
RESEARCH ARTICLE Open Access

Expression of Reg IV and SOX9 and their
correlation in human gastric cancer
Na Zhang1,2†, Dandan Chai1†, Huifen Du1, Kesheng Li1,2* , Wenguang Xie2, Xingwen Li3, Rong Yang4,
Xiaowen Lian1 and Yang Xu1

Abstract

Background: Reg IV is a member of the regenerating gene family and has been demonstrated to be overexpressed
in gastric cancer. However, the functional mechanism of Reg IV in gastric cancer is still unclear.

Methods: Expression of Reg IV and SOX9 were investigated by immunohistochemistry (IHC) and real-time PCR, and
the correlation between the expression of Reg IV and SOX9 was analyzed in gastric cancer tissues. Reg IV expression
vectors and a siRNA of Reg IV and SOX9 were transfected into human gastric cancer cells and the protein and mRNA
levels of Reg IV and SOX9 were investigated by western blot and real-time PCR. The invasion and migration ability of
gastric cancer cells with overexpressed Reg IV and with gene silence of Reg IV and SOX9 were examined by transwell
chambers and wound healing assay.

Results: The Reg IV and SOX9 protein expression levels were both significantly higher in gastric cancer tissues
compared with adjacent tissues (p = 0.022, p = 0.003). Reg IV protein expression significantly correlated with tumor
invasion depth (p < 0.001), but had no significant correlations with age, clinical stage or lymph node metastasis. SOX9
protein expression also had no significant correlations with age, clinical stage, tumor invasion depth or lymph node
metastasis. Reg IV transcript expression demonstrated a significant correlation with invasion depth and lymph node
metastasis (p = 0.005, p < 0.001) and no significant correlations with age, clinical stage, tumor tissue differentiation or
tumor size. SOX9 transcript expression demonstrated a significant correlation with invasion depth and tumor tissue
differentiation (p = 0.044, p = 0.007) and no significant correlations with age, clinical stage or tumor size. The Reg IV
expression showed a positive correlation with the SOX9 expression (p < 0.000, p = 0.008). Overexpression of Reg IV
could upregulate SOX9 expression and promote invasiveness and migration of tumor cells, and silencing of Reg IV
could downregulate SOX9 and inhibit invasiveness and migration of tumor cells in MKN-45 and AGS cells. On the
other hand, silencing of SOX9 could upregulate Reg IV protein expression.

Conclusions: Our study demonstrated that Reg IV positively regulates the expression of SOX9 and is involved in tumor
cell invasion and migration in gastric cancer.
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Background
Gastric cancer, known for its high incidence and mortal-
ity rate, is the fourth most common malignancy in the
world [1]. Invasion and metastasis of primary tumors
contributes to the overwhelming mortality, but the
underlying mechanism remains poorly understood [2, 3].

Metastasis is acknowledged to be a multistep process se-
quentially involving cell motility, tissue invasion and
endosmosis, dissemination, and proliferation to form a
distant metastasis tumor [4, 5]. Although studies on can-
cers have revealed various genes and gene products that
regulate this malignant process [5], the molecular path-
way of invasion and migration in gastric cancer need to
be further elucidated.
Human regenerating islet-derived gene 4, known as

Reg IV, is a newly-discovered member of the calcium-
dependent lectin superfamily, and was characterized as
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an upregulated gene in inflammatory bowel diseases in
2001 [6]. Reg IV was found to be highly expressed in
various cancerous tissues, such as gastric cancer [7, 8],
colorectal cancer [9, 10], pancreatic cancer [11, 12] and
prostate cancer [13], compared to the adjacent normal tis-
sues. Reg IV enhances invasion in pancreatic cancer by
upregulating MMP-7 and MMP-9 [11]. A previous study
revealed that the invasion and migration abilities signifi-
cantly increased after transfecting the carbohydrate-
recognition domain (CRD) of Reg IV into LoVo colorectal
cancer cells (CRD-deficiency) compared with empty con-
trols and untreated LoVo cells [14]. The results indicated
that Reg IV accelerated colorectal cancer cell migration
and invasion via its CRD. It has been reported that REG4
plays a multifunctional role of intestinal morphogenesis,
motility, and invasion in the development and progression
of colon cancer [15]. In addition, Reg IV increased inva-
sion capacities and inhibited cell apoptosis by activating
the EGFR/Akt/AP-1 signaling pathway in colon cancer
[16]. In gastric cancer, Reg IV enhances peritoneal metas-
tasis and inhibits apoptosis through upregulation of the
level of several anti-apoptosis factors: Bcl-2, Bcl-XL, survi-
vin, phosphorylated Akt, and phosphorylated EGFR; and
deregulation of nitric oxide and 5-FU induced apoptosis
[17, 18]. Other research also found that Reg IV promotes
growth, proliferation, and migration in MKN-45 gastric
cancer cells through the protein kinase B (Akt) pathway
[19]. SOX9 (SRY related high-mobility group box 9), a
transcriptional regulator that is essential to chondrogene-
sis and the formation of the male gonad [20, 21], has been
found to activate Akt expression in pancreatic ductal
adenocarcinoma [22]. Another previous study demon-
strated that EGFR induced SOX9 through ERK1/2 signal-
ing to support epithelial migration and wound repair in
urothelial neoplasms [23]. Moreover, SOX9 was identified
as one of the downstream targets of Reg IV on GeneChip
analysis in gastric cancer [24]. Based on the above studies,
we speculated that Reg IV and SOX9 may have certain
correlations in their contributions to the development and
progression process of gastric cancer. Despite the
above advances, the functional mechanisms for the ef-
fects of Reg IV and SOX9 in human gastric cancer
remain unknown.
In this study, we revealed that Reg IV and SOX9 were

both overexpressed in human gastric cancer tissues, and
the Reg IV transcript and protein expression demon-
strated a positive correlation with the SOX9 transcript
and protein expression. In addition, we investigated the
role of Reg IV in regulating SOX9 in MKN-45 and AGS
cells. The results showed that Reg IV potentiated inva-
sion and migration by modulating SOX9 expression, and
there was a feedback effect between Reg IV and SOX9 in
gastric cancer cells. The results of this study will be
helpful to understand the mechanism by which Reg IV

promotes gastric cancer invasion, and may provide use-
ful information for the clinical diagnosis and treatment
of gastric cancer.

