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Abstract

Purpose Gastric cancer is an inflammation-driven disease often associated with a bad prognosis. Upstream stimulatory
factors USF1 and USF2 are pleiotropic transcription factors, with tumor suppressor function. Low expression of USF1 is
associated with low survival in gastric cancer patients. USF1 genetic polymorphism -202G > A has been associated with
cancer susceptibility. Our aim was to investigate USF1 gene polymorphism and serum level with the risk of gastric cancer.
Methods USF1-202 G/A polymorphism was analyzed by sanger sequencing, with the measure of USF1/USF2 serum levels
by ELISA in H. pylori-positive patients with chronic gastritis, gastric precancerous lesions, gastric cancer and in healthy
controls.

Results Our results show that the presence of the USF1-202 A allele increased the risk of gastric cancer compared to G
(OR=2;95% CI 1.07-3.9; P=0.02). Genotypically and under the dominant mutation model, the combined USF1- GA/
AA -202 genotypes corresponded to higher risk of gastric cancer (OR =3.5; 95% CI 1.4-8.2; p-value =0.005) than the GG
genotype. Moreover, the G/A transition at USF1-202 was associated with lower USF1 serum level, and mostly observed in
gastric cancer patients where the average serological level of USF1 were 2.3 and twofold lower for the AA and GA geno-
types, respectively, compared to GG.

Conclusion USF1-202 G/A polymorphism constitutes a gastric cancer genetic risk factor. Together with USF1/USF2 serum
level, they can be proposed as promising biomarkers for gastric cancer detection/prevention.
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Introduction

Gastric cancer remains one of the most aggressive neo-
plasm worldwide with a high mortality rate. It is mainly
associated with a bad prognosis because of its diagnosis
often performed at advanced stages with limited therapeu-
tic options (Bray et al. 2018). Presently, gastric cancer can
only be detected by gastric endoscopy which is an invasive
and costly method, but which remain the gold-standard for
gastric tumours diagnosis. Therefore, the identification of
specific biomarkers easily measurable in blood is crucially
needed. It could allow an early detection of gastric cancer
and largely improve patients survival and their quality of
life. An histologic classification of gastric cancer has been
determined, defining mainly the intestinal type and the
diffuse type (Lauren 1965), and has been recently com-
pleted by a molecular classification that distinguishes gas-
tric cancer according to genomic stability/instability and
p53 status (Cristescu et al. 2015; Cancer Genome Atlas
Research Network 2014; Setia et al. 2016). Intestinal-type
gastric carcinoma develops via several sequential lesions
triggered mainly by Helicobacter pylori infection-driven
inflammation, which leads to chronic gastritis, atrophic
gastritis, intestinal metaplasia, dysplasia and gastric ade-
nocarcinoma (Koulis et al. 2019). In addition to H. pylori,
recognized as the major risk factor, the development of
gastric cancer results from the complex interplay of factors
from multiple origin (Seeneevassen et al. 2021). A host
genetic polymorphism mainly including genes coding for
mediators of inflammation and immune response, compo-
nents of DNA repair systems, have been associated with a
higher risk of gastric cancer (Clyne and Rowland 2019).
The upstream stimulating factors USF1 and USF2
are pleiotropic transcriptional regulators of the expres-
sion of genes related to a wide variety of cellular func-
tions, among which the immune response, cell prolif-
eration, DNA repair systems (Corre and Galibert 2005).
USF1 and USF2 regulate the expression of genes cod-
ing for component of the immune response such as the
k2-Ig light chain, IgM J chain, Ig receptors, C4 comple-
ment and inflammatory mediators as TGF-p1, IL-3, and
IL10 (Corre and Galibert 2005, 2006; Zhang et al. 2007).
The USFs factors also function as tumor suppressors by
activating the transcription of certain tumor suppressor
genes such as TP53, BRCA2, and APC (Corre and Galibert
2006; Bouafia et al. 2014), by inhibiting the expression of
the gene coding for the human telomerase reverse tran-
scriptase (hTERT), the major component of the telomer-
ase and the oncogenic activity of c-Myc and Ras (Chang
et al. 2005; Luo and Sawadogo 1996). USFs also control
the cell cycle by slowing the G2/M transition (Jung et al.
2007). Concerning USF1, it has an essential role in the
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maintenance of genome stability. Under genotoxic stress
conditions, USF1 interacts with p53 and inhibits its pro-
teasomal degradation (Corre and Galibert 2006; Bouafia
et al. 2014). Moreover, in response to ultra-violet stress,
USF1 promotes DNA photolesions repair by activating the
transcription of genes coding for components of the nucle-
otide excision repair (NER) system (Baron et al. 2012).
Recently, we demonstrated that USF1 is a new modulator
of gastric carcinogenesis, playing a central role in the host
DNA damage and repair response to H. pylori infection
(Costa et al. 2020). Its low expression is associated with
a worse prognosis in gastric cancer patients, leading to
propose USF1 as a biomarker candidate to identify sub-
groups of such patients (Costa et al. 2020). Importantly,
its absence in Usfl '~ mice accelerates H. pylori-induced
gastric lesions and exacerbates their severity, compared to
infected UsfI** mice (Costa et al. 2020).

