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Abstract. Colorectal cancer (CRC) is one of the most common
malignancies worldwide and includes colon cancer (CC)
and rectal cancer (RC). Regarding CC, the development of
novel molecular biomarkers for the accurate diagnosis and
prognosis, as well as the identification of novel targets for
therapeutic intervention, are urgently needed. SRY-related
high-mobility group box 9 (SOX9), a transcription factor, is
involved in development, and has been associated with the
progression of human cancer. However, its underlying clinical
and functional effects in CRC have not been fully understood.
Therefore, the present study aimed to evaluate the clinical and
functional relevance of SOX9 expression in CC. The expres-
sion of SOX9 in tumor tissues was evaluated in 97 biopsies
from Mexican patients with CC with early-stage I and II
disease by immunohistochemistry (IHC). In addition, SOX9
silencing in the HCT116 cell line was performed using specific
small interfering RNAs, while downregulation efficiency
was verified by reverse transcription-quantitative PCR and
immunofluorescence. Spheroid-formation assay was carried
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out using ultra-low attachment plates. The THC results showed
that SOX9 was upregulated in patients with stage II (91%)
and advanced T3 stage (67%) CC. Interestingly, higher SOX9
expression was associated with clinical stage, tumor size and
tumor location. Furthermore, increased SOX9 expression was
found in relapsed cases with local tumors; however, it was not
associated with increased survival probability. Additionally,
functional analysis indicated that SOXO silencing significantly
attenuated the sphere-formation capability of HCT116 cells.
The present study was the first to evaluate the expression
levels of SOX9 in Mexican patients diagnosed with early-stage
CC. The aforementioned findings indicated that high SOX9
expression could play an important role in tumorigenesis
and be associated with advanced T-stages of clinical-stage II
patients, but not with relapse-free survival.

Introduction

Colorectal cancer (CRC) is one of the most common types of
cancer, with 1.8 million cases and 862,000 deaths worldwide,
only during 2018 (1). In total, ~2/3 of CRC cases are associated
with colon cancer (CC) and the rest with rectal cancer (RC).
In addition, CRC is the third most commonly occurring type
of cancer in men and the second in women in the world (2).
The incidence and mortality rates of CRC are increasing in
younger individuals for whom screening is limited and key
symptoms may be not obvious. The aforementioned finding is
very important since for the majority of patients with cancer,
the 1- and 5-year survival rate is much higher when cancer is
diagnosed at the early stages of the disease (3). Mexico is one
of the principal countries with the highest incidence of CRC
in young individuals, with a rate of 22.8% among patients <40
years old (4,5).

The development of CRC is a multifactorial and multi-
step process involving different genomic and epigenetic
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modifications. The majority of CRC cases are sporadic and
develop slowly for over a decade through the adenoma-carci-
noma sequence (6). Although substantial progress has been
made in the treatment and understanding of the molecular
mechanisms involved in CRC in recent years, the overall
survival (OS) rate remains relatively low compared with other
types of cancer (7,8).

Emerging evidence has suggested that the Wnt pathway
is involved in the maintenance of the self-renewal capacity
of stem cells of the gastrointestinal tract (9). Paneth cells are
a highly specialized epithelial cell type located at the crypts,
which serve a critical role in controlling intestinal stem cell
niche, and supporting crypt base columnar cells and the
regeneration of absorptive and secretory cell types (10,11).
SRY-related high-mobility group box 9 (SOX9) is a member
of the SOX family of transcription factors, and is known to
act as a regulator in a variety of developmental processes
such as male sex determination, chondrogenesis, neurogen-
esis and neural crest development (12). In the healthy colon,
SOX9 is expressed in stem/progenitor and Paneth cells by
the transcriptional effector of the Wnt pathway, namely
the P-catenin/transcription factor 4 (TCF4) complex (13).
Mutations in important components of the Wnt pathway, such
as the tumor suppressor adenomatous polyposis coli (APC)
and the multifunctional 3-catenin gene, have been reported
in the majority of CC cases (14). These mutations result
in the stabilization of B-catenin that constantly interacts
with TCF4, thus leading to constitutive transcription of
TCF4-target genes, such as SOX9, eventually promoting
the development of CC through transformation of the
colonic epithelium (15). It has been reported that mutations
in the SOX9 gene, such as recurrent distal truncating and
frameshift or nonsense mutations, result in SOX9 overex-
pression in 11% of CC cases. In addition, SOX9 mutations
may coexist with KRAS mutations and wild-type tumor
protein 53 status (16).

