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Abstract
Canine gastric carcinomas share strong similarities with those occurring in humans, providing a useful resource to understand gastric carcinogenesis. 
For the first time, a short-term culture derived from a 14-years-old Golden Retriever dog with a metastatic gastric carcinoma is presented and 
characterized. Several assays were conducted to assess the morphological, molecular and genetic characteristics of the short-term primary culture. 
Cells grew in adherent monolayer, with a population doubling time of 45,88h and had been passaged over 7 times. Electron microscopy showed 
that cultured cells were round with irregular nucleus and prominent nucleoli. In culture, cells were positive for AE1/AE3 and vimentin and negative 
for E-cadherin immunomarkers. Karyotype demonstrated that the primary culture was predominantly aneuploid, further reinforcing its neoplastic 
nature. The short-term canine gastric cancer culture exhibited characteristics of the original neoplasm thus, representing a useful in vitro model for 
gastric cancer research in dogs.

Abbreviations: HGCs: Human gastric carcinomas; CGCs: Canine 
gastric carcinomas; H&E: Haematoxylin and eosin; PAS-AB Periodic 
acid Shiff plus Alcian blue, ON: Overnight; E-cad: E-cadherin; DPBS: 
Dulbecco´s Phosphate Buffered Saline; Pen/strep: Penicillin-strep-
tomycin solution; AMP: Amphotericin B; DMEM/F-12: Dulbecco´s 
modified eagle medium nutrient mixture F-12 Ham; FBS: Foetal bovine 
serum; P: Passage; EMT Epithelial-to-mesenchymal transition; CIN: 
Chromosome instability.

Introduction
Gastric cancer is the fourth most common human cancer and 

the second leading cause of death in the world [1]. In dogs, gastric 
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tumours are rare, representing <1% of all reported neoplasms and 
among those, approximately 50-90% are carcinomas [2]. 
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Canine gastric carcinomas (CGCs) show strong similarities 
to human’s gastric carcinomas (HGCs) with respect to clinical 
presentation, histopathological features and disease progression 
[3]. Therefore, spontaneously occurring CGCs may provide a useful 
resource to understand gastric carcinogenesis, and to the development 
of new therapeutically approaches [4]. However, detailed investigations 
of gastric cancer in dogs are hampered by the lack of established in vitro 
models.

Cell lines derived from spontaneous tumours have been widely 
used for in vitro research and proved to be useful for both exploring 
the biological mechanisms [5], deregulated genes and signalling 
pathways underlying cancer [6,7]. Furthermore, these tools provide 
an alternative to direct xenotransplantation of tumours in animals for 
testing chemotherapeutics [8]. 

Currently, more than 40 human gastric cancer cell lines have 
been established from primary tumours [9-13], metastatic tumours 
[9,10,14], ascites [9-11,14 and pleural effusions [14]. Primary cultures 
of normal canine gastric cells have been used for functional studies 
[15,16] however, to the best of our knowledge, no canine gastric cancer 
cell line has been characterized. 

In this report we describe and discus the results obtained by the 
morphological, chromosomal, molecular and genetic analysis of a 
short-term primary culture derived from an adult male dog with a 
diffuse gastric carcinoma.

Materials and methods
Patient history, clinical diagnosis and outcome

A 14-year-old neutered male Golden Retriever dog was referred 
to the ICBAS Small Animal Hospital with a history of one-week 
vomiting and decreased appetite. Hemogram and serum biochemistry 
were within the reference ranges and abdominal ultrasound showed 
no relevant changes. The animal was properly treated however, five 
days later the dog presented anorexia, diarrhoea and exuberant 
ptyalism. An endoscopy was performed, and gastric biopsies were 
sent to histopathologic examination. The histological diagnosis was 
undifferentiated gastric carcinoma with evident vascular invasion. 
Twelve days later, the owner declined further diagnostic and clinical 
care and requested the euthanasia of the animal. The necropsy exam 
and the collection of all biological samples were performed with prior 
informed consent of the owner, in accordance with the Animal Welfare 
Organization (ORBEA) of the ICBAS-UP (ORBEA Authorization Nº 
201/2017).

