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Abstract 

Background: Apelin has recently been considered as an adipokine secreted from visceral fat. Apelin and its 
receptor exist in many tissues including lung and play significant roles in many physiological and 
pathological activities. However, serum level of apelin-12 is unknown in smokers and in various types of lung 
malignancies. Therefore, the amount of this hormone in non-patient smokers and the correlation of apelin 
serum level with the types of lung cancer in smokers afflicted with lung cancer are evaluated in this study. 

Methods: The amount of serum apelin-12 was measured in 63 patients (59 smokers and 4 non-smokers) with 
the variety of lung cancer and 61 age- and sex-matched controls (30 smokers and 31 non-smokers) using 
enzyme-linked immunosorbent assay (ELISA) kit. 

Findings: The amount of serum apelin-12 in non-patient smokers (2142.20 ± 843.61 ng/l) was significantly 
higher than healthy non-smokers (800.39 ± 336.01 ng/l, P < 0.05), and in the variety of lung malignancies, 
the amount of serum apelin-12 was 2205.54 ± 187.31 ng/l in patients with squamous cell carcinoma (SCC) 
which was a significant increase compared to 1088.00 ± 136.52 ng/l in adenocarcinoma, 797.25 ± 88.69 ng/l 
in small cell carcinoma, and 1000.37 ± 62.87 ng/l in other malignancies of lung. 

Conclusion: The meaningful increase in apelin-12 levels of non-patient smokers can be considered as a risk 
factor for outbreaking of lung SCC in these people. Therefore, apelin-12 may be considered as a target in 
controlling lung SCC. 
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Introduction 

Adipose tissue known as an endocrine and 
immune organ was until recently thought to affect 
only lipid metabolism and glucose homeostasis. It 
is now identified as the secretion source of more 
than 20 types of different hormones and 
molecules called adipocytokine or adipokine.1 
Adipose tissue plays significant biological roles in 
the vascular system, glucose homeostasis and 
energy metabolism, reproduction, bone 
metabolism, immune system, and cancer.2 

As one of the adipokines, apelin was first 
isolated as a new peptide from the cow's stomach 
extract. In mammals, the apelin gene encodes a 
precursor protein with 77 amino acids which 
produces peptides with lengths of 36, 17, 13, and 
12 amino acids.3 These peptides are from the  
C-terminal regions of apelin precursor protein. The 
apelin types of 12, 13, and 36 are the most important 
ones of these peptides and the types 12 and 13 have 
a great deal affinity with the apelin receptor.4 

The apelin receptor (APJ) is a component of 
the receptors coupled to the G protein and firstly 
was detected in endothelial cells during the 
embryonic period when large vessels were 
formed.5 Apelin and its receptor (APJ) exist in 
many tissues such as the brain,6 fat,7 lungs, breast, 
and heart8 and regulate various physiological 
activities such as energy metabolism, hemostasis, 
and immunity.9 Apelin plays a role in the 
formation and maturation of vessels during the 
physiological stages as well as the pathogenicity 
of some diseases in which angiogenesis is of great 
importance.10 Apelin plasma levels have also been 
shown to be higher in the obese subjects than in 
normal people.8 

Apelin and its receptor are involved in the 
pathogenesis of some cancers, and their amounts 
change in tumor tissues and cancer cell lines. 
Recent studies have shown that apelin has 
angiogenesis properties and contributes to the 
pathogenesis of cancer patients, so that the 
amount of apelin increases in patients with 
gastroesophageal cancer, breast cancer, and 
prostate cancer.11,12 

As a pulmonary disease, lung cancer results 
from the uncontrolled growth of the lung 
epithelial cells and its prevalence is higher in 
smokers than in non-smokers.13 Lung cancer is the 
most common cancer in the world in terms of 

outbreak and death. In 2008, 1.61 million new 
items (12.7% of all people with all types of cancers 
diagnosed in this year) and 1.38 million deaths 
from lung cancer were reported.14 It is one of the 
five major cancers in Iran, being still on the rise.15 
Lung cancer is mainly divided into two groups: 
non-small cell lung cancer (NSCLC) which 
represents 85% of cases of lung cancer and small 
cell lung cancer (SCLC) that represents 14% to 
15% of all lung cancers. NSCLC is further  
sub-categorized as adenocarcinoma, squamous 
cell carcinoma (SCC), and large cell carcinoma 
(LCC).16 

Since lung tissue is considered as an apelin 
expressor tissue, the present study aims to 
investigate (a) the amount of this hormone in non-
patient smokers and (b) the correlation of apelin 
serum level with the types of lung cancer in 
smokers afflicted with lung cancer. 

