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Abstract

Background: Colorectal cancer (CRC) is the third most diagnosed malignancy worldwide. The global burden is
expected to increase along with ongoing westernized behaviors and lifestyle. The etiology of CRC remains elusive
and most likely combines environmental and genetic factors. The Kv2.1 potassium channel encoded by KCNB1
plays a collection of roles in malignancy of cancer and may be a key factor of CRC susceptibility. Our study provides
baseline association between Tunisian CRC and interactions between KCNB1 variants and lifestyle factors.

Methods: A case-control study involving 300 CRC patients, and 300 controls was conducted Patients were carefully
phenotyped and followed till the end of study. KCNB1 genotyping was confirmed by Sanger sequencing. Bivariate and
multivariable logistic regression analyses were used to assess the clinical status, lifestyle and study polymorphisms
association with CRC.

Results: We noted significant gender association with CRC occurrence. Moreover, CRC risk increases with high meat
and fat consumption, alcohol use and physical activity (PA). Carriage of rs1051296 A/G and both rs11468831 ins/del
and del/del genotypes (p < 0.001) were significantly associated with CRC risk. Analysis according to gender reveals
correlation of rs1051295 A/G, rs11468831 non ins/ins (p = 0.01) with CRC susceptibility regardless of patients’ gender
while rs3331 T/C (p = 0.012) was associated with females. Stratification study according to malignancy site; Rectal
Cancer (RC) and Colon Cancer (CC), reveals increasing RC risk by gender and high meat and fat consumption, alcohol
use and PA. However, additional association with high brine consumption was noted for CC. The rs1051295 A/G (p =
0.01) was associated with RC risk. Increased CC risk was associated with carriage of rs1051295 A/G, rs11168831 (del/del)
and (ins/del) genotypes.

Conclusion: The risk of CRC increases with modifiable factors by Western influences on Tunisian lifestyle such as
alcohol use, high fat consumption and possibly inadequate intake of vegetables. In addition, KCNB1 polymorphisms
also markedly influence CRC susceptibility. Our study establishes key elements of a baseline characterization of clinical
state, Western influenced lifestyle and KCNB1 variants associated with Tunisian CRC.
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Background
There has been a dramatic increase of colorectal cancer
(CRC) incidence and mortality rates around the world.
Now, CRC is the third most diagnosed cancer with 1.8
million new cases and the second leading cause of malig-
nancy death [1]. Although CRC develops in the large in-
testine, it is characterized as a highly heterogeneous
disease often arising without family history or significant
evidence of mutations that often increase cancer risk [2].
In addition, CRC lifestyle risk factors (e.g. increased meat
and fat consumption and alcohol and tobacco use) dem-
onstrate further examination of proteins and genetics as-
sociated with key digestive tract function. Overall, CRC
etiology likely includes both somatic genetic and epigen-
etic aberrations possibly confounded by such lifestyle fac-
tors [3, 4]. Though CRC is known as a malignant disease
of developed countries, recent studies demonstrate that
the healthcare and incident burden is now increasing in
low and middle income countries during economic devel-
opment and corresponding changes from traditional to
lifestyle influenced by western culture [5].
In 2018, the prevalence of CRC in Tunisia was estimated

at 6.3/100,000 [2]. A 2017 review of the North-Tunisia
Cancer Registry (NTCR) demonstrated a significant in-
crease in CRC incidences since 1994 and predicted a 2024
incidence rate of 39.3/100,000 for male and 22.9/100,000
for female in the absence of a robust screening program
[6]. The unique geographical and historical position of
Tunisia at the crossroads of the African, Asian, and Euro-
pean cultures and people provides an excellent platform
to study the genetic background of a mosaic genetic popu-
lation undergoing relatively recent western lifestyle influ-
ences across a collection of ethnicities.
In previous gene focused studies, several somatic mu-

