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Decreased expression of MS4A12 inhibits differentiation and predicts early

stage survival in colon cancer
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Lack of normal differentiation was considered as a common defect in cancer cells. MS4A12, a colon-specific gene,
belongs to MS4A family that plays an important role in differentiation, proliferation and cell cycle regulation. The aim of
the study was to investigate MS4A12 role in colon cancer cell differentiation and its prognostic value in colon cancer. We
used sodium butyrate (BS) to set up differentiated model of colon cancer cell line LoVo. Cell differentiation was evalu-
ated with ALP activity and E-cadherin. We used BS (4 mmol/L) inducing differentiation of LoVo cell and found after BS
treated over 48h MS4A12 variant-1 (one of MS4A12 gene transcripts) as well as ALP and E-cadherin of LoVo cells were all
increased significantly. When silence MS4A12 variant-1, the elevation of ALP and E-cadherin in BS-treated cells were all
inhibited. Besides, after silence MS4A12 variant-1, the cells showed significant resistances to BS function of induction cell
cycle arrest and apoptosis. Survival analysis used GEO datasets GSE39582 and GSE38832 that include 681 distinct colon
cancer samples. Log-rank test and Cox’s proportional hazards regression were applied to analyzing single and multiple
prognostic variables, respectively. In early stage colon cancer, the patients with low MS4A12 expression had a poor survival
(HR=1.72; p=0.036), while in advanced stage colon cancer MS412 had little prognostic value (HR=0.89; p=0.601). These
results indicated MS4A12 might relate to colon cancer cell differentiation and supposed to be a risk classification marker
for early stage colon cancer.
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Lack of normal differentiation is one of the most important
traits of colon cancer cells. The low differentiated colon tumor
usually showed strong chemoradiotherapy resistance and
high recurrence [1], so study on differentiation mechanism
of colon cancer is vital to its pathogenesis, diagnosis and
treatment. MS4A (membrane-spanning 4-domain family,
subfamily A) family is a new superfamily distinguished from
well — characterized tetraspanin superfamily [2, 3]. MS4A
family contains a group of cell surface proteins, which typically
have tetraspanning topology [4]. MS4A genes are clustered
on Chromosome 11q12 in human (chromosome 19 in mice),
that region is related to allergy and atopy [4-6]. MS4A genes
first appeared in cartilaginous fish, the earliest vertebrates,
and the orthologs of human MS4A genes were only found in
mammals, which indicated they could have some specific ef-
fects on advanced function of mammals [5]. There are at least
16 MS4A family members in human [5], including MS4A1

(CD20), MS4A2 (FceRI), MS4A3 (Htm4), MS4A4A, MS4A4E,
MS4A5, MS4A6A, MS4A6E, MS4A7 (CFFM4), MS4A8B,
MS4A10, MS4A12, MS4A13, MAS414, MS4A15and MS4A18
[7-10]. Currently, the functions of most of MS4A proteins
are not well clear, but generic evidences suggest that they
are comprised of a group of adaptor proteins/ion transport
modulators with likely diverse roles [5, 11]. MS4A1 (CD20)
is the first defined MS4A gene, which is limited expressing in
B lymphocyte and lymphoma cell, thus becoming a vital tar-
get for immunotherapy of lymphoma and leukemia [12-15].
MS4AL1 is a store-operated calcium channel on the surface of
B lymphocyte with important function on the regulation of
differentiation, proliferation and development [7, 16-18]. Most
of MS4A members share a relatively high polypeptide sequence
identity to that of MS4A1 (20-32% similarity), so they are also
defined as CD20-like family [19]. Subsequently, the functions
of MS4A2 (FceRIP), MS4A3 (HTm4) and MS4A7 (CFFM4)
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were defined in immune and hematopoietic cells [9, 10, 20].
Recently, MS4A6E, MS4A8B (L985P) and MS4A12 were also
reported to expression in solid tissues and related to certain
diseases, such as Alzheimer's disease, prostate cancer, lung
cancer and colon cancer [21-26].