According to their pleiotropic properties, the genetic pol-
ymorphisms associated to USF factors coding genes may
be correlated with immune disorders and cancer diseases
(Goueli and Janknecht 2003; Pawar et al. 2004; Wang et al.
2018). The USFI gene is located on chromosome 1q22—q23,
consisting of 11 exons and 10 introns. Its promoter region
is TATA box-less, however, it contains an initiator element
"Inr" (Corre and Galibert 2005; Verhoeven 2011). The
USF2 gene is located on chromosome 19q13 and consists
of 10 exons and 9 introns. The USF2 promoter is TATA
and CCAAT boxes-less, but contains an initiator element
‘Inr’. Unlike USF 1, the USF?2 gene promoter is characterized
by two E-box motifs located at positions —332 and —186,
potentially allowing its regulation by itself and/or USF1
factor (Corre and Galibert 2005). A previous case—con-
trol study reported a USF1 genetic polymorphism involv-
ing —202G > A, rs2516839, (mutant A alleles vs wild G
alleles) and —844C > T, rs3737787 (mutant T alleles vs wild
C alleles) associated with hepatocellular carcinoma (HCC)
susceptibility (Zhou et al. 2014; Zhao et al. 2015). Also
in the case of the papillary thyroid cancer, an association
between single nucleotide polymorphism (SNP) of USFI
and high-risk susceptibility involving rs2516838 (mutant G
alleles vs wild C alleles), rs3737787 and rs2516839 has been
reported (Yuan et al. 2016). To our knowledge, no study has
been done to assess the association of USFI gene polymor-
phisms and USF1/USF2 serum levels with the risk of gastric
cancer. We thus developed a case/control study to evaluate
the association between USF] promoter gene polymorphism
at the position USF1-202 G/A and the risk of precancerous
lesions and gastric cancer development. In parallel, in order
to investigate USF1 and USF?2 as potent gastric cancer bio-
marker candidate, their serum level was also investigated
in the same cohort of patients at various stages of gastric
carcinogenesis process, also assessing the relationship with
the USF1-202 G/A polymorphism.
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Materials and methods

Clinical and pathological characteristics of the study
population

Two hundred and eighteen Moroccan subjects were
included in this study. The studied cohort was categorized
as follows:

e 155 patients with various gastric lesions related to H.
pylori infection: including 65 with chronic gastritis, 50
with precancerous lesions (30 with atrophic gastritis,
20 with intestinal metaplasia), and 40 with Intestinal-
type gastric cancer recruited at the Gastroenterology and
Oncology Departments at the IBN ROCH University
Hospital Center in Casablanca, Morocco. Patients hav-
ing received previous treatment for H. pylori eradication,
proton pump inhibitors, anti-inflammatory medicines,
chemotherapy or radiotherapy treatment, and patients
with cancers other than distal gastric adenocarcinoma
were excluded from the study.

e 63 Healthy asymptomatic blood donors served as con-
trols, recruited from the Regional Transfusion Center of
Casablanca, with no history of gastrointestinal illnesses
or regular use of any gastrointestinal and anti-inflamma-
tory medicines.

