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Abstract. According to Ming's classification, gastric cancer 
(GC) can be divided into two types: expanding and infiltrative. 
The two types are readily recognizable by histology: expanding 
carcinomas grow en masse and by expansion, resulting in the 
formation of discrete tumour nodules, whereas in infiltra-
tive carcinoma, tumour cells invade individually. Both types 
show varying degrees of cell maturation. The two types of 
carcinomas have vastly different pathological and clinical 
features. However, little is known concerning the mechanisms 
underlying these differences since no GC cell line models are 
available. For comprehensive and insightful analyses of mech-
anisms and treatment methods, new cell lines derived from 
expanding- and infiltrative-type gastric tumours are urgently 
needed. In the present study, we established an expanding-type 
GC cell line from a 72-year-old male patient. Different in vitro 
and in vivo methods were used to characterize the phenotypes 
of this cell line. This GC cell line was named XGC-2 and 
had an ~60 h doubling time. The cell line displayed strong 
colony formation and tumourigenicity in nude mice and had 
complicated chromosomal abnormalities. XGC-2 cells showed 
some markers of epithelial-to-mesenchymal transition (EMT), 
with decreased E-cadherin expression levels and increased 
vimentin expression levels. The XGC-2 cell line may be useful 
for future studies of GC development, progression, metastasis 
and therapy.

Introduction

Gastric cancer (GC) poses a significant health burden world-
wide despite its declining incidence. GC is often diagnosed 
in advanced stages and has a poor prognosis. Globally, the 

incidence of GC ranks fourth for cancers in men and fifth 
in women, but its death rate is similar to that of lung cancer. 
Seventy percent of GC-related deaths occur in developing 
regions, with ~40% in China (1,2). The endemic regions are 
Asia, Eastern Europe and South America. The incidence of GC 
has declined over time due to improving living standards (3-5).

Based on our clinical experience, surgery continues to be 
the primary modality for managing early-stage GC; however, 
the survival rate of advanced GC is still poor since 80% of 
patients who underwent a curative resection develop locore-
gional or distant recurrence (6).

The first human cell line was established in a Baltimore 
laboratory over 50 years ago by Gey et al  (7). Since then, 
numerous cancer cell lines have been established from human 
tumours; these cell lines have served as important experi-
mental tools in oncology research. Currently, >30 GC cell 
lines are available (8-13) (Table I).

These cell lines have many advantages: they are very 
easy to handle, they are an infinite source of self-replicating 
cells, they have a relatively high degree of homogeneity, and 
they are easy to replace with frozen stocks if they become 
contaminated. However, these cell lines also have some 
shortcomings: cell lines easily have genotypic and phenotypic 
drift in culture; this drift is particularly frequent in the more 
commonly used cell lines, particularly those that have been 
deposited in Cell Banks for numerous years. Through specific 
mutations, various subpopulations that are fast growing or 
more malignant may arise as time goes on (14-16). Another 
important consideration for cell lines is cross-contamination 
or misidentification (17,18). The cell lines in current use are 
primarily derived from late-stage, poorly differentiated and 
metastatic tumours, particularly ascites or pleural effusions, 
which have accumulated the mutations required for indefinite 
growth in vitro (19); thus, the majority of these cell lines are 
aggressive and unrepresentative of the diverse tumour types, 
grades or stages as well as of the tumour progression indica-
tions that are observed in primary cancer. Thus, studies using 
these cell lines are biased towards more progressive and malig-
nant cell lines or those established from late-stage disease. For 
these reasons, using cell lines that are derived directly from 
early-stage and well-differentiated primary tumours would be 
more meaningful, particularly since most drug therapies are 
directed against these types of tumours (15).
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However, despite our growing understanding of this 
disease, the precise molecular and genetic steps for the onco-
genesis of GC remain largely unknown; thus, there is a need to 
better understand the molecular pathogenesis of this disease. 
For this purpose, a well-characterized cell line may be an 
indispensable tool.