tations in known CRC driver genes have been identified
(namely, APC, KRAS, TP53 and BRAF) [2] and GWAS
(Genome-Wide Association Studies) continue to eluci-
date CRC pathogenetic mechanisms by identification of
associated genes and suggest collection of genes of com-
mon function possibly important in targeted mecha-
nisms associated with the development of CRC. Recently
ion channel genes expression was extensively examined
in gastrointestinal cancer cells demonstrating modula-
tion and/or regulation of normal and cancer stem cells
[7, 8]. The potassium (K+) channels, present the most
diverse class of ion channels, are involved in activation,
apoptosis and several physiological functions as well as
in the regulatory mechanisms of neoplastic cell prolifera-
tion and survival [9, 10]. It is well established that K+
channels exhibit oncogenic properties and have been
linked to a more malignant cancer phenotypes [9, 10].
Of many K+ channels, the voltage-gated potassium
channel family (Kv) plays important roles in differenti-
ation and growth of excitable cells. Inhibition of Kv

channels also leads to suppressed proliferation of various
cancer cells [8]. Furthermore, studies have linked apop-
tosis to potassium ion loss via cytoplasmic K+ decrease
thus enhancing caspase and nucleases activation that
cause apoptosis [11–13]. Although significant evidence
suggests a prominent role for Kv channel, the role of
such channels has remained largely unexplored in CRC.
One promising, functionally well characterized Kv candi-
date, Kv2.1 (coded by KCNB1 gene) [14], has demon-
strated a role in several cancers including gastric [15]
and endometrial cancer [16]. Kv2.1 forms complexes
with other homo-multimer functional channels such as
Kv9.3 that modulate the electrophysiological properties
of excitable cells and demonstrate a potential oncogenic
role [16]. Consideration of such protein families’ role in
apoptosis regulation suggests that potassium channels
are regulators of cancer cell death and may lead to
promising therapeutic targets. In particular, a recent
study by this group provides evidence about the associ-
ation of KCNB1 polymorphisms (rs3331, rs1051295 and
rs11468831) and treatment response and may help pre-
dict if not contribute to anticancer treatment response, a
part of a new approach for monitoring the disease kinet-
ics during the chemotherapy process [17].
This collective evidence suggests that potassium chan-

nels may play an important role in CRC risk, develop-
ment and metastasis and that Kv2.1 in particular,
through modified expression attributed to KCNB1 muta-
tions (rs3331, rs1051295 and rs11468831) [18] is a not-
able candidate of the potential role of potassium channel
proteins in CRC.
The primary aim of this study is to test whether spe-

cific KCNB1 polymorphisms influence the outcomes of
CRC among Tunisian patients. The second objective of
this study is to examine the possible links between CRC
associated genetic variants and western influenced
changes of Tunisian lifestyle (including meat, fat, vege-
table and brine consumption and tobacco, alcohol and
physical habits) observed during CRC increased occur-
rence in the Tunisian population.

Methods
Study subjects
A retrospective case-control study was conducted between
January 2015 and December 2018, at the outpatient oncol-
ogy service of Salah Azaiz Hospital in Tunisia. A total of
300 subjects with CRC and 300 cancer-free subjects were
recruited into the study. None of the control subjects re-
ported personal or family history of CRC, nor any other
complex disease including arterial hypertension, hypergly-
cemia, and anemia. Healthy controls were matched ac-
cording to self-declared ethnic origin, age and BMI.
Table 1 lists subjects’ characteristics. CRC subjects

underwent complete clinical examination including
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Table 1 Participant’s characteristics (Cases and Controls)

Parameters Cases
N = 300 (%)

Controls
N = 300 (%)

Total
N = 600 (%)

P 1

Demographic

Gender (Male / Female) 146/154 91/209 237/363 < 0.001

Age (years) a 56.80 ± 10.22 55.30 ± 12.20 56.01 ± 11.23 0.09

BMI a 25.04 ± 45.08 25,60 ± 5.14 25.51 ± 5.10 0.75

Lifestyle

Vegetable consumption (high/low) 282/18 278/22 560/40 0.51

Brine consumption (high/low) 199/101 187/113 386/214 0.30

Meat consumption (high/low) 196/104 267/33 463/137 < 0.001

Fat consumption (high/low) 271/29 165/135 436/164 < 0.001

Tobacco use (never/ sometimes) 190/110 237/63 427/173 < 0.001

Alcohol use (never/ sometimes) 215/85 264/36 479/121 < 0.001

Physical activity level (high/low) 31/269 233/67 264/336 < 0.001

Clinical History

Hypertension 223 (74.30) NA NA NA

Hyperglycemia 74 (24.70) NA NA

Anemia 73 (24.30) NA NA

Tumor localization

Colon 190 (63.30) NA NA NA

Rectum 110 (36.70) NA NA

Histological type (Adenocarcinoma)