Despite the importance of SOX9 in maintaining colon
homeostasis and stemness properties within the crypts (13),
it has been ambiguously reported as both an oncogene and
tumor suppressor gene. As an oncogene, overexpression of
SOX9 in vitro and in vivo has been associated with different
pro-oncogenic properties in CRC, such as promotion of
proliferation, inhibition of senescence, and collaboration with
other oncogenes in cancer development (17). Interestingly, a
study suggested that SOX9 could serve as a marker of CRC
progression and/or differentiation, since it could negatively
regulate the gene expression of CDX?2 and mucin 2, oligomeric
mucus/gel-forming via B-catenin (18). Moreover, a previous
study has suggested that the increased levels of SOX9 are
strongly associated with poor prognosis in CRC (19). SOX9
overexpression also promoted S100P upregulation, which in
turn enhanced the invasiveness and metastasis of CC cells
via activating the receptor for advanced glycation end prod-
ucts/ERK signaling and promoting epithelial-mesenchymal
transition (EMT) (20). In this regard, SOX9 could regulate
hypoxia-induced ubiquitin-specific protease 47 upregulation to
promote EMT and metastasis of CRC cells (21). Additionally,
another study demonstrated that the increased secretion of
TGF-f by tumor microenvironment-associated macrophages
upregulated SOX9 expression and facilitated EMT (22).

Furthermore, it has been reported that high levels of SOX9
enhance the invasion potential of CRC cells by providing
stemness properties (23), and are associated with decreased
survival rate and adverse prognosis, thus supporting its use as
a potential diagnostic and prognostic marker in CRC in the
Spanish population, via deregulating the BMI1 oncogene (24).

As a tumor suppressor, SOXO9 is associated with the human
carcinoembryonic antigen (CEA) gene, which induces apop-
tosis (25) and the CEA-related cell adhesion molecule 1 (26) in
the human CC cell line HT29-16E. Interestingly, low expres-
sion of SOX9 was associated with a higher relapse risk in
stage IT CRC cases in a Denmark population (27).

CRC s classified based on three important points combined
into an overall stage, namely local invasion depth (T stage),
lymph node involvement (N stage) and presence of distant
metastases (M stage) (7). However, CC shows high tumor
heterogeneity among patients, even at the same TNM stage.
Nowadays, prognostic markers, such as hypoalbuminemia are
used to predict poor surgical outcomes of colon cancer; hypo-
albuminemia is a poor prognosis factor for long-term survival
of colon cancer after curative surgery (28) and albumin level
<3.5 g/dl predict a poor survival chance for patients with
colorectal carcinoma (29). For this reason, the pathological
approach should be complemented with molecular classifica-
tion using diagnostic and prognostic biomarkers to provide
the appropriate therapy (30). Although populations growing
in different environments show some similarities in the
instauration of CC, they also present with heterogeneity in the
biomarkers associated with the onset of the disease. Therefore,
the present study aimed to evaluate the clinical value of SOX9
expression in CC.

Materials and methods

Patients and tumor tissue samples. An observational,
descriptive, and retrospective study was conducted between
January 2012 and June 2017. A total of 97 adult patients
(48 male and 49 female; mean age + SD, 56.2+14.45 years;
age range, 18-90 years) were diagnosed with early-stage I
and II colon cancer at the National Cancer Institute of Mexico.
Tissue samples were obtained from all patients during surgical
treatment and were then paraffin-embedded. The study
protocol was approved by the Institutional Review Board of
the National Cancer Institute of Mexico (permit no. Rev/42/16)
and due to its retrospective nature, patient informed consent
was not needed. The clinicopathological features of patients
were recorded and evaluated. According to Vera et al (31),
minimal follow-up should be between 3-6 months during
the first 5 years, thus, patients who were lost to follow-up for
>6 months were excluded. The median follow-up period for all
patients was 66 months.

