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Abstract.

BACKGROUND: Non-Hodgkin’s lymphoma (NHL) is the most common hematological malignancy in the world. Many etiologic
factors have been implicated in the risk of developing NHL, including genetic susceptibility and obesity. Single-nucleotide
polymorphisms (SNPs) in Ghrelin (GHRL), an anti-inflammatory hormone, and tumor necrosis factor o (TNF-«), an inflammatory
cytokine, have been independently associated with the risk for obesity and NHL.

OBJECTIVE: To investigate the association between SNPs in GHRL and TNF-« and the risk for NHL and obesity in Kuwaitis.
METHODS: We recruited 154 Kuwaiti NHL patients and 217 controls. Genotyping was performed for rs1629816 (GHRL
promoter region), rs35684 (GHRL 3’ untranslated region), and rs1800629 (TNF-« promoter region). Logistic regression analysis
was performed to assess the association of the investigated SNPs with NHL and the relationship between the selected SNPs with
BMI in each group separately.

RESULTS: We show that rs1629816 GG was associated with an increased risk for NHL in our sample (p = 0.0003, OR 1.82; CI:
1.31-2.54). None of the investigated SNPs were associated with obesity, nor was obesity found to be associated with the risk for
NHL.

CONCLUSIONS: Our study demonstrates an association between rs1629816, a SNP in the GHRL regulatory region, and NHL in
Kuwaitis.
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1. Introduction

Non-Hodgkin’s lymphoma (NHL) is the most com-
mon hematological malignancy in the world [14]. In
Kuwait and the Gulf Council Countries (GCC), NHL
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is the fifth most common cancer in both males and
females [14]. The NHL incidence rate in Kuwait has
increased at least 1.5 times in the last 33 years [12].

Various etiologic factors contribute to the risk of
NHL, the major ones being genetic susceptibility,
chronic inflammation and lifestyle factors, such as obe-
sity [2,11,13]. Genetic association studies have shown
associations between NHL and specific polymorphisms,
especially in genes that have been implicated in inflam-
matory processes [45].
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Studies have reported conflicting results on the link
between NHL and obesity, with some studies showing
a positive association while others showing no associa-
tion [22,28,47]. Kuwait has one of the highest obesity
rates in the world. The prevalence of overweight and
obesity in the Kuwaiti population are 80.4% and 47.5%,
respectively, and are higher in females, 81.9% and 53%,
compared to males, 78% and 39.2% [1]. Obesity is as-
sociated with chronic low-grade inflammation because
adipocytes produce and secrete several proinflammatory
cytokines, including tumor necrosis factor alpha (TNF-
a) [46]. The TNF-a single-nucleotide polymorphism
(SNP) 151800629 (TNF-a-308G/A), is a polymorphism
that leads to increased production of TNF-« [48]. The
association of rs1800629 with obesity is inconsistent
and varies based on ethnicity and sex [35]. On the other
hand, this SNP has been associated with an increased
risk for numerous cancers [7,18,29,32,36]. In the Inter-
national Lymphoma Epidemiology Consortium study,
rs1800629 was found to be significantly associated with
the risk for NHL [42]. Other studies found that this as-
sociation might be population-specific; the risk of NHL
in carriers of the rs1800629 variant allele was found to
be either significantly increased [19,53], decreased or
absent depending on the population studied [51].

TNF-« inhibits ghrelin (GHRL), an anti-inflammatory
hormone and a growth hormone (GH) secretagogue
that is released mainly during caloric restriction and
weight loss [17], and GHRL inhibits proinflammatory
cytokine production, including TNF-« [25,33]. TNF-«
is inversely related to GHRL’s expression and activity,
and reduced levels of GHRL have been observed with
increased circulating levels of TNF-«, such as in the
chronic inflammation state of obese individuals [39,43].
It has been reported that obese individuals have lower
levels of GHRL in their plasma compared with individ-
uals with a normal body mass index (BMI) [6,8]. A re-
duction in the GHRL level is associated with increased
inflammation during obesity, and increased GHRL level
induced by caloric restriction is associated with de-
creased inflammation [8]. Several studies have investi-
gated the association of polymorphisms in the GHRL
gene with BMI and reported contradictory results, with
most studies reaching the conclusion that they are not
associated [10,30,44].