We report a new human expanding-type GC cell line, 
XGC-2, from a Chinese patient. This newly established cell 
line may be a useful model for the study of GC pathogenesis.

Materials and methods

Specimen collection. The specimens used in the present 
study were obtained with written informed consent from a 
72-year‑old Chinese male patient who underwent surgical 
resection at the First Affiliated Hospital of Xiamen University 
(Xiamen, China) for GC in the cardio-fundal junction of the 
stomach. The size of the original tumour was 6.5x4.5 cm. 
No distant metastasis was detected at the time of surgical 

resection. The tumour was histopathologically classified as a 
moderately differentiated gastric tubular adenocarcinoma.

The methods are parallel or identical to those employed by 
Wang et al as follows in the next six paragraphs (20).

Primary culture and establishment of the XGC-2 cell 
line. Tumour specimens were rinsed twice with sterile 
phosphate‑buffered saline (PBS) containing antibiotics. The 
mucosa of tumour specimens was removed using a scalpel, 
and samples were then enzymatically disaggregated after 
incubation with collagenase type  II and neutral protease 
solution at 37˚C in a humidified atmosphere containing 5% 
CO2. After samples were incubated for ~0.5 h, small clusters 
of tumour cells were isolated, and 5 ml foetal calf serum (FBS) 
(Gibco, Grand  Island, NY, USA) was added to terminate 
the digestion. Then, the digested tumour fragments and 
fluid were filtered through a 200 mesh sieve, and the filtrate 
was centrifuged at 1,000 rpm for 5 min. The supernatant 
was removed, and the remaining cells were resuspended in 

Table I. Documented human gastric cell lines.

Cell line	 Age (years)	 Gender	 Source of culture	 Race	 Differentiation	 Primary culture	 Refs.

AGS	 -	 -	 Primary tumour	 American	 Moderately-poorly	 1979	 (8)
KATO-III	 55	 Male	 Pleural effusion	 Japanese	 Signet ring cell	 1974-4-10	 (9)
MKN-28	 70	 Female	 Lymph node meta	 Japanese	 Moderately differentiated	 1975-8-19	 (9)
MKN-45	 62	 Female	 Liver meta	 Japanese	 Poorly differentiated	 1976-9-5	 (9)
MKN-74	 37	 Male	 Liver meta	 Japanese	 Moderately differentiated	 1976-7-2	 (9)
MKN-7 	 39	 Male	 Lymph node meta	 Japanese	 Well differentiated	 1975-7-5	 (9)
KWS-1 	 42	 Male	 Ascites	 Japanese	 Poorly differentiated	 1982-10-13	 (9)
OKAJIMA	 38	 Male	 Pleural effusion	 Japanese	 Poorly differentiated	 1976-11-19	 (9)
SNU-1	 44	 Male	 Primary tumour	 Korean	 Poorly differentiated	 1984-4	 (10)
SNU-5	 33	 Female	 Ascites	 Korean	 Poorly differentiated	 1987-6	 (10)
SNU-16	 33	 Female	 Ascites	 Korean	 Poorly differentiated	 1987-7	 (10)
NCI-N87	 -	 Male	 Liver meta	 American	 Well differentiated	 1976-8	 (10)
SNU-719	 53	 Male	 Primary tumour	 Korean	 Moderately differentiated	 1991-7	 (11)
SNU-216	 46	 Female	 Lymph node meta	 Korean	 Moderately differentiated	 1989-7	 (11)
SNU-484	 53	 Male	 Primary tumour	 Korean	 Poorly differentiated	 1990-8	 (11)
SNU-520	 60	 Female	 Primary tumour	 Korean	 Poorly differentiated	 1990-10	 (11)
SNU-601	 34	 Male	 Ascites	 Korean	 Signet ring cell	 1991-2	 (11)
SNU-620	 59	 Female	 Ascites	 Korean	 Poorly differentiated	 1991-3	 (11)
SNU-638	 48	 Male	 Ascites	 Korean	 Poorly differentiated	 1991-3	 (11)
SNU-668	 63	 Male	 Ascites	 Korean	 Signet ring cell	 1991-5	 (11)
NCC-19	 56	 Male	 Primary tumour	 Korean	 Moderately differentiated	 2002-3	 (12)
NCC-20	 50	 Female	 Ascites	 Korean	 -	 2002-2	 (12)
NCC-24	 49	 Male	 Primary tumour	 Korean	 Signet ring cell	 2002-2	 (12)
NCC-59	 62	 Male	 Ascites	 Korean	 Moderately differentiated	 2002-11	 (12)
SNU-1750	 65	 Male	 Primary tumour	 Korean	 Poorly differentiated	 2001-4	 (12)
SNU-1967	 41	 Female	 Ascites	 Korean	 Poorly differentiated	 2002-3	 (12)
NU-GC-2	 -	 -	 Lymph node meta	 Japanese	 Poorly differentiated	 -	 (13)
NU-GC-2	 -	 -	 Brachial muscle meta 	 Japanese	 Poorly differentiated	 -	 (13)
NU-GC-2	 -	 -	 Lymph node meta	 Japanese	 Partial signet ring cell	 -	 (13)

