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Interleukin-16 polymorphisms as new promising biomarkers
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Abstract Gastric cancer (GC) is the second cause of cancer-
related death worldwide. Interleukin (IL)-16 has a vital role in
the development and homeostasis of the immune system. In
the present study, we evaluated an exon variant rs4072111
C/T polymorphism and 3′ UTR variant rs1131445 C/Twithin
the miRNA binding with gastric cancer susceptibility in Ira-
nian population. Genomic DNAwas isolated from peripheral
blood samples according to phenol chloroform extraction. The
genotypes of IL-16 polymorphisms rs1131445 T/C and
rs4072111 T/C were determined by polymerase chain
reaction-restriction fragment length polymorphism method.
In this case control study, a total of 256 patients with gastric
cancer (238 cases (92.9 %) non-cardia and 18 cases (7.1 %)
cardia) and 300 healthy control subjects were evaluated. In the
present study, we found a significant association between
rs4072111 of IL-16 gene and risk of GC in Iranian population.
Individuals with CT genotype showed a significant associa-
tion with 1.79-fold increased risk of GC (P=0.008; adjusted
OR 1.792; 95 % CI 1.164–2.759). The significant association
was also detected for T allele of rs4072111 and increased risk
of GC (P<0.001; adjusted OR 1.981; 95 % CI 1.354–2.900).
We also observed statistically a significant relationship be-
tween rs1131445 of IL-16 CT genotype and GC risk. Carriers

of IL-16 CT genotype compared with TT genotype had 1.44
times higher increased likelihood of GC (P=0.048; adjusted
OR 1.445; 95 % CI 1.003–2.084). After stratification accord-
ing to gender, we observed that in rs1131445, CT and CC
male carriers had a higher risk of GC than females (P=0.08;
adjusted OR 1.608; 95 % CI 0.945–2.737 and P=0.08; ad-
justed OR 2.186; 95%CI 0.897–5.325, respectively).We also
observed that for male carriers with C allele in rs1131445,
there was a 1.53-fold higher risk of GC risk than female sub-
jects (P=0.029; adjustedOR 1.53; 95%CI 1.04.4–2.248).We
found that the rs1131445 T/C and rs4072111 T/C variants of
IL-16 were significantly associated with increased risk of GC
in Iranian population.
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Introduction

Gastric cancer (GC) is one of the most common types of cancer
and the second cause of cancer-related death worldwide [1, 2].
GC is classified as gastric cardia cancer (GCC) and gastric non-
cardia cancer (GNCC) based on the anatomic site of the lesions.
Several factors are contributed to GS development including
Helicobacter pylori infection, male gender, tobacco smoking,
and alcohol consumption [3–5]. Most of the cases with GC are
diagnosed at advanced stages; therefore, there has been an ex-
cessive effort in order to decrease its high mortality rates in the
last few years [6, 7]. According to this late diagnosis, surgery is
considered as the gold standard curative option in related pa-
tients [8, 9]. On the other hand, several studies have investigat-
ed the related biomarkers including single nucleotide polymor-
phisms (SNPs) in early steps of GC carcinogenesis in driver
genes recently. SNPs are known as the most common variation
in human genome. As they might have a strong diagnostic and

* Pedram Azimzadeh
azimzadeh.pedram@gmail.com

1 Gastroenterology and Liver Diseases Research Center, Research
Institute for Gastroenterology and Liver Diseases, Shahid Beheshti
University of Medical Sciences, Tehran, Iran

2 Basic and Molecular Epidemiology of Gastrointestinal Disorders
Research Center, Research Institute for Gastroenterology and Liver
Diseases, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