Immunohistochemistry (IHC). Paraffin-embedded tissues
were cut into 3-pm thick slices and the SOX9 expression levels
were determined by THC. Briefly, tissue slices were rehydrated
and antigenically reactivated in citrate buffer (0.01 M citric
acid, 0.01 M sodium citrate) for 10 min at 95°C. Tissues
were then washed twice with 1X PBS. Subsequently, IHC
was carried out using the Mouse and Rabbit Specific HRP
Detection IHC kit (cat. no. ab-93686; Abcam) following the
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manufacturer's instructions. Tissue endogenous peroxidase
was blocked following slice incubation with hydrogen peroxide
for 10 min at room temperature followed by washing twice
with 1X PBS. Non-specific antigenic sites were blocked by a
protein blocking solution for 10 min at room temperature, and
the tissue samples were washed once followed by incubation
with a polyclonal rabbit SOX9 antibody (cat. no. ab185966;
Abcam; 1:100) diluted in 0.01% Triton X-100 and 0.1% BSA
overnight at 4°C. The slides were then washed three times
with 1X PBS, incubated with enhancer solution for 10 min at
room temperature, washed again once and incubated with the
rabbit secondary antibody (cat. no. ab185966; Abcam; 1:800)
for 30 min at room temperature. Following incubation with the
secondary antibody, the tissues were washed, and incubated
for 5 min at room temperature with the DAB Black kit (cat.
no. BR140 H, L; Biocare Medical, LLC). The slides were coun-
terstained with eosin for 5 sec and mounted using the Aqua
Mounter Solution (cat. no. BSB0091; Bio SB). Digital images
of the tissue sections were captured under a light microscope
(magnification, x400 using the color AxioCam MRc5 camera
(Zeiss). SOX9 expression was evaluated at the invasive front
of the tumor by a pathologist (LLS) who was blinded to the
clinical data. The percentage score of positive tumor nuclei
was defined as: 0 (0-5%), 1 (>5-25%), 2 (>25-50%), 3 (>50-75%)
and 4 (>75%). Signal intensity was scored as follows: 0 (nega-
tive), 1 (low signal), 2 (moderate signal) and 3 (high signal).
The overall score for SOX9 expression was determined by
multiplying the score of positive nuclei with that for signal
intensity (32). SOX9 expression was considered as ‘low’ when
the overall score was 0-4 and as ‘high’ when the overall score
was 4-12.

Cell culture. The human CC HCT116 cell line and the human
normal colon cell line CCD-18co were purchased from the
American Type Culture Collection. HCT116 cells were
cultured in DMEM/F12 (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific,
Inc.) and 1% penicillin/streptomycin. CCD-18co cells were
maintained in DMEM (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS, 1% penicillin/streptomycin and
1% non-essential amino acids. Both cell lines were incubated
at 37°C in a humidified atmosphere containing 5% CO,.

SOX9 silencing using small interfering RNAs (siRNAs). A
total of 3x10° HCT116 cells were seeded into 6-well plates
and when confluence reached 70%, cells were transfected
with 30 nM Silencer Select siRNA (cat. no. s532658; targeted
exon 3, siRNA location 1243; Thermo Fisher Scientific, Inc.)
specific to SOX9 (HCT116-siSOX9) and a negative control
(HCT116-Scr, cat. no. 4404021), using the Lipofectamine®
RNAiIMAX reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Transfection
with a scrambled sequence served as control in functional
assays. The efficiency of SOX9 silencing was verified 24 h
post transfection.

RNA purification and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was extracted from transfected cells
using the TRIzol® reagent (Thermo Fisher Scientific, Inc) and
transcribed into cDNA using the High-Capacity cDNA Reverse
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Transcription kit (Thermo Fisher Scientific, Inc.), following
the manufacturer's protocol: 25°C for 10 min, 37°C for 2 h
and 85°C for 5 min. qPCR was carried out using the TagMan
Gene Expression Assay for SOX9 (cat. no. Hs00165814_m1;
Applied Biosystems; Thermo Fisher Scientific, Inc.; amplicon
length 102, exon boundary 2-3) and TaqMan Universal
PCR Master mix (Thermo Fisher Scientific, Inc.). The PCR
reactions were incubated at 50°C for 2 min, 95°C 10 min,
followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min.
PCR analysis was carried out in triplicate and gene expres-
sion was analyzed using the 224°4 method (33). ACTB (cat.
no. Hs01060665_g1, amplicon length 63, exon boundary 2-3)
was used as the endogenous control.