Lieberkuhnion 243 (81) NA NA NA

Tubular 21 (7) NA NA

Mucinous 32 (10.70) NA NA

Signet Ring Cell 4 (1.30) NA NA

Differentiation

Poor 26 (8.70) NA NA NA

Moderate 109 (36.30) NA NA

Well 165 (55) NA NA

TNM classification

I 1 (0.30) NA NA NA

II 123 (41) NA NA

III 120 (40) NA NA

IV 56 (18.70) NA NA

Treatment

Surgery 2 (0.70) NA NA NA

Chemotherapy 38 (12.70) NA NA

Surgery+ Chemotherapy 190 (63.30) NA NA

Chemotherapy+ Radiotherapy 22 (7.30) NA NA

Mixed 48 (16) NA NA

BMI Body Mass Index, TNM Tumor, Nodes, Metastases according to Dukes Classification modified by Astler-Coller; Mixed: surgery + chemotherapy + radiotherapy,
NA Not Applicable
1 Pearson chi square (categorical variables), Student t-test (continuous variables), Value in bold is statistically significant < 0.05
a mean ± standard deviation

Barbirou et al. BMC Cancer         (2020) 20:1086 Page 3 of 12



colonoscopy and biopsy histopathology to clinically con-
firm diagnosis. A detailed questionnaire was adminis-
tered to assess subject lifestyle including diet, drug,
physical activity, tobacco and alcohol use. Clinical data
was gathered from clinical records retrospectively and
updated by routine medical checkup that included re-
view and testing of anemia, hyperglycemia, hypertension,
tumor pathological report (size, localization, stage, dif-
ferentiation status and histological type), CA19–9/CAE
measurement and KRAS status. Medical status of con-
trols was confirmed by an annual medical examination,
a face-to-face interview and review of the same lifestyle
questionnaire as given to cases. All cases and controls
digital records were anonymized and entered into a
study data base (“DCP DB”).

Lifestyle data
Interviews of all cases (N = 300) and controls (N = 300)
was performed by a trained study interviewer using a
structured French language questionnaire including
questions on demographics, individual and family gen-
eral medical history, individual and family cancer history
and lifestyle including daily and weekly diet, tobacco, al-
cohol and physical activity. Subject’s height and weight
were measured before surgery for cases and during an
annual health examination for controls. Average dietary
intake was investigated by a semi-quantitative food fre-
quency set of questions. Individuals were categorized as
“high” meat consumers if total “meat” (the total of red
and processed meat, fish and poultry) consumed was at
least 150 g/day.
The “high” fat consumers were defined as those who

consumed greater than 200 g of animal fat, oil, butter,
cheese and dry fruit, 3 or more times a week. Individuals
were classified as “high” fruit and vegetable consumers if
the frequency was 5 or more times a week and were cat-
egorized as “high” brine (processed vegetable, fruit and
meat) consumers if subject consumed at least 150 g/day
3 or more times a week. Tobacco use (including hookah
and cigarette smoking) status (“never-used”, “former
user”, or “current user”), age of first tobacco use, the
period of smoking and number of cigarettes/hookahs
per day was recorded. For the purpose of this study,
“former user” and “current user” were categorized as to-
bacco “user”. Alcohol use status (“never-drinker”,
“former drinker” or “current drinker”), and the average
frequency of consumption was recorded. For the pur-
pose of this study, “former drinker” and “current
drinker” were categorized as alcohol “user”. Physical ac-
tivity was assessed by number of hours per day and days
per week. “high” physical activity level was defined by
more than 2 hours per day and at least 5 days a week.
The nature of the subject’s work (physical or non-
physical) was taken into consideration when defining

“high” physical activity level. All lifestyle and habit fac-
tors included in this study were categorized consistent
with the principles defined in the PhenX Toolkit TRIG
system [19]. All subjects’ questionnaire answers were
transcribed and validated by trained project personnel
and recorded in the DCP DB.

