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Abstract. Carcinoembryonic antigen‑related cell adhesion 
molecule 6 (CEACAM6) is abnormally expressed in various 
malignant tumors and thus represents a potential biomarker, 
although information regarding its role in gallbladder cancer 
(GBC) is limited. This study aimed to evaluate the expres-
sion of CEACAM6 in GBC and the effect of CEACAM6 
gene silencing on the proliferation, migration, invasion and 
apoptosis of human GBC cells. Immunochemistry was used 
to evaluate CEACAM6 expression in 95 GBC specimens and 
40 peritumoral tissue specimens. GBC‑SD and SGC‑996 
cell lines were used for in vitro experiments. CEACAM6 was 
knocked down by transfection of targeted small interfering 
RNA (siRNA), and reverse‑transcription quantitative PCR 
and western blot analysis were used to detect knockdown effi-
ciency. Cell Counting Kit‑8 and colony formation assays were 
undertaken to evaluate cell proliferation. Variations in cell 
migration and invasion were detected by wound‑healing and 
Transwell assays, respectively. Flow cytometry was applied to 
measure cell apoptosis and cell cycle distribution. CEACAM6 
gene expression was significantly greater in GBC tissues than 
in peritumoral tissues, and its positive expression was asso-
ciated with poor prognosis. CEACAM6 mRNA and protein 
expression in the CEACAM6 siRNA treatment group was 
significantly lower than that in the negative control group and 
the blank group. CEACAM6 knockdown inhibited GBC cell 
proliferation, migration and invasion but promoted cell apop-
tosis. Western blot analysis of invasion‑ and apoptosis‑related 
proteins matrix metalloproteinase‑2, Vimentin, BCL‑2 
and BAX further confirmed CEACAM6 mRNA depletion 
promoted cell apoptosis and inhibited invasion. Additionally, 
CEACAM6 mRNA depletion affected the progression of the 

GBC cell cycle to increase cell distribution in G0/G1 phase, 
and to reduce it in G2/M phase and S phase. These findings 
indicated that CEACAM6 overexpression may be related to 
the tumorigenesis and development of GBC. In summary, 
depletion of CEACAM6 mRNA suppressed the malignant 
biological behaviors of human gallbladder cancer cells.

Introduction

Gallbladder cancer (GBC) is the most common malignant 
tumor of the biliary system, ranking fifth among malignant 
tumors of the digestive system (1). It is characterized by early 
symptoms that are not obvious, and therefore it is difficult to 
diagnose, while its rapid invasion and metastasis occur early 
in tumorigenesis. The overall prognosis is extremely poor, 
and the 5‑year survival rate of patients is only 5% (2,3). Early 
diagnosis, as well as effective inhibition of the proliferation 
of GBC cells and induction of apoptosis, has been the focus 
of researchers studying treatment approaches for GBC. We 
collected three cases of GBC and three specimens of benign 
gallbladder disease in the clinic. Through high‑throughput 
gene chip technology, the gene expression of tissue speci-
mens was detected and analyzed by whole gene expression 
profiling (Tian et al unpublished data). In descending order 
of absolute fold change (absoluteFC), P<0.0001 was used as 
the cutoff to check the chip results. After a thorough review 
of the available literature, carcinoembryonic antigen‑related 
cell adhesion molecule 6 (CEACAM6; absoluteFC=10.60628, 
P=3.13011x10‑5) was selected as the experimental index.

CEACAM6 is an important member of the immunoglobulin 
superfamily and is linked to the cell membrane by glycosyl 
phosphatidyl inositol, which is a non‑specific cross‑antigen. 
By binding to related proteins, CEACAM6 recognizes and 
binds to the E‑box sequence in target gene DNA sequences to 
regulate gene activation and enhance transcriptional function. 
It has previously been reported that CEACAM6 was sparsely 
distributed on epithelial cells and vascular endothelial cells (4). 
Under the induction of oncogenic factors, the expression of 
CEACAM6 can be increased, which leads to the prolifera-
tion of tumor cells and increased cell proliferation (5). There 
is also evidence to support that CEACAM6 may have a role 
in the transition of cells entering S phase from G0/G1 phase, 
promoting cell transformation from normal protein synthesis 
to cell growth, which is more pronounced in pancreatic cancer 
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cell invasion and metastasis  (6,7). Therefore, considering 
the characteristics of CEACAM6 in cell regulation and its 
role in tumorigenesis, it was hypothesized that depletion of 
CEACAM6 gene expression may affect the biological behavior 
of GBC cells. In this study, immunohistochemistry was used 
to detect the expression of CEACAM6 in gallbladder tissues, 
and to evaluate whether silencing of CEACAM6 expression 
inhibited the proliferation, invasion and migration of GBC 
cells and induced apoptosis. These findings may provide novel 
avenues for early diagnosis and gene therapy of GBC.