Methods 

The subjects in this study as the patient group 
were the male patients (63 people: 4 non-smokers 
and 59 smokers) going to the pulmonary clinic of 
Imam Khomeini Hospital in Urmia, Iran, between 
October 2016 and April 2018. The control group 
consisted of 61 men (30 smokers and 31  
non-smokers) with no history of illness, who were 
matched for age and body mass index (BMI). 
People who smoked 10 or more than 10 cigarettes 
per day and had the history of more than  
3 months of smoking were considered to be 
smokers and people who never smoked were 
selected as non-smokers. The protocol of the 
study followed the principles of the Declaration of 
Helsinki having all the subjects sign the consent 
form, and this study was carried out with the 
approval of the Ethics Committee of Urmia 
University of Medical Sciences (No.: 
IR.umsu.rec.1395.284. meeting date: 9/27/2016). 
Initially, careful lung examinations were 
conducted and then the tissue biopsy specimens 
were sent to the histopathology laboratory for 
more accurate diagnosis. The blood and urine 
parameters for all the individuals in both groups 
were within normal ranges. 

Before starting any type of therapeutic 
treatment in patients, peripheral blood was drawn 
from subjects after measuring their height and 
weight to calculate BMI. Subjects were fasting for 
12 hours. After separating serum of samples, it 
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was placed in a cooling centrifuge and spun at 
3000 rpm for 10 minutes; the biochemical 
parameters such as fasting blood sugar (FBS), 
triglyceride (TG), and low-density lipoprotein 
cholesterol (LDL-C) were detected via the 
standard protocols by a clinical chemistry 
autoanalyzer (BT 3000, Italy) in the laboratory of 
Imam Khomeini Hospital in the sampling day. 
Then serum was frozen at -80 ºC until the analysis 
of apelin. The serum apelin-12 was measured 
using commercially available enzyme-linked 
immunosorbent assay (ELISA) kits (Bioassay 
Technology Laboratory, China) according to 
manufacturer’s instructions. The sensitivity of the 
assay was 4.47 ng/l (assay range: 10-4000 ng/l). 
The intra- and inter-assay coefficients of variance 
were < 8% and < 10%, respectively. 

The data were analyzed with the SPSS 
software (version 16, SPSS Inc., Chicago, IL, USA). 
The results were presented as mean ± standard 
deviation (SD). Analyses of normally-distributed 
variables (age and BMI and biochemical analysis) 
were conducted using independent samples t-test 
and to determine and compare the serum level of 
apelin in different types of lung malignancies, 
one-way analysis of variance (ANOVA) was used 
and finally, Scheffe post-hoc test was used as well. 
Analyses of abnormally-distributed variables 
were conducted with the Mann-Whitney U test 
and comparisons with P-value < 0.05 were 
considered to be statistically significant. 

Results 

The basic characteristics of subjects are 
summarized in table 1. The sample included both 
smokers (71.8%) and non-smokers (28.2%) with a 
total number of 124 which was made up of  
61 healthy people (49.2%) and 63 lung patients 

(50.8%). The age of the subjects ranged from 42 to 
85 years with a mean of 61.51 ± 9.59 and the mean 
of BMI for the subjects was 24.49 ± 3.61. The 
values of other biochemical analyses (FBS, TG, 
LDL-C) are given in table 1.  

According to figure 1, the amount of apelin-12 
hormone in the serum of non-patient smokers 
(2142.20 ± 843.61 ng/l) was higher than that of 
healthy non-smokers (800.39 ± 336.01 ng/l)  
(P < 0.05). Also, the serum level of this hormone 
was 1691.03 ± 101.03 ng/l in the group of  
non-smoker patients and 1461.92 ± 109.92 ng/l in 
the group of smoker patients. 

 

 
Figure 1. The levels of apelin-12 in serum of subjects 
ns.np: Non-smoker non-patient; s.np: Smoker non-patient; 
ns.p: Non-smoker patient; s.p: Smoker patient  
Data are expressed as mean ± standard deviation (SD)  
*A statistically significant difference vs. ns.np; **A 
statistically significant difference vs. s.np 

 
The amount of serum apelin-12 was different 

in a variety of pulmonary malignancies. It was 
2205.54 ± 187.31 ng/l in SCC, 1088.00 ± 136.52 
ng/l in adenocacinoma, 797.25 ± 88.69 ng/l in 
small cell carcinoma, and 1000.37 ± 62.84 ng/l in 
other types of lung diseases (e.g., poorly 
differentiated carcinoma) according to figure 2. 