Recent studies have shown that GHRL stimulates
cancer cell proliferation and metastasis and is highly
expressed in several cancers, including NHL [26,41].
However, meta-analysis studies have been inconclusive
about whether SNPs in GHRL were associated with
cancer, including NHL [9,37]. One study showed that

two GHRL SNPs, rs1629816 (GHRL-4427G>A) in the
promoter region and rs35684 (GHRL+5179A>G) in
the 3’ untranslated region, were associated with a sig-
nificantly decreased risk for NHL [44]. Interestingly,
neither SNP causes a change in the amino acid that it en-
codes, and therefore, both are considered synonymous
SNPs (sSNPs) [31,44].

Since polymorphisms of the GHRL and TNF-« genes
have been associated with obesity and NHL risk in
different populations and since this association has
never been investigated in the Kuwaiti population, we
aimed to determine the genotypic and allelic frequen-
cies of GHRL rs1629816 and rs35684, and the TNF-«
rs1800629 in a sample of healthy Kuwaiti individuals
and NHL patients and to investigate the potential asso-
ciation of these polymorphisms with the risk of devel-
oping NHL. We also examined whether these polymor-
phisms were associated with obesity in our cohort and
whether obesity was associated with NHL.

2. Materials and methods
2.1. Study cohorts

We recruited a total of 217 controls and 154 NHL
patients for this study. The controls were cancer-free
individuals recruited from polyclinics and matching
as well as possible the patient group for sex and age.
The NHL patients were diagnosed and recruited at the
Kuwait Cancer Care Center (KCCC). Upon arrival at
the clinic, a blood sample was collected (5 ml) into a
sterile EDTA vacutainer and stored at 4°C until further
processing for DNA extraction. Clinical data collected
from the patients consisted of an in-clinic interview and
review of the patient medical records when needed. Sex,
age, weight, and height were recorded (Table 1). Out
of the 154 patients, 139 patients were included in the
study. The exclusion criteria were patients who did not
provide informed consent or a blood sample at the time
of the interview and those who were non-Kuwaitis.

2.2. Ethical approval and informed consent

Ethical approval for this study was obtained in 2012
from the Joint Committee for The Protection of Hu-
man Subjects in Research of the Health Sciences Center
(HSC) and the Kuwait Institute of Medical Specializa-
tion (KIMS)-Ministry of Health-Kuwait, following the
guidelines set by the The Code of Ethics of the World
Medical Association (Declaration of Helsinki, 1964).
All patients who participated in the study provided an
informed consent.
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Table 1

Demographics and clinical features of the study groups

Characteristics of the study sample

Controls (n = 217)

NHL Patients (n = 139) p

BMI

Male, n (%)

Age,y

Age of onset, y

Treatment regimen for NHL patients
Chemotherapy

Radiotherapy

Chemotherapy -+ radiotherapy
Bone marrow transplant

No treatment

No information

28.8 £6.7 27.8£175 0.19
123 (56.7%) 67 (48.2%) 0.47
50.7+ 15.6 539+£15 0.79

- 51.5+14.9 -

95 (68.3%)
1(0.7%)
21 (15.1%)
2 (1.4%)
11 (7.9%)
9 (6.5%)

Values given are the mean = standard deviation or number of patients (N) (%). Body mass index

13

(BMI), non-Hodgkin’s lymphoma (NHL).

Table 2
Location and reference numbers of SNPs included in this study
rs number Gene Polymorphism SNP location
rs1800629 TNF-a -308G>A Promoter
rs35684 GHRL 5179A>G 3’ UTR region
rs1629816 GHRL -4427G>A Promoter

RefSNP (rs) numbers represent the SNP’s accession number in the
SNP database (dbSNP). Untranslated region (UTR).

2.3. Genotyping

Total genomic DNA was extracted from blood sam-
ples using the Gentra® Puregene® DNA extraction Kit
according to the manufacturer’s instructions (Qiagen
Hilden, Germany). Genotyping by allelic discrimina-
tion using real-time PCR was performed on all samples
for all three investigated SNPs (Table 2) on the ABI
PRISM 7900HT Fast Real-Time PCR System (Life
Technologies Co. Carlsbad CA, USA). Initial optimiza-
tion of genotyping assays for the various SNP loci was
performed by employing custom-designed or published
primers that are annotated in the GenBank database
reference sequence NG_007462.1 [20,40,42,44]. The
protocol conditions used were those described and pub-
lished for Tagman® genotyping assays. Samples were
genotyped for each polymorphism as homozygous or
heterozygous.