Materials and methods

Patient samples. Gallbladder tissues were obtained from 
patients who underwent surgery at The First Affiliated Hospital 
of China Medical University (Shenyang, China) from October 
2016 to July 2019. In addition, tissue microarrays of GBC spec-
imens were purchased from Shanghai Outdo Biotech Co., Ltd. 
(cat. no. HGal‑Ade100PG‑01). Among them, 15 samples were 
collected from the hospital and 80 were included in the micro-
arrays. Each microarray had a diameter of 1.5 mm, a thickness 
of 4 mm, and an integrality of >95%. The microarrays were 
processed using standard methods and underwent immunohis-
tochemistry (8). A total of 95 specimens were obtained from 
56 women and 39 men, with a median age of 67 years (range, 
31‑88 years). Based on the World Health Organization's 2019 
tumor classification and differentiation criteria (9), 74 cases 
involved adenocarcinoma, six cases involved squamous cell 
carcinoma and 15 cases involved adenosquamous carcinoma. 
A total of 48 tumors were either highly differentiated (I) or 
moderately differentiated (I‑II and II), and 47 tumors were 
poorly differentiated (II‑III and III). The surgical findings 
revealed invasion of the surrounding tissue and organs in 
41 cases, lymph node metastasis in 28 cases and distant metas-
tasis in 14 cases. Follow‑up data were available for 68 patients. 
All patients underwent cholecystectomy and did not receive 
any treatment before surgery. This study was approved by the 
Ethics Committee of The First Affiliated Hospital of China 
Medical University (approval no. 2018‑207‑2).

Immunohistochemistry. Tissues collected in the hospital 
(cancer tissues and peritumoral tissues from the same patient 
with GBC) were fixed with 4% paraformaldehyde for 48 h at 
room temperature, then washed, dehydrated and embedded 
in paraffin. A monoclonal antibody against CEACAM6 
[cat. no. ab78029; Abcam; diluted with 1X TBS‑0.05% Tween 
(TBST); 1:10,000] was stored at ‑20˚C until use. Secondary 
antibodies diluted with 1X TBST (1:10,000) and EnVision™ 
Immunohistochemical kit were purchased from DAKO 
(Agilent Technologies, Inc.), and immunohistochemical 
staining was performed according to the EnVision™ two‑step 
staining method. All slides were independently reviewed 
and graded by two senior pathologists, who randomly 
selected 10 high‑power light microscope (magnification, 
x200; Leica Microsystems GmbH) fields for each case. 
Immunohistochemical staining score  =  staining intensity 
score + positive cell score. The staining intensity of the cells 
was divided into 0 (negative staining), 1 (light yellow gran-
ules), 2 (brownish yellow granules) and 3 (brown granules). 
The method for scoring positive cells was: 0 (positive cell 

ratio ≤10%); 1 point (10% < positive cell ratio ≤25%); 2 points 
(25% < positive cell ratio ≤50%); 3 points (50% < positive cell 
ratio ≤75%); 4 points (75% < positive cell ratio ≤100%). Positive 
expression was considered for a total score >3 points (10‑12). 
The negative control used 0.01 mol/l PBS (pH 7.4) instead of 
the primary antibody.

Cell culture. GBC cells GBC‑SD and SGC‑996 were 
purchased from the Shanghai Institute for Biological Science, 
Chinese Academy of Science and fetal bovine serum (FBS) 
was purchased from Gibco (Thermo Fisher Scientific, 
Inc.). The cells were cultured in DMEM (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS and 1% 
penicillin‑streptomycin (Gibco; Thermo Fisher Scientific, 
Inc.). All cells were cultured at 37˚C with 5% CO2. Medium 
was replaced depending on cell confluency and the cells were 
passaged using trypsin (Gibco; Thermo Fisher Scientific, Inc.).