Clinical information about the demographic character-
istics of the participants were collected using a defined
questionnaire. The characteristics of the studied popula-
tion are reported in Table 1.

All participants were informed about the study and
agreed to their participation. Informed consent has been
obtained from all patients.

Genotyping of USF1 at position —202 G/A

Genotyping experiments were performed as previously
reported (Bounder et al. 2020). Genomic DNA was extracted
from blood collected in EDTA-tubes, using the commer-
cially available kit (PureLink" " Genomic DNA Mini Kit) and
stored at —20 °C until use. The USFI genetic polymorphism
at position —202 of its promoter region (from — 446 to — 61,
size of 386 bp) was analyzed by polymerase chain reaction
(PCR) followed by DNA sequencing. The reaction was
carried out in 20 pL, including: 200 ng of genomic DNA,
0.2 uM of primers (Yuan et al. 2016), 1 mM dNTPs, 3 mM
MgCl, and 0.5 unit of Taq polymerase (MyTaq = Polymer-
ase, Bioline). PCR thermocycling conditions were as fol-
low: initial denaturation at 95 °C for 1 min, followed by 35
cycles of 95 °C for 15 s, 58 °C for 15 s, 72 °C for 30 s, and
a final extension at 72 °C for 7 min. The PCR products were
purified using exonuclease (Thermo Scientific) and alkaline
phosphatase (Promega) and incubated at 37 °C for 15 min
and at 80 °C for 15 min. DNA sequencing conditions were
carried out using BigDye Terminator v3.1 Cycle Sequenc-
ing Kit (Applied Biosystems), with an Applied Biosystems
377 DNA sequencer using the BIOEDITE software package.

Quantification of USF1 and USF2 serum levels

Blood samples were collected in a serum tube from patients
before anesthesia and gastroscopy examination. The serum
was separated within 1 h of blood collection after spin-
ning for 15 min at 1500 g. Serum samples were stored at
— 80 °C in aliquots of 500 pL and thawed just before test-
ing. The USF1 and USF2 serum levels were determined by
using Human USF1 (MyBioSource: MBS9342772) and
Human USF2 (MyBioSource: MBS9388787) quantitative
immuno-enzymatic sandwich ELISA Kkits according to the

Table 1 Demographic

s . Demographic data Controls Chronic gastritis Precancerous lesions Gastric cancer
charactf.:rlstlcs of the studied N (%) N (%) N (%) N (%)
population

Age
[<40] 28 (44.4) 30 (46.1) 8 (16) 5(12.5)
[40-50] 20 (31.8) 12 (18.5) 14 (28) 9(22.5)
[50-60] 15 (23.8) 16 (24.6) 13 (26) 5(12.5)
[60>] 0(0) 7 (10.8) 15 (30) 21 (52.5)
Min-max [mean] 25-57 [43.2] 26-85 [45.1] 23-80 [53.4] 23-75 [55.8]
Gender
Male 34 (54) 25 (40) 25 (50) 23 (55)
Female 29 (46) 40 (60) 25 (50) 17 (45)
Ratio M/F 1.17 0.62 1 1.35
Living area
Urban 49 (77.8) 48 (73.8) 29 (58) 15 (37.5)
Rural 14 (22.2) 17 (26.2) 21 (42) 25 (62.5)
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manufacturer’s instructions. Total USF1 and USF2 concen-
trations in samples were expressed as pg/ml.

Statistical analysis

All the statistical analyses were performed with R software.
The descriptive data are presented in terms of frequen-
cies. The comparisons of genotypes and allele frequencies
between cases and controls were tested by the chi-square or
the Fisher’s test. Odds Ratios (OR), as well as their 95% con-
fidence intervals (CI), were computed to estimate the risk of
chronic gastritis, precancerous lesions, and gastric cancer in
the subjects with USF1 —202 G/A variants. The normal dis-
tribution of serum levels was assessed by the Shapiro—Wilk
test and then a quantitative data comparison between two
groups was performed by the Wilcoxon test. The quantitative
data comparison between more than two groups was per-
formed by the Kruskal Wallis test. The correlation between
the USF1 and USF2 serum levels was determined by the
Kendall correlation and the linear regression tests. The dif-
ferences were considered significant at a p-value < 0.05.