Tumor Biol. (2016) 37:2119–2126
DOI 10.1007/s13277-015-4013-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s13277-015-4013-y&domain=pdf


prognostic potential for several diseases, SNPs are widely used
to identify people who are at risk to develop diseases and can-
cers in the last few years [10–12]. Interleukin (IL)-16 is a pro-
inflammatory cytokine with a variety of crucial functions which
was identified in 1982 [13, 14]. The IL-16 protein is involved in
tumor growth, cells communication, and differentiation, and
they have also a vital role in the development and homeostasis
of the immune system [14, 15]. In addition, IL-16 might trigger
the secretion of tumor-associated inflammatory cytokines in-
cluding TNF-α, IL-1β, IL-6, and IL-15 via monocytes [16].
All these cytokines have been reported to play a significant role
in human cancer development [17–19]. It has been demonstrat-
ed that SNPs of the IL-16 gene polymorphisms have been as-
sociated with several malignancies including gastric, nasopha-
ryngeal carcinoma, colorectal, glioma, and prostate cancer [10,
11, 20–26]. Among these putative SNPs, we evaluated an exon
variant rs4072111 C/T polymorphism and rs1131445 C/T poly-
morphism which is located on 3′UTR of the IL-16 gene within
the miRNA-binding site and GC susceptibility in Iranian pop-
ulation. The role of these two polymorphisms at IL-16 and
cancer susceptibility has been controversial so far [10, 22, 23,
27–29].

Materials and methods

Study population

In this study, a total of 256 patients with GC (238 cases
(92.9 %) were non-cardia and 18 cases (7.1 %) were cardia)
and 300 healthy control subjects without a family history of
GC enrolled in this study. All patients had been referred to the
Gastroenterology and Liver Diseases Research Center, Shahid
Beheshti University of Medical Sciences, Tehran, Iran, be-
tween 2010 and 2014. Written informed consent was taken
from patients, and the local ethics committee approved the
study protocol which was in accordance with the principles
of the Helsinki Declaration. All subjects were Iranian and
genetically unrelated. Demographic, anthropometric, and clin-
ical characteristics information of the cases and controls was
registered using a self-administered questionnaire before di-
agnosis of gastric cancer. Body mass index (BMI) was calcu-
lated by weight (kg)/height (m2) formula.

DNA extraction

Genomic DNA was extracted from peripheral blood samples
according to phenol chloroform extraction and ethanol precipita-
tion protocol/method [30]. The quality and standard quantity of
the extracted DNA were then determined by NanoDrop 1000
Spectrophotometer (Thermo Fisher Scientific Inc; Waltham,
MA). Then the samples were frozen at −20 °C for further
process.

IL-16 genotyping

The genotypes of IL-16 rs4072111 C/T and rs1131445 C/T
polymorphism were determined by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) meth-
od. Amplification of fragment of IL-16 was performed in a
25-μl reaction mixture containing 2.5 μl of 10X buffer, 0.5 μl
of dNTP, 0.75 μl of MgCl2, and 0.5 μl of each primer. The
sequences of PCR primers and characteristics of restriction en-
zymes used for RFLP are summarized in Table 1. In addition,
0.25 μl (2.5 unit) taq polymerase and 100 ng of genomic DNA
were used to perform the PCR. The PCR conditions for the SNP
were as follows: 95 °C for 5 min; 35 cycles of 95 °C for 45 s,
62 °C for 35 s, 72 °C for 40 s; and a final extension at 72 °C for
10 min. Then the RFLP procedure was performed with 15 μl of
PCR product and 0.5 μl of restriction enzyme BsmAI for
rs4072111 C/T and BsaAI for rs1131445 C/T polymorphism.
Immediately, PCR products were incubated at 65 °C overnight.
Genotyping process was done by investigators who were
blinded to the subjects’ clinical data. The fragments were ana-
lyzed via 3 % agarose gel electrophoresis. The green viewer
staining was used to visualize the DNA band. The fragmented
RFLP products sizes are also presented in Table 1.

Sequencing

Sequencing methodwas done for 10% of the PCR products to
confirm the RFLP procedure using an ABI PRISM 3130xL
Genetic analyzer (Applied Biosystems®, Invitrogen Life
Technologies, Carlsbad, CA, USA) and the chain termination
method.