Methods
Tissues
Primary gastric adenocarcinoma tissues, diagnosed by
clinical and histopathological evidence, were obtained
from 195 patients undergoing surgery at Tumor Hospital
of Gansu Province between March 2014 and April 2015.
Samples of corresponding adjacent normal tissues were
collected over 5 cm from the primary focus at the same
time. No patients received chemotherapy or radiotherapy
before surgery. Formalin-fixed, paraffin-embedded tissue
specimens from 102 cases of gastric cancer and 40 cases
of adjacent tissues were prepared by the pathology depart-
ment for immunohistochemistry (IHC). The other 93
cases and paired adjacent tissues were used for real-time
PCR and were immediately snap-frozen in liquid nitrogen
and stored at − 80 °C until RNA extraction. The clinico-
pathological data, including age, gender, tumor size, and
tumor-node-metastasis (TNM), were obtained from clin-
ical and pathologic records. Table 1 lists the characteristics
of patients registered in this study.

Immunohistochemistry
Specimens obtained during surgery were quickly fixed in
10% neutral-buffered formalin, dehydrated, and embed-
ded in paraffin using standard techniques. Paraffin-
embedded samples were serially sectioned at 4 μm,
mounted on adhesion microscope slides, and baked at
60 °C for 1 h. After paraffin sections were deparaffinized
in xylene and hydrated through a graded series of alco-
hol, they were treated in 10 mM (pH 6.0) citrate buffer
for 5 min by autoclaving to retrieve antigenicity, cooled
to room temperature, blocked with 3% H2O2 for 10 min,
and rinsed 3 times for 3 min in phosphate-buffered sa-
line (PBS, pH 7.2–7.4). The sections were then incu-
bated with 10% normal goat serum in PBS to block
nonspecific protein binding, followed by incubation with
rabbit anti-human IgG polyclonal anti-Reg IV (Bioss,
Beijing, China) at a 1:300 dilution at 37 °C for 2.5 h, and
washed with PBS. The Reg IV signals were amplified and
visualized with a biotinylated secondary antibody at 37 °C
for 20 min and a horseradish peroxidase polymer
conjugate at 37 °C for 15 min following the protocol
in SP-9000 Histostain™ Plus Kits (ZYMED, South San
Francisco, CA, USA). Finally, sections were stained
for 5–10 min with 3–3′-Diaminobenzidine (DAB) and
counterstained with 0.1% hematoxylin for nuclear
staining. A negative control was set simultaneously by
replacing the primary antibody with PBS. Two inde-
pendent investigators analyzed samples, and differ-
ences in scoring were discussed until consensus was
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reached. For evaluating Reg IV expression in the various
samples, a scoring criterion was taken from Sinicrope et
al. [25]. For tumors that showed heterogeneous staining,
the predominant pattern was taken into account for scor-
ing. A mean percentage of positive tumor cells was deter-
mined in at least 5 areas at × 100 magnification and
assigned to one of the 5 following categories: (a) 0, < 5%;
(b) 1, 5–25%; (c) 2, 25–50%; (d) 3, 50–75%; and (e) 4, >
75%. The intensity of Reg IV immunostaining was scored
as follows: (a) weak, 1+; (b) moderate, 2+; and (c) in-
tense, 3+. The percentage of positive tumor cells and
the staining intensity were multiplied to produce a

weighted score for each case. Cases with weighted
scores of less than 3 were defined as negative; otherwise
they were defined as positive. Cytoplasm staining was
defined as a positive expression for Reg IV. For SOX9
(1:300, Bioss) staining, the procedure used was as de-
scribed above. Only nuclear immunoreactivity was con-
sidered as a positive expression.

Total RNA extraction and real-time PCR
Total RNA was extracted by using Trizol reagent
(Takara Biotechnology, Dalian, China) and converted to
cDNA with a PrimeScript™ RT reagent Kit (Takara
Biotechnology), according to the manufacturer’s instruc-
tions. Real-time PCR was performed to investigate
mRNA expression using a SYBR® Premix Ex Taq™ II kit
(Takara Biotechnology). The PCR reaction was per-
formed with following steps: 95 °C for 30 s, and 40 cycles
of 95 °C for 5 s to 60 °C for 30 s. Melting curve was ob-
tained at 50 °C to 95 °C, holding 30 s on the 1st step
and 5 s on subsequent steps with fluorescence data col-
lection at 0.1 °C intervals. GAPDH was used as an in-
ternal control for normalization and RNase-free dH2O
in place of template DNA was used as the negative con-
trol. All samples were assayed in triplicate independ-
ently. The expression levels were calculated relative to
GAPDH by the delta-delta Ct method. The primers are
listed in Table 2.

Overexpression of Reg IV gene in gastric carcinoma cells
The gastric carcinoma cell lines MKN-45 and AGS
(Chinese Academy of Sciences Institute’s cell resource
center, Shanghai) were cultured in DMEM medium con-
taining 10% fetal bovine serum (FBS) in a humidified in-
cubator with 5% CO2 at 37 °C.
The full-length coding sequence (CDS) region of the

human Reg IV gene was amplified from cDNA and
digested with KpnI/BamHI. The restricted DNA prod-
ucts were cloned into a PEGFP-c1 vector. The resulting
constructs were confirmed by DNA sequencing. The
primers used were as follows:

Reg IV-KpnI-F: 5’-CGGGGTACCATGGCTTCCAGAA
GCATG-3’
Reg IV-BamHI-R: 5’-CGCGGATCCCTATGGTCGGTA
CTTGCA-3’

Table 1 Patient characteristics

Clinicopathologic features IHC staining Real-time PCR PR (%) Total

Case no. 102 93 195

Age(y)

< 60 61 48 55.9 109

≥60 41 45 44.1 86

Gender

Man 76 70 74.9 146

Female 26 23 25.1 49

Tumor size(cm)

< 5 57 58 59.0 115

≥5 45 35 41.0 80

Tissue differentiation

Well 5 1 3.1 6

Moderately 56 56 57.4 112

Poorly 41 36 39.5 77

Depth of invasion

T1 + T2 27 22 25.1 49

T3 + T4 75 71 74.9 146

Lymph node metastasis

No 32 22 27.7 54

Yes 70 71 72.3 141

TNM staging

I + II 43 29 36.9 72

III + IV 59 64 63.1 123

Distant metastasis

Yes 13 8 10.8 21

No 89 85 89.2 174

Table 2 Primers used for the real-time PCR

Gene Forward primer (5′-3′) Reverse primer

Reg IV CAGATCCTGGTCTGGCAAGT ATTCGTTGCTGCTCCAAGTT

SOX9 GGAGATGAAATCTGTTCTGGGAATG TTGAAGGTTAACTGCTGGTGTTCTG

GAPDH CAATGACCCCTTCATTGACC GACAAGCTTCCCGTTCTCAG
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Cells were seeded in 6-well dishes 24 h before trans-
fection at a density of 1–2 × 105 cells per well. For
polyethylenimine (PEI)-mediated transfection cases, the
suitable cell confluency was 50%–60% at the time of
transfection. Two micrograms of DNA expression vector
PEGFP-c1 and 6 μL (1 μg/μL) PEI were each diluted
with 250 μL Opti-MEM prior to use. The polyplexes
were prepared by adding diluted PEI into diluted DNA
vectors using an N/P ratio of 10 and incubated for
20 min at room temperature, then added to the cells.
The PEGFP-c1 plasmid with no insertion was used as a
negative control. mRNA and protein levels were con-
firmed by real-time PCR and immunoblotting after 48 h.