meta, metastasis.



ONCOLOGY REPORTS  36:  3030-3036,  20163032

Dulbecco's modified Eagle's medium (DMEM) and Ham's 
F-12 medium (1:1) (Gibco) supplemented with penicillin 
(100 U/ml), streptomycin (100 µg/ml), heat‑inactivated 2% 
FBS, hEGF (0.1 ng/ml), bFGF (0.1 ng/ml), hydrocortisone 
(25 µg/ml), fluconazole (40 µg/ml) (Gibco) and M-plasmocin 
(25 µg/ml) (Invitrogen); seeded into 12-well culture plates; 
and cultivated at 37˚C in a humidified atmosphere of 5% 
CO2 in air. The growth medium was replaced every 2-3 days, 
and the plate was regularly checked for epithelial cells 
and fibroblast outgrowth. Whether fibroblast growth was 
observed during primary culture, a scraping method was used 
to obtain a pure tumour cell population. Twenty days after 
primary culture, the cells completely covered the bottom 
of the plate and were passaged, and the culture medium 
was changed to complete DMEM supplemented with 10% 
FBS, penicillin (100 U/ml) and streptomycin (100 µg/ml). 
Currently, the cell line has been cultured for >60 passages. 
The cells were tested for mycoplasma contamination, and 
the result was negative. The cell line was designated XGC-2 
(Xiamen-gastric cancer).

Morphology of the XGC-2 cell line. Cells were directly imaged 
without staining under a phase contrast microscope.

Cell growth properties. Cells were plated in 96-well plates 
at 1,000 cells/well and cultured in DMEM containing 10% 
FBS for various durations. Cell numbers were measured by 
MTT assay, which was performed according to the manufac-
turer's protocol. The doubling times were determined from the 
growth curve.

Plating and colony-forming efficiency. Clone formation 
of different cell clones in soft agar was used to assess their 
growth capabilities. Cell suspensions were prepared in 
complete culture medium at low densities (1x104 cells/ml). 
These suspensions (0.1 ml) were seeded in a 12-well plate 
and incubated in a humidified 5% CO2 atmosphere at 37˚C. 
Cultures were incubated for 14 days and regularly observed; 
colonies (≥10 cells) were counted by microscopic examination.

A single-cell suspension (1x104 cells/ml) was prepared. 
Agar (0.6%) was mixed with DMEM and added to 6-well 
plates as the lower layer. Then, 0.3% agar was mixed with the 
cell suspension, and the mixture was added to the same 6-well 
plate as the upper layer. Every well contained 1,000 cells. 
The plates were incubated at 37˚C in a humidified incu-
bator containing 5% CO2. Fourteen days later, cell colonies 
were counted under a microscope, and the clone formation 
rates were calculated using the following formula: Clone 
formation rate  (%) =  (number of colonies/number of cells 
inoculated) x 100%.