Results
Genotyping of USF1 at position —202 G/A

The general characteristics of the patients included in the
studied cohort are reported in Table 1. As reported in the

Supplementary Fig. S1, the groups of patients with pre-
cancerous lesions or gastric cancer lesions are significantly
older compared to the healthy controls (p-value =0.0008 and
p-value <0.0001, respectively) and patients with chronic
gastritis (p-value =0.0089 and p-value =0.0005, respec-
tively). As many men as women have been included in the
healthy controls and precancerous lesions groups while 1.6
more women and 1.3 more men are found among chronic
gastritis and gastric cancer patients, respectively.

The distribution of USFI1—-202 G/A alleles and geno-
types and the statistical analysis are reported in Table 2.
The frequency of the USF1-202 A allele is 19% in healthy
control and increased with the severity of gastric lesions,
corresponding to 23%, 28%, and 32.5% in patients with
chronic gastritis, precancerous lesions, and gastric cancer,
respectively. A significant allelic variation was observed
between the gastric cancer group and healthy controls
(p-value =0.02). The A allele was associated with an
elevated risk of gastric cancer compared to the G allele
(OR=2;95% CI 1.07-3.9; P=0.02).

The GA genotype was more frequent among patients with
gastric cancer (35%) and precancerous lesions (20%), com-
pared to patients with chronic gastritis (12.3%) and healthy
controls (6.3%). While the GG genotype was more fre-
quently found in healthy controls (77.8%) and patients with
chronic gastritis (70.8%) compared to those with precancer-
ous lesions (62%) and gastric cancer (50%). The statisti-
cal analysis demonstrated a significant genotypic alteration
between patients suffering from gastric cancer and healthy

Table 2 Allelic and genotypic distribution of the USFI —202 G/A polymorphism in patients with gastric lesions and controls

HC CG PL GC
N (%) N (%) N (%) N (%)
USF1-202 G/A alleles
G 102 (81) 100 (77) 72 (72) 54 (67.5)
A 24 (19) 30 (23) 28 (28) 26 (32.5)
P-value* 0.42 0.11 0.02

OR; [95% CI]J; P-value**
USF1-202 G/A genotypes

GG 49 (77.8) 46 (70.8)
GA 4(6.3) 8 (12.3)
AA 10 (15.9) 11 (16.9)
P-value* 0.5

OR; [95% CI]; P-value**
Dominant (GG vs AA+GA)

1.2; [0.7-2.3]; 0,44

1.4;[0.65-3.2]; 0.42

1.6; [0.88-1]; 0,36 2;[1.07-3.9]; 0.03

31 (62) 20 (50)
10 (20) 14 (35)
9(18) 6 (15)

0.07 0.0007

2.1; [0.94—4.8]; 0.09 3.5; [1.4-8.2]; 0.005

Recessive (GG +GA vs AA)
Codominant (GG vs GA)
Codominant (GA vs AA)

1.1;[0.42-2.7]; 1
2.1; [0.60~7.56]; 0.36
0.55; [0.13-2.401;0.49

1.1;[0.43-3.1]; 0.8
3.9; [1.14-13.7]; 0.04
0.36; [0.08-1.56]; 0,28

0.9;[0.3-2.8]; 1
8.6; [2.51-29.24]; 0.0003
0.17; [0.04-0.771;0.03

HC healthy controls; CG chronic gastritis; PL precancerous lesions; GC gastric cancer

*P-values were calculated using the Chisq test/Fisher test

**Two by 2 command
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controls (p-value=0.0007). In the case of dominant muta-
tion, the USF1-202 GA/AA genotypes were associated with
a higher risk of gastric cancer (OR=3.5; 95% CI 1.4-8.2;
p-value=0.005) compared to the GG genotype. In the case
of the codominance, an elevated risk of gastric cancer was
observed with GA genotypes compared to GG (OR =8.6;
95% CI 2.5-29.2; p-value=0.0003). In the case of recessive
mutation, no significant risk was detected (Table 2).