Establishment of CEACAM6‑depleted GBC cell lines. For 
CEACAM6 knockdown, small interfering RNA (siRNA) 
targeting CEACAM6 mRNA and a non‑target negative 
control (NC) were purchased from JTS Scientific. The siRNA 
sequence based on CEACAM6 gene information was initially 
screened, and two sequences were selected for the experi-
ment. GBC‑SD and SGC‑996 cells were seeded in six‑well 
plates (5x105  cells/plate), and transfection was performed 
when the cells had reached 70‑80% confluence. siRNA and 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) were diluted separately with DMEM for 5  min, and 
mixed and incubated at room temperature for 20 min. The 
prepared mixture was added to the cells (final volume, 2 ml), 
gently mixed and then placed in an incubator. After 24‑48 h, 
the medium containing siRNA and Lipofectamine® 2000 was 
replaced with fresh medium. siRNA sequences were as follows: 
CEACAM6 siRNA1, sense 5'‑GCG​AAA​GAG​UGG​AUG​GCA​
ATT‑3', antisense 5'‑UUG​CCA​UCC​ACU​CUU​UCG​CTT‑3'; 
CEACAM6 siRNA2, sense 5'‑CCA​CUG​CCA​AGC​UCA​CUA​
UTT‑3', antisense: 5'‑AUA​GUG​AGC​UUG​GCA​GUG​GTT‑3'; 
NC siRNA, sense 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3', 
and antisense 5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'.

Experimental grouping. The cells were divided into four 
groups: siRNA1 group, siRNA2 group, siNC group, and blank 
(untransfected) control group. The NC group consisted of GBC 
cells transfected with scrambled sequences, and GBC cells 
that were not transfected with any plasmid were selected as the 
blank group. After transfection, mRNA and protein expres-
sion were detected by reverse‑transcription quantitative PCR 
(RT‑qPCR) and western blotting, respectively. The degree of 
knockdown was determined to select the better candidate for 
subsequent experiments.

RT‑qPCR. Total RNA was extracted using RNAiso Plus 
(Takara, Bio Inc.), according to the manufacturer's instruc-
tions. Total RNA concentration was measured with a 
Nanodrop 1000 (Nanodrop; Thermo Fisher Scientific, Inc.) 
and the concentration was adjusted. RT was then performed 
using PrimeScript™ RT Master Mix reagent kit (Takara, 
Bio, Inc.), as follows: 37˚C for 15 min, 85˚C for 5 sec and 4˚C 
cooling for 30 min. Finally, amplification was performed using 
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TB Green® Premix Ex Taq™ II kit (Takara, Bio, Inc.), and the 
quantification cycle (Cq) value was detected by an amplifica-
tion instrument (ABI7500; Applied Biosystems; Thermo Fisher 
Scientific, Inc.). All protocols and reaction conditions were 
performed in accordance with the manufacturers' instructions. 
The amplification program was as follows: 95˚C for 30 sec, 
followed by 40 cycles at 95˚C for 5 sec and 60˚C for 34 sec. In 
order to establish the melting curve of the PCR product, after 
completion of the amplification reaction, samples were incu-
bated at 95˚C for 15 sec, 60˚C for 60 sec and 95˚C for 15 sec. 
Relative quantification analysis was conducted according to 
the 2‑ΔΔCq method (13). CEACAM6 primers were synthesized 
by Shanghai Sangon Bioengineering Co., Ltd. All experiments 
were performed three times independently. Primer sequences 
were as follows: CEACAM6, forward 5'‑GCG​GAT​CCT​ATA​
TGT​GCC​AAG​CC‑3', reverse 5'‑GCG​GAT​CCT​ATA​TGT​GCC​
AAG​CC‑3'; GAPDH, forward 5'‑TGA​CAT​CAA​GAA​GGT​
GGT​GAA​GCA​G‑3' and reverse 5'‑GTGT​CGC​TGT​TGA​AGT​
CAG​AGG​AG‑3'.

Western blotting. The experimental cells, NC cells and 
blank cells were trypsinized and washed with PBS. The 
protein was extracted with RIPA (Beijing Solarbio Science 
and Technology Co., Ltd.) lysis buffer (containing 1% 
PMSF) at 4˚C. The protein concentration was determined 