Chromosome analysis. Cells were karyotyped using a standard 
air-dried method after treatment with a final concentration of 
0.05 mg/ml colcemid for 2 h when the cells were in the expo-
nential growth phase. The cells were analysed using trypsin G 
banding. A total of 200 metaphase spreads were examined to 
determine the modal number. Karyotyping was performed 
according to the International System for Human Cytogenetic 
Nomenclature (2005). Chromosome analysis was carried out 
on the cell line at passage 45.

Tumourigenicity in nude mice. The study protocol for mice 
was approved by the Xiamen University Experimental Animal 
Care Commission. Briefly, cells at passage 30 were prepared 
to determine their tumourigenicity in nude mice. Cultured 
cells (2x107 cells/ml) were harvested, washed, resuspended 
in 0.1 ml complete DMEM, and subcutaneously injected into 
the right flanks of three 4-week-old female nude mice. The 
animals were examined every week for the development of 
tumours. Tumour-bearing mice were sacrificed. Tumour tissue 
was excised, fixed in 10% formalin and processed for routine 
histopathological examination.

Immunohistochemistry. Cell monolayers at passage 35 were 
subcultured and grown on sterile microscope slides. After 
confluent growth was obtained, the slides were washed with 
PBS, fixed in 4% paraformaldehyde for 15 min, air-dried and 
treated with 0.5% Triton X-100 for 20 min. PBS was used as 
the negative control, and the slides were then overlaid with the 
following antibodies: mouse monoclonal antibody directed 
against human cytokeratin, rabbit monoclonal antibody 
directed against Ki-67, mouse monoclonal antibody directed 
against human carcinoembryonic antigen, mouse monoclonal 
antibody directed against human E-cadherin, and mouse 
monoclonal antibody directed against human vimentin. Slides 
were incubated with antibodies for 60 min and thoroughly 
washed with PBS. A biotinylated rabbit anti-mouse IgG was 
subsequently applied for 15-20 min and samples were washed. 
Then, a solution of DAB was added to the slides, and the slides 
were incubated for 1-5 min at room temperature. Finally, 
the slides were rinsed with distilled water, counterstained 
with haematoxylin and eosin (H&E) and examined by light 
microscopy.

Statistical analysis. The statistical significance of differences 
between experimental groups and controls was determined by 
Student's t-test. Values of P≤0.05 were considered to indicate a 
statistically significant result.

Results

A new GC cell line, designated XGC-2, was successfully 
established in vitro with a fresh aseptic specimen derived 
from the primary tumour of a patient with GC. In this culture, 
we succeeded in freezing, thawing and subculturing cells for 
>60 generations in DMEM supplemented with 10% FBS.

In vitro characteristics of XGC-2 cells. The XGC-2 cell line 
grew as an adherent monolayer with characteristic epithelial 
morphology and showed no significant differences in succes-
sive culturing  (Fig. 1A-C). The growth of the XGC-2 cell 
line was assayed by the MTT method. The XGC-2 cell line 
showed vigorous growth tendency and a doubling time of 
~60 h (Fig. 1D).

Plating and colony-forming eff iciency. To assess the 
anchorage-independent growth abilities of XGC-2 cells, 
plating and colony-forming assays were performed. XGC-2 
cells showed strong anchorage-independent growth. A 
colony‑forming efficiency of 45.8% was obtained when cells 
were plated at a concentration of 500 cells/well  (Fig. 2A). 
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Colonies were visible and densely packed 14 days after inocu-
lation. The plating efficiency of XGC-2 cells after seeding at 
low cell densities was 8.13% (Fig. 2B).