Immunofluorescence analysis. Immunofluorescence was
performed 48 h post-transfection as previously described (34).
Briefly, cells were washed with ice-cold PBS and fixed in
4% p-formaldehyde for 10 min. Then, the samples were
washed three times with PBS and permeabilized with 0.1%
Triton X-100 for 10 min. Following washing and blocking with
22.52 mg/ml glycine and 1% BFS, samples were hybridized
with rabbit anti-human SOX9 antibody (dilution, 1:200; cat.
no. abl185966; Abcam) for 1 h at room temperature, washed
again and incubated with donkey anti-rabbit IgG Alexa 647
secondary antibody (dilution, 1:1,000; cat. no. ab150075;
Abcam) for 1 h at room temperature. Finally, the samples
were washed and mounted using Fluoroshield with DAPI
(Sigma-Aldrich; Merck KGaA). Images were captured at
a magnification of x40 under the Leica LSCM SP8 (Leica
Microsystems, Inc.) microscope.

Sphere-formation assay. HCT116 and HCT116-siSOX9 cells
were seeded at a density of 4x10* cells/well into Ultra-Low
Attachment 6-well plates (Costar; Corning Inc.). Following
incubation for 72 h, sphere-formation capacity was evaluated
under an inverted light microscope at a magnification of x10.

Statistical analysis. For clinical and experimental data,
categorical variables were compared by y* test and Fisher's
exact test was used for relapsed patients, while continuous
variables were analyzed using t-test or ANOVA followed by
Bonferroni's post hoc with the GraphPad Prism 8.0 software
(GraphPad Software, Inc.). For survival analysis, the OS was
defined as the interval between surgery and the last visit or
death. In addition, relapse-free survival (RFS) was defined as
the interval between surgery and the local or distant relapse.
The estimate curves for 3-year OS and RFS were obtained by
the Kaplan-Meier method and the differences between groups
were determined by log-rank test. Statistical analyses were
performed using the STATA v.12.0 software (Stata Corp.).
P<0.05 was considered to indicate a statistically significant
difference.

Results

SOX9 expression is associated with clinical stage, tumor size
and tumor location in CC. SOX9 has been identified as an
oncogene in several types of cancer, and is therefore consid-
ered to be a possible biomarker of aggressive disease (35).
Herein, the clinical value of SOX9 expression was evaluated
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Table I. Overall patient characteristics.

Low SOX9 High SOX9

expression  expression
Characteristics n=52,n (%) n=45,n (%) P-value
Mean of age + SD, 60.7+x14.5 51.7x144 0.003
years
Age, years
<40 4(8) 11 (24) 0.046
>40 48 (92) 34 (76)
Sex 0913
Male 26 (50) 22 (49)
Female 26 (40) 23 (51)
BMI 0.34
Malnutrition 1(2) 3(6)
Normal 26 (50) 27 (60)
Overweight 20 (38) 13 (29)
Obesity 5(10) 2(5)
Albumin level 0.065
<35 16 (30) 23 (51)
>3.5 36 (70) 22 (49)
Clinical stage <0.001
I 30 (58) 409
II 22 (42) 41 91)
T stage <0.001
T1 8 (15) 0 (0)
T2 22 (42) 409
T3 15 (29) 30 (67)
T4 7(14) 11 (24)
Histological type 0.74
Mucinous 8 (15) 9 (20)
Not mucinous 44 (85) 36 (80)
Histological grade 0.16
1 21(40) 12 (27)
2 20 (39) 26 (58)
3 11 (21) 7 (15)
Tumor side 0.048
Right 22 (42) 29 (64)
Left 30 (58) 16 (36)
Intestinal perforation 0.81
Yes 4 (8) 2(5)
No 48 (92) 43 (95)
Intestinal occlusion 0.98
Yes 8 (15) 7 (16)
No 44 (85) 38 (84)
Lymphovascular invasion 0.87
Yes 11 (21) 8 (18)
No 41 (79) 37 (82)
Perineural invasion 0.14
Yes 1(2) 5(11)
No 51 (98) 40 (89)

SOX9, SRY-related high-mobility group box 9; BMI, body mass index.