Assessing the functional relevance of KCNB1 genetic
variations
The potential functional implications on the Kv2.1 pro-
tein of two KCNB1 gene variants and one related indel
were predicted using SNPnexus [20]. FitCons and
GWAVA non-coding variants functional predictions
provided by SNPnexus were examined. The fitCons cal-
culations give a probability of mutational “fitness conse-
quences” which integrates information from both
evolutionary data and functional genomic data (RNA-
seq, ChIP-seq and DNase-seq) and is especially suited at
quantifying the effect of mutations on cis-regulatory ele-
ments in noncoding DNA [21]. The fitCons score is con-
sidered significant at p < 0.003 (“highly significant
score”) with higher scores indicating more likely gen-
omic functional modification [22]. GWAVA produces
three scores (Region, TSS and Unmatched) from three
different approaches. As in previous studies [23], we use
a threshold of any one of the three scores, > 0.5 to sug-
gest variants with likely functional implications.

KCNB1 genotyping
Genomic DNA was prepared by QIAamp® DNA blood
Mini Kit, according to the instructions of the manufac-
turer (Qiagen GmbH, Hilden, Germany). Genotyping of
two SNPs, located in KCNB1’s 3’UTR (rs3331, rs1051295),
was performed using ARMS-PCR and verified by direct
Sanger sequencing. While the nearby insertion deletion
(rs11468831) was simple PCR amplified followed by capil-
lary electrophoresis on the Agilent 2100 Bioanalyzer (Agi-
lent 2100 Bio-analyzer, Biotech Vertriebsgesellschaft
m.b.H Agilent Technologies, Lithuania). All genotypes, se-
quences and controls were validated by trained project
personnel and recorded in the DCP DB.

Statistical analysis
All data for the study was recorded and stored into the
study database (DCP DB). Data quality and overall as-
sessment was performed by a trained statistician expert
in study data review. Typos, artifacts, missing data and
abnormal statistics were assessed by the project team
and decisions to correct data approved after original
source review. Decisions to exclude data or subject re-
cords were conducted by the data analysis team consist-
ing of the Study lead, operational director and statistical
lead. After data review, ‘approved’ data and records were
notated for subsequent statistical analysis. Distribution
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of the clinical characteristics of the CRC patients was
summarized using frequency and percentage. Two sam-
ple T-test and Pearson Chi-square test were used to as-
sess differences in the demographic and lifestyle
characteristics between the CRC patients and Controls
for continuous and categorical variables respectively. Bi-
variate and multivariable logistic regression models were
fit to the CRC and separately to the RC and CC cohort
data to assess whether demographic, lifestyle or KCNB1
related genotypes are associated with CRC, RC or CC.
Models were fit after adjustment to lifestyle factors to
test the robustness of the associations. In addition, we
tested association KCNB1 haplotype against all factors.
From each fitted model, odds ratios (ORs), correspond-
ing 95% confidence intervals and adjusted p-values were
extracted. All calculated p-values were two-sided and p-
values less than the predefined significance level (alpha =
0.05) were considered statistically significant. All statis-
tical analyses was performed using RStudio (Ver.
1.1.456) and R (Ver. 2.14.0) [24, 25].

Results
Clinical
The clinicopathological characteristics of CRC subjects
(Table 1.) are including hypertension (74.30%), anemia
(24.30%) and diabetes (24.70%). Most CRC cases present
as Lieberkuhnian adenocarcinoma (81%), well differenti-
ated (55%) and at the colon site (63.30%). CRC Dukes
staging assigned according to TNM classification of the
UICC was I (0.30%), II (41%), III (40%) and IV (18.70%).
A majority of the CRC subjects were treated surgically
followed by chemotherapy (63.30%). Controls had no in-
cidences of cancer or clinicopathologies and as expected
from the matched study design, mean age and body
mass index (BMI) were not statistically different between
the CRC cases and controls (p > 0.09) though gender fre-
quencies were statistically different p < 0.001, (Table 2).