MS4A12, structurally similar to MS4A1, is a colon-specific
gene [24]. Functionally like store-operated calcium channel,
MS4A12 is specifically expressed in apical membrane of
colonic epithelium and related to proliferation and motil-
ity of colon cancer cells [24]. In vitro, MS4A12 was found
to be directly regulated by CDX2 [26], an intestinal tumor
suppressor determining differentiation of gut epithelium
[27]. In colon adenoma and carcinoma, mRNA expression
of two MS4A12 transcripts (MS4A12 variant-1 and MS4A12
variant-2) were significantly decline compared to normal colon
[27]. Transcript variants of MS4A members can be translated
into different isoforms with distinct functions, and different
expression of the splice variants suggests a new mechanism of
regulation [8, 28-30]. Although two splice variants of MS4A12
have been identified, the functions of these variants were not
defined.

The present studies showed MS4A12 is a colon-specific
gene regulated by intestinal differentiation transcription fac-
tor CDX2, but still lack the direct evidence to prove MS4A12
function on differentiation of colon cell and its clinical value.
In this study we used sodium butyrate to induce differentiation
of colon cancer cell line LoVo [31, 32], and then investigate the
role of MS4A12 variants on differentiation. Besides, this study
also discussed prognosis value of MS4A12 in colon cancer
patient with different clinical stages.

Materials and methods

Cell culture. Colon cancer cell line LoVo was purchased
from cell bank of Advanced Studies Department, Central
South University. Cells were maintained in RPMI 1640 con-
taining 10% FBS and 1% L-glutamine and incubated at 5%
CO,, 37 °C. Sodium butyrate (Sigma, USA) was added to
culture medium at final concentration of 1mmol/L, 2 mmol/L
and 4 mmol/L.

RNA extraction, reverse transcription-PCR and real
time-PCR. Total RNA were extracted by trizol (MRC, USA).
Purity and concentration of total RNA were analyzed by UV
spectrophotometer. The OD 260nm/ OD 280nm of the total
RNA were between 1.8 and 2.0. Reverse transcription PCR
used HiScript II 1st Strand ¢cDNA Synthesis Kit (Vazyme,
China) according to manufacturer’s instructions. Two MS4A12
primer pairs amplified two MS4A12 transcripts, MS4A12
variant-1 (sense, 5’-gcaaaggcactaggggtgatcca-3’; antisense,
5’-ggccaccccagaatgggtatcca-3’; 55 °C annealing) [27] and
MS4A12 variant-2 (sense , 5’-ggcactagggtttattatctctgge-3’;
antisense, 5’-tcccaggctgectttcaccag-3’; 53 °C annealing) [27],
together with a primer pair for reference gene GAPDH (sense,
5’-gaaggtgaaggtcggagt-3’; antisense, 5’-gaagatggtgatgggatttc-3’;
55 °C annealing). Real time-PCR was analyzed by StepONE-

plus (Applied Biosystems, UK) using AceQ qPCR SYBR Green
Master Mix (Vazyme, China).

RNA interference. Two small interfering RNA (Ri-
bobio, Guangzhou, China) targeting MS4A12 variant-1
(MS4A12_siRNAI, target sequence: tccagatcatggttggatt;
MS4A12_siRNA2, target sequence: ggttggattgatgcacatt) and
negative control (NC) (Ribobio, Guangzhou, China) were
transfected into cells with concentration of 60nmol/L using
Lipofectamine 2000 Transfection Reagent (Invitrogen, USA)
according to manufacturer’s protocol.

ALP activity assay. Cells were counted and lysed by 1%
TritonX-100 lysis solution. After centrifuged, supernatant
was used to analyze ALP activity with Alkaline Phosphatase
(AKP/ALP) Detection Kit (NJJCBIO, China) according to
manufacturer’s protocol. Assays were tested in triplicates and
repeated twice.

Cell proliferation assay. Forty-eight hours after siRNA
transfection and Sodium butyrate induction (4mmol/l), pro-
liferation of the cells were determined with Vita-Orange Cell
Viability Reagent (Biotool, USA) according to manufacturer’s
instructions. All experimental and no-cell control samples had
six replicates. Assays were repeated three times [33].

Cell cycle analysis. Forty - eight hours after siRNA trans-
fection and Sodium butyrate induction (4mmol/l), 5x10° cells
were fixed with ethanol and stained with propidium iodide
for flow cytometry analysis. All assays were done in triplicates
and repeated twice.