Silencing of the Reg IV gene and SOX9 gene by siRNAs in
gastric carcinoma cells
A panel of siRNAs, targeting human Reg IV and SOX9
respectively, were designed and synthesized for silencing
SOX9 and Reg IV expression from GenePharma (Suzhou,
China). A negative siRNA (GenePharma) targeting neither
gene was used as negative control. All siRNA sequences
used in this study are listed in Table 3. Twenty-four hours
before transfection, cells were seeded in 6-well plates
with antibiotic-free medium to reach 1 × 105 cells/well
eventually. After removal of the medium, cells were
washed once with PBS and transfection was conducted
according to the manufacturer’s instructions by adding a
mixture, composed of 15 μL Lipofectamine RNAiMAX
Reagent (Invitrogen, Carlsbad, CA) and 5 μL siRNA
(20 μM) or control siRNA, diluted in 50 μL serum-free
Opti-MEM Medium (Gibco, Grand Island, NY, USA), to
each well with 1950 μL DMEM medium containing 10%
FBS at a final concentration of 50 nM siRNA. After an in-
cubation period of 6 h at 37 °C, the transfection medium

containing siRNAs was replaced by fresh medium. 48 h
after transfection, and the cells were collected for real-
time PCR and western blotting. Transfection rates of 60–
70% of the cells were accepted for all the experiments.

Western blotting
Proteins from cell lysates were extracted using a Tissue or
Cell Total Protein Extraction Kit (Shenggong Biotechnol-
ogy, Shanghai, China) containing protease and phosphat-
ase inhibitor cocktails. Cell lysates were eliminated by
centrifugation at 4 °C for 10 min at 12,000 rpm. Culture
medium proteins were precipitated by a trichloroacetic
acid (TCA) method [26] and dissolved in 8 M urea solu-
tion. Five microgram aliquots of protein was separated
electrophoretically on 12.5% SDS-PAGE gels and trans-
ferred to a nitrocellulose membrane. Nonspecific binding
sites were blocked using a buffer with 5% nonfat dry milk
in TBST for 1 h at 37 °C. The membranes were then incu-
bated with appropriate antibodies overnight at 4 °C,
washed 3 times with TBST, and incubated with horserad-
ish peroxidase-conjugated anti-rabbit secondary antibody,
for 1.5 h at 37 °C. Bands were visualized with enhanced
chemiluminescence regents (TransGen Biotech, Beijing,
China), according to the manufacturer’s protocol, and
scanned. The amount of protein expression was corrected
by β-actin (ZSGB-Bio, Beijing, China) in the same sample.

Invasion and migration assay of tumor cells transfected
with PEGFP-Reg IV, siR-Reg IV, siR-SOX9 in vitro
The invasion assay was run using a 24-well Transwell in-
vasion chamber with an 8 μm filter (Corning, USA).
Cells were transfected with PEGFP-Reg IV, siR-Reg IV,
siR-SOX9 and their corresponding negative control, cul-
tured for 36 h and then starved in DMEM containing
1% fetal calf serum for 12 h. The lower compartment of
the chambers was filled with DMEM containing 20%
fetal calf serum. Cells were seeded on the upper side of
the filter which was coated with Matrigel (Corning) in
DMEM containing 1% fetal calf serum at a density of
1 × 105 per well. After incubation for 24 h, cells that did
not invade through the pores were removed with a
cotton swab and the invasive cells were fixed with
methanol for 10 min. After being washed in PBS, the
invasive cells were stained with 0.1% crystal violet for
10 min and the number of invasive cells on the lower
side of the filter was counted using an inverted phase
contrast microscope at × 400. For the migration assay,
the procedure was the same as with the invasion
assay except that the membrane was not coated. The
invasion or migration capacity was determined by
counting 5 fields per well, and the experiment was
repeated in triplicate.

Table 3 siRNA sequences used in the study

siRNA Sequence 5′→ 3’

SOX9 1 Sense: GCAGCGACGUCAUCUCCAATT

Antisense: UUGGAGAUGACGUCGCUGCTT

2 Sense: GAACAAGCCGCACGUCAAGTT

Antisense: CUUGACGUGCGGCUUGUUCTT

3 Sense: GACCUUCGAUGUCAACGAGTT

Antisense: CUCGUUGACAUCGAAGGUCTT

Reg IV 1 Sense: CAUGCUUCUGGAAGCCAUCTT

Antisense: GAUGGCUUCCAGAAGCAUGTT

2 Sense: GCUCAUCUCAGCACAGUGCTT

Antisense: GCACUGUGCUGAGAUGAGCTT

3 Sense: CUUCAGGAAGCUGAGGAACTT

Antisense: GUUCCUCAGCUUCCUGAAGTT

Negative control Sense: UUCUCCGAACGUGUCACGUTT

Antisense: ACGUGACACGUUCGGAGAATT
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Wound healing assay of tumor cells transfected with
PEGFP-Reg IV, siR-Reg IV, siR-SOX9 in vitro
An in vitro wound healing assay was performed with a
modified method as described [27]. Cells were seeded in
6-well dishes, and transfected with PEGFP-Reg IV, siR-
Reg IV, siR-SOX9, and their corresponding negative con-
trols until cell confluency to 50%–60%. After creating a
confluent cell monolayer, cells were scraped in a straight
and homogeneous line with a standard 200-μL pipette
tip and reference points were set using a marker pen.
The floating cells and debris were removed by washing
the cells twice with PBS and then the cells were covered
with DMEM containing 1% fetal calf serum for cell cul-
ture. The migration status were recorded every 12 h by
phase-contrast microscopy. The experiment was re-
peated in triplicate.

Statistical analysis
The IBM SPSS Statistics 19 was used for all the calcula-
tions and analysis. The association between factors and
the quantified clinicopathologic features of tumors were
examined by Chi-squared test. The correlation between
Reg IV and SOX9 expression was analyzed using Spear-
man. One-way ANOVO analysis or student’s t test was
used for 3- or 2-group analyses, respectively. In all ana-
lyses, a P value < 0.05 was considered as statistically
significant.