by BCA, and the blended protein sample was mixed with 
the loading buffer to be boiled and denatured. Proteins 
were resolved by SDS‑PAGE on a 10% gel (Beyotime 
Institute of Biotechnology). The resolved proteins were 
then transferred to PVDF membranes at low temperature, 
and blocked for 1  h at room temperature in 0.5% skim 
milk powder dissolved with TBST. Membranes were incu-
bated in anti‑CEACAM6 (1:20,000; cat.  no.  ab134074; 
Abcam), GAPDH (1:10,000; cat.  no.  ab181602; Abcam), 
BAX (1:5,000; cat. no. 50599‑2‑Ig; Proteintech Group, Inc.), 
BCL‑2 (1:2,000; cat. no. 12789‑1‑AP; Proteintech Group, 
Inc.), Vimentin (1:5,000; cat. no. 10366‑1‑AP; Proteintech 
Group, Inc.) and matrix metalloproteinase‑2 (MMP‑2; 1:500; 
cat. no. 10373‑2‑AP; Proteintech Group, Inc.) overnight at 4˚C, 
and washed three times with 1X TBST for 10 min each time. 
Then the membranes were incubated for 1 h at room tempera-
ture with a secondary antibody (cat. no. PV‑9003; 1:10,000; 
OriGene Technologies, Inc.) and washed three times with 1X 
TBST for 10 min before treatment with enhanced chemilu-
minescence working solution (ELC Advance kit; Beyotime 
Institute of Biotechnology) and scanning by Bio‑Imaging 
Systems (MicroChemi4.2). ImageJ 1.4.3 software (National 
Institute of Health) was used to process the images and to 
analyze the gray value of the protein bands. The relative 
expression levels of the target proteins were calculated as the 

Table I. Expression of CEACAM6 in gallbladder carcinoma and peritumoral tissues.

	 Low expression in	 High expression in		
Characteristic	 peritumoral tissues	 peritumoral tissues	 χ2	 P‑value

Low expression in gallbladder carcinoma	 5	 7	 4.84	 0.027
High expression in gallbladder carcinoma	 18	 10			 

CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6.

Figure 1. CEACAM6 staining (A) Negative expression of CEACAM6 in peritumoral tissue. (B) Positive expression of CEACAM6 in well‑differentiated 
gallbladder carcinoma tissue. (C) Positive expression of CEACAM6 in moderately differentiated gallbladder carcinoma tissue. (D) Positive expression of 
CEACAM6 in poorly differentiated gallbladder carcinoma tissue. Magnification, x200. CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6.
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ratio of the gray value of each group of target proteins to 
the corresponding GAPDH expression. All experiments were 
performed three times independently.

Cell Counting Kit‑8 (CCK8) assay and colony formation 
assay. GBC cells in logarithmic phase were transfected for 
24 h, trypsinized and seeded in a 96‑well plate at a density 

of 3,000 cells/well. Following the manufacturers' instructions, 
the absorbance (450 nm) at different time points (0, 24, 48 and 
72 h) was measured, and the optical density (OD) value was 
determined by a microplate reader (Gene Company Ltd.).

For colony formation assay, after 24 h of transfection of 
cells in the logarithmic phase of growth, the cells were seeded 
into 6‑well plates at a concentration of 1,000 cells/well and 
then cultured in medium containing 30% FBS for 10 days. 
Cell colonies were fixed with 4% paraformaldehyde for 20 min 
at room temperature and then stained with crystal violet for 
20 min at room temperature. Cell colonies were then observed 
and counted.

Cell apoptosis assay. Cells were transfected with CEACAM6 
siRNA or NC siRNA for 24 h, then trypsinized and washed 
using precooled PBS. After centrifugation (300 x g, 5 min, 
room temperature), the supernatant was discarded and cells 
were gently resuspended in 195 ml buffer solution. Then, 5 µl 
Annexin V‑FITC and 10 ml propidium iodide (PI) (Beyotime 
Institute of Biotechnology, Inc.) was added to each sample and 
incubated at room temperature for 15 min in the dark. Flow 
cytometry (BD FACSAria™ Cell Sorter; BD Biosciences) was 
performed immediately after adding 300 µl binding buffer 
to each sample. Cell cycle distribution was analyzed using 
FlowJo 7.6 software (FlowJo LLC) and western blot analysis 

Figure 2. Kaplan‑Meier analysis of the association of CEACAM6 expression 
with overall survival in patients with gall bladder cancer (n=68). CEACAM6, 
carcinoembryonic antigen‑related cell adhesion molecule 6.

Table II. Relationship between CEACAM6 expression and clinicopathological characteristics of patients with gallbladder cancer.

