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Abstract
Introduction: Leptin, the hormone secreted from white adipose 
tissue is suspected of being a causative factor in tumorigenesis in 
various tissues. Thus it might be a link between obesity and breast 
cancer.

Objectives: In this project we tried to study causative association of 
obesity and serum leptin with invasive ductal breast cancer (IDC) in 
a sample of Malaysian population.

Methods: We measured various obesity parameters, and estimated 
serum leptin levels in a group of healthy control and IDC patients. 
After confirming diagnosis by standard histopathological 
methods, serum leptin levels were estimated using ELISA. Both 
the pre-and postoperative leptin levels were measured with the 
Patient group. 

Results: The difference between the serum leptin levels of the 
Control and the Patient group were highly significant with a P 
value of < 0.001. There was no significant difference in the serum 
leptin level between the pre and post-operative states in the IDC 
patients (P=0.414). There was significant positive correlation 
between the serum leptin level and the Body Mass Index (BMI) 
with the Control group (rs=0.598, P < 0.01), however, the breast 
cancer cases showed a very weakly positive correlation (rs = 
0.217, P > 0.05).

Conclusion: Since high serum leptin in IDC patients persists 
unabated in the post-operative state, we infer that the source 
of leptin in these cases cannot be the breast cancer tissue itself 
and leptin cannot be a marker for breast cancer. Highly significant 
association between serum leptin and IDC patients suggests that 
leptin in serum might play a causative role in the tumorigenesis of 
breast cancer, and it might be an important connection between 
obesity and breast cancer. Therefore, leptin signal transduction 
pathway might be a prospective therapeutic target in the treatment 
and prevention of IDC. 
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Introductıon
Breast cancer is the commonest cancer in women [1,2]. Although 

it occurs only among women, it is the second commonest cancer 
after lung cancer, with an estimated 1.7 million new cases diagnosed 
globally in 2012 [3]. Its incidence in the Western countries has risen 
by over 30% in the last 25 years. The increase is variously attributed to 
increased life expectancy, better screening and diagnosis, urbanization, 
adoption of sedentary lifestyles, and obesity [2,4].

Although there are some controversy about whether obesity 
increases the risk of breast cancer in pre-menopausal women, the 
overall suggestion appears to be in favor of higher risk of breast cancer, 
poorer treatment response and increased mortality in both pre and 
post-menopausal women [5,6]. Moreover central obesity, particularly 
among Asian women, has shown plausible association with breast 
cancer even in pre-menopausal women [7]. 

The means of the effects of adiposity on other organs are the 
hormones and cytokines synthesized and secreted by white adipose 
tissue, e.g. leptin, adiponectin, resist in, apelin, omentin, tumor 
necrosis factor-a, IL-6, etc. [8]. Among all these hormones and 
cytokines, generally called adipokines, the most widely researched 
and most significant in relation to obesity and tumorigenesis is leptin 
[9]. 

Leptin is a multifunctional protein hormone, consisting of 
167 amino acids with a molecular mass of 16 kDa. [10] [11]. It is 
physiologically responsible for satiety and weight control through its 
action on hypothalamic appetite center. When well nutritional, that 
is the body has got enough fat reserve, ample leptin is produced from 
the adipose tissue to inhibit appetite center. But incapacity to produce 
enough leptin obviously results in uninhibited food intake and obesity 
[12,13]. Paradoxically, obese persons are commonly found with high 
serum leptin level. The obvious explanation is reduced sensitivity of 
the hypothalamic neurons to leptin, resulting in a requirement for 
higher leptin level to inhibit food intake-a higher set point for leptin 
and thus white adipose tissue mass, the producer of leptin [14,15].