Results
Reg IV and SOX9 protein expressed in human gastric
cancer
We performed IHC analysis to examine Reg IV and
SOX9 protein expression in 102 gastric cancer tissues
and 40 paired adjacent tissues stained with Reg IV and
SOX9 antibody (Fig. 1 and Table 4). The results showed

that Reg IV and SOX9 proteins were expressed in both
gastric cancer and adjacent tissues (Table 5). Of the 102
gastric tumor cases, Reg IV expression was positive in
55 (53.9%) cancer tissues, which was higher than 13 (32.
5%) cases in adjacent tissues (p = 0.022). SOX9 expres-
sion was significantly higher in 28 (27.5%) cases
compared with 2 (5%) cases in adjacent normal tissues
(p = 0.003). There was a significant correlation between
Reg IV protein expression and invasion depth of the
tumor (P < 0.01). No significant correlations were found
between Reg IV protein expression and age, gender,
tumor size, tissue differentiation, clinical stage, or lymph
node metastasis. SOX9 protein expression showed no
significant correlations with age, sex, tumor size, inva-
sion depth of tumor, tissue differentiation, clinical stage,
or lymph node metastasis (Table 5).

Reg IV and SOX9 transcript expression in human gastric
cancer
The mRNA expression levels of Reg IV and SOX9 were
measured by real-time PCR in the 93 cases of gastric can-
cer and their paired normal tissues. T/N ratios were calcu-
lated to represent mRNA expression levels in gastric
cancer tissues relative to levels in non-neoplastic tissues:
up-regulation (T/N > 2), down-regulation (T/N < 0.5),
and no change in expression (2 > T/N > 0.5). The results
are shown in Table 6. Reg IV transcription was up-
expressed in 40 (43.0%) cases, down-expressed in 36 (38.

Fig. 1 Representative immunohistochemical staining images of Reg IV and SOX9 in gastric cancer tissues. a Negative staining of Reg IV; (b, c)
Cytoplasmic staining of Reg IV; (d) Negative staining of SOX9; (e, f) Nuclear staining of SOX9. Scale bar =100 μm

Table 4 The immunohistochemical score of Reg IV and SOX9 in
Fig. 1

Parts of Fig. 1 Score (Reg IV) Parts of Fig. 1 Score (SOX9)

b 12 e 8.4

c 12 f 10.8
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7%) cases, and did not change in 17 (18.3%) specimens.
Up-regulation of SOX9 transcripts was found in 29 (31.
2%) of the 93 cases, down-regulation was found in 27 (29.
0%) cases and 37 (39.8%) cases had no change in expres-
sion. Reg IV transcript expression showed a significant
correlation with invasion depth (p = 0.005) and lymph
node metastasis (p < 0.001), and no significant correlations
with age, gender, tumor size, tissue differentiation, or clin-
ical stage. SOX9 transcript expression showed a significant
correlation with tissue differentiation (p = 0.044) and inva-
sion depth (p = 0.007). No significant correlations were
found between SOX9 transcript expression and age, gen-
der, tumor size, clinical stage, or lymph node metastasis.

Association of Reg IV protein expression and SOX9
protein expression
The association of Reg IV protein expression and SOX9
protein is shown in Table 7. The level of Reg IV protein

expression showed a positive correlation with SOX9 pro-
tein expression (r = 0.392, p < 0.001).

Association of Reg IV transcript expression and SOX9
transcript expression
The association between Reg IV transcript expression
and SOX9 transcript expression is shown in Table 8.
The Reg IV transcript expression levels had a positive
correlation with SOX9 transcript expression (r = 0.273,
p = 0.008).

Table 5 Expression of Reg IV and SOX9 protein and
clinicopathologi-cal parameters in gastric cancer tissues

Variable Reg IV P-Value SOX9 P-Value

+ – + –

Tumor tissues 55 47 0.022* 28 74 0.003*

Adjacent tissues 13 27 2 38

Age (year)

< 60 30 31 0.241 17 44 0.908

≥ 60 25 16 11 30

Gender

Man 40 36 0.655 20 56 0.66

Female 15 11 8 18

Tumor size (cm)

< 5 32 25 0.613 14 43 0.462

≥ 5 23 22 14 31

Tissue differentiation

Moderately-well 33 28 0.965 16 45 0.736

Poorly 22 19 12 29

Depth of invasion

T1 + T2 14 30 0 9 18 0.424

T3 + T4 41 17 19 56

Lymph node metastasis

No 18 14 0.75 11 21 0.289

Yes 37 33 17 53

TNM staging

I + II 23 20 0.94 12 31 0.93

III + IV 32 27 16 43

Distant metastasis

Yes 5 8 0.251 4 9 0.93

No 50 39 24 65

Table 6 Expression of Reg IV and SOX9 transcripts and
correlation between Reg IV and SOX9 and clinicopathological
parameters in gastric cancer tissues

Variable Reg IV P Value SOX9 P Value

T/N
> 2

T/N
2–0.5

T/N
< 0.5

T/N
> 2

T/N
2–0.5

T/N
< 0.5

Case no. 40 17 36 29 37 27

Age (year)

< 60 22 9 17 0.789 14 20 14 0.897

≥ 60 18 8 19 15 17 13

Gender

Man 28 15 27 0.344 21 27 22 0.673

Female 12 2 9 8 10 5

Tumor size (cm)

< 5 28 8 22 0.257 13 25 20 0.055

≥ 5 12 9 14 16 12 7

Tissue differentiation

Moderately-
well

26 7 24 0.168 20 17 20 0.044

Poorly 14 10 12 9 20 7

Depth of invasion

T1 + T2 8 8 20 0.005 10 21 5 0.007

T3 + T4 32 9 16 19 16 22

Lymph node metastasis

No 7 5 25 0.000 13 18 6 0.082

Yes 33 12 11 16 19 21

TNM staging

I + II 11 7 11 0.591 8 12 9 0.878

III + IV 29 10 25 21 25 18

Table 7 Association of Reg IV protein expression with SOX9
protein expression

SOX9 Reg IV r P-value

Positive Negative Total no.