Table 1 Information for IL-16 SNPs, rs4072111, and rs1131445 polymorphisms included in this study

SNPs (reference SNP ID) Location Primer sequence PCR product
size

Restriction enzyme
(incubation temp °C)

RFLP fragment
size

rs4072111 (C/T) Exon Forward 5′-CACTGTGATCCCGGTCCAGTC-3′
Reverse 5′-TTCAGGTACAAACCCAGCCAGC-3′

164 bp BsmAI (55) C: 164
T: 140+24

rs1131445 (C/T) 3′UTR Forward 5′-GAGATCATTCACTCATACATCTGG-3′
Reverse 5′-TCATATACACGCTGGTTCCTTCTG-3′

460 bp BsaAI C: 460
T: 300+160

2120 Tumor Biol. (2016) 37:2119–2126



Statistical analysis

The statistical significance of the genotype and allele distribu-
tions between the case and control groups was determined by
χ2 testing. P<0.05 was considered statistically significant. All
analyses were adjusted for possible confounder variables. Lo-
gistic regression was applied to calculate odds ratios (ORs) and
95 % confidence intervals (CIs) for the association between
each genotype and GC. The logistic regression was also used
to adjust confounding factors. Consistency of genotype fre-
quencies with theHardy-Weinberg equilibrium (HWE) for each
SNP among cases and controls was evaluated using χ2 test. For
allele frequencies, the differences were tested using χ2 test.

ROC curve analysis

To examine whether lifestyle modified the association be-
tween each polymorphisms and gastric cancer susceptibility
in our population, stratified analyses were conducted. To cre-
ate receiver-operating characteristic curves (ROC curve), we
used the general mode of logistic regression and the area under
the curve (AUC) was determined to compare the sensitivity
and specificity of putative biomarkers. Statistical analysis was
performed with the help of the SPSS statistical analysis soft-
ware package, version 16 (SPSS Inc, Chicago, IL).

Results

Two hundred and fifty-six patients with GC (238 (92.9 %)
non-cardia and 18 cases (7.1 %) cardia) and 300 healthy sub-
jects including 152 males and 148 females were included in
this study. The mean age of the GC patients was 54.30±
15.763 and it was 45.13±16.491 in the control group. The
characteristics of cases and control subjects enrolled in this
study are presented in Table 2. The genotype and allele fre-
quencies of the interleukin-16 gene rs1131445 variant C>T
and rs4072111 C>T among the patients and control subjects

are presented in Table 3. In the present study, we found a
significant association between rs4072111 of IL-16 gene and
risk of GC in Iranian population. Individuals with CT geno-
type showed a significant association with 1.79-fold increased
risk of GC (P=0.008; adjusted OR 1.792; 95 % CI 1.164–
2.759). On the other hand, TT genotype of rs4072111 had a
very slight decreased risk of GC (P=0.016; adjusted OR
0.999; 95 % CI 1.448–36.483). The difference between the
two groups for CT genotype remained significant after adjust-
ment for confounding factors including age, BMI, and
smoking status (P=0.009; adjusted OR 2.235, 95 % CI=
1.223–4.085).

Male with TT allele had considerably higher risk of GC
than female (P=0.02; adjusted OR 13.184, 95 % CI=1.503–
115.609). The significant association was also detected for T
allele of rs4072111 and increased risk of GC (P<0.001; ad-
justed OR 1.981; 95 % CI 1.354–2.900). Patient with T allele
had statistically significant association with 1.98-fold in-
creased risk of GC compared to the control group. We also
observed statistically a significant relationship between
rs1131445 of IL-16 CT genotype and GC risk. Carriers of
IL-16 CT genotype compared with TT genotype had 1.44
times higher increased likelihood of GC (P=0.048; adjusted
OR 1.445; 95 % CI 1.003–2.084). After stratification, we
observed that in rs1131445, CT and CC male carriers had a
higher risk of gastric cancer than females (P=0.08; adjusted
OR 1.608; 95 % CI 0.945–2.737 and P=0.08; adjusted OR
2.186; 95 % CI 0.897–5.325, respectively) (Table 4). We also
observed that in rs1131445 and males with C allele, there was
a 1.53-fold higher risk of GC risk than female subjects (P=
0.029; adjustedOR 1.53; 95%CI 1.04.4–2.248). In this study,
we did not observe any significant differences between the
cases and controls for the mean age (P=0.152) or gender
distribution (P=0.856) which indicates that the matching ac-
cording to these two variables was adequate. To assess the
effect of SNPs and clinical features together or alone, on GC
susceptibility, ROC curve analysis was performed for
rs4072111 and the SNP risk alone an AUC of 0.034 (95 %
CI=0.504–0.600) was detected. For clinical features risk, an
AUC of <001 (95 % CI=0.633–0.721) was observed and for
the combination of clinical features×SNP risk and AUC of
<001 (95 % CI=0.612–0.701) was detected (Fig. 1). Further-
more, for rs1131445 and the SNP risk alone, an AUC of 0.072
(95 % CI=0.496–0.592) was detected. For clinical features
risk, an AUC of <001 (95 % CI=0.616–0.705) was observed
and for the combination of clinical features×SNP risk and
AUC of <001 (95 % CI=0.612–0.701) was detected (Fig. 2).