2.4. Quality assurance of SNP detection

Quality assurance was performed as described pre-
viously [3]. In brief, SNP sites were sequenced to ver-
ify the accuracy of the real-time PCR allele calling us-
ing custom primers that were designed in the lab using
NCBI Primer-Blast and Primer 3 software. For each
locus, samples were randomly selected (10 samples per
SNP), and the target regions (flanking sequences of the
variant sites not exceeding 500 bp) were sequenced for

confirmation by Sanger sequencing on the ABI Gene
Analyzer 3130xI using the Big Dye Terminator Kit
v3.1 with conditions according to the manufacturer’s in-
structions (Applied Biosystems, Life Technologies, CA,
USA). Confirmed samples were then used as positive
controls in RT-PCR reactions. Sequences for rs35684
and rs1800629 were submitted to GenBank under ac-
cession numbers KP339513 and KP339511, respec-
tively.

2.5. Statistical analysis

Hardy-Weinberg equilibrium for each SNP was
tested using a web-based Pearson’s chi-square test cal-
culator. Statistical analysis was performed to assess
the relationship of each SNP with susceptibility to de-
veloping NHL using logistic regression. The results
are reported as odds ratios (ORs) and 95% confidence
intervals (CIs). In addition, linear regression analy-
sis was performed to assess the relationship between
the selected SNPs and BMI in each group separately.
Age, sex and BMI were controlled for in the regression
analysis. Data were analyzed using SPSS (Version 25;
SPSS, Inc., an IBM Company, Chicago, Illinois). De-
mographic data and characteristics are represented as
the mean + standard deviation (SD) and percentage,
as appropriate. Statistical significance was accepted at
p < 0.05.

3. Results
3.1. Demographics and clinical characteristics
Two hundred seventeen healthy controls (123 males,

94 females) and 139 NHL patients (67 males, 72 fe-
males) were recruited for this study. The mean age of
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Table 3
Genotypic and allelic frequency of the TNF-a SNP rs1800629 and
the GHRL SNPs rs35684 and rs1629816 in controls (n = 217) vs.
patients (n = 139)

SNP Control N (%)  NHL patients N (%) p
TNF-a
rs1800629
GG 162 (74.5%) 98 (70.5%) 0.671
GA 44 (20%) 32 (23%)
AA 11 (5.5%) 9 (6.5%)
Ghrelin
rs35684
AA 106 (49%) 76 (54.5%) 0.562
AC 95 (44%) 54 (39%)
CcC 16 (7%) 9 (6.5%)
rs1629816
GG 62 (28.5%) 56 (40.3%) 0.002
GA 97 (45%) 66 (47.5%)
AA 58 (26.5%) 17 (12.2%)

Values given are the number of individuals (N) (%).

Table 4
HWE for the TNF-a SNP rs1800629 and the GHRL SNPs rs35684
and rs1629816 in controls (n = 217) vs. patients (n = 139)

SNP HWE Non-HWE

RS 1629816

Control (p=0.11) -
Patient (p =0.72) -

RS 35684
Control (p =0.40) -
Patient (p =0.89) -

RS 1800629
Control - (p = 0.002)
Patient - (p =0.01)

Hardy-Weinberg Equilibrium (HWE): if p < 0.05, then the SNP is
not in HWE.

the controls and the patients was 50.7 £ 15.6 and 53.9
=+ 15 years, respectively. There were no significant dif-
ferences between healthy controls and NHL patients in
terms of BMI, sex or age (Table 1).