Positive 24 4 28 0.392 0.000

Negative 31 43 74

Total no. 55 47 102
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Ectopic expression of Reg IV promote tumor cell invasion
and migration in vitro
To study the role of Reg IV in human gastric cancer, the
PEGFP/Reg IV or control vector were transfected into
MKN-45 cells, and the Reg IV mRNA and protein ex-
pression levels were measured by real-time PCR and
western blot. The invasion and migration ability of the
cells transfected with PEGFP/Reg IV or control vector
were measured by matrigel transwell assay, no matrigel
transwell assay, and wound healing assay. The invasion
and migration abilities of the cells transfected with
PEGFP/Reg IV were demonstrated to be significantly in-
creased compared with the control (Fig. 2a, d, p < 0.05).
Increased Reg IV also resulted in increased invasion and
migration of AGS cells (see Additional file 1). To con-
firm the effect of silencing the Reg IV gene to the inva-
sion and migration abilities of tumor cells, silencing
effects of 3 pre-designed Reg IV siRNAs were examined
in MKN-45 cells, and a scrambled siRNA was used as
the negative control. The results showed that the siR-R3
siRNA had a more significant silencing effect and
knocked down 71.2% of the Reg IV mRNA in compari-
son with the scrambled siRNA (Fig. 3c). Therefore this
siRNA was selected for silencing the Reg IV gene. The
results of the transwell assay and the wound healing
assay demonstrated that the invasion and migration abil-
ities of the cells transfected with siR-Reg IV were signifi-
cantly inhibited compared with the control (Fig. 2b, e,
p< 0.05). Consistently, Reg IV-knockdown AGS cells also
had decreased invasion and migration abilities compared
to control cells (see Additional file 1).

Silencing SOX9 gene inhibits tumor cell invasion and
migration in vitro
To study the invasion and migration abilities of tumor
cells after silencing the SOX9 gene, silencing effects of 3
pre-designed SOX9 siRNAs were examined in MKN-45
cells, and a scrambled siRNA was used as the negative
control. The siR-S1 siRNA showed a more significant si-
lencing effect and knocked down 69.9% of the SOX9
mRNA in comparison with the scrambled siRNA (Fig.
3f ). Therefore this siRNA was selected for silencing the
SOX9 gene. The results of the transwell assay and the
wound healing assay demonstrated that the invasion and
migration abilities of the cells transfected with siR-SOX9

were significantly inhibited compared with the control
(Fig. 2c, f, p< 0.05). SOX9-silenced AGS cells also
showed significantly decreased invasion and migration
abilities (see Additional file 1).

Reg IV positively regulates the expression of SOX9 in
gastric carcinoma cell lines
To study the potential regulatory relationship between
Reg IV and SOX9, the PEGFP/Reg IV or a control vector
were transfected into MKN-45 cells, and the SOX9
mRNA and protein expression levels were measured by
real-time PCR and western blot. The results demon-
strated that the protein expression level of SOX9 in Reg
IV overexpressed cells was significantly increased com-
pared with the control (Fig. 3b, p< 0.01), while the tran-
script expression level of SOX9 in Reg IV overexpressed
cells was significantly decreased compared with the con-
trol (Fig. 3a, p< 0.01). The Reg IV gene was silenced by
transfecting a siRNA of Reg IV in MKN-45 cells, and
the protein and mRNA levels of SOX9 were measured
by real-time PCR and western blot. The results demon-
strated that the protein and mRNA levels of SOX9 in
Reg IV gene silenced cells were significantly decreased
compared with the control (Fig. 3d, e, p< 0.05). The re-
sults of Reg IV gene overexpression and silencing assays
demonstrated that SOX9 expression was positively regu-
lated by Reg IV in MKN-45 cells. To determine whether
the SOX9 would regulate Reg IV expression in MKN-45
cells, the SOX9 gene was silenced by SOX9 siRNA in
MKN-45 cells, and the protein and mRNA levels of Reg
IV were measured by real-time PCR and western blot.
The results demonstrated that the protein levels of Reg
IV in SOX9 gene silenced cells were significantly in-
creased compared with the control (Fig. 3h, p< 0.05), but
mRNA levels of Reg IV did not significantly change
compared with the control (Fig. 3g, p> 0.05). The results
of silencing the SOX9 gene demonstrated that SOX9 ex-
pression inhibition would promote Reg IV protein ex-
pression in MKN-45 cells. Similar results were observed
in AGS cells (see Additional file 2).

Discussion
Although advantageous diagnostic and therapeutic strat-
egies have been applied to clinical treatment, gastric
cancer is still one of the leading contributors to human

Table 8 Association of Reg IV transcript expression with SOX9 transcript expression

SOX9 Reg IV

Up-regulation No difference Down-regulation Total no. r P-value

Up-regulation 16 5 8 29

No difference 17 9 11 37 0.273 0.008

Down-regulation 7 3 17 27

Total no. 40 17 36 93
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cancer death, and the overall prognosis is poor due to its
high metastatic potential and relapse rate [2, 28]. Inva-
sion is the initiating process of metastasis and is partly
attributable to aberrant gene expression during physio-
logical processes. Previous studies have reported that
Reg IV was overexpressed in human gastric cancer, and
it may be a promising serum biomarker for gastric can-
cer, or of peritoneal dissemination of gastric cancer [7, 8,
18, 29]. The results of previous studies demonstrated
that ectopic expression of Reg IV is involved in the
process of metastasis and progression of gastric can-
cer. However, the functional mechanism of Reg IV in
gastric cancer is poorly understood and needs to be
clarified urgently.

In this study, our results demonstrate the following.
First, the Reg IV protein expression level was signifi-
cantly up-regulated in gastric cancer, significantly corre-
lated with the invasion depth of the tumor, and did not
significantly correlate with age, sex, tumor size, tissue
differentiation, clinical stage, or lymph node metastasis.
The expression level of the Reg IV transcript had a sig-
nificant correlation with the invasion depth of the tumor
and lymph node metastasis, and no significant correl-
ation with age, sex, tumor size, tissue differentiation or
clinical stage. These results confirmed those of previous
studies [7, 8]. Second, the SOX9 protein expression level
was significantly up-regulated in gastric cancer, and had
no significant correlation with age, sex, tumor size,

