 levels. Moreover while intracellular HSP70 induction in response to pro-
inflammatory stimuli can exert anti-inflammatory effects, extracellular HSPs may signal danger, activating
immune cells (Atalay et al., 2009; Blasi, 2008). Since immune system is more active in women compared to
men (De Leon-Nava and Morales-Montor, 2006; Grimaldi, 2006), one would argue that the observed
correlation between serum HSP70 and leptin implies a higher state of chronic inflammation. In consistent
with our findings Zulkit et al. showed that food restriction induces leptin and HSP70 protein expression in
female broiler chicken (Zulkifli et al., 2002).

The principal limitation of the present study is its cross sectional nature which precludes the
determination of the direction of causality, however we took advantage of a relatively large sample size
and close similarity between groups in most of the potentially confounding variables. In conclusion we
showed the appearance of leptin–HSP70 correlation in women with diabetes, which was attenuated after
treatment.
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