Necropsy, histopathology and immunohistochemistry

Fresh samples from gastric neoplasia, lung, regional lymph nodes, 
pancreas, liver, adrenal gland and mesentery were removed during 
necropsy and fixed in 10% buffered formalin and paraffin-embedded. 
Serial consecutive 2µm-sections were processed for routine staining 
(Haematoxylin and eosin: H&E), histochemistry (Periodic acid Shiff 
plus Alcian blue: PAS-AB) and immunohistochemistry. The neoplasm 
was re-examined being classified according to the World Health 
Organization classification for alimentary tumours of domestic animals 
[17] and human Lauren classification for gastric cancer [18].

For immunohistochemistry, antigen retrieval was performed on 
dewaxed sections and the NovolinkTM Max-Polymer detection system 
(Novocastra) was used for visualization. Slides were incubated with 
primary antibodies overnight (ON) at 4ºC (Tables 1 and 2). Positive 
controls consisted in sections of canine normal mammary gland. 
Normal gastric mucosa adjacent to the neoplasm was also used as 
internal positive control. Negative controls were performed by omission 
of the primary antibodies.

Immunohistochemistry expression was evaluated semi-
quantitatively based on the subcellular location, intensity (negative, 
weak, moderate, strong) and extent (negative, <10% of positive cells, 
10-50% of positive cells, >50% of positive cells) of immunostaining. 
Additionally, the expression of E-cadherin (E-cad) was classified as: 
normal, when there was a membranous labelling at the lateral cell-
cell boundaries; and abnormal, when there was a loss of membranous 
distribution of staining [19].

Tissue culture
Specimen collection and culture conditions 

Fresh samples from gastric neoplasm were also placed in transport 
solution containing Dulbecco´s Phosphate Buffered Saline (DPBS, 
Gibco) supplemented with penicillin-streptomycin solution (100 
U/ml-100 mg/ml) (Pen/Strep, Gibco) and amphotericin B (2.5 µg/
mL) (AMP, Gibco), for cell culture. A previously described method 
for isolation and culture of human gastric epithelial cells was applied 
[20]. Briefly, tissue was washed with DPBS, minced in 1-2 mm2 and 
decontaminated in Hank’s Balanced Salt Solution (Gibco) containing 
Pen/Strep and AMP. Then, tissue was digested with 3 mg/ml of Dispase 
and 354 U/ml of Collagenase type I (Sigma) in Dulbecco´s modified 
eagle medium nutrient mixture F-12 Ham (DMEM/F-12, Gibco) (1:1) 
supplemented with Pen/Strep and AMP, at 37ºC for 1h. After, digested 
tissue was filtered through a cell strainer (70µm pore size) and cells 

Culture medium Composition
MEMα 1,000 mg/ml glucose and Glutamax

RPMI1640 2,000 mg/ml glucose and Glutamax
DMEM/LG 1,000 mg/ml glucose and Glutamax

DMEM/F-12 3,151 mg/ml glucose, L-Glutamine and HEPES
DMEM/HG 4,500 mg/ml glucose and Glutamax

Table 2. Commercial culture media and their compositions in terms of glucose concentration and the addition of HEPES and Glutamax

(*Mab=monoclonal antibody; IHQ= Immunohistochemistry; IF= Immunofluorescence; RS= Retrieval Solution; WB=Water Bath; MW= Microwave;)

Table 1. Data from primary antibodies used in the techniques applied in this study

Marker Type/clone* Supplier
Dilution Antigen retrieval for 

IHQIHQ IF Western Blot
Pan-cytokeratin Cocktail AE1/AE3 Menarini 1:300 1:300 1:300 RS/WB