	 CEACAM6 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	  	

Characteristic	 High	 Low	 χ2	 P‑value

Sex				    0.620
  Male	 22	 17	 0.264	
  Female	 41	 15		
Age				    0.825
  ≤60 years	 17	 11	 0.049	
  >60 years	 46	 21		
Pathological type				    0.282
  Adenocarcinoma	 51	 23	 1.159	
  Squamous cell carcinoma	 3	 3		
  Adenosquamous carcinoma	 9	 6		
Differentiation degree				    0.036
  I, I‑II, II	 27	 21	 4.401	
  II‑III, III	 36	 11		
Tissue invasion				    0.828
  No	 36	 18	 0.047	
  Yes	 27	 14		
Lymph node metastasis				    0.062
  No	 47	 20	 3.489	
  Yes	 14	 14		
Distant metastasis				    0.087
  No	 52	 29	 2.936	
  Yes	 11	 3		

CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6.
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was performed to detect the expression levels of BAX and 
BCL‑2.

Cell cycle analysis. After 24  h of transfection of GBC 
cells in the logarithmic phase, the cells were washed with 
precooled PBS, fixed in 70% alcohol at 4˚C for 12 h, and 
then washed with PBS that was removed by centrifugation 
(300 x g, 5 min, room temperature). An appropriate volume 
of PI staining solution with RNase was prepared according 
to the kit instructions (Cell Cycle and Apoptosis Analysi
s Kit; Beyotime Institute of Biotechnology) and the cells 

were resuspended in the staining solution and incubated for 
30 min at room temperature in the dark. Red fluorescence 
was detected by flow cytometry at an excitation wavelength 
of 488 nm, and cell DNA content analysis was performed 
using Flow Jo 7.6 software.

Migration and invasion assays. GBC cells in the logarithmic 
phase were transfected for 24 h, resuspended in serum‑free 
medium and seeded into the upper chambers of Transwell 
plates, whereas complete DMEM (supplemented with 10% FBS) 
was added to the lower chambers. All chambers of Transwell 

Figure 3. CEACAM6 depletion efficiency was evaluated by RT‑qPCR in (A) SGC‑996 and (B) GBC‑SD cells. Relative mRNA expression represents the ratio 
of CEACAM6 siRNA group to the NC siRNA group. GAPDH was used as an internal control. The data represent the mean ± standard deviation of three 
independent experiments. *P<0.05, **P<0.01 vs. NC group. CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6; NC, negative control; n.s., 
not significant; siRNA, small interfering RNA.

Figure 4. CEACAM6 protein depletion efficiency (A) evaluated by western blotting. (B) Semi‑quantitative analysis of protein expression of CEACAM6 
represented as the ratio of the target protein to its corresponding GAPDH loading control. The data represent the mean ± standard deviation of three inde-
pendent experiments. *P<0.05, **P<0.01 vs. NC group. CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6; NC, negative control; n.s., not 
significant; siRNA, small interfering RNA.
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plates were coated in Matrigel (cat. no. 354234; Corning, Inc.) 
to explore the invasive ability. Briefly, 60 µl diluted Matrigel 
(1:6) was added to each of the upper chambers and incubated 
at 37˚C for 30 min to polymerize Matrigel into a gel. After 
24 h incubation at 37˚C, the medium and cells on the upper 
side of the chambers were removed, and cells on the bottom of 
the chambers were fixed with 4% paraformaldehyde for 20 min 
at room temperature. Crystal violet staining was performed 
for 20 min at room temperature, then the staining agent was 
washed away with water. Cells penetrating the membrane in the 
Transwell chamber were counted by light microscopy (Leica 
Microsystems GmbH). Western blot analysis was performed to 
detect expression levels of MMP‑2 and Vimentin.

Wound‑healing assay. After 24 h of transfection of GBC cells 
in logarithmic phase, the cells were seeded in six‑well plates 
and grown to 90% confluence. The cell layers were scratched 
using a sterile 200‑µl pipette tip to create a wound gap. The 
plates were then washed with PBS and cultured in medium 
at 37˚C with 5% CO2 for 24 h. Images were captured at 0 and 
24 h using a microscope and the wound area was measured 
with ImageJ 1.8 software.