In patients with precancerous lesions, the A allele tend
to be found more frequently compared to the healthy con-
trols group, but the difference was not statistically signifi-
cant (p-value=0.07). Regarding genotypic distribution,
under a codominant model, the GA genotype was associ-
ated with a higher risk of precancerous lesions compared
to GG (OR=3.9; 95% CI 1.1-13.7; p=0.04). However, no
significant risk was identified under dominant or recessive
models (Table 2).

The results show that the USF1-202 G/A polymorphism
may be associated may be associated with an increased
risk of gastric cancer and the development of precancerous
lesions.

Quantification of USF1 and USF2 serum levels

USF1 and USF2 act as homo- or heterodimers to regulate
the expression of genes at E-box consensus sequences in
their promoter region. As indicated above, the USF2 gene
promoter is characterized by two E-box motifs located at
positions —332 and —186, potentially allowing its regulation
by itself and or USF1 factor (Corre and Galibert 2005). We

Fig. 1 Distribution of serum
levels of USF1 in controls and
patients with gastric lesions

4k ok

then analysed in parallel to USF1, the distribution of USF2
levels in the serum of patients and healthy controls as shown
in Figs. 1 and 2 respectively.

Concerning USF1, the mean serum levels in the healthy
controls group was 239.5 pg/ml, in comparison to 448.2 pg/
ml, 320 pg/ml and 212.7 pg/ml in patients with chronic gas-
tritis, precancerous lesions, and gastric cancer, respectively
(Table 3). Similar results were observed regarding USF2,
with mean serum levels of 217.7 pg/ml in healthy controls,
in comparison to 348.7 pg/ml, 200.8 pg/ml and 165.3 pg/ml
in patients with chronic gastritis, precancerous lesions and
gastric cancer, respectively (Table 4). Higher serum levels
of USF1 and USF2 were recorded in patients with chronic
gastritis compared to the other groups (p-value <0.05),
while the lower levels were recorded in patients with gastric
cancer, with a twofold decrease compared to chronic gas-
tritis patients (p-value =0.0003 (USF1); p-value =0.00003
(USF2)). More significant differences were observed
on USF2 than USF1 levels, between chronic gastritis
and precancerous lesions patients (p-value =0.00005;
p-value=0.03, respectively) (Tables 3 and 4).

USF1 serum levels are measured by ELISA at the dif-
ferent stages of gastric cancer cascade. Data show median
values in controls (164 pg/ml) and patients suffering from
chronic gastritis (331 pg/ml), precancerous lesions (250 pg/
ml) and gastric cancer (126 pg/ml). Higher serum levels
of USF1 were recorded in patients with chronic gastritis
compared to the controls (p-value=0.0001), precancerous
lesions (p-value=0.03) and patients with gastric cancer
(p-value=0.0003).
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Fig. 2 Distribution of serum
levels of USF2 in controls and
patients with gastric lesions
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Table 3 USF1 serum levels at the different steps of the gastric car-
cinogenesis process

T T T
Chronic gastritis Precancerous lesions Gastric cancer

Gastric Lesions

Table4 USF2 serum levels at the different steps of the gastric car-
cinogenesis process

USF1 (pg/ml) HC CG PL GC USF2 (pg/ml) HC CG PL GC
Minimum 14 53 39 24 Minimum 15 36 7 14
25% percentile 87 200 945  90.25 25% percentile 66 156 46.5 68
Median 164 331 250.5 126 Median 135 289 114.5 100.5
75% percentile 333 588.5 413 340.8 75% percentile 290 412 283 251.8
Maximun 2212 5307 2376 581 Maximun 1836 1860 1968 760
Mean 239.5 4482 320 212.7 Mean 217.7 348.7 200 165.3
p-value significance intra-groups* p-value significance intra-groups*
p-value significance inter groups** p-value significance inter groups**
Case vs healthy controls 0.0001 0.11 0.56 Case vs healthy controls 0.0001 0.3 0.35
Cases vs chronic gastritis - 0.03  0.0003 Cases vs chronic gastritis - 0.00005 0.00003
Cases vs precancerous lesions - - 0.10 Cases vs precancerous lesions - - 0.9