Lifestyle
Significant differences of lifestyle variables (Table 2.)
were found between both groups in high meat and fat
consumption, tobacco and alcohol use and high physical
activity level (p < 0.001). Association of lifestyle factors
with CRC risk and separately with Colon Cancer (CC)
and Rectum Cancer (RC) risk was tested using bivariate
and multivariable models. Of co-factors tested using bi-
variate analysis, a significant association of gender, high
meat and high fat consumption, tobacco and alcohol use
and high physical activity (p < 0.001) was found with in-
creased CRC risk. However, when tested using a multi-
variable model, tobacco use was not significantly
associated with CRC risk (p = 0.146). Female alcohol
users with high fat consumption were shown to be at in-
creased risk of CRC (p = 0.016). However, for the entire

cohort, negative association was found for high meat
consumers and high physical activity with CRC risk.
Results of association after stratification by tumor site

are detailed in Table 2. Colon Cancer (CC) demonstrated
a significant association between gender (p < 0.01), high
brine (p = 0.04), fat consumption, tobacco and alcohol use
(p < 0.001) with increased risk (OR = 2.16, 1.48, 8.89, 1.91
and 2.91 respectively). However, after multivariate testing,
tobacco use and high brine consumption were not signifi-
cantly associated with CC risk (p = 0.16 and p = 0.34 re-
spectively). Multivariate testing demonstrated a positive
association between females, high fat consumption and al-
cohol use with CC risk (p < 0.01). A negative association is
noted between high meat consumption and high level of
physical activity with CC risk (p < 0.01, OR = 0.24 and 0.04
respectively).
Regarding RC cases, bivariate analysis detects signifi-

cant association between females, high fat consumption
(p < 0.001) and alcohol use (p = 0.01) with RC risk (OR =
2.21, 6.10 and 2.87). According to the multivariate ana-
lysis, there is no significant association between female
(p = 0.28), tobacco use (p = 0.16) and RC risk. A positive
association was found between high fat consumption
(p < 0.001) with a 6-fold increased risk of RC develop-
ment (OR = 6.26, CI95% [2.64–15.9]), Alcohol users have
a 4-fold (3.66) increased risk to develop RC (p = 0.01).
However, negative association was noted between high
meat consumption (OR = 0.20, CI95% [0.07–0.35]), and
high physical activity (OR = 0.00, CI95% [0.00–0.02]) and
individuals with RC.

Genetic
Functional prediction of the influence of the three tested
polymorphisms (rs3331, rs1051295, and rs11468831) on
Kv2.1 are summarized on Table 3. The “highly signifi-
cant” fitCons scores (p < 0.003) indicated likely low fit-
ness of all three variants: rs1051295 (p = 0.078);
rs11468831 (p = 0.065); rs3331 (p = 0.053). The GWAVA
scores ranged from 0.43 to 0.48 (Region), 0.15 to 0.87
(TSS) and from 0.09 to 0.77 (unmatched) indicating a
predicted functional impact of rs3331 and rs1051295
and no predicted functional impact for rs11468831.
Allelic distributions of the tested variants among study

subjects, as well as stratified analysis according to gender
and tumor site are summarized in Table 4. Significant
association was found between rs11468831 and CRC oc-
currence regardless of tumor site and gender (p < 0.01).
Significant association was also found between major al-
lele of rs3331 “T” and CRC. In fact, carriers of the “T”
allele have higher cancer occurrence than “C” allele car-
riers (p = 0.05, OR = 1.08; CI 95% [1.0–1.17]). The asso-
ciation of rs3331 with CRC marginally disappear by
cohort stratification according to gender (p = 0.18 and
p = 0.07), as well as according to tumor site (CC and
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RC), (p = 0.08 and p = 0.09). No significant allelic associ-
ation between rs1051295 and CRC risk was detected
(p = 0.148).
Genotype distributions of the tested variants among