Fig. 2 Effects of Reg IV and SOX9 on the invasion and migration abilities in MKN-45 cells. a Reg IV overexpression vectors, control empty vectors
(PEGFP) and transfection reagents control (Mock) were added to the media. Cells were seeded on the 8 μm-filter chambers after 48 h, and harvested
after 24 h. The invasive cells and migrated cells were photographed (top) and counted (bottom); (b) effects of Reg IV siRNA (siR-Reg IV) on invasion
and migration of MKN-45 cells compared with Mock and control scramble siRNA (siR-NC); (d) in wound healing assay, cells were transfected with Reg
IV overexpression vectors, control empty vectors (PEGFP), and transfection reagents control (Mock). After creating a confluent cell monolayer, cells were
scraped in a straight and homogeneous line. The migration status were recorded every 12 h (top) and calculated (bottom); (e) effects of siR-Reg IV on
migration of MKN-45 cells compared with Mock and control scramble siRNA; (f) effects of siR-SOX9 on migration of MKN-45 cells compared with Mock
and control scramble siRNA. The results are shown as Mean ± SEM of 3 independent experiments. * P< 0.05, ** P< 0.01, *** P < 0.001, N.S. = not significant
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tissue differentiation, clinical stage, invasion depth of the
tumor, or lymph node metastasis. The expression level
of the SOX9 transcript had a significant correlation with
the invasion depth of the tumor and tissue differenti-
ation, and no significant correlation with age, sex, tumor
size, lymph node metastasis, or clinical stage. Third, Reg
IV protein and transcript expression level both had a
positive correlation with SOX9 protein and transcript
expression in gastric cancer.
SOX9 is a SRY-related gene known for chondrogenesis

and the development of the male gonad [20, 21], and more
and more studies about the ectopic expression of SOX9
and its influence on the progress of carcinogenesis have
been reported in several human cancers. Upregulation of

SOX9 has been reported to regulate growth and promote
the proliferation, invasion, and migration of tumor cells in
lung cancer in vitro [30, 31]. Results of another similar
study showed that overexpression of SOX9 may accelerate
tumor proliferation and promote oncogenesis in the pros-
tate [32]. However, studies of SOX9 in gastric cancer are
rarely reported. The expression pattern of SOX9 in the
normal human stomach, intestinal metaplasia, and gastric
carcinoma have been reported, and the results indicated
that SOX9 expression may be associated with gastric car-
cinogenesis and predict the risk of human intestinal
gastric cancer [33]. Further studies revealed that overex-
pression of SOX9 is related to the progression of gastric
cancer [34], and the level of SOX9 methylation increases

Fig. 3 Regulatory relationship of Reg IV and SOX9 in MKN-45 cells. a Reg IV overexpression vectors (PEGFP/Reg IV) and control empty vectors
(PEGFP) were added to the cells. Cells were harvested after 48 h, total RNA were extracted and converted to cDNA. Real-time PCR was performed
to examine the mRNA level of Reg IV and SOX9 in PEGFP/Reg IV and PEGFP treated cells. Relative expression values of mRNA levels were normalized
by GAPDH mRNA expression; (b) after transfection with PEGFP/Reg IV and PEGFP, the cells and medium were collected. Western blot analysis was
done using anti-Reg IV antibody and SOX9 antibody, and bands were visualized (left) and the gray intensity was analyzed (right). β-actin expression
level was used as an internal control; (c) compared with control scramble siRNA (siR-NC), the mRNA levels of three Reg IV siRNAs (siR-R1, siR-R2, siR-R3)
were examined by real-time PCR and siR-R3 showed higher silencing efficiency. d the mRNA level of SOX9 was examined in siR-R3-treated cells and
the negative control (siR-NC) by real-time PCR; (e) after transfection with siR-NC and siR-R3, western blot analysis was done using anti-Reg IV antibody
and SOX9 antibody, and bands were visualized (left) and the gray intensity was analyzed (right); (f) compared with control scramble siRNA (siR-NC), the
mRNA levels of threeSOX9 siRNAs (siR-S1, siR-S2, siR-S3) were examined by real-time PCR and siR-S1 showed higher silencing efficiency; (g) the mRNA
level of Reg IV was examined in siR-S1-treated cells and the negative control (siR-NC) by real-time PCR; (h) After transfection with siR-NC and siR-S1,
western blot analysis was done, and bands were visualized (left) and the gray intensity was analyzed (right). The results are shown as Mean ± SEM,
n = 3. * P < 0.05, ** P < 0.01, *** P < 0.001, N.S. = not significant
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during progression and decreases in the tumorigenesis of
gastric cancer [35]. Fourth, the Reg IV overexpression
could significantly increase the invasion and migration
abilities of gastric cancer cells, and the Reg IV siRNA and
SOX9 siRNA could both significantly inhibit the invasion
and migration abilities of gastric cancer cells. Therefore,
Reg IV and SOX9 participated in the regulation of tumor
invasion and metastasis in gastric cancer. The results
above for Reg IV agree with the results of previous studies
[19]. Fifth, overexpression of Reg IV significantly pro-
moted SOX9 protein expression in both gastric cancer
cells. Reg IV siRNA significantly inhibited SOX9 expres-
sion in both gastric cancer cells. SOX9 siRNA significantly
promoted Reg IV protein expression in both gastric can-
cer cells. These findings were similar to the results of a
previous study in the MKN-28 and MKN-74 gastric can-
cer cell line [24]. Consequently, SOX9 may be a down-
stream gene of Reg IV and is positively regulated by Reg
IV. Reg IV may regulate the SOX9 expression and partici-
pate in the invasion and metastasis of gastric cancer. The
SOX9 down-regulation may promote Reg IV protein ex-
pression. Accordingly, there may be feedback efficiency
between Reg IV and SOX9. In addition, the phenomenon
that the SOX9 protein was upregulated and SOX9 mRNA
was down-regulated when Reg IV was overexpressed in
MKN-45 cells may be explained as follows. Changes in
concentration of a protein depend on the mRNA concen-
tration, translation efficiency and degradation of the exist-
ing protein. On average, multi-cellular organisms display
the lowest correlations between protein and mRNA
concentration. It is therefore possible that the incon-
sistency is explained by post-transcriptional and post-
translation regulation [36]. The regulatory mechanism
involving Reg IV and SOX9 in gastric cancer needs to
be further investigated.

Conclusions
Reg IV and SOX9 are both overexpressed and Reg IV
expression has a positive correlation with SOX9 expres-
sion in gastric cancer. Reg IV expression may promote
tumor invasion and metastasis by regulating SOX9, and
better understanding the regulatory mechanism of Reg
IV may contribute to the identification of new targets
for the diagnosis and treatment of patients with gastric
cancer.

Additional files

Additional file 1: Figure S1. Effects of Reg IV and SOX9 on the invasion
and migration abilities in AGS cells. a) PEGFP/Reg IV, PEGFP and Mock
were added to the media. Cells were seeded on the 8 μm-filter chambers
after 48 h, and harvested after 24 h. The invasive cells and migrated cells
were counted (bottom); b) effects of siR-Reg IV or siR-SOX9 on invasion
and migration of AGS cells compared with Mock and siR-NC; c) in wound
healing assay, cells were transfected with PEGFP/Reg IV, PEGFP and Mock.