Discussion

It has been demonstrated that pro-inflammatory mediators in-
cluding cytokines, chemokines, and prostaglandins are

Table 2 Demographic characteristics of the study population

Variables Controls (n=300) Cases (n=256) P value

Age (mean±SD)a 45.13±16.491 54.30±15.763 0.152

BMIa 25.3101±4.98116 25.0561±4.15234

Gender, n (%)b 0.856

Male 148 (49.3) 128 (50.0)

Female 152 (50.7) 128 (50.0)

Smoking status

Smoker 33 (11) 28 (9.3) <0.001

Non-smoker 267 (89.0) 228 (76.0)

a According to the Student’s t test results
b According to the chi-square test results
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contributed to cancer growth and progression [31, 32]. Cyto-
kines such as tumor necrosis factorα, IL-6 [33, 34], and IL-16
[10, 11] as well as chemokines [35, 36] have been reported to
play a significant role in human cancers. IL-16 as a cytokine
has a key role in inflammatory response [37]. The IL-16 is
produced by several activated cells including CD8+ T cells, B
cells, and mast cells [38–40]. As a chemoattractant, the IL-16
proteins also bind to CD4 receptor which leads to activation of
CD4+ T cells, macrophages, monocytes, dendritic, and eosin-
ophils [41]. The protein can also trigger the secretion of sev-
eral tumor-associated inflammatory cytokines including
TNF-α, IL-1β, and IL-6 [13, 19, 33]. The role of IL-16 in

cancer progression has been demonstrated in several studies
[42–44]. In this regard, overexpression of IL-16 has been re-
ported in a series of multiple myeloma as well as glioma
patients [42, 45]. Increased IL-16 expression and its associa-
tion with enhanced CD8+ T and progression of ovarian tu-
mors have been also demonstrated in another study [46]. Fur-
thermore, single nucleotide polymorphisms, the most com-
mon variants in genome, are considered as important bio-
markers related to human cancer susceptibility [10, 27, 29].
SNPs are able to modify and increase the risk of cancer pro-
gression [47–49], whereas some other SNPs might decrease
the cancer susceptibility [50–53]. They might also play a

Table 3 Genotype and allele
distribution of two SNPs between
case and control groups included
in this study

SNP Variable Controls (n=300) (%) Cases (n=256) (%) Adjusted* OR (95 % CI), P value

rs4072111 Genotypes

CC 246 (82.0) 184 (71.9) 1.00 (reference)

CT 52 (17.3) 65 (25.4) 1.792 (1.164–2.759), 0.008

TT 2 (0.7) 7 (2.7) 0.999 (1.448–36.483), 0.016

Alleles

C 544 (90.7) 433 (84.6) 1.00 (reference)

T 56 (9.3) 79 (15.4) 1.981 (1.354–2.900), <001

rs1131445 Genotypes

TT 156 (52.0) 111 (43.4) 1.00 (reference)

CT 119 (39.7) 121 (47.3) 1.445 (1.003–2.084), 0.048

CC 25 (8.3) 24 (9.4) 1.280 (0.672–2.438), 0.452

Alleles

T 431 (71.8) 343 (67.0) 1.00 (reference)

C 169 (28.2) 169 (33.0) 1.245 (0.953–1.626), 0.108

*Adjusted for confounder variables such as age and gender

Table 4 Assortments analysis of gender group for two studied polymorphisms

SNP Variable Male Female

Control Case Adjusted* OR (95 % CI), P value Control Case Adjusted* OR (95 % CI), P value

rs4072111 Genotypes, n (%)