HC healthy controls; CG chronic gastritis; PL precancerous lesions;
GC gastric cancer

*Kruskal-Wallis test

*#Wilcox test

USF2 serum levels are measured by ELISA at the
different stages of gastric cancer cascade. Data show
median values of USF2 in controls (135 pg/ml) and
patients suffering from chronic gastritis (289 pg/ml),
precancerous lesions (114.5 pg/ml) and gastric can-
cer (100.5 pg/ml). Higher serum levels of USF2 were
recorded in patients with chronic gastritis compared to
the controls (p-value =0.0001), precancerous lesions

@ Springer

HC healthy controls; CG chronic gastritis; PL precancerous lesions;
GC gastric cancer

*Kruskal-Wallis test
**Wilcox test

(p-value =0.00005) and patients with gastric cancer
(p-value =0.00003). The results revealed an increase
of USF1 and USF2 serum levels in the chronic gastritis
group, while a decrease was observed in gastric cancer
patients.

Interestingly, a positive relationship was noted
between the serum levels of USF1 and USF2 levels
(p-value <2.2e— 16; t=0.7) (Fig. 3).
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Fig.3 Correlation between USF o
1 and USF2 serum levels. Data § n alue <2.2a-16
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Table 5 Association between USF1 —202 G/A locus genotypes and
USF1 serum levels

USF1 -202 G/A genotypes

USF1 (pg/mL) GG GA AA
Minimum 14 34 24
25% percentile 113.5 84.25 61
Median 270 130 111
75% percentile 501.5 338.3 337
Maximum 5307 837 1458
Mean 452 228 271
p-value intra-groups 0.0002

(Kruskal Wallis test)
p-value inter-groups (Wilcox test)

Case vs GG 0.01 0.004

Case vs GA 0.7

Association between USF1 -202 G/A gene
polymorphism and USF1 serum levels

The results showed a noteworthy difference in USF1 lev-
els according to genotypes of the USFI —202 G/A locus in
the cohort (Table 5). The serum levels of USF1 were mark-
edly lower in individuals with the GA and AA genotype
compared to those with the GG genotype. The mean levels
were 452 pg/ml, 228 pg/ml, and 271 pg/ml in carriers of
the GG, GA, and AA genotype, respectively. Statistically,

T T T T
400 600 800 1000

Serum levels of USF1 (pg/ml)

the difference in serum levels was significant between the
genotypic groups (p-value =0.0002). Indeed, the differences
in USF1 serum level associated with GA and AA USF1
—202 genotype are significant as compared to GG. How-
ever, no differences were significantly observed between GA
and AA. In order to investigate if the association between
USF1 serum levels and USF —202 genotype can by be
modulated by the gastric lesions stages, the analysis was
performed for each group of patients. As reported in Fig. 4,
the most important impact of these USF1 allelic variations
are observed in the group of gastric cancer patients where
the average serological level of USF1 were 2.3 and twofold
lower for the AA and GA genotypes compared to GG.

USF1 serum levels measured by ELISA according to
USF1-202 GA-, AA- and GG-genotypes determined as indi-
cated in the Material and methods section, for each group of
gastric pathologies and healthy controls. Lower USF1 serum
levels are observed for GA- (p=0.04) and AA- (p=0.03)
genotypes for gastric cancer patients, compared to GG-.
Among patients with GA- genotype, USF1 serum level was
lower in patients with gastric cancer compared to chronic
gastritis (p=0.0059). Comparing chronic gastritis patients
with healthy controls with the GG- genotype, USF1 serum
levels was higher in the presence of chronic gastritis lesions
case compared to healthy (p=0.0019).