Statistical analysis. All analyses were performed using IBM 
SPSS Statistics 25.0 (IBM Corp.). Associations between 
CEACAM6 expression and the patients' clinicopathological 
characteristics were evaluated using the χ2 test or Fisher's 

exact test, as appropriate. The overall survival rates were 
evaluated using Kaplan‑Meier curves and the log‑rank test. 
The measurement data were expressed as the mean ± stan-
dard error. The independent Student's t‑test was performed 
to compare the mean of two groups and one‑way ANOVA 
followed by Tukey's post hoc test was used for comparisons 
between multiple groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Expression of CEACAM6 in GBC and peritumoral tissues. 
Among the 95 cases of patients with GBC, there were 40 
matched pairs of carcinoma and peritumoral tissues. Among 
them, CEACAM6 was highly expressed in 10 cases of both 
carcinoma and peritumoral tissue specimens, while five cases 
exhibited low expression in both carcinoma and peritumoral 
tissues. There were 18 cases of high expression in carcinoma 
but low expression in peritumoral tissues, and seven cases of 
low expression in carcinoma but high expression in peritu-
moral tissues (Table I).

GBC specimens had significantly stronger CEACAM6 
expression than the matched peritumoral tissues (Fig.  1). 
However, CEACAM6 expression in the GBC specimens was 
not significantly associated with sex, age, pathological type, 
tissue invasion, lymph node metastasis and distant metastasis, 
but was related to the pathological classification (Table II).

Figure 5. Effect of depletion of CEACAM6. (A) Changes over 3 days in GBC‑SD and SGC‑996 cells measured by CCK8 assay. (B and C) Colony formation 
analysis of the cell colony number after transfection with CEACAM6 siRNA and NC siRNA in GBC‑SD cells and in SGC‑996 cells. *P<0.05, **P<0.01 vs. NC 
group. CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6; NC, negative control; siRNA, small interfering RNA.
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CEACAM6 expression is associated with survival among 
68 patients with follow‑up data. A total of 68 of the 95 patients 
had available postoperative follow‑up data, which were 
obtained using telephone or mail. At the end of the follow‑up 
period, 22 patients were alive and 46 patients had died, with 
an average survival interval of 14.6±17.8 months. A total of 
41 of the 68 patients had high expression of CEACAM6, and 
the Kaplan‑Meier analysis revealed that positive expression 
of CEACAM6 was associated with poor long‑term survival 
(Fig. 2).

Expression of CEACAM6 in each group. RT‑qPCR revealed 
that following transfection with the candidate siRNAs, 
CEACAM6 mRNA expression in SGC‑996 and GBC‑SD cells 
was significantly lower than that in the NC and blank control 
groups after 24 h of transfection (P<0.05; Fig. 3). Western blot-
ting, and further semi‑quantification also found that 48 h after 
transfection, CEACAM6 protein expression was significantly 

reduced (P<0.05; Fig. 4). Furthermore, the results also demon-
strated that the depletion efficiency of CEACAM6 siRNA1 
was more effective than that of CEACAM6 siRNA2, and thus 
was used in the subsequent experiments.

CEACAM6 knockdown inhibits the proliferation of GBC‑SD 
and SGC‑996 cells. To evaluate the effect of CEACAM6 
depletion on the proliferation of GBC cells, CCK8 and colony 
formation assays were performed. Compared with the NC 
group, the cell proliferation of the CEACAM6 siRNA group 
was significantly decreased (P<0.05; Fig. 5A). Furthermore, 
the colony formation assay showed that the number of cell 
colonies was also decreased as a result of CEACAM6 knock-
down (P<0.05; Fig. 5B and C).

Knockdown of CEACAM6 promotes apoptosis of GBC‑SD and 
SGC‑996 cells. After 24 h of transfection, the early apoptotic 
rate of GBC‑SD and SGC‑996 cells in the CEACAM6 siRNA 

Figure 6. Effect of depletion of CEACAM6 on apoptosis. (A and C) Flow cytometric analysis of apoptosis of SGC‑996 and GBC‑SD cells with Annexin V/PI 
staining. (B and D) Early and late apoptotic rates in SGC‑996 and GBC‑SD cells. (E) Expression levels of BAX and BCL‑2 in the cells transfected with siRNA 
targeting CEACAM6 and the NC group. *P<0.05, **P<0.01 vs. NC group. CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6; NC, negative 
control; siRNA, small interfering RNA; PI, propidium iodide.
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group was significantly higher than that of the NC group 
(P<0.05; Fig. 6A‑D). BCL‑2 expression in the CEACAM6 
siRNA group was significantly lower than that in the NC group, 
and the expression levels of BAX in the CEACAM6 siRNA 
group were significantly higher than those in the NC group 

(P<0.01; Fig. 6E). This suggested that depletion of CEACAM6 
could promote the apoptosis of GBC cells.