3.2. Genotype distributions and allele frequencies

The investigated SNPs and their locations in their
respective genes are presented in Table 2. The allelic
and genotypic frequencies of the three SNPs are sum-
marized in Table 3. The allelic frequencies for the var-
ious genotypes (Table 4) were found to be in Hardy-
Weinberg equilibrium (HWE), except for rs1800629 in
patients, controls and the whole sample (p < 0.05). Of
the alleles, the most frequent wild-type allele expressed
in both the controls and patients was that of rs1800610,
while the most frequent variant allele expressed was
that of rs1629816 (Table 3). There was a significant dif-
ference in the genotype frequency between the control
and the patients for rs1629816 (p = 0.002), but not for

Table 5
Multivariate analysis to predict variables associated with developing
NHL in the patient (n = 139) cohort

Variable OR (95% CI) p
Gender (female) 1.15(0.73-1.83) 0.53
Age (+1 year) 1.01 (0.99-1.02) 0.166
BMI (kg/m?) 0.97 (0.94-1) 0.122
GHRL rs1629816 1.82 (1.31-2.54) 0.0003

rs1800629 (p = 0.671) or rs35684 (p = 0.562). All in-
vestigated genotypic variants were observed in both the
control and patient samples (Table 3). Only one of the
investigated SNPs, rs1629816, showed a significant dif-
ference in its allelic and genotypic distribution between
the patients and the control samples.

3.3. Association of rs1629816 with NHL

Analysis by logistic regression showed a strong as-
sociation of rs1629816 GG genotype with the risk of
developing NHL in our sample (p = 0.0003, OR, 1.82;
95% CI, 1.31-2.54, Table 5). All associations were con-
trolled for age, sex and body mass index (BMI). We
also analyzed the association of nongenetic parame-
ters with NHL. We found that in our study cohort, age,
obesity or sex showed no association with the risk for
NHL (Table 5, p > 0.05). Finally, we analyzed the as-
sociation of the investigated SNPs with BMI but found
no association in the controls or the patients (data not
shown, p > 0.05).

4. Discussion

In our study, we have investigated the association
of SNPs in the GHRL and TNF-a genes with the risk
for NHL in a group of Kuwaiti individuals. We also
looked into whether these SNPs were associated with
obesity and whether obesity was associated with an in-
creased risk for NHL in our study cohort. We found that
r$1629816, a SNP in the GHRL promoter, was associ-
ated with an increased risk for NHL in carriers of the
GG genotype (p = 0.0003, OR, 1.82; 95% CI, 1.31-
2.54, Table 5), which is consistent with what was pre-
viously reported [44]. The association of GHRL poly-
morphism with NHL is plausible for several reasons.
GHRL is an anti-inflammatory hormone that has been
found to have an association with many cancers, includ-
ing NHL. It is thought to give cells a growth advantage
because of its effect on GH and therefore cell prolifer-
ation. GHRL has also been found to inhibit apoptosis
through the extracellular signal-regulated kinase 1/2
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Table 6
Distribution of TNF-c rs1800629 genotypes in different populations
Kuwait (%)  Asian (%) Non Hispanic (%)  Persian (%) Egypt (%)

Control

GG 74.5 GG 85.3 GG 71 GG 81.3 GG 67

GA 20.0 GA 14 GA 17.1 GA 17.1 GA 27

AAS5.S5 AA 0.7 AA 1.6 AA 1.6 AA6
NHL

GG 70.5 GG 88.1 GG 68 GG 85.3 GG 44.8

GA 23 GA 114 GA 28 GA 13.2 GA 25

AA 6.5 AA 0.5 AA4 AA1S5 AA 26.2

(ERK1/2) and phosphatidylinositol-4,5-bisphosphate
3-kinase (PI3K)/Akt protein kinase B (PKB) path-
ways [49,50,54]. The ERK1/2 and PI3K/Akt pathways
are staple oncogenic pathways that have been estab-
lished to be upregulated in several cancers. Increased
cell proliferation and inhibition of apoptosis are both
hallmarks of the process of carcinogenesis [16]. There-
fore, it is no surprise that GHRL has been found to be
abnormally expressed in many cancers. The most ac-
cepted reason for the association between GHRL SNPs
and the risk for NHL is that variation in GHRL alters
its expression and/or function, thereby increasing its
effect on cell proliferation and/or inhibiting apoptosis,
which in turn may stimulate lymphomagenesis, leading
to an increased risk of developing NHL [43]. The SNP
associated with NHL risk in our sample, rs1629816,
is a sSSNP in GHRL. sSNPs can occur in coding and
noncoding regions of a gene. Studies show that sSSNPs
affect protein expression, conformation and function
and thereby may lead to altered disease susceptibili-
ties [23,31]. This has been shown to be true in vari-
ous diseases, including hematological and nonhema-
tological malignancies [31]. rs1629816 might affect
GHRL expression, conformation or function, leading
to an increase in its effect on cancer cell proliferation
and therefore an individual’s susceptibility to various
malignancies, including NHL. However, further stud-
ies are needed to elucidate the effect of this SSNP on
GHRL and the molecular mechanism by which it might
be increasing the risk for NHL.