CC 119 (80.4) 93 (72.7) 1.00 (reference) 127 (83.6) 91 (71.1) 1.00 (reference)

CT 28 (18.9) 29 (22.7) 1.424 (0.762–2.660), 0.268 24 (15.8) 36 (28.1) 2.235 (1.223–4.085), 0.009

TT 1 (0.7) 6 (4.7) 13.184 (1.503–115.609), 0.02 1 (0.7) 1 (0.8) 2.098 (0.120–36.606), 0.611

Alleles, n (%)

C 266 (89.9) 215 (84.0) 1.00 (reference) 278 (91.4) 218 (85.2) 1.00 (reference)

T 30 (10.1) 41 (16.0) 1.986 (1.164-3.389), 0.012 26 (8.6) 38 (14.8) 2.018 (1.158-3.515), 0.013

rs1131445 Genotypes, n (%)

TT 80 (54.1) 53 (41.4) 1.00 (reference) 76 (50.0) 58 (45.3) 1.00 (reference)

CT 57 (38.5) 59 (46.1) 1.608 (0.945–2.737), 0.080 62 (40.8) 62 (48.4) 1.319 (0.796–2.185), 0.283

CC 11 (7.4) 16 (12.5) 2.186 (0.897–5.325), 0.085 14 (9.2) 8 (6.3) 0.696 (0.261–1.854), 0.468

Alleles, n (%)

T 217 (73.3) 165 (64.5) 1.00 (reference) 214 (70.6) 178 (69.5) 1.00 (reference)

C 79 (26.7) 91 (35.5) 1.532 (1.044–2.248), 0.029 89 (29.4) 78 (30.5) 1.040 (0.712–1.520), 0.838

*Adjusted for age as a confounder variable
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significant role in chemotherapy response and tumor drug
resistance [54–57]. This might be due to their effect on tran-
scriptome or proteome expression level of related genes
[58–61]. Single nucleotide polymorphisms on regulatory re-
gions (3′ and 5′ UTR), miRNA-binding sites, and exon vari-
ants of the genes have been the center of attention in the last
few years. It is postulated that alterations on these regions
might significantly modify the function of genes’ products.
In this study, we explored the association of exon variant
rs4072111 C/T polymorphism and 3 ′ UTR variant
rs1131445 C/T polymorphism in the miRNA-binding site of
the IL-16 gene and gastric cancer susceptibility in Iranian
population. The role of these two putative IL-16 polymor-
phisms on cancer susceptibility has been controversial with
some studies reporting the increased likelihood of the cancer
susceptibility [27]‚ whereas the others indicated no associa-
tion of these two SNPs and cancer risk [10, 22, 23, 28] and in