However, higher leptin level has got other consequences. Leptin 
is a pleiotropic hormone and is a physiological growth factor for 
various tissues including human breast [16-18] pancreatic β cells [18], 
hepatic cells [19], colonic epithelial cells [20], lung [21], placenta [22], 
bone tissue [23], and so on. As is often found with growth factors, 
over activity of leptin might be suspected to induce tumorigenesis in 
its target tissues. Leptin has been often reported to be a proliferative, 
angiogenic and anti-apoptotic factor, which suggest its possible role 
in the development and progression of cancer [24,25]. Thus it might 
be the link between obesity and cancer. Studies often suggested causal 
association between leptin and cancer of various organs, including 
ovary [26], prostate [27], esophagus [28] and particularly breast 
[29,30]. However, some researchers as Mantzoros et al. [31] and 
Coskun et al. [32] found no correlation of leptin with breast cancer. 
And even there are others as Petridou et al. [33] who found a negative 
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Ethical Approvals
The research protocol was approved by the International Islamic 

University Malaysia (IIUM) Research Ethical Committee (IREC). 
Approval reference number is IIUM/305/14/11/2/IREC 516 and was 
registered with the National Malaysian Research Registration under 
reference number NMRR-16-1271-31307. 

Results
The demographic characteristics of the Control group showed a 

mean age of 49.7( ± 4.85) years, mean BMI of 25.74( ± 5.2) kg/m2 
and mean WHR of 0.89 ( ± 0.06). About 65% of the individuals in the 
Control groups were premenopausal. The Patient group had a mean 
age of 52.35( ± 8.95) years, mean BMI of 26.07( ± 5.51) kg/m2, and 
61.5% of them were premenopausal. 

Our results showed a highly significant difference in the serum 
leptin level between the Control group and the Patient group as shown 
in Figure 1.

correlation with premenopausal breast cancer patients in samples of 
western (mostly Caucasoid) population . This study is a further attempt 
to clarify such ambiguities regarding the correlation of leptin with breast 
cancer; and it is the first report on sample of the Malaysian population. 

We report here anthropometric measurements, estimates of 
serum leptin level and their relationship in confirmed cases of ductal 
breast carcinoma, and of otherwise normal females from the same 
population. We also report pre- and post-operative serum leptin levels 
of the cases, in order to find out possible role of breast cancer tissue 
in elevating serum leptin level in such patients. And then we discuss 
the implications of the findings in prevention and treatment of ductal 
breast carcinoma. 

Materials and Methods
Fifty one (51) patients with invasive ductal carcinoma (IDC) of 

the breast, admitted in the Department of Surgery, Hospital Tengku 
Ampuan Afzan (HTAA) Kuantan, Malaysia, from January 2012 to 
March 2014, were included in this study. The diagnosis was confirmed 
with histopathological examination of the surgically resected breast 
tissue, as described in our previous report [34]. The exclusion criteria 
were patients with type 2 diabetes; those already started adjuvant or 
neo-adjuvant therapy and patients attending the clinic for follow-up.

The Control group was forty (40) women attending the breast 
center IIUM (International Islamic University Malaysia), who had 
negative mammogram during the same investigation period. A 
written consent was obtained from all the patients and the Control 
group. Our research protocol had the approval from IIUM Research 
Ethical Committee (IREC).

Personal information was taken from all the participants by a 
trained nurse through a personal interview, which was consistent with 
the guidelines for studies including human subjects. These information 
included age, ethnicity, parity, menopausal status, medical and family 
history, and particularly breast cancer history. Body weight was taken 
to nearest 0.1 kg, height to the nearest 0.1 cm. Body mass index (BMI) 
was calculated as body weight in kilogram/height in meter square. 
Serum leptin levels were estimated by ELISA technique (as described 
in the legend of Figure 1). Waist circumference (WC) was taken 
midway between the lowest rib and iliac crest. Waist to hip ratios 
(WHR) was calculated following standard procedures. The ratio was 
used as a measure for central obesity. 