Vimentin Mab/V9 Dako 1:500 1:500 1:500 RS/WB
E-cadherin Mab/4A2C7 Invitrogen 1:50 - - Extran/MW
E-cadherin Mab/24E10 Cell Signalling - 1:100 1:1000 -
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centrifuged at 1600 rpm, for 10 min. Pelleted cells were resuspended in 
DMEM/F-12 (1:1) supplemented with 20% foetal bovine serum (FBS, 
Gibco), Pen/Strep and AMP, seeded in a T25 culture flask (Sarstedt) 
and incubated in a humidified atmosphere with 5% CO2 at 37ºC. The 
growth medium was replaced every 2 days. Cells were passed when 
reached 90% confluency, and the sequential trypsinization was used 
to obtain a pure tumour cell population. The cells were washed with 
DPBS, incubated with 0.25% trypsin with EDTA (Gibco) at 37ºC for 5 
min and then dispersed into a new flask, at concentration of 1x104 cells/
cm2, to further expansion. Cultured cells were routinely observed for 
fungal and bacterial contamination and tested at 12 and 24 days after 
isolation and plating of the cells, to microbial contamination using an 
automated culture system (BacT/ALERT®, BioMérieux) at 35ᵒC for 14 
days. 

Optimal growth cell culture conditions study

To evaluate the optimal culture medium for cell proliferation, 
different commercially available media were tested. The known 
media composition is summarized in Table 2. All standard media 
were supplemented with 20% FBS, Pen/Strep, AMP and (v/v) HEPES 
(Gibco) (exception to DMEM/F-12, which already has HEPES). Cells at 
passage 2 (P2) were seeded on a 24-well plate (16.000 cells/well) and cell 
viability analysed by the Presto Blue® cell viability reagent (Invitrogen) 
at 24h, 72h, 144h and 192h, according to the manufacturer´s protocol. 
At each time point, supernatant was transferred to a 96 well plate 
and absorbance was read at a wavelength of 570 and 595 nm, on 
a MultiskanTM FC Microplate Photometer (ThermoScientific). The 
measurements were performed in triplicates for each growth medium. 
Corrected absorbance was obtained by the subtraction of average of the 
control wells to each experimental well.

Growth properties experiments
Growth assay: Cells at P4 were seeded on a 12-well plate (32.000 

cells/well) and maintained in MEMα supplemented with 20% of FBS, 
Pen/Strep, AMP and HEPES at cell culture conditions, for 6 days. Every 
24h, each well was trypsinized, the cells counted in triplicate and cell 
viability assessed by Trypan Blue® exclusion assay using a Countess™ 
II FL Automated Cell Counter (Invitrogen). A growth curve was 
established and cell doubling time was calculated by logarithmic least 
squares fitting techniques [21]. 

Cell viability assay: Concurrently, cell viability was assessed by the 
Presto Blue® cell viability reagent. Cells at P4 were plated in 96 well 
plate in quintuplicates, (2.000 cells/well) and maintained in MEMα 
supplemented with 20% of FBS, Pen/Strep, AMP and HEPES, for 6 days. 
Every day, cell viability was evaluated by the Presto Blue® cell viability 
assay as described above. All measurements were made in triplicates.

Morphological studies

Cells were fixed for 2h at 4ºC with 2.5% glutaraldehyde in 0.1M 
cacodylate buffer. After washing, they were postfixed in 2% osmium 
tetroxide with the same buffer, dehydrated in a graded ethanol series 
and embedded in Epon. Semithin sections were stained with methylene 
blue and azure II for light microscopic observation. Ultrathin sections 
were double stained with uranyl acetate and lead citrate and examined 
in a JEOL 100CX transmission electron microscope.