Karyotype of the XGC-2 cell line. Complicated karyotypes 
were revealed in the XGC-2 cell line, which included gains, 
losses, translocations and other abnormalities, as determined 
by G-band analysis. The number of chromosomes ranged 
between 23 and 137; however, in 86% of the cells studied in the 
XGC-2 cell line, the chromosome counts were tightly clustered 
around the modal numbers and ranged only from 46 to 69 
chromosomes/cell. The arrowheads indicate rearranged chro-
mosomes. The representative karyotype was: 70,XY,del(X)

(q22),der(1),+der(1),-2,der(3)t(3;4),der(3)t(3;5),der(3)t(3;13), 
del(3),del(4)(p10),i(4)(p10),i(5)(p10),del(6)(q21),+der(7)add(7)
(q36),-9,-10,der(11),+12,der(13)add(13p),der(13),-14,-17,-18, 22ph,
+mar1,+mar2,+mar3 (Fig. 3).

Histological examination. At 2 weeks after XGC-2 cells were 
subcutaneously injected into mice, tumours were found at the 
site of inoculation (Fig. 4C). The subcutaneous tumours were 
removed for histological examination and were compared with 
the original primary tumour. Both primary tumour (Fig. 4A) 
and subcutaneous tumours (Fig. 4B) were characterized by 
typical gastric tubular adenocarcinoma (H&E) features, and 
all were moderately differentiated.

Figure 2. Anchorage-independent growth capability of XGC-2 cells in vitro. (A) A colony-forming efficiency of XGC-2 cells was 45.8%. (B) The plating 
efficiency of XGC-2 cells after seeding at low cell densities was 8.13%.

Figure 1. Morphology of XGC-2 cells. The cells grew in monolayer sheets and exhibited typical malignant epithelia in morphology. (A) Micrograph of primary 
cultured XGC-2 cells at phase contrast (magnification, x200). (B) Micrograph of passage 45 (magnification, x40). (C) H&E staining showed the large nuclei, 
prominent nucleoli and tumour giant cells (magnification, x200). (D) Growth curve of XGC-2 cells.
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Immunohistochemistry. As one of the main objectives in 
establishing human tumour lines is to use them to study 
tumour-specific marker(s), we evaluated this cell line for its 
capacity to express commonly used biomarkers. PBS was 
used as the negative control (Fig. 5A). The results of immu-

nohistochemical staining revealed that CEA, a well‑known 
biomarker for digestive system tumours, was positive in 
XGC-2 cells  (Fig.  5B). Ki-67, a protein associated with 
active cell proliferation, was expressed at very high levels 
in the nucleus (≥80.6%), indicating the poor prognosis of the 

Figure 3. Karyotype analysis of the XGC-2 cell line. The karyotype of the XGC-2 cells showed abnormalities in both the number and the structure.

Figure 4. Tumourigenicity of XGC-2 cells in nude mice. (A) Histology of primary tumour showed a moderate differentiated gastric cancer, and the structure 
of the gland was seen (magnification, x100) (H&E). (B) Histology of xenografted tumour showed a moderate differentiated gastric cancer, and the structure of 
the gland was seen (magnification, x100) (H&E). (C) Nude mice were injected subcutaneously with 2x107 cells for 2 weeks, the mice were sacrificed and the 
tumours were excised for histopathological examination.
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donor patient (Fig. 5C). Cytokeratin staining showed that the 
XGC-2 cells had an epithelial phenotype (Fig. 5D); however, 
E-cadherin, an epithelial marker, was downregulated in 
XGC-2 cells (Fig. 5E). Vimentin, the characteristic protein of 
mesenchymal cells, was expressed (Fig. 5F), suggesting that 
the XGC-2 cell had metastatic potential.