Knockdown of CEACAM6 affects the cell cycle progression 
of GBC‑SD and SGC‑996 cells. The effect of knockdown 

Figure 8. Effect of CEACAM6 knockdown on wound healing. (A) Wound‑healing analysis of cell migration after transfection of CEACAM6 siRNA and 
NC siRNA in GBC‑SD and SGC‑996 cells (magnification, x50). (B) Relative migration is shown in relevant graph bars. **P<0.01 vs. NC group. CEACAM6, 
carcinoembryonic antigen‑related cell adhesion molecule 6; NC, negative control; siRNA, small interfering RNA.

Figure 7. Depletion of CEACAM6 affects cell cycle distribution. Flow cytometric analysis of cell cycle distribution of (A) SGC‑996 and (B) GBC‑SD 
cells transfected with CEACAM6 siRNA or NC siRNA. *P<0.05 vs. NC group. CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6; 
NC, negative control; siRNA, small interfering RNA.
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of CEACAM6 on the cell cycle distribution of GBC‑SD and 
SGC‑996 cells was further analyzed. In SGC‑996 cells, 
57.08±1.93% of cells transfected with siRNA targeting 
CEACAM6 were in G0/G1 phase, 13.09±2.61% were in 
G2/M phase and 29.82±1.17% were in S phase (Fig. 7). Of 
cells in the NC group, 45.39±4.12% were in G0/G1 phase, 
17.54±1.16% were in G2/M phase, and 37.06±3.18% were 
in S phase. In GBC‑SD cells, 68.3±3.8% of cells treated 
with siRNA targeting CEACAM6 were in G0/G1 phase, 
11.84±1.22% were in G2/M phase, and 19.85±4.1% were in 
S phase. Among NC group cells, 58.8±2.83% were in G0/G1 
phase, 15.1±1.42% were in G2/M phase and 26.09±4.18% 
were in S phase. The results showed that the percentage of 
cells transfected with siRNA targeting CEACAM6 in G0/G1 
phase was increased, but the percentage of cells in the G2/M 
phase and S phase were reduced compared with cells in the 
NC group (P<0.05; Fig. 7).

Knockdown of CEACAM6 inhibits the migration and invasion 
of GBC‑SD and SGC‑996 cells. The results of wound‑healing 
assays in GBC‑SD and SGC‑996 cells showed that the 
migratory ability of cells transfected with siRNA targeting 
CEACAM6 was significantly reduced after 24 h of transfection 
compared with the NC group (P<0.01; Fig. 8).

Transwell assays were further conducted to assess the 
migration and invasion of GBC‑SD and SGC‑996 cells. As 
shown in Fig. 9, the number of stained cells was reduced in 
cells transfected with siRNA targeting CEACAM6 compared 
with the NC group after 24 h of transfection (P<0.01). The 
results indicated that depletion of CEACAM6 could reduce the 
migration ability of GBC cells.

In a further experiment, the chambers of Transwell plates 
were coated in Matrigel to explore the invasive ability of 

GBC‑SD and SGC‑996 cells. It was found that there were 
fewer stained cells that had undergone transfection with 
siRNA targeting CEACAM6 compared with those in the NC 
group (P<0.01; Fig. 10A‑D). MMP‑2 and Vimentin expression 
levels in cells transfected with siRNA targeting CEACAM6 
were significantly lower than that in the NC group (P<0.01; 
Fig. 10E). This indicated that depletion of CEACAM6 may 
reduce the invasive ability of GBC cells.

Discussion

With improvements in imaging technology and public 
health awareness, the number of GBC cases diagnosed in 
China has increased in recent years (14). Early symptoms of 
GBC are not obvious, and the disease metastasizes early in 
its development with high mortality. Although new tumor 
markers have emerged in recent years  (15), no specific 
markers for GBC have been validated to improve diag-
nostic rates and targeted therapy. CEACAM proteins have 
been reported to play a role in cell adhesion, intercellular 
signaling, inflammation (16,17), tumor invasion, metastasis 
and apoptosis (18,19). CEACAM6 is a member of the family 
of CEACAMs, and is upregulated in solid tumors, especially 
digestive system tumors (20), with an important role in the 
tumorigenesis and development of digestive system tumors. 
It was previously demonstrated that robust expression 
of CEACAM6 was found in >90% of invasive pancreatic 
adenocarcinomas and may be a potential therapeutic target 
for pancreatic adenocarcinoma (21). In several malignancies, 
including gastric cancer (22) and colorectal cancer (23,24), 
CEACAM6 overexpression was confirmed to be associated 
with lymph node and distant metastasis, increased risk of 
relapse and reduced survival. Moreover, experimental results 