study subjects, as well as stratified analysis according to
gender and tumor site are shown in Table 5. Of the
three polymorphisms analyzed, significant differences in
frequency distributions of rs1051295 A/G, rs11468831
ins/del and del/del genotypes (p < 0.001) and rs3331 T/C
(p = 0.005) was found between CRC cases and control
subjects, supporting association of these variants to CRC
development in Tunisian population confirming the
marginal association found in the allelic results.
No significant differences were found when cases were

stratified by tumor site (CC and RC). In fact, heterozy-
gous genotype of both SNPs: rs3331 T/C and rs1051295
A/G were positively correlated to CRC development re-
gardless of malignancy localization (p = 0.02 and p =
0.03). As such, carriages of the rs3331 unfavorable geno-
type are with 2-folds (1.92 and 1.70 respectively) with
CRC development. Carriers of one copy of rs1051295
(A/G) are 3-fold higher susceptible to develop CRC. Fur-
thermore, the homozygous major genotype of
rs11468831 ins/ins is associated with CRC occurrence
regardless of tumor site (RC and CC) and patients’ car-
riers of non-ins/ins genotype are less likely to install
colorectal cancer (p < 0.01) (Table 5).
The KCNB1 rs3331 and rs1051295 haplotype shows

no association to CRC, CC and RC susceptibility in the
Tunisia population (data not shown).

Genetic and lifestyle
The correlation between KCNB1 variants (rs3331,
rs1051295 and rs11468831) and five subjects’ lifestyle
factors (meat and fat consumption, tobacco and alcohol
use and physical activity level) were analyzed (Table 2)
for CRC and the segregated RC and CC cohorts. In
addition, analyses were conducted after adjustment to
those five factors for CRC and RC and for those five fac-
tors plus brine consumption for CC. Carriage of
rs1051295 A/G was still associated with increased risk of
CRC, CC (p < 0.001) and RC (p = 0.01). The rs11468831
ins/del genotype was negatively associated with risk for
CRC (p < 0.001) and CC (p = 0.02) and not associated
with RC risk (p = 0.38). The rs11468831 del/del genotype

was negatively associate with risk of CRC, and CC (p <
0.001) and not associated with RC (p = 0.06). On the
other hand, the rs3331 T/C genotype was not associated
to CRC, CC nor RC.
The risk of CRC, CC and RC associated with KCNB1

genotypes and the related indel after adjustment for co-
factors such as gender, physical activity, tobacco and al-
cohol use, brine, meat and fat consumption was assessed
using the multivariable logistic regression model. The
occurrence of CRC and CC was found to be associated
with rs11468831 under the codominant (p < 0.001) and
dominant (p < 0.001 and p = 0.02) respectively. In
addition, rs1051295 was found to be associated under
the codominant (p < 0.001) only. The association of
rs1051295 with both CRC and CC was seen only in het-
erozygous carriers A/G, and for rs11468831 was
observed in heterozygous ins/del and homozygosis del/
del. In RC cases, rs1051295 was found to be highly asso-
ciated under the codominant (p < 0.001) only. The asso-
ciation of rs1051295 with RC was seen only in
heterozygous carriers A/G.

Discussion
The etiology of CRC remains elusive and most likely in-
cludes lifestyle, physiology, and genetic factors and their
interaction. In Tunisia, fundamental risk factors of CRC
such as clinical history, genetics and lifestyle are still not
well understood and therefore the contribution of im-
portant but diffuse factors such as socioeconomic status
(SES) and environmental risk remain unknown. In
addition, Tunisia has recently experienced profound
Western culture related changes in lifestyle and an in-
crease in new colon and rectal cancer cases. Indeed, the
heterogeneity of this malignancy and the variability ob-
served in different populations suggests the need for a
Tunisian study of select individual and family clinical
history, lifestyle and genetic factors. This is the first Tu-
nisian study to test the effect of a wide collection of fac-
tors representative of Western lifestyle including diet,
tobacco and alcohol use, and physical activity habits on
CRC susceptibility and the first to characterize and test
association with variants of an important cancer-
implicated voltage-gated potassium channel Kv2.1.
Our results report about twice high frequency of CC