Immunofluorescence analysis

Cells were pelleted, pre-embedded in HistogelTM (ThermoScientific) 
and subsequently, paraffin-embedded. Dewaxed sections were 
blocked with normal goat serum (1:5) in 10% BSA for 30min, prior 

to incubation with primary antibodies (Table 1) diluted in 5% BSA, 
ON at 4ºC. Then, sections were incubated with Alexa Fluor-conjugated 
secondary antibodies, diluted 1:500 in 5% BSA for 45min. Washes 
were performed with PBS and slides incubated with 4.6-diamidine-
2-phenylindolendihydrochoride 100 µg/mL for 10min. Slides were 
mounted in Vectashield® (Vector Laboratories) and observed by 
fluorescence microscopy (Zeiss Axio Imager Z1 Apotome). For negative 
controls, primary antibody was replaced by PBS. 

Western blotting

Cells were incubated with lysis buffer 17 (R&D Systems) and 3 
mmol/L sodium vanadate, 20 mmol/L sodium fluoride, 1 mmol/L 
phenylmethylsulphonyl fluoride. Protein concentration was determined 
by the DCTM Protein Assay (Bio-Rad) and 15µg of lysate were separated 
in 8% acrylamide/bis acrylamide (Sigma) SDS-PAGE gel. Gels were 
transferred onto a nitrocellulose membrane, blocked with 5% fat dry 
milk and incubated with primary antibodies, ON at 4ºC (Table 1). 
Membranes were then incubated with secondary antibodies conjugated 
with horseradish peroxidase (DAKO) at 1:2000 for 1h. Analysis was 
performed by chemiluminescence using the ECL Western blotting 
detection reagent and films (GE Healthcare). Actin expression was used 
as a reference gene.

Chromosome analysis

Chromosome analysis was carried out at P5 and P7. Briefly, cells 
in the exponential growth phase were exposed to colcemid (10 µg/mL) 
for 2-4h at 37ºC. Following hypotonic treatment and fixation the slides 
were made by dropping cells on glass slides and stained by Giemsa. 
Karyotyping was performed according to the International System for 
Human Cytogenetic Nomenclature [22].

Results
Characterization of the gastric tissue: Necropsy, 
histopathology and immunohistochemical findings

Macroscopic examination of the stomach revealed marked wall 
thickening, accompanied by decrease in the number of rugae, foci 
of erosion and ulceration of the mucosa, involving the gastric body 
(Figure 1A). The serosa was indurated, and pale and the regional lymph 
nodes were enlarged. The remaining organs showed no macroscopic 
changes. Microscopically, an irregular neoplastic lesion ulcerating the 
mucosa and invading the muscular and serous layers of the stomach 
was identified (Figure 1B and 1D). The lesion consisted of an epithelial 
neoplastic population arranged in nests, irregular groups, isolated 
cells or rarely forming small incipient tubules, triggering intense 
desmoplastic reaction. The neoplastic cells presented large, round 
to oval nuclei, containing 1-3 prominent nucleoli and acidophilic 
cytoplasm, sometimes filled by a macro vacuole that pushed the 
nucleus against the periphery (signet ring cells) and occasionally 
stained positive for PAS-AB (Figure 1C). Mitotic figures (7 per high 
power field) were frequent some of which atypical. Multiple neoplastic 
vascular emboli were observed. Histological examination of the lung, 
pancreas, adrenal gland and mesentery revealed cells morphologically 
identical to those described in the stomach, within the parenchyma 
and vascular structures (Figure 1E and 1F). Based on histopathological 
findings, the neoplasm was classified as signet ring cell carcinoma [17] 
and diffuse gastric carcinoma [18].

Immunohistochemistry of neoplastic gastric tissue revealed 
strong to moderate cytoplasm AE1/AE3 staining, affecting more than 
50% of the neoplastic cell population (Figure 1G). Neoplastic cells 
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were completely devoid of vimentin immunolabelling (Figure 1H). 
E-cad expression was abnormal, characterized by absence of staining 
in 40% of the neoplastic cells, cytoplasmic distribution in 40% and 
discontinuous membrane staining in 20% of the neoplastic cells (Figure 
1I). 