The results revealed a negative impact of the USF1 —202
G/A variant on serum levels of USF1, and the impact was
more evident in the gastric cancer group.
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Fig.4 USF1 GA- and AA-gen-
otypes are associated with lower
USF1 serum levels, compared
to GG genotypes, especially in
gastric cancer patients
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Discussion

Despite therapeutic advances, gastric cancer is most often
associated with an unfavorable prognosis, mainly due to its
asymptomatic phenotype during its development. In addition
to H. pylori infection, host germline genetic variations are
among the risk factors for gastric cancer. Genetic variants
among which SNPs related to genes coding for DNA repair,
DNA methylation, and inflammatory and immune response
components may constitute risk factors and accelerate the
development of gastric cancer (Tian et al. 2019; Mocellin
et al. 2015). Due to their regulatory function on the expres-
sion of various genes related to different biological pro-
cesses including tumorigenesis, variations in genes coding
for USFs transcription factor could impact the risk of gastric
cancer development. In agreement with this hypothesis, our
recent data argue for a tumor suppressive activity of USF1 in
the case of gastric carcinogenesis (Costa et al. 2020). USF'1
genetic polymorphisms have been described and associ-
ated with higher susceptibility to certain cancers, including
cervical, liver, and thyroid cancer (Wang et al. 2018; Zhou
et al. 2014; Zhao et al. 2015; Yuan et al. 2016; Zhang 2015).
In our population, we demonstrated that the frequencies of
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Chronic gastritis  Precancerous lesions Gastric cancer

the mutated allele USF1 —202 A and the USF1 -202 GA
genotype increased with the severity of gastric lesions. The
USF1-202 A allele was shown to be associated with a higher
risk of gastric cancer compared to the G allele) OR=2; 95%
CI -3.9; p-value =0.02). Genotypically, under the dominant
model, the USF1-202 GA/AA genotypes were associated
to a significantly higher risk of gastric cancer (OR =3.5;
95% CI 1.4-8.2; p-value =0.005) compared to the GG
genotype. Additionally, in the codominant model, a higher
risk of gastric cancer was observed with the GA genotypes
compared to the GG genotype (OR =8.6; 95% CI 2.5-29.2;
p-value =0.0003). Our study indicates that USF1-202 G/A
polymorphism is associated with an increased risk of gastric
cancer. Our results are further supported by other studies in
the Chinese population, reporting the association of USF1-
202 G/A polymorphism with increased sensitivity to HCC
and thyroid cancer (Zhou et al. 2014; Zhao et al. 2015). Ye
et al. have also showed the impact of this polymorphism on
the efficiency of chemotherapy and the prognosis of treat-
ment in ovarian cancer patients (Ye et al. 2018). However,
due to the geographic variation of gastric cancer incidence
and the multifactorial origins of its development, further
studies considering different ethnicity are recommended to
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further validate our findings and to clarify the functional
relationship between USF1 polymorphisms and cancer risk
susceptibility.

Alteration in USF1 gene expression may impact gastric
cancer severity, as we recently reported (Costa et al. 2020).
Indeed, the low expression of USFI in gastric tumour
compared to adjacent tissue is associated with a decrease
of gastric cancer patient survival. In the present study, we
also measured the levels of USF1 and USF2 in the sera of
patients, at the different stages of the gastric cancer cascade.
Higher serum levels of USF1 and USF2 were significantly
recorded in chronic gastritis patients than in the other cases
and healthy subjects. Moreover, lower levels were observed
in gastric cancer patients, compared to chronic gastritis
patients. The high serum levels of USF1 and USF2 in the
chronic gastritis group can be associated with the pleio-
tropic roles of these factors in the regulation of immune and
related-inflammation genes expression (Zhang et al. 2007,
Frenkel et al. 1998; O’Keefe et al. 2001; Ren et al. 2016;
Weigert et al. 2004; Zhu et al. 2005). In line with this, Song
et al. revealed a positive correlation between USF1overex-
pression and activation of the NF-kB signaling pathway and
the level of pro-inflammatory factors in patients with osteo-
arthritis (Song et al. 2018). The decrease of USF1 and USF2
serum levels with the advancement in gastric carcinogenesis,
as in patients with precancerous lesions and gastric cancer,
may be associated with an inhibition of USF1/USF2 gene
expression, leading to impair their functions as tumor sup-
pressors and to promote the development of precancerous
lesions and gastric cancer. Accordingly, during H. pylori
infection, Bussiére et al. demonstrated that down-regulation
of USFI and USF?2 genes expression, results from the hyper-
methylation of their gene promoter and it is associated with
the development of intestinal metaplasia in infected mice
(Bussiere et al. 2010). As previously mentioned, recently
Costa et al. reported a promoting effect of USF1-deficiency
on gastric carcinogenesis in H. pylori Usfl~~ infected mice
(Costa et al. 2020). Moreover, the low expression level of
USF1 is associated with a shorter life expectancy and worse
prognosis in gastric cancer patients, thus supporting the
tumor-suppressive properties of USF1 (Costa et al. 2020).
These results are in line with other studies that have showed
the down-regulation of USF1 and USF?2 in breast, prostate,
lung, and oral cancer, supporting these two pleiotropic tran-
scription factors as tumor suppressors (Chang et al. 2005;
Chen et al. 2006; Ismail et al. 1999; Khattar et al. 2005).