addition to one study indicated the reduced risk of cancer risk
[29]. In the present study, we found a significant association
between rs4072111 of IL-16 gene and risk of gastric cancer in
Iranian population. Patient with CT genotype showed a sig-
nificant association with 1.79-fold increased risk of GC (P=
0.008; adjusted OR 1.792; 95 % CI 1.164–2.759). In addition,
TT genotype of rs4072111 had a slight decreased risk of gas-
tric cancer. This genotype seems to have a protective role in
our population (P=0.016; adjusted OR 0.999; 95%CI 1.448–
36.483). The significant association was also detected for T
allele of rs4072111 and increased risk of GC (P<0.001; ad-
justedOR 1.981; 95%CI 1.354–2.900).We found that patient
with Tallele had statistically significant association with 1.98-
fold increased risk of gastric cancer compared to the control
group. We also observed statistically a significant relationship
between rs1131445 of IL-16 CT genotype and GC risk. Car-
riers of IL-16 CT genotype compared with TT genotype had
1.44 times higher increased likelihood of GC (P=0.048; ad-
justed OR 1.445; 95 % CI 1.003–2.084). Association of IL
gene polymorphisms and GC risk have been reported in sev-
eral previous studies [62–64]. In line of our study, Azimzadeh
et al. revealed a significant association between the CC geno-
type of the rs1131445 polymorphism and CRC risk (P=
0.004). Similar to our findings, they observed that the C allele
of the rs1131445 was strongly associated with CRC (P=009)
[11]. In another study, L Hughes and colleagues indicated that
rs1131445 in IL-16 was significantly associated with suscep-
tibility of prostate cancer and considered as a prognosis factor
in early steps of prostate cancer among African Americans
patients. They revealed that the TT genotype at rs1131445 in
IL-16 was strongly associated with susceptibility of prostate
cancer and considered as a prognosis factor in prostate cancer
development [27]. However, in contrast to our findings, Tao
Zhang et al. did not find any association between rs1131445
and rs4072111 with risk of non-cardia cancer. In their study,
they did not observe any differences between the cases and
controls for allele and genotype distribution in those polymor-
phisms. However, they found that carrier of CC genotype in
rs11556218 and GG genotype in rs11556218 of IL-16 had
1.97 and 1.84-fold increased likelihood of non-cardia gastric
cancer in a Chinese population, respectively [23]. A meta-
analysis by Yanhui Zhao et al. showed that rs4072111 was
not associated with cancer risk in Asian population [22]. In
Iranian CRC patients, Azimzadeh et al. also revealed no asso-
ciation between CRC susceptibility and rs4072111 variant
[10]. Similar to the results of Azimzadeh, the study of Xue
Qin et al. on nasopharyngeal carcinoma (NPC) patients on
Chinese population confirmed the previous findings on
rs4072111 C/T polymorphism [28]. Furthermore, the study
of Qi-Sheng Luo et al. on a series of Glioma patients also
noted that rs4072111 of IL-16 was not associated with risk
of glioma in Chinese population [24]. However, we found a
strong association between this variant both in allelic and

Fig. 1 ROC curves analysis for clinical features×SNP risk, clinical
feature risk, and SNP risk (rs4072111)

Fig. 2 ROC curves analysis for clinical features×SNP risk, clinical
feature risk, and SNP risk (rs1131445)
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genotype form and risk of GC in our population. As we de-
scribed previously, patient with CT genotype had an increased
risk of GC, whereas TTcarriers showed a slight decreased risk
of gastric cancer. The significant association was also detected
for T allele of rs4072111 and increased risk of GC (P<0.001;
adjusted OR 1.981; 95% CI 1.354–2.900). On the other hand,
consistent with our findings, Romani et al. observed statisti-
cally significant association between rs4072111 variant and
susceptibility of chronic HBV infection development. They
reported that carriers of T allele in this putative SNP had
1.47-fold higher risk of chronic disease development (P value
0.029; OR 1.471; 95 % CI 1.039–2.081) [12]. When we ad-
justed the patients according to the gender for rs4072111, we
also observed that male carriers of T allele had a 1.98-fold
higher risk of developing GC than females (P value 0.012;
OR 1.986; 95 % CI 1.164–3.389). Another valuable study by
Lin-Bo Gao et al. evaluated the association of IL-16 SNPs
including rs4072111 C/T with serum levels of IL-16 and the
risk of GC and CRC in a Chinese population. In contrast to
our study which indicated the increased risk of GC in T allele
carriers, they observed that female with T allele of rs4072111
had a decreased risk for CRC and GC in comparison to car-
riers of the C allele. However, they did not find any associa-
tion between the putative SNP and serum level of IL-16 [29].
The limitations of the present study were as follows: (1) we
did not evaluate the transcriptome or proteome expression of
IL-16 tumors and matched controls in the present study since
this would give us a more accurate description about the role
of these two important variants on GC entity. (2) In this study,
these two variants were independently evaluated for suscepti-
bility of GC without considering the effect of other variants in
interleukin family members including IL-1B, IL-20, IL17A,
and IL-15.

Conclusion

In summary, we found that the rs1131445 T/C and rs4072111
T/C polymorphisms of IL-16 were significantly associated
with increased risk of gastric cancer in Iranian population.
Our study provided the first findings of association of IL-16
rs1131445 T/C and rs4072111 T/C variants with gastric can-
cer susceptibility and showed that the IL-16 rs1131445 T/C
and rs4072111 T/C polymorphisms may be informative
markers for gastric cancer. Further studies with larger sample
sizes in different ethnic groups are needed to confirm our
findings.
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