 
Table 1. The baseline characteristics of subjects 

Subjects’ characteristics Control Patient 
Non-smoker Smoker Smoker Non-smoker 

Number (men) 31 30 59 4 

Age (year) 58.87 ± 7.19 58.65 ± 7.82 60.13 ± 9.32 55.00 ± 6.37 

BMI (kg/m2) 24.58 ± 2.93 24.10 ± 2.93 23.82 ± 4.28 26.50 ± 1.73 

FBS (mg/dl) 81.35 ± 9.98 82.16 ± 9.45 82.32 ± 10.44 81.00 ± 9.59 

TG (mg/dl) 95.83 ± 7.91 94.30 ± 8.94 95.86 ± 8.97 93.75 ± 7.36 

LDL-C (mg/dl) 79.19 ± 7.73 79.26 ± 9.31 80.13 ± 11.27 85.25 ± 9.63 
Data are presented as mean ± standard deviation (SD). 

BMI: Body mass index; FBS: Fasting blood sugar; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol  

Number of patients with a variety of pulmonary malignancies (smoker patients): adenocarcinoma = 12, squamous 

cell carcinoma (SCC) = 22, small cell carcinoma = 8, and others = 17 
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Figure 2. Serum level of apelin-12 in the variety of 
lung malignancies 
Increasing plasma apelin in patients with squamous cell 
carcinoma (SSC) shows a significant increase compared with 
other patients. Data are expressed as mean.  
*A statistically significant difference relative to the other 
patients (P < 0.05) [squamous cell carcinoma (SCC) vs. 
adenocarcinoma, SCC vs. small cell cancer, and SCC vs. others] 

Discussion 

This study shows an increase in the amount of 
serum apelin in non-patient smokers in 
comparison with healthy non-smokers. Being the 
most harmful compound in cigarette, carbon 
monoxide (CO) binds to hemoglobin and forms 
carboxyhemoglobin (COHb), a process which 
leads to hypoxia.17 In vitro, hypoxia increases not 
only the amount of apelin gene expression in cells 
but also apelin protein in cell culture media.18,19 
Hypoxia also increases the expression of the 
apelin gene, in vivo.20 Hypoxia upregulates the 
expression of apelin gene via hypoxia-inducible 
factor-1alpha (HIF-1α) that binds to a hypoxia-
responsive element (HRE) located within the first 
intron of the apelin gene.17 In children with 
asthma, the amount of plasma apelin increases 
independently of their weight.21 In addition, 
hypoxia increases the expression of the receptor of 
apelin and increases the release of apelin from the 
lung adenocarcinoma cells.22 

The messenger ribonucleic acid (mRNA) of 
apelin receptor (APJ) is greatly expressed in the 
rat's lungs.23 The mortality rate was higher in 
patients with lung cancer whose apelin expression 
was upregulated as compared to that of patients 
with downregulated apelin expression. As a 
result, the high expression of apelin can be 
considered as an independent predicting factor in 

poor prognosis of cancer.24 
Apelin is considered as an important 

proangiogenic factor in cancers.7 Apelin also 
increases the density of small veins in lung 
cancer.22 The apelin receptor is expressed in 
human lung adenocarcinoma tissue and the 
amount of this expression is higher compared to 
the adjacent tissues of lung cancer and is closely 
related to the development of tumor.25 Apelin 
gene expression increases in about one third of 
human tumors, at first apelin boosts angiogenesis 
and neoangiogenesis in the tumor and then it 
causes tumor growth.5,26 Apelin also increases 
metastasis in cancer cells so that apelin attenuates 
the effects of doxorubicin and razoxane in 
inhibition of metastasis of adenocarcinoma cells.22 

Apelin and its receptor are expressed in 
gastrointestinal (GI) cells and intestinal 
inflammation increases the expression of HIF; 
apelin also causes the proliferation of cells27 and 
also stimulates the proliferation of cells in 
vitro.28,29 It is noted that apelin and APJ are 
expressed in human osteoblasts and cause the 
proliferation of osteoblasts via 
APJ/phosphatidylinositol 3-kinase (PI3K)/AKT 
pathways30 and the decrease of the apoptosis in 
the cells.31 Moreover, apelin provokes the 
proliferation of cells by stimulating the cell cycle 
in phase S and reducing the phase G0/G1.32 It is 
proven that apelin stimulates cell proliferation 
through expression of cyclin D1 and matrix 
metalloproteinase-1 (MMP-1)29,33 and 
phosphorylation of extracellular signal-regulated 
kinases (ERKs) 1/2.30,32 ERK 1/2, a key molecule 
to cell proliferation, stimulates the expression of 
cyclin protein and promotes cell cycle progress. 
Among all known cyclin proteins, cyclin D1 is 
shown to be the most important in regulating G1 
to S check-point.25 

About 85% of the total lung cancer cases were 
NSCLC which mainly included SCC34 and 
adenocarcinoma, and these contain approximately 
400000 deaths each year in the world.34,35 Smoking 
is the main cause (85%-90%) of lung cancer36 and 
histopathologically, outbreak of SCC is more than 
adenocarcinoma in smokers.35 Metastasis and 
recurrence are very common in SCC35 which 
includes the most invasive types of tumor with 
rapid initial growth.37 As shown in this study, the 
amount of serum apelin-12 in patients with SCC 
increases more significantly than in patients 
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afflicted with other lung malignancies. The result 
can be supported by the results of some previous 
studies where patients with esophageal SCC had a 
high plasma apelin compared to patients with 
gastric adenocarcinoma.12 Thus, an increase in the 
amount of apelin in this type of tumor is associated 
with angiogenesis37 and the increase of apelin in 
patients with SCC can increase the angiogenesis and 
cell proliferation, followed by metastasis. 