compared to RC (66.3 vs 36.7%) in the Tunisian

Table 3 Functional scoring prediction for KCNB1 SNPs and related Indel

Genotype FitCons GWAVA

Fitness Score P-value Region Score TSS Score Unmatched Score

rs3331 0.053691 < 0.003 0.45 0.87 0.73

rs1051295 0.078448 < 0.003 0.43 0.76 0.77

rs11468831 0.06567 < 0.003 0.48 0.15 0.09

SNPs Single Nucleotide Polymorphisms, FitCons Fitness consequence, GWAVA Genome Wide Annotation of Variants, TSS Transcription Start Site
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population a result consistent with earlier studies [26].
Part of the cancer site variation may be attributed to the
recent change in the Tunisian diet from a largely Medi-
terranean to a more heavily influenced Western diet.
Several studies have consistently confirmed a correlation
between high meat consumption, even in low or middle-
income Westernized countries and CRC susceptibility
[27]. Interestingly, the percent of CRC cases who were
high versus low meat consumers in Tunisia was signifi-
cantly low (42.3% vs. 57.6%, p < 0.001) and that 89% of
controls were high meat consumers (Table 1). In
Tunisia, a Mediterranean middle-income country, the
high consumption of meat is characterized by significant
amounts of fish and poultry [28]. Fish consumption is
negatively correlated with CRC risk [27] suggesting why
our study demonstrates that high meat consumption is
associated with lower CRC risk contrary to meat con-
sumption association with increased CRC risk estab-
lished in studies of other populations [29, 30]. Further
studies are required to fully elucidate these findings.
The Development of CRC undergoes four stages: initi-

ation (stage I), promotion (stage II), progression (stage
III) and metastasis (stage IV). In our study, 81% of cases
are Stage II and III, while 18.7% are Stage IV. In
addition, 90.3% of all cases classified as high fat con-
sumers whereas 55% of healthy controls were high fat
consumers. Combined, these results are consistent with
known high fat diet’s effect on eliciting variation of in-
testinal stem cells and influence on increased tumorigen-
icity of intestinal progenitors [31, 32]. Our analysis
demonstrates comparable BMI (p = 0.75) between cases
and controls (25.04 and 25.6, p = 0.75, Table 1) and a re-
duction of CRC risk with high physical activity. Suggest-
ing that a high fat diet and obesity may be mitigated by
high physical activity.
The sex-ratio (SR) 0.94 of cases was opposite to

other studies demonstrating male predominance in
CRC incidences [33–35]. This contrast may be ex-
plained by recent Tunisian female work and lifestyle
changes that suggest occupational and environmental
risk factor exposure comparable with Tunisian males.
Our Tunisian study also establishes that high alco-

hol use is associated with CRC occurrence regardless
of neoplasia site a result consistent with results in
high-income country studies [26]. Such consistency of
risk may be attributed to alcohol’s first metabolite
(acetaldehyde) classification as a human carcinogenic
by the IAR [36]. Ingested alcohol is metabolized into
acetaldehyde resulting in mucosal injuries and regen-
erative cellular proliferation [37, 38] and accumulation
in the intestinal epithelial cells therein possibly pro-
moting carcinogenesis through DNA damage [37, 38].
We find no association between tobacco use and
CRC development and a larger percentage of CRC

case tobacco non-users compared to users (63.3% vs.
36.7%, p < 0.001).
Alterations in tumoral microenvironment affected by