The breast cancer patients were followed from the preoperative 
period when anthropometric measurement and blood samples were 
taken. Then they underwent surgical resection of their tumors in the 
Department of Surgery, HTAA (Hospital Tengku Ampuan Afzan) 
Kuantan, from January 2012 to March 2014 by either total mastectomy 
or wide local excision.

Serum of the individuals from Control and Patient groups were 
collected and leptin levels were estimated. The method of estimation 
and results are presented in Figures 1 and 2. 

Statistical Analysis
All data were checked for normality and homogeneity of variance 

before analysis. The relationship between circulating serum leptin 
with demographic features (ethnicity, age, BMI, W/H ratio and 
menopausal status) were examined by independent sample t-test, 
Pearson bivariate correlation test and Chi square (χ2) test. Values 
with P < 0.05 were considered statistically significant. The statistical 
software SPSS (version 22.0) was used for all statistical analyses. 

Figure 1: Serum leptin levels in the healthy women (Control) and patients 
with invasive ductal breast carcinoma (Patient). Estimates show significant 
difference between the Control and Patient groups with a mean of (20.59 ± 
14.4 ng/ml) and (37.71 ± 12.2 ng/ml) respectively, having a P value of < 0.001.  
To measure serum leptin, 5 milliliters of blood sample was taken following 
standard aseptic procedure, from each participant, after an overnight fasting 
(12h).  Leptin was determined by using quantitative sandwich enzyme linked 
immunosorbont assay (ELISA) technique (using AB 108879 Abcam Leptin 
Human ELISA Kit, as stated by the company).  

Figure 2: Serum leptin levels at the Pre-operative and Post-operative total 
mastectomy in patients with invasive ductal breast carcinoma. Fasting serum 
samples were collected and measured pre-operatively and 5-7 days post-
operatively before being discharged from the hospital.  Serum leptin estimation 
by ELISA technique (as described in the legend of Figure 1) at the two stages 
gave a mean of 38.71 ( ± 12.2) ng/ml and 38.11 ( ±14.32) ng/ml respectively, 
having a P value of 0.414. 
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No significant difference was found between the preoperative and 
postoperative serum leptin levels in the Patient group, as shown in 
Figure 2.

Linear regression plot between the BMI and leptin level in the 
Control and Patient group were analyzed and the findings are 
presented in Figure 3.

Discussion
The results show a very significant difference in the mean value of 

serum leptin level between the Control and the Patient group (Figure 
1). This is the first report of its kind about Malaysian population. 
This finding is consistent with other researchers who reported about 
other population groups from Taiwan [35], Iran [36] and by Niu et 
al. in their meta-analysis of published literature from PubMed and 
the Chinese National Knowledge Infrastructure (CNKI) [30]. All 
these studies, including the present one, is also supported by direct 
in vitro studies that leptin enhances proliferation of various normal 
and cancerous breast cell lines [16,37]. Leptin has also been shown to 
up regulate specifically vascular endothelial growth factor VEGF and 
induce angiogenesis in cell culture studies [9,24]. Thus significantly 
high serum leptin in the Patient group might be suspected as a causal 
or aggravating factor for development of ductal breast carcinoma. 

However, there is a possibility that the cancerous tissue can 
produce leptin and release it into the blood, thus higher serum 
leptin could be an effect of the cancer. Indeed, there are reports of 
tumors that secrete leptin either in tissue fluid [38,39] or in blood 
[40]. The first one reports that leptin concentrations in saliva 
samples are significantly increased in patients with parotid tumors 
[38], however, the patients in these cases show normal serum leptin 
level. According to the second report, leptin is secreted in the tears 
of eyes affected by adenoid cystic carcinoma (ACC), and chronic 
sclerosing dacryoadenitis (CSD). Its concentration markedly reduces 
postoperatively. However, this report does not say anything about 
contribution of such leptin-secreting cancer to serum leptin level. In 
the third report, 30 cases of well-differentiated thyroid cancer show a 
fall of serum leptin level from a mean value of 19.25 ng/ml to 0.90 ng/
ml (P<0.001), after surgical resection of the cancer. 