Tissue culture and short-term primary culture 
characterization

Cells from gastric neoplasm were obtained by gentle mechanical 
and enzymatic dissociation. The first passage occurred after 10 days, 
when the cultured cells reached 90% of confluence. Cells grew without 
interruption over 27 days and 7 passages. After these passages, it is 
not possible to maintain cell growth. The proliferative activity of the 
cells was evaluated in different growth media and results showed that 
MEMα was preferred for cell proliferation (Figure 2A). Microbiology 
contamination test showed negative results in all time points evaluated. 

Growth characteristics

Cells grew in adherent monolayer and exhibited polygonal and 
fusiform morphology (Figure 2B). Occasionally multiple and small, 
optically empty vacuoles were visible in cell cytoplasm. Succeeding 
expansion, cells became elongated, spindle-shaped and colonized the 
whole culture. No significant differences in successive passages were 
observed. Cellular-growth curves using Trypan Blue® (Figure 2C) 
and Presto Blue® cell viability (Figure 2D) assays revealed cell growth 
dynamics. In the Trypan blue assay, during the first 48h of incubation 
the population density was almost constant (lag phase) after, there was 
an exponential increase in the number of viable cells (log phase). At 
96h, the cell growth reached its peak and decreased. In the Presto Blue® 

cell viability assay, the lag phase is also present during the first 48h of 
incubation, but log phase ends at 120h. Although the number of cells 
arrested its proliferation at 96h the cells remained metabolically active 
up to 120h. Population doubling time was about 45,88h (SD ± 2,88, 
N=5). 

Morphological studies

Semithin sections disclosed round to oval cells with large 
indented nuclei with 1-2 prominent nucleoli. Most cells exhibited 
a single nucleus with occasional binucleated cells. The cytoplasm 
contained multiples vacuoles, optically empty. Sometimes, the 
vacuoles push the nucleus to the periphery, conferring a signet ring 
cell appearance to the cell (Figure S1). Ultrastructurally, the cells 
presented small and sparse cytoplasm membrane projections and 

Figure 1. Morphological and immunohistochemical features of the gastric neoplasm. (A) 
Gross aspect of the gastric neoplasm involving most of stomach body. Note the ulceration 
area (delimited area) and the foci of erosion. (B) and (D) Microscopic examination 
revealing a gastric neoplasm that ulcerates the mucosa and invades the muscular (H&E). (C) 
Neoplastic epithelial cells have pale and large nuclei, prominent nucleoli and acidophilic 
cytoplasm sometimes filled by a macrovacuole (arrow) (H&E). Inset: Neoplastic emboli 
shows positive PAS-AB staining in cytoplasmic vacuoles (bar=100µm). (E) Pulmonary 
metastasis (H&E). (F) Pancreatic metastasis (H&E). (G) Strong cytoplasm immunopositivity 
in most neoplastic cells for AE1/AE3 (IHQ). (H) Vimentin immunoexpression was negative 
in neoplastic cell population (IHQ). (I) Abnormal E-cad immunoexpression in neoplastic 
epithelial cells (IHQ). Inset: adjacent normal gastric mucosa has been used as positive 
control for E-cad (bar=100µm)

Figure 2. Morphological and growth characteristics of the short-term primary culture 
(all measures were performed in triplicate). (A) Growth curve of cells at passage 2 (P2) 
in different standard culture media. Note the higher metabolic activity of the cells when 
MEMα was used as culture medium. (B) Cells at passage 4 (P4) growing in monolayer and 
exhibiting polygonal or fusiform morphology. (C) Growth curve determined by Trypan 
Blue® exclusion assay of cells from P4. (D) Cell viability curve determined from Presto 
Blue® viability assay of cells from P4. All measures were performed in triplicate
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several cytoplasm vesicles, with heterogenous content (Figure 3A). 
Small and thin mitochondria were abundant. Rough endoplasmic 
reticulum cisterns were flattened, sometimes with dilated portions 
containing finely granular material (Figure 3B). 

Analysis of epithelial markers and vimentin

Regarding AE1/AE3 (Figure 4A) and E-cad (Figure 4C) the 
immunoexpression levels were like those of negative