Figure 9. Effect of CEACAM6 depletion on cell migration. (A and C) Transwell analysis of cell migration potential after transfection of SGC‑996 and GBC‑SD 
cells with siRNA targeting CEACAM6 and NC siRNA (magnification, x200). (B and D) Cell counts are shown in relevant graph bars. **P<0.01 vs. NC group. 
CEACAM6, carcinoembryonic antigen‑related cell adhesion molecule 6; NC, negative control; siRNA, small interfering RNA.
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from several gastric cell lines showed that the invasive ability 
of tumor cells was significantly enhanced by overexpressing 
CEACAM6  (25). It was subsequently demonstrated that 
CEACAM6 may promote epithelial‑mesenchymal transition 
through the PI3K/AKT signaling pathway to enhance the 
invasion and metastasis of gastric cancer (26). This view has 
also been confirmed in the study of pancreatic cancer (27).

To the best of our knowledge, this study was the first 
to explore the role of CEACAM6 as an oncogene in GBC 
cell lines, and to deplete expression of CEACAM6 in 
GBC cell lines by siRNA transfection. The present study 
revealed that CEACAM6 expression was increased in GBC 
tissues compared with peritumoral tissue tissues, and its 
high expression was significantly associated with a worse 
prognosis. There was no significant association between 
CEACAM6 expression levels and multiple clinicopatholog-
ical features, indicating that a larger number of specimens 
might be required.

In in vitro experiments, the effect of CEACAM6 knockdown 
on the biological behavior of GBC cells was investigated. The 
siRNA candidate that had a better CEACAM6 gene silencing 
effect was selected and it was demonstrated that the depletion 

of CEACAM6 significantly inhibited the proliferation of GBC 
cells. This was consistent with previous studies, which demon-
strated that CEACAM6 silencing halted colorectal cancer 
growth in vitro and in vivo (28). Lewis‑Wambi et al (29) showed 
that overexpression of CEACAM6 could promote the migra-
tion and invasion of estrogen‑deprived breast cancer cells, and 
suggested that this protein might be an important biomarker 
of metastasis. In Transwell experiments, the number of 
invading cells was significantly lower in cells transfected with 
siRNA targeting CEACAM6 than in cells transfected with the 
NC siRNA; this indicated that depletion of CEACAM6 also 
inhibited the migration and invasion of GBC cells. Some 
researchers in the study of oral squamous cell carcinoma 
postulated that one of the potential mechanisms by which 
CEACAM6 promotes migration and invasion could be through 
the epidermal growth factor receptor signaling pathway via 
glycosylation (30). Additionally, depletion of CEACAM6 could 
affect GBC cell cycle distribution to increase the proportion 
of cells in G0/G1 phase and to reduce the number of cells in 
G2/M phase and S phase. In future research, it would be inter-
esting to perform gene co‑expression analysis of CEACAM6 
using Oncomine, and identify significant genes (P<0.0001) 

Figure 10. Effect of CEACAM6 depletion on cell invasion. (A and C) Transwell analysis of cell invasion potential after the SGC‑996 and GBC‑SD cells 
were transfected with either siRNA targeting CEACAM6 or the NC siRNA (magnification, x200). (B and D) Cell counts are shown in relevant graph bars. 
(E) Expression levels of MMP2 and Vimentin in CEACAM6 siRNA and NC groups. **P<0.01 vs. NC group. CEACAM6, carcinoembryonic antigen‑related 
cell adhesion molecule 6; MMP‑2, matrix metalloprotease‑2; NC, negative control; siRNA, small interfering RNA.
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that display fold changes of >2 using the gene chip GSE2109. 
This chip contains samples from 1,911 tumors including gall-
bladder adenocarcinomas. According to the results of a future 
co‑expression analysis, the top 100 co‑expressed genes highly 
associated with CEACAM6 will be selected and enrichment 
analysis will be performed using FUNRICH software, with 
the most relevant pathway being chosen for follow‑up research. 
In addition, we aim to undertake lentiviral short hairpin 
RNA‑mediated gene silencing in future research and utilize 
in vivo models to further validate the conclusions.

In conclusion, the expression of CEACAM6 in GBC and 
its role in GBC cell lines suggests that CEACAM6 may have 
potential as a biomarker and may represent an important 
target for tumor therapy in GBC. Therefore, the specific 
molecular mechanism of CEACAM6 in GBC requires further 
exploration.
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