Figure 1. SOX9 expression by IHC in CC tumors. Micrographs showing represen-
tative images of (A) low and (B) high SOX9 expression levels. Immunostaining in
tissues was visualized at a magnification of x400 (scale bar, 20 ym). Red arrows
indicate positive nuclei for SOX9 staining. SOX9, SRY-related high-mobility
group box 9; IHC, immunohistochemistry; CC, colon cancer.

in CC samples. The clinical and pathological features from
the 97 patients recruited in this study are summarized
in Table I. The data showed that SOX9 immunoreactivity was
predominantly located in the nuclei of tumor cells (Fig. 1).
High SOX9 expression was observed in 47% of tumors, while
low one in 53% (Fig. 2A). Patients <40 years exhibited higher
SOX9 expression compared with those >40 years (P<0.046),
suggesting that SOX9 could be important for the early onset of
CC (Fig. 2B). This age cut-off was selected given the epidemi-
ological data showed by Ahnen et al (5), where more than 11%
of colon cancer and 18% of rectal cancer have a young-onset,
occurring in individuals younger than 50 years and more
importantly, by the data showed by Rojas-Puente er al (4),
where CRC in Mexican young people less than 40 years old,
shows a disease characterized by biological aggressiveness,
with unique features such as localization, adverse histologic
factors, not associated with prior or concomitant adenomas,
advanced stage at diagnosis, and worse prognosis. In addi-
tion, SOX9 expression was not associated with sex (Fig. 2C);
however, it was positively associated with intestinal tumor
location since its high expression was predominant in the right
side (P<0.048; Fig. 2D). Interestingly, % test showed, that in the
high SOX9 expression group, 91% of patients corresponded to
the disease stage II (P<0.001) and 67% to the advanced T3
stage (P<0.001). This finding indicated that SOX9 could be
involved in tumor progression, size and extension (Fig. 3).

SOX9 expression is associated with local site recurrence.
Relapse occurred in 12.4% of patients during follow-up,
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Table II. Characteristics of relapsed patients.
Adjuvant Relapse site Age, years Sex Stage Tumor location RFS, months
Yes (fluoropyrimidine) Local 66 M ITA L 291
(N=8) Local 59 F ITA L 191
Local 59 F ITA R 81
Local 46 M 1B R 10}
Retroperitoneum 72 F 1B L 29
Retroperitoneum 74 M ITA L 40|
Liver 57 F 1B R 22|
Local 64 F ITA R 117
No (N=4) Liver 86 F I L 9
Liver 51 F 1B R 13}
Local 45 M | R 16},
Local 54 F I L 6|

SOX9, SRY-related high-mobility group box 9; RFS, relapse-free survival; L, left; R, right; 1, high SOX9 expression; |, low SOX9 expression;

M, male; F, female.
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Figure 2. Association of SOX9 expression with clinical variables. (A) A total of 47% of tumor samples exhibited low SOX9 expression. (B) Patients >40 years showed
higher SOX9 expression when compared with those over 40 years-old (P=0.046). (C) There were no differences in SOX9 expression between male and females.
(D) There was a higher incidence of right-side tumors (52%) in the high SOX9 expression group (P=0.048). 'P<0.05. SOX9, SRY-related high-mobility group box 9.

while 3% of them died. The median RFS was 17 months (range,
4-39 months). The characteristics of the relapsed patients are
illustrated in Table II. Interestingly, in the case of relapsed
patients that received adjuvant therapy (66.7%), all with local
relapse (62.5%) showed tumors with high SOX9 expression
levels; while, in those without chemotherapy (33.3%), all
with local (50%) and liver (50%) relapse showed low SOX9
expression levels. However, due to the low number of cases
no statistically significant association was obtained by Fisher's
exact test (Table II; Fig. 4). Additionally, SOX9 expression

levels were not associated with survival probability, neither in
global patients (P<0.66) nor in relapsed ones (P<0.21; Fig. 5).

SOX9silencing inhibits colonosphere formation. To investigate
SOXO9 effects in CC, its expression was knocked down using
specific siRNA targeting SOX9. The results demonstrated that
the HCT116 cell line overexpressed SOX9 (~180 fold) when
compared with the non-tumorigenic colon cell line CCD-18Co
(P<0.001; Fig. 6A). Following transfection of HCT116 cells
with SOX9-siRNA, SOX9 expression was decreased by ~80%
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Figure 4. Relapse in patients. The main relapse sites were locally (58%).
A total of 5 patients with local relapse had high SOX9 expression, and
were treated with 5-FU. Only 25% of patients presented distant relapse.
SOXO9, SRY-related high-mobility group box 9; 5-FU, 5-fluorouracil.