Discussion

In 1977, based on patterns of growth and invasiveness, 
Ming divided gastric carcinomas into two types: expanding 
and infiltrative. The 5-year survival rate of patients with 
expanding-type gastric cancer (GC) was 27.4%, while patients 
with infiltrative-type GC had a 5-year survival rate of only 
9.9%. The two types have different biological behaviours and 
clinical prognosis. However, only a few studies on these types 
of GC have been performed due to the lack of appropriate 
cell lines. There have been no studies on the establishment of 
expanding- and infiltrative-type GC cell lines (21).

In the present study, a GC cell line (XGC-2) derived from 
a primary tumour that was shown to have characteristics of 
moderately differentiated adenocarcinoma by histological 

examination was established from a Chinese male patient. 
The XGC-2 cells grew as an adherent monolayer with charac-
teristic epithelial morphology and had a population doubling 
time of ~60 h. Cultured cells showed comparable morphology 
to the primary culture following subculture passages. The 
XGC-2 cells were continuously grown for ~7 months, under-
going >60 passages, and growth continued even after recovery 
from cryopreservation. The XGC-2 cells also formed colonies 
in soft agar and plating assays. Furthermore, injection of the 
XGC-2 cells into nude mice resulted in tumour growth, and 
the histological features of the tumour resembled those of the 
original primary tumour. Immunohistochemistry revealed that 
XGC-2 cells were of epithelial origin, but the cells also showed 
vrious characteristics of mesenchymal cells, suggesting that 
the XGC-2 cells have metastatic potential.

Chromosomal aberrations including gains, losses, trans-
locations and other abnormalities, are observed in almost 
all malignant tumours. To date, only a limited number of 
studies have investigated the cytogenetic changes in GC, and 
the molecular carcinogenesis of GC remains unclear (22-24). 
In the present study, we found that XGC-2 cells revealed 
common chromosomal alterations and a marked tendency to 

Figure 5. Immunohistochemistry of XGC-2 cells (magnification, x200). (A) PBS was used as a negative control. (B) CEA was positive in XGC-2 cells. 
(C) Ki-67 was expressed at very high levels in the nucleus (≥80.6%). (D) Cytokeratin was positive in XGC-2 cells. (E) E-cadherin was downregulated in XGC-2 
cells. (F) Vimentin was expressed in XGC-2 cells.
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triploidy. However, the Y chromosome was detected in XGC-2 
cells, in contrast to previous studies (25,26). The biological 
significance of the Y chromosome in tumour development is 
unknown, and further investigation is needed to elucidate the 
detailed mechanism.

Metastasis, the spread of tumour cells from the primary 
site through lymphatic and blood vessels or another route 
to distant sites followed by continued growth and formation 
of the same type of primary tumour, is a characteristic of 
malignant tumours and is the main cause of patients death. 
Many potential pathways and molecules are involved in the 
metastatic process  (27). Epithelial-to-mesenchymal transi-
tion (EMT) is a key step towards cancer metastasis, which is 
characterized by the loss of epithelial cell markers of cell-cell 
adhesion molecules, such as E-cadherin (28,29). The expres-
sion of this protein is downregulated during the acquisition 
of metastatic potential at late stages of epithelial tumour 
progression (30). In the present study, E-cadherin expression 
was downregulated and vimentin expression was upregulated; 
however, the biological behaviours and clinical prognosis of 
expanding-type GCs are relatively better than those of infiltra-
tive-type GCs, suggesting that the metastatic potential of the 
cells was due to not only the loss of E-cadherin, but also other 
factors that are crucial for metastatic processes, such as those 
that degrade and remodel the extracellular matrix and promote 
angiogenesis. The detailed mechanisms require further study.

In conclusion, we report the establishment and character-
ization of a new human expanding-type GC cell line derived 
from a primary tumour and termed XGC-2. Future studies of 
tumour biology, cellular and molecular carcinogenesis, and 
biomarkers for early diagnosis and drug responses to new 
therapeutic agents are needed for a better understanding of 
GC. This cell line should provide us with a new experimental 
model for future research of this disease.
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