To study such possibility we estimated serum leptin values 
before and 5-7 days after total mastectomies and found no significant 
difference between the means (Figure 2). We know of another such 
report on breast carcinoma where serum leptin levels are estimated 
before and 30 days after mastectomy and no significant difference is 
found [35]. Given the short half-life of only several hours for leptin 
in blood [41,42] and poor follow up opportunity, we considered a 
postoperative measurement 5-7 days after, during discharge from 
the hospital would be acceptable. These findings indicate that breast 
carcinoma cells in our patients did not contribute significantly to the 
serum leptin, even if they produced and secreted any. These findings 
suggest more towards a causal role of high serum leptin in developing 
ductal breast carcinoma, and that serum leptin level cannot be used as 
a marker for breast cancer. 

Our study showed that serum leptin level was significantly 
correlated with the body mass index (BMI) in the Control group. It is 
an well-established fact that serum leptin concentration is correlated 
with body fat [14,43] and expectedly to BMI [35,44], which is a very 
useful index of obesity. Figure 3 also shows a very striking feature that 
while leptin is significantly correlated with breast cancer, in contrast 
to the Control group the Patient group do not show any significant 
correlation of leptin with BMI. The correlation curve is almost flat. 
However, it shows that, except few individuals others have a serum leptin 
value higher than 30 ng/ml, which is quantitatively indicated by the mode 
of the two groups being 10 to <15 ng/ml and 40 to <45 ng/ml respectively. 
It suggests a threshold like effect and a stronger correlation of serum 
leptin compared to BMI on breast cancer development. 

Although WHR (waist to hip ratio) is also considered as an 
index of adiposity, we found no significant correlations of WHR with 
the serum leptin level (data not shown). This makes sense as waist 
circumference is mostly given by abdominal/visceral fat. And it has 
been often reported that serum leptin has no association with visceral 
fat; rather subcutaneous fat is the most important determinant of 
serum leptin [45,46]. 

We found a weak negative correlation of serum leptin level with 
age, however, it was statistically insignificant; and we think larger 
sample size is needed to agree or disagree with other reports as 
Ostlund et al. [43], who found significantly negative correlation with 
age in both the sexes. We did not find any significant difference in the 
serum leptin level between the pre-and post-menopausal women in 
the Control group. However, to draw more definitive conclusion in 
these regards larger sample size is needed.

We found significantly negative correlation with age in both the 
sexes. We did not find any significant difference in the serum leptin 
level between the pre- and post-menopausal women in the Control 
group. However, to draw more definitive conclusion in these regards 
larger sample size is needed.

In conclusion, this study shows a positive correlation of serum 
leptin level to ductal carcinoma of the breast, and serum leptin is 
likely to be a causal or aggravating factor for development of ductal 
breast carcinoma. Leptin might be a bridge between obesity and 
breast cancer. Since source of high leptin in serum is not breast 
cancerous tissue, leptin cannot be used as a marker for breast cancer. 
Along with corroboration from our previous studies on sub-cellular 
localization of leptin and its receptor in cancer breast tissue [34], we 
further hypothesize that reducing serum leptin levels or blocking 
leptin signal transduction pathway might be a prospective therapeutic 
target in the treatment and prevention of IDC.

 

Figure 3: Plot showing correlation between Body Mass Index (BMI) and 
serum leptin levels in the Patients with invasive ductal breast carcinoma (P, 
diamonds, broken line), and the healthy Control group (C, squares, solid line). 
A significant positive correlation was found between the BMI and leptin level in 
the Control group (rs=0.598, P < 0.01, n = 40), as shown by the steeper line 
above.  However, a weakly positive but statistically non-significant correlation 
was observed between the BMI and leptin levels in the Patient group (rs=0.217,  
P > 0.05, n = 26), as shown by the flatter line above.
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