(P<0.002; Fig. 6B). Silencing efficiency was also confirmed at
the protein level by immunofluorescence assays. The results
showed that SOX9 was predominantly located in the cell
nuclei and its expression was significantly downregulated in

SOX9 IN COLON CANCER
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Figure 5. Survival analysis. The effect of high and low SOX9 expression
on (A) OS and (B) RLS of patients with stage I-II CC. SOX9, SRY-related
high-mobility group box 9; OS, overall survival; RLS, relapse-free survival.

cells transfected with SOX9-siRNA (Fig. 6C). In addition,
HCT116 cells were able to generate solid and well-defined
colonospheres following incubation for 72 h in ultra-low
attachment plates. On the other hand, SOX9-deficient HCT116
cells showed labile cellular aggregates and a significantly
reduced number of colonospheres (Fig. 7).

Discussion

The present study was the first to evaluate the expression of
SOX9 in Mexican patients diagnosed with early-stage colon
cancer. A limitation of the study was that samples were only
obtained from one hospital. Nevertheless, this national hospital
attends patients from all states of the center of the country.
Herein, 20% of all patients were <40 years old.

The significance of the current study is based on the fact that
in recent years CC has been diagnosed in younger individuals,
increasing by 2% each year (36). In this regard, it has been
reported that early-onset CRC can be caused by APC mutations
in combination with environmental factors that may have an
impact on epigenetic mechanisms modulating SOX9 expression
in the intestinal epithelium (37). Nonetheless, in other studies
on diverse types of cancer, including CC, it has been reported
that age is not associated with SOX9 expression (19,27,38,39).
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RT-gqPCR (P=0.001). (B) Following silencing of SOX9 in HCT116 cells, its expression was reduced by up to 80% (P=0.002). (C) SOX9 silencing at the protein
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Figure 7. SOXO9 silencing inhibits spheroid formation in a time dependent manner. HCT116 (line 1) and HCT116-Sc (line 2) cells could form spheroids
at 24 and 72 h. HCT116-siSOXO9 cells formed only labile cellular aggregates (line 3). Scale bar, 20 gm. SOX9, SRY-related high-mobility group box 9;
HCT116-siSOX9, HCT116 cells transfected with small interfering RNA targeting SOX9; HCT116-Sc, HCT116 cells transfected with scrambled siRNA.

Herein, in vitro experiments revealed that the increased  tumorigenesis and clinically associate mainly with advanced
SOX9 expression could play an important role in  T-stages in clinical-stage II patients, but not with relapse or


https://www.spandidos-publications.com/10.3892/ol.2021.12758
https://www.spandidos-publications.com/10.3892/ol.2021.12758
https://www.spandidos-publications.com/10.3892/ol.2021.12758

8 LIZARRAGA-VERDUGO et al: SOX9 IN COLON CANCER

survival. These findings were inconsistent with those reported
by Maiken et al (27), where high and low levels of SOX9 in
primary stage II colon tumors could predict low and high
risk of relapse, respectively, suggesting that SOX9 could be
used as a biomarker for predicting risk of relapse. Besides,
Lii er al (19) demonstrated that SOX9 immunoreactivity was
the same among different CRC stages. This finding could
be attributed to the heterogeneity of CRC tumors among
patients. Nevertheless, given the differences found in SOX9
expression in different studies, Prévostel and Blache (40)
proposed a molecular model suggesting that in order to ensure
a sustained proliferation of intestine epithelial cells, a critical
level of active SOX9 should be maintained. In addition,
according to this model, CRC cells can implement several
strategies in order the levels of active SOX9 to be sufficient
for cell proliferation, namely heterozygous inactivating muta-
tions, regulation of SOX9 expression, and regulation of SOX9
activity, mediated by SOX9 binding proteins such as tran-
scription factors (40). Nonetheless, more experimental work
needs to be addressed to better understand the molecular
mechanisms of SOX9 in CC.

Emerging evidence has suggested that higher SOX9
expression is associated with advanced pathological grade and
different clinical stages in other types of cancer such as renal
cell carcinoma and bladder cancer (38). These findings could
explain the local recurrence mediated by SOX9 capability on
inducing stemness state and chemoresistance. However, longer
follow-up and a higher sample size are needed to further
understand the effects of SOX9 in CC.