The level of serum apelin-12 increases in non-
smoker patients compared to healthy subjects and 
it is significant but due to the small number of 
non-smoker patients in this study, it requires an 
extensive future study. 

Conclusion 

The significant increase in the serum level of 

apelin-12 in non-patient smokers may be 
considered as an important factor in the prognosis 
of SCC lung cancer in these individuals. Thus, 
apelin-12 may be considered as a target in the 
treatment and control of SCC, which can be 
confirmed with further future studies. 
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 های ریه در افراد سیگاریدر انواع بدخیمی ١۲-سرمی هورمون اپلین بررسی سطح
 

 ٤مهر، محرم شایان٣، معصومه اخگر۲خدیجه مقراضی، ١نژادمهدیا غلام
 
 

 چکیده

ها از جمله افتاری از ببسیشود. اپلین و گیرنده آن در دیپوکین ترشح شده از بافت چربی احشایی مطرح میآامروزه اپلین به عنوان یک  مقدمه:

 ین هورمون درامقدار ، اما کندایفا میها نقش اساسی شناسی برخی از بیماریدر آسیب ،های فیزیولوژیک و همچنینریه وجود دارد و در فعالیت

راد سیگاری ر سرم افدهورمون تغییرات این  ،. بنابرایننیستهای ریوی مبتلا هستند، مشخص افرادی که به انواع بدخیمی و یخون افراد سیگار

 .گرفت، مورد بررسی قرار باشندمیغیر بیمار و افراد سیگاری که دچار بیماری )بدخیمی ریوی( 

ا ببودند،  وینفر غیر سیگاری( که مبتلا به انواع بدخیمی ری ٤نفر سیگاری و  ۵۹ار )بیم ٦٣در  ١۲-مقدار سطح سرمی هورمون اپلین ها:روش

نفر  ٣٠)فرد  ٦١گیری و با مقدار سطح سرمی این هورمون در اندازهEnzyme-linked immunosorbent assay (ELISA )استفاده از روش 

مقایسه  وردم ،شدند یسازهمسانظ سن و جنس با گروه بیمار انفر غیر سیگاری( سالم که سابقه هیچ نوع بیماری نداشتند و از لح ٣١سیگاری و 

 .قرار گرفت

 سرم رد هورمون این مقدار از بالاتر( نانوگرم بر لیتر ۲٠/۲١٤۲ ± ٦١/۸٤٣در سرم افراد سیگاری و غیر بیمار ) ١۲-مقدار هورمون اپلین ها:یافته

ر سرم بیماران مبتلا به مقدار این هورمون د ،. همچنین(P < ٠۵/٠) ( بودنانوگرم بر لیتر ٣۹/۸٠٠ ± ٠١/٣٣٦) بیمار غیر و سیگاری غیر افراد

ان مبتلا به نوع ، در بیمارنانوگرم بر لیتر ۵٤/۲۲٠۵ ± ٣١/١۸7برابر با  (SCCیا  Squamous cell carcinoma) سرطان ریه نوع سلول فلسی

و در  نانوگرم بر لیتر ٦۹/۸۸ ± ۲۵/7۹7 (Small cell) ، در بیماران مبتلا به نوع سلول کوچکنانوگرم بر لیتر ٠٠/١٠۸۸ ± ۵۲/١٣٦آدنوکارسینوما 

 .گزارش گردید نانوگرم بر لیتر ٣7/١٠٠٠ ± ۸7/٦۲های ریه بیماران مبتلا به انواع دیگر بیماری

آگهی ابتلا به در پیش یمهم شاخصبه عنوان  ندتوامیدر افراد سیگاری غیر بیمار  ١۲-افزایش قابل توجه سطح سرمی هورمون اپلین گیری:نتیجه

 .گرددمطرح  SCC کنترل و رماند در هدف یک عنوان به بتواند شاید ١۲-اپلین ،در این افراد مد نظر قرار گیرد. بنابراین SCCسرطان ریه از نوع 

 فلسی سلول سرطان ،١۲-، اپلینکشیدن سیگار واژگان کلیدی:
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