USFs factors act as dimers as USF1/USF1, USF1/USF2,
or USF2/USF2 (Corre and Galibert 2005, 2006; Verhoeven
2011; Kirschbaum et al. 1992; Sirito et al. 1994). In vivo,
the USF1/USF2 heterodimer represents more than 66% of
the complexes formed. Their activity is complementary and
vital for cellular function, and each of them is important
to the cellular function of the other (Sirito et al. 1998). In

our study, we noticed a strong positive correlation between
USF1 and USF2 serum levels. Genetically, mutations in the
promoter of the genes can affect genes expression, either
positively or negatively. The rs2516839 (USF1 —202 G/A)
genetic variant corresponds to a mutation in the 5’UTR of
the USF1 gene that can affect the intiation of transcription
as well as the recruitment of transcriptional factors, resulting
in abnormal expression of USFI. However, the effect of the
USF1 —202 G/A polymorphism on USF1 serum levels has
not been well established. In the present study, we showed
that the serum levels of USF1 were lower in individuals car-
rying the GA and AA genotypes compared to those carrying
the GG genotype. Our findings support an inhibitory effect
of the USF1-202 A allele on the expression of USF1, as also
reported in the context of atherosclerotic plaques lesions
(Fan et al. 2014). These data lead us to propose that the
determination of GA and AA genotypes at USF1 —202 locus
associated with low USF1 and USF2 serum levels constitute
powerful biomarkers for the detection/prevention of patients
at risk of gastric cancer.

In summary, our study revealed that the USF1-202G/A
polymorphism appeared to be linked to an increased sus-
ceptibility to gastric cancer. Serum levels of USF1 and
USF2 were higher in patients with chronic gastritis and
decreased with the progression of the severity of gastric
lesions. The polymorphism at the USF1-202 G/A position
led to a reducing effect on USF1 expression. Besides, a posi-
tive correlation between USF1 and USF2 was noted, sug-
gesting a collaborative cellular activity between these two
transcription factors. Despite the fact that further studies on
larger populations and diverse ethnicities are needed to bet-
ter understand the impact of USF1-202 G/A polymorphism
and USF1/ USF2 serum levels on gastric cancer suscepti-
bility, coupling these two markers constitute a promising
diagnostic approach to identify at the earliest patients highly
susceptible to gastric cancer development. Importantly, these
analyses based on non-invasive methods pave the way to
further validation and development of a simple blood-based
diagnostic test for gastric cancer prevention.

Conclusions

In conclusion, our study revealed that the USF1-202G/A
polymorphism appeared to be linked to an increased sus-
ceptibility to gastric cancer. Serum levels of USF1 and
USF2 were higher in patients with chronic gastritis and
decreased with the progression of the severity of gastric
lesions. The polymorphism at the USF1-202 G/A posi-
tion seems to have a reducing effect on USF1 expression.
Besides, a positive correlation between USF1 and USF2
was noted, suggesting a collaborative cellular activ-
ity between these two transcription factors. Despite that
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further studies on larger populations and diverse ethnici-
ties are needed to better understand the impact of USF1-
202 G/A polymorphism and USF1/USF2 serum levels on
gastric cancer susceptibility, coupling these two markers
constitute a promising diagnostic approach to identify at
the earliest patients highly susceptible to gastric cancer
development.
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