After creating a confluent cell monolayer, cells were scraped in a straight
and homogeneous line. The migration status were recorded every 12 h
(top) and calculated (bottom); d) effects of siR-Reg IV or siR-SOX9 on
migration of AGS cells compared with Mock and siR-NC. The results are
shown as Mean ± SD of 3 independent experiments. * P < 0.05, ** P < 0.01,
*** P < 0.001, N.S. = not significant. (DOCX 457 kb)

Additional file 2: Figure S2. Regulatory relationship of Reg IV and
SOX9 in AGS cells. PEGFP/Reg IV and PEGFP were added to the cells.
Cells were harvested after 48 h, total RNA were extracted and converted
to cDNA. Real-time PCR (a) was performed to examine the mRNA level of
Reg IV and SOX9 in PEGFP/Reg IV and PEGFP treated cells, western blot
analysis (b) was done using anti-Reg IV antibody and SOX9 antibody, and
bands were visualized (left) and the gray intensity was analyzed (right);
after transfection with siR-NC and siR-R3, the mRNA level of Reg IV and
SOX9 were examined by real-time PCR (c), and western blot analysis (d)
was done; after transfection with siR-NC and siR-S1, the mRNA level of
SOX9 and Reg IV (e) were examined by real-time PCR, and western blot
analysis (f) was done. The results are shown as Mean ± SD, n = 3. * P < 0.05,
** P < 0.01, *** P < 0.001, N.S. = not significant. (DOCX 131 kb)
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gene family member 4; SDS-PAGE: Sodium dodecylsulfate polyacrylamide
gel electrophoresis; siRNA: Small interference RNA; SOX9: SRY related high-
mobility group box 9; SYR: Sex-determining Region on the Y chromosome

Acknowledgements
We are grateful to Prof. Wei Xiao for technical assistance and advice. We also
thank LetPub (www.letpub.com) for its linguistic assistance during the
preparation of this manuscript.

Funding
This work was funded by the Science and Technology Support Program of
Gansu Province [QS041-C33–33], and the Natural Science Foundation of
Gansu Province [145RJZA200].

Availability of data and materials
All data generated or analysed during this study are included in this
published article and its supplementary information files.

Authors’ contributions
ZN carried out the experiments, analyzed the data and drafted the manuscript.
CDD carried out the experiments, analyzed the data. DHF prepared the study
design and carried out the experiments. LKS prepared the study design and
modify the manuscript. XWG carried out the experiments and analyzed the
data. LXW (Xingwen Li) and YR provided fresh tumor tissues and paraffin
sections from patients undergoing surgery, and participated in the acquisition
and analysis of data. LXW (XiaoWen Lian) and XY carried out the experiments.
All authors read and approved the final manuscript.

Ethics approval and consent to participate
The protocols involving tumor tissues from patients with gastric cancer in
this study were approved by the Medical Ethics Committee of Medicine
and Science Research Institute of Gansu Province (reference number:
P201108150024). All study participants provided informed consent to
participate in the study.

Consent for publication
Each patient agreed with using their individual data under anonymity.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zhang et al. BMC Cancer  (2018) 18:344 Page 10 of 11

https://doi.org/10.1186/s12885-018-4285-x
https://doi.org/10.1186/s12885-018-4285-x
http://www.letpub.com


Author details
1Department of Medicine Biotechnology, Medicine and Science Research
Institute of Gansu Province, Lanzhou, China. 2College of Life Sciences,
Lanzhou University, Lanzhou, China. 3Department of Surgery, Tumor Hospital
of Gansu Province, Lanzhou, China. 4Department of pathology, Tumor
Hospital of Gansu Province, Lanzhou, China.

Received: 24 July 2017 Accepted: 21 March 2018

References
1. Wroblewski LE, Peek RM Jr, Wilson KT. Helicobacter pylori and gastric cancer:

factors that modulate disease risk. Clin Microbiol Rev. 2010;23:713–39.
2. Steeg PS. Tumor metastasis: mechanistic insights and clinical challenges.

Nat Med. 2006;12:895–904.
3. Gupta GP, Massague J. Cancer metastasis: building a framework. Cell. 2006;

127:679–95.
4. Coghlin C, Murray GI. Current and emerging concepts in tumour metastasis.

J Pathol. 2010;222:1–15.
5. Gao P, Xing AY, Zhou GY, Zhang TG, Zhang JP, Gao C, et al. The molecular

mechanism of microRNA-145 to suppress invasion-metastasis cascade in
gastric cancer. Oncogene. 2013;32:491–501.

6. Hartupee JC, Zhang H, Bonaldo MF, Soares MB, Dieckgraefe BK. Isolation
and characterization of a cDNA encoding a novel member of the human
regenerating protein family: Reg IV. Biochim Biophys Acta. 2001;1518:287–93.

7. Miyagawa K, Sakakura C, Kin S, Nakase Y, Fukuda K, Hagiwara A, et al. Over
expression of Reg IV in peritoneal dissemination of gastric cancer. Gan To
Kagaku Ryoho. 2004;31:1909–11.

8. Miyagawa K, Sakakura C, Nakashima S, Yoshikawa T, Fukuda K, Kin S, et al.
Overexpression of Reg IV in peritoneal dissemination of gastric cancer and
its potential as a novel marker for the detection of peritoneal
micrometastasis. Anticancer Res. 2008;28:1169–79.

9. Violette S, Festor E, Pandrea-Vasile I, Mitchell V, Adida C, Dussaulx E, et al.
Reg IV, a new member of the regenerating gene family, is overexpressed in
colorectal carcinomas. Int J Cancer. 2003;103:185–93.

10. Zhang Y, Lai M, Lv B, Gu X, Wang H, Zhu Y, et al. Overexpression of Reg IV
in colorectal adenoma. Cancer Lett. 2003;200:69–76.

11. He XJ, Jiang XT, Ma YY, Xia YJ, Wang HJ, Guan TP, et al. REG4 contributes to
the invasiveness of pancreatic cancer by upregulating MMP-7 and MMP-9.
Cancer Sci. 2012;103:2082–91.

12. Takehara A, Eguchi H, Ohigashi H, Ishikawa O, Kasugai T, Hosokawa M, et al.
Novel tumor marker reg4 detected in serum of patients with resectable
pancreatic cancer and feasibility for antibody therapy targeting reg4. Cancer
Sci. 2006;97:1191–7.

13. Gu Z, Rubin MA, Yang Y, Deprimo SE, Zhao H, Horvath S, et al. Reg IV: a
promising marker of hormone refractory metastatic prostate cancer. Clin
Cancer Res. 2005;11:2237–43.