Cell apoptosis analysis. Forty — eight hours after siRNA
transfection and Sodium butyrate induction (4 mmol/l), 5x10°
cells were stained with Annexin-V and propidium iodide for
flowcytometric apoptosis analysis. Experiments were per-
formed in triplicates and repeated twice.

Western blot. Cultivated cells were harvested and extracted
total protein. The total protein lysates were boiled for 5 min
and separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) on 8% gels. The proteins were
then transferred to a nitrocellulose membrane. The mem-
brane was blocked using 5% nonfat milk and then incubated
with primary antibodies over night at 4 °C. Subsequently, the
membranes were washed with TBS-T and incubated with
HRP-conjugated secondary antibody at room temperature for
60 min. Membranes were washed and bound antibodies were
detected by SuperECL Plus (Thermo pierce, USA). Primary
antibodies were anti-E-cadherin (Proteintech, USA) and anti-
GAPDH (Bioworld, USA).

Phalloidin staining. Cell climbing sheets were fixed by 4%
Poly formaldehyde for 10 min. The cells were washed with
PBS and incubated with 0.5% TritonX-100 for 5 min. Cells
then were stained by100 nmol/L TRITC-phalloidin (Yeasen,
China) for 10 min at room temperature. Mounting medium
containing DAPI was applied directly on top of the cells with
cover slip. The slides were analyzed with immunofluorescence
microscopy (Olympus DP71, Japan).

Bioinformatics analysis. GEO datasets GSE39582 [34] and
GSE38832 [35] including 681 arrays of distinct colon cancer
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Figure 1. Morphology and differentiation biomarkers changes of butyrate-treated LoVo cells.

A: activity of differentiated marker ALP in LoVo cells elevated with time and concentration of butyrate induction; B: differentiated marker E-cadherin
in butyrate-treated (4 mmol/L) LoVo cells increased with time; C: morphology of butyrate-treated (4mmol/L) LoVo cells changed with time, which the
morphology of cells changed from irregular or multiple angle shape to shuttle shape (1000x); D: expression of MS4A12 variantl in butyrate-treated
(4 mmol/L) LoVo cells increased with time; *: p<0.05;***: p<0.001.
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samples with clinical and survival information on Affymetrix
U133 Plus 2.0 platform were analyzed. All probes intensity
signal were normalized using log2[36]. EpCAM were selected
as a marker for colon epithelial cells. EpCAM positive samples
(Affymetrix probe 201839_s_at >10.05) [41] were allowed to
be analyzed. Early stage and advanced stage samples were di-
vided into low-expression and high-expression groups by mean
value of MS4A12 (Affymetrix probe 220834 _at), respectively.
Survival curves were estimated by Kaplan-Meier method, and
survival comparisons among groups were assessed with the
log-rank test. Multivariate models were computed using Cox’s
proportional hazards regression.

Statistical analysis. All analyses were carried out using
SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). p-value <
0.05 was considered statistically significant.

Results

Sodium butyrate induction differentiation of colon
cancer cells. LoVo cells were culture with BS using different
concentration (1 mmol/L, 2 mmol/L and 4 mmol/L) and time
(24 h, 48 h and 72 h). Activity of differentiated marker ALP
increased with concentration and time of butyrate induction
(Figure 1A). Specially, when treated BS with concentration
of 4 mmol/L, the ALP activity of LoVo cells was rising most
obviously. Moreover, when treated BS with concentration of
4 mmol/L, differentiated marker E-cardherin of LoVo cells
also increased significantly (Figure 1B). The morphology of
BS-treated (4 mmol/L) cells changed with time obviously,
which changed from irregular or multiple angle shape to shut-
tle shape (Figure 1C).

MS4A12 variant-1 expression increased during differ-
entiation of colon cancer cells. Two MA4A12 transcripts
(MS4A12 variant-1 and MS4A12 variant-2) were evaluated
with real time-PCR, while we found expression of MS4A12
variant-1 were significantly rising with butyrate (4 mmol/L)
treated over 48h (Figure 1D). While MS4A12 variant-2 was
not detected in either butyrate treated LoVo cells or untreated
LoVo cells, this result was not showed.