Intriguingly, the current study demonstrated that the
expression levels of SOX9 were not associated with survival
probability, neither in global (P<0.66) nor in relapsed patients
(P<0.21). In this regard, there is evidence supporting that
cancer therapy is not equally effective against all types
of cancer, and cells that are not eliminated may contribute
to residual disease and may be the key drivers of cancer
relapse (41). Cancer stem cells (CSCs) could be responsible of
this behavior since they are usually resistant to chemotherapy,
eventually promoting recurrence (42,43). Furthermore, the
expression levels of SOX9 are associated with stemness
phenotype, since SOX9 levels are sufficient to acquire and
maintain colorectal-CSCs traits (23). In the present study,
overexpressed SOX9 was predominant in the right side. These
right-sided tumors (RSTs) tend to be advanced, bigger, and
are often poorly differentiated. In addition, RSTs are associ-
ated with mutations in the DNA mismatch repair pathway,
and do not respond well to conventional therapies, whereas
they benefit from immunotherapy given their antigenic
load (44.,45).

Furthermore, it has been reported that SOX9 expression
is associated with chemoresistance in gastric (46,47), pancre-
atic (48) and CRC, while its high expression in several solid
tumors is associated with poor OS, RFS and disease-free
survival (17). These results could suggest that SOX9 was not
associated with survival probability, at least in a small cohort
of patients as described here. However, it has been reported
that higher levels of SOX9 are associated with reduced survival
probability in hepatocellular carcinoma (49). Additionally, the
expression of SOX9 has been previously associated with poor
prognosis and RFS in different types of cancer (50). In terms

of molecular characterization, frequent mutations in AT-rich
interaction domain 1A, APC membrane recruitment protein 1
and SOX9 genes have been identified in CC and RC (51),
supporting the diversity of SOX9 behavior in CC among
different populations. These results indicated that SOX9
expression was not relevant to survival probability, suggesting
that a larger number of patients should be analyzed to obtain a
significant correlation.

Herein, SOX9 silencing attenuated the colonosphere
formation ability of HCT116 cells, a hallmark of cancer stem
cells. According to Bahmad er al, these studies primarily
relied on two main criteria in their assessment: average
volume of the generated spheres (size) and the average
number of sphere-forming units (SFU) (52). Although our
study did not evaluate SFU, size of colonosphere represents
the proliferation of cells in the tumor mass, the capability of
adhesion, and the anoikis resistance (AR) (53,54). A study
demonstrated that SOX9 silencing resulted in AR loss in
HCT116 cells. Therefore, the AR tumor cells could detach
from their primary tumor and metastasize (52,55). During
tumor onset, normal cells acquire mutations that modify the
gene expression of specific genes, thus promoting a series
of molecular changes, which in turn stimulate clonal expan-
sion and the development of invasive properties of aberrant
cells (56). It has been shown that the fusion of apoptotic blebs,
retention of full-length p70S6K, pH, and lipid-dependent
fusion between blebbishields to form spheres is a key aspect
for survival of CSCs (57). Also, important downstream genes
of the Wnt/B-catenin signaling, such as SOX9, are involved in
several crucial processes of cancer development, such as the
long-term self-renewal and tumor formation, during the early
steps (58). Emerging evidence has supported the inhibition of
colonosphere formation in response to conditional expression
of wild type SOX9, which also attenuates the activity of the
Wnt/B-catenin pathway (59). These results suggested that
SOXO9 could have a pivotal role in the generation of CSCs via
modulating other molecules in the form of spheroids, as previ-
ously described in other types of cancer (60,61). Nevertheless,
the effect of SOX9 overexpression in SOX9-negative CRC
cancer cells needs to be examined as well as the expression of
p70S6k as a marker of cell transformation in colonospheres to
better support this hypothesis.

In conclusion, in the present study the expression levels of
SOX9 were determined in Mexican patients diagnosed with
early-stage CC and showed that SOX9 expression was associ-
ated with younger CC cases with advanced T stages of clinical
stage II, but not with relapse or disease-free survival. However,
further studies with a larger sample size are needed to assess
the response of cells to the restoration of SOX9 expression
to further understand the underlying molecular mechanisms
involved in CRC.
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