lifestyle changes play an important role in tumor pro-
gression via cell-cell interactions, cell-matrix signals and
other related voltage gated potassium channels (Kv) re-
lated molecular function [39]. The Kv2.1 channel has
been shown to play a role in these physiological pro-
cesses and therefore is a compelling channel to study in
site-specific CRC, CC and RC occurrence and/or metas-
tasis. In addition, Kv2.1’s heterotetramerization with
other channels subunits increases channel diversity and
therefore the potential deleterious role during the
malignancy process [40]. For example, the Kv9.3 channel
(an electrophysiological silent subunit) expression in-
creased in CRC and is a heterotetramer with Kv2.1
suggesting, the combination may modify electrophysio-
logical properties in CRC [14]. These findings suggest
that Kv9.3 (without Kv2.1) plays a role in cell-cycle pro-
gression and cell proliferation. However, the observed ef-
fects on cell-cycle progression and cell proliferation may
also be caused by a changed ratio of free Kv2.1/Kv9.3
hetero- and Kv2.1 homotetramers secondary to the re-
duced Kv9.3 expression [14]. Other evidence suggests a
mechanistic basis for the modulation of Kv2.1 channel
inactivation gating kinetics by silencing the Kv6.4 sub-
units, associated with CRC [14], via the co-assembles of
Kv2.1/Kv6.4 [41].
Interestingly, it has been suggested that the Kv2.1 chan-

nel may function as a promoting signal for focal adhesion
kinase (FAK) activation which is associated with CRC me-
tastasis [42, 43]. In fact, the Kv2.1 channel provides a
unique voltage-dependant mechanism underlying FAK ac-
tivation in response to microenvironment changes and a
wide variety of pathophysiological conditions such as for-
mation of tumor metastasis and FAK motility [44].
Together, clustering Kv2.1/FAK promotes increased inva-
siveness of CRC cells. Furthermore, as colon cancer cells
are known to usurp excitable cells to facilitate invasion
and due to Kv2.1 ability in modulating the electrophysi-
ology of excitable cells it is plausible that Kv2.1 could be
related to tumor progression. The surprising variability of
Kv2.1 function within the microenvironment highlights
the possible if not likely importance of such channels in
CRC and suggests additional studies to discover Kv2.1
function that may be modified adversely with Western in-
fluenced lifestyles such as increased fat and meat con-
sumption. In addition, our recent results showed that
KCNB1 polymorphisms were associated with Tumor-
Node-Metastasis (TNM) progression and treatment
response and suggests that such polymorphisms as bio-
markers of CRC outcomes, before and during chemother-
apy process [17]. The accumulated body of evidence of
the importance and functional contribution of Kv2.1 in

Barbirou et al. BMC Cancer         (2020) 20:1086 Page 10 of 12



cancer suggested the importance of testing variants’ of
KCNB1 (the Kv2.1 coding gene) association with CRC,
CC and RC. Indeed, our study demonstrates important as-
sociation between site-specific digestive cancers and func-
tionally impactful genetic variation found in the KCNB1
gene. In particular, the A allele of rs1051295 was predicted
to be located in the has-miR-216a binding site suggesting
the presence of the G allele may increase KCNB1 expres-
sion, thereby inhibiting tumor progression [44] a result
consistent with the presence of more G alleles in our
study’s Controls versus Cases. We also found that the
rs11468831 indel variant is protective against CRC risk re-
gardless of tumor site. The association of functionally im-
pactful KCNB1 variants and CRC susceptibility in the
Tunisian population are consistent with the proven in-
volvement of the KCNB1 gene in the autophagy process
that inhibits tumor growth and proliferation [45]. The
established role of, KCNB1 modulation on the autophagy
mechanism and may be important in CRC’s aggressive-
ness and metastasis [46–50].

Conclusion
Our results demonstrate significant association between
diet, alcohol and tobacco use, KCNB1 gene variations and
CRC development in the Tunisian population. Though
non-targeted CRC screening programs are expensive for
population-wide use in Tunisia, public health concerns
and CRC predictions based on changing lifestyles are im-
portant to government policies seeking CRC incidence re-
duction. Such policies benefit from this and related
studies of the role of modifiable risk factors that provide
evidence and context informing less costly targeted
screening based on known Tunisian Western-influenced
lifestyle changes. Future efforts will include studies of en-
vironment perturbations, additional ion channel examin-
ation and Tunisian specific lifestyle designed to guide and
provide insight into more precise screening, new thera-
peutics and improved CRC management.
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