We also looked into the TNF-a SNP rs1800629 and
found no difference in the genotypic distribution of this
SNP between controls and NHL patients in our sam-
ple (p = 0.671); therefore, there was no link between
rs1800629 and the risk of NHL in our sample. This
is consistent with a previous meta-analysis in which
the TNF-a SNP 151800629 GG was associated with an
increased risk for NHL in Caucasians, decreased risk in
Asians, but no association when the populations were
combined [51].

In our sample, none of the investigated SNPs were as-
sociated with an obese BMI (p > 0.05, data not shown),
nor was BMI associated with the risk for NHL (p =
0.122, OR 0.97 95% CI, 0.94—1, Table 5). Studies asso-
ciating NHL with overweight or obesity have had con-
flicting results. A study in Canada that included more
than 20,000 individuals with 19 different cancers found
a 46% increase in the risk for NHL in people with a
BMI above 30 kg/m? [5]. Conversely, a study of 37,931
women in Iowa found no association between BMI and
NHL [5,38].

All tested SNPs were in HWE except for rs1800629.
This SNP is of particular importance since it has been
shown to be associated with an increased risk for several
chronic conditions, such as asthma, chronic obstructive
pulmonary disease (in Asian but not Caucasian popu-
lations), and several cancers [4,15,24,27,52]. Several
studies on rs1800629 and the risk for NHL in different
populations found it to deviate from HWE: in controls
in Seattle, in a combined sample of controls and patients
in the UK, and in the control groups, the patient groups,
and the whole samples in Spain and at the University of
California—San Francisco [42]. Quality control testing
showed no genotyping errors in these studies, and other
SNPs tested in the same populations were consistently
found to be in HWE. The same applies for our sam-
ple; stringent quality control measures, sequencing of
SNPs and random replication of the genotyping test
for already tested samples were applied to our samples
and confirmed the accuracy of our genotyping. In addi-
tion, other SNPs tested in this study and a previous one
were always in HWE [3]. This precludes the possibility
of genotyping error and warrants further investigation
into the pattern of this SNP’s distribution across dif-
ferent populations. We found that the allelic frequency
of this SNP has differed among different populations
(Table 5); the frequency of the A allele was found to be
highest in Egyptians (0.2), followed by non-Hispanic
whites and Kuwaitis (0.16), Persians (0.1) and finally
Asians (0.08) [19,21,34,42]. The association of the risk
of NHL with rs1800629 was highest in Egypt, followed
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by non-Hispanic whites, while no risk was reported for
Persians or Kuwaitis (this study), and a negative asso-
ciation was reported for Asians [19,21,34,42]. Inter-
estingly, we noticed that the degree of risk association
might correlate with the frequency of the A allele in a
population, although no conclusions can be drawn until
additional studies investigate this observation.

Although larger than some previous case-control
studies, a limitation of our study is the sample size.
This is a common limitation in genetic studies due to
the difficulties surrounding the availability of samples.
Although NHL is the top hematological malignancy in
Kuwait, collecting a sufficient number of samples re-
mains a significant challenge since a very small number
of samples are available for collection due to the small
population size. Increasing the sample size might give
us better insight into the relationship of the risk of NHL
with the TNF-a SNP rs1800629.

In conclusion, our study shows that rs1629810, a
SNP in GHRL promoter area, was highly associated
with the risk of NHL in our study cohort. None of the
SNPs investigated were associated with obesity, and
obesity was also not associated with the risk of devel-
oping NHL. Future studies including a higher number
of subjects and from different populations are necessary
to validate this association. Studies are also needed to
identify genes whose SNPs are associated with NHL to
help predict individuals who are at risk and therefore
offer the benefit of early detection or even to apply pre-
ventative measures where appropriate. Finally, relating
our population to other populations in terms of SNP
genotype and allele frequency will be helpful for taking
advantage of future pharmacogenomic applications that
are based on individual and population genotypes.
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