Tablel. Multivariate analyses with Cox’s proportional hazards regression

Silence MS4A12 variant-1 inhibited differentiation of
colon cancer cells.

The interference rates of two siRNA (MS4A12_siRNA1
and MS4A12_siRNA2) targeting MS4A12 variant-1 were
47.76+5.57% and 60.26+4.92% (Figure 2A), respectively.
After trancsfected with MS4A12 siRNA, the ALP activity
of cells with BS treated for 48 h were significantly inhibited
(Figure 2B), and the expression of differentiated marker E-
cadherin of the cells was also inhibited (Figure 2C). Moreover,
morphology changes induction by BS of the MS4A12 siRNA
transfected cells were impaired, which the cells still main-
tained multiple angle shape (Figure 2D).

Silence of MS4A12 variant-1 against proliferative inhi-
bition of butyrate. Forty-eight hours after transfected with
siRNA, the cells survival rate only increased slightly compared
to the controls (p>0.05) (Figure 3). As the butyrate having
function in inhibiting proliferation of colon cancer cells [37,
38], after silence of MS4A12 variant-1, the cells treated with
BS for 48h were showed having higher survival rate than that
of the controls (p<0.05) (Figure 3). This result suggested de-
creasing MS4A12 variant-1 expression in colon cancer cells
could against butyrate proliferative inhibition.

Silence of MS4A12 variant-1 against cell cycle arrest of
butyrate. After MS4A12 variant-1 expression decreased by
siRNA, the cells showed against to BS induction of cell cycle
arrest (Figure 4). Compared to the controls, the proportions
of S phase cells in interference groups were significantly in-
creased (p<0.001), while the proportions of G2 phase cells
were significantly declining (p<0.001) (Figure 4).

Silence of MS4A 12 variant-1 against butyrate induction
apoptosis. After BS treated for 48 h, the MS4A12 siRNA
transfected cells showed having fewer apoptosis rate than that
of the controls (p=0.021) (Figure 5), which suggested MS4A12
variant-1 silence could resist butyrate inducing apoptosis.

MS4A12 expression related to survivals of colon cancer
patients. In the early stage colon cancer without tumor me-
tastasis, we found the expression level of MS4A12 was related
to the prognosis. Patients with relative higher level of MS4A12
expression showed a better survivals than that of the patients

n Prognostic variable HR' 95% CI* p-value’
Early stage 347 Groups (low/high) 1.72 1.04 - 2.87 0.036
(without tumor metastasis) Age® 1.04 1.02 - 1.07 <0.001
Sex (M/F)* 1.49 0.95-2.35 0.073
TNM classification (I-II) 0.66 0.26 - 1.65 0.375
Adjuvant chemotherapy 0.75 0.42-1.33 0.321
Advanced stage 334 Groups (low/high) 0.89 0.58 - 1.37 0.601
(with tumor metastasis) Age® 1.02 1.00 - 1.04 0.015
Sex (M/F)* 1.65 1.08 - 2.50 0.020
TNM classification (III-1V) 0.25 0.16 - 0.40 <0.001
Adjuvant chemotherapy 1.46 0.93 -2.29 0.104

'HR: hazard ratio; °CI: confidence interval; *age modeled as a continuous variable; *“M/F: male vs Female; ‘p-values <0.05 are in bold
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Figure 2. Decreased MA4A12 variantl expression inhibited differentiation of LoVo cells

A: decreased the expression of MS4A12 varaiantl by two siRNA; B: elevation of differentiated marker ALP in LoVo cells with butyrate-treated
(4 mmol/L) was inhibited by decrease expression of MS4A12 variantl; C: elevation of differentiated marker E-cadherin in LoVo cells with bu-
tyrate-treated (4 mmol/L) was inhibited by decrease expression of MS4A12 variantl; D: morphology changes in LoVo cells with butyrate-treated
(4 mmol/L) were inhibited by decrease expression of MS4A12 variantl, which in MS4A12_siRNA1/2 group the cells still maintained multiple
angle shape; ***: p<0.001.
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Figure 3. silence MS4A12 variantl resisted proliferative inhibition of
butyrate