14. Guo Y, Xu J, Li N, Gao F, Huang P. Reg IV potentiates colorectal carcinoma
cell migration and invasion via its CRD domain. Cancer Genet Cytogenet.
2010;199:38–44.

15. Rafa L, Dessein AF, Devisme L, Buob D, Truant S, Porchet N, et al. REG4 acts
as a mitogenic, motility and pro-invasive factor for colon cancer cells. Int J
Oncol. 2010;36:689–98.

16. Bishnupuri KS, Luo Q, Murmu N, Houchen CW, Anant S, Dieckgraefe BK. Reg
IV activates the epidermal growth factor receptor/Akt/AP-1 signaling
pathway in Colon adenocarcinomas. Gastroenterology. 2006;130:137–49.

17. Kuniyasu H, Oue N, Sasahira T, Yi L, Moriwaka Y, Shimomoto T, et al. Reg IV
enhances peritoneal metastasis in gastric carcinomas. Cell Prolif. 2009;42:
110–21.

18. Mitani Y, Oue N, Matsumura S, Yoshida K, Noguchi T, Ito M, et al. Reg IV is a
serum biomarker for gastric cancer patients and predicts response to 5-
fluorouracil-based chemotherapy. Oncogene. 2007;26:4383–93.

19. Huang J, Yang Y, Yang J, Li X. Regenerating gene family member 4
promotes growth and migration of gastric cancer through protein kinase B
pathway. Int J Clin Exp Med. 2014;7:3037–44.

20. Foster JW, Dominguez-Steglich MA, Guioli S, Kwok C, Weller PA, Stevanović
M, et al. Campomelic dysplasia and autosomal sex reversal caused by
mutations in an SRY-related gene. Nature. 1994;372:525–30.

21. Wagner T, Wirth J, Meyer J, Zabel B, Held M, Zimmer J, et al. Autosomal sex
reversal and campomelic dysplasia are caused by mutations in and around
the SRY-related gene SOX9. Cell. 1994;79:1111–20.

22. Xia S, Feng Z, Qi X, Yin Y, Jin J, Wu Y, et al. Clinical implication of Sox9 and
activated Akt expression in pancreatic ductal adenocarcinoma. Med Oncol.
2015;32:358.

23. Ling S, Chang X, Schultz L, Lee TK, Chaux A, Marchionni L, et al. An EGFR-
ERK-SOX9 signaling cascade links urothelial development and regeneration
to cancer. Cancer Res. 2011;71:3812–21.

24. Yasui W, Oue N, Sentani K, Sakamoto N, Motoshita J. Transcriptome
dissection of gastric cancer: identification of novel diagnostic and
therapeutic targets from pathology specimens. Pathol Int. 2009;59:121–36.

25. Sinicrope FA, Ruan SB, Cleary KR, Stephens LC, Lee JJ, Levin B. Bcl-2 and p53
oncoprotein expression during colorectal tumorigenesis. Cancer Res. 1995;
55:237–41.

26. Link AJ, LaBaer J. Trichloroacetic acid (TCA) precipitation of proteins. Cold
Spring Harb Protoc. 2011;2011:993–4.

27. Liang CC, Park AY, Guan JL. In vitro scratch assay: a convenient and
inexpensive method for analysis of cell migration in vitro. Nat Protoc. 2007;
2:329–33.

28. Wang Z, Xu H, Jiang L, Zhou X, Lu C, Zhang X. Positive association of
heparanase expression with tumor invasion and lymphatic metastasis in
gastric carcinoma. Mod Pathol. 2005;18:205–11.

29. Moon JH, Fujiwara Y, Nakamura Y, Okada K, Hanada H, Sakakura C, et al. REG
IV as a potential biomarker for peritoneal dissemination in gastric
adenocarcinoma. J Surg Oncol. 2012;105:189–94.

30. Jiang SS, Fang WT, Hou YH, Huang SF, Yen BL, Chang JL, et al. Upregulation
of SOX9 in lung adenocarcinoma and its involvement in the regulation of
cell growth and tumorigenicity. Clin Cancer Res. 2010;16:4363–73.

31. Wang X, Ju Y, Zhou MI, Liu X, Zhou C. Upregulation of SOX9 promotes cell
proliferation, migration and invasion in lung adenocarcinoma. Oncol Lett.
2015;10:990–4.

32. Thomsen MK, Ambroisine L, Wynn S, Cheah KS, Foster CS, Fisher G, et al.
SOX9 elevation in the prostate promotes proliferation and cooperates with
PTEN loss to drive tumor formation. Cancer Res. 2010;70:979–87.

33. Sashikawa Kimura M, Mutoh H, Sugano K. SOX9 is expressed in normal
stomach, intestinal metaplasia, and gastric carcinoma in humans. J
Gastroenterol. 2011;46:1292–9.

34. Zhou CJ, Guo JQ, Zhu KX, Zhang QH, Pan CR, Xu WH, et al. Elevated
expression of SOX9 is related with the progression of gastric carcinoma.
Diagn Cytopathol. 2011;39:105–9.

35. Sun M, Uozaki H, Hino R, Kunita A, Shinozaki A, Ushiku T, et al. SOX9
expression and its methylation status in gastric cancer. Virchows Arch. 2012;
460:271–9.

36. de Sousa Abreu R, Penalva LO, Marcotte EM, Vogel C. Global signatures of
protein and mRNA expression levels. Mol BioSyst. 2009;5:1512–26.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Zhang et al. BMC Cancer  (2018) 18:344 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Tissues
	Immunohistochemistry
	Total RNA extraction and real-time PCR
	Overexpression of Reg IV gene in gastric carcinoma cells
	Silencing of the Reg IV gene and SOX9 gene by siRNAs in gastric carcinoma cells
	Western blotting
	Invasion and migration assay of tumor cells transfected with PEGFP-Reg IV, siR-Reg IV, siR-SOX9 in vitro
	Wound healing assay of tumor cells transfected with PEGFP-Reg IV, siR-Reg IV, siR-SOX9 in vitro
	Statistical analysis

	Results
	Reg IV and SOX9 protein expressed in human gastric cancer
	Reg IV and SOX9 transcript expression in human gastric cancer
	Association of Reg IV protein expression and SOX9 protein expression
	Association of Reg IV transcript expression and SOX9 transcript expression
	Ectopic expression of Reg IV promote tumor cell invasion and migration in vitro
	Silencing SOX9 gene inhibits tumor cell invasion and migration in vitro
	Reg IV positively regulates the expression of SOX9 in gastric carcinoma cell lines

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