Note: after silence MS4A 12 variant1 for 48h, the proliferation of butyrate-
untreated LoVo cells did not change significantly, while the proliferation
of LoVo cells with butyrate (4 mmol/L) treated was increased significantly;
**: p<0.01; ***: p<0.001.

with lower MS4A12 expression (p=0.019) (Figure 6A). When
considered with other prognostic variables, such as age, sex,
TNM classification and adjuvant chemotherapy, MS4A12
expression still showed related to prognosis in the early stage
patients (HR: 1.72; p=0.036) (Table 1). While in the advanced
stage colon cancer with tumor metastasis, MS4A12 expression
showed little relevance to patients’ survival (p=0.601) (Figure
6B). When considered with other prognostic variables, includ-
ing age, sex, TNM classification and adjuvant chemotherapy,
MS4A12 expression showed little relevance to prognosis either
in the advanced stage patients (HR: 0.89; p=0.601) (Table 1).

Discussion

In this study, we found expression of MS4A12 variant-1
were rising significantly during differentiation of colon cancer
cells, which indicates MA4A12 variant-1could have relevance
to the differentiation of colon cancer cells. Furthermore, when
MS4A12 variant-1expression decreased by siRNA, the differ-
entiation of colon cancer cells were obviously inhibited, which
suggests decreased MS4A12 variant-1 expression in colon
cancer cell could inhibit the cell differentiation. Drew [27]
found two splice variants of MS4A12 down-regulated in colon
adenomatous polyp and carcinoma in same manners, but in
situ hybridization better-differentiated tissue showed a higher
MS4A12 expression in colon cancer. As is known, most of
defined MS4A members have effects on cell differentiation [7,
10], so we supposed MS4A12 could relate to differentiation
regulation in colon cancer cells.

Interestingly, we also found silence of MS4A12 variant-1 can
against proliferation inhibition, cell cycle arrest and apoptosis
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Figure 4. silence MS4A12 variant1 against cell cycle arrest of butyrate.
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induced by sodium butyrate. Butyrate is a short-chain fatty acid
that is generated by intestinal bacteria [39]. Butyrate promotes
proliferation and provides energy to normal colon epithelium,
but in colon cancer cell butyrate shows opposite effects, which
inhibiting proliferation, restraining cycle transition, induc-
ing of differentiation and apoptosis [39]. The mechanism of
butyrate effects on colon cancer cells could result from its
inhibition of histone deacetylase (HDAC). Butyrate inhibiting
HDAC results in the direct transcriptional up-regulation of
the cyclin-dependent kinase inhibitor p21/Cipl/WAF1 and
thereby arrests cell cycling [38]. The cells with proliferation
arrest could continuously differentiated and finally apoptosis.
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Notably, the action of butyrate is often mediated through Sp1/
Sp3 binding sites in promoter regions of butyrate-responsive
genes [40], and in promoter region of MS4A12 we also found
14 Sp1 binding sites (Figure 7). It indicated that butyrate might
regulate MS4A12 expression through its Spl binding sites,
thus resulting in inhibition of proliferation, arrest of cell cycle,
induction of differentiation and apoptosis.
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Figure 6. Prognosis value of MS4A12 in the early and advanced stage
colon cancer

Besides, the prognostic value of MS4A12 in non-metastasis
colon cancer was also detected in the study. It showed that the
early stage cancer (without metastasis) patients with relative
low MS4A12 expression had a worse survival than that of
patients with relative high MS4A12 expression. Dalerba [41]
found a KRT20/MS4A12 two gene model to predict progno-
sis of colon cancer, but in this study we noticed only using
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Figure 7. Sp1 binding sites on the promoter region of MS4A12 gene
There are 14 Spl binding sites on MS4A12 promoter region. The promoter sequence of MS4A12 obtained from the UCSC Genome Browser
(http://genome.ucsc.edu). The analysis was performed using the ALGGEN PROMO (http://alggen.lIsi.upc.es/cgi-bin/promo_v3/promo/promoinit.

cgi?dirDB=TF_8.3).
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MS4A12 can predict prognosis in early stage colon cancer
patient. It suggested MS4A12 could mainly relate to malig-
nancy of non-metastasis tumor and have little prognosis value
of metastasis colon tumor. Therefore, MS4A12 supposed to be
a risk classification marker for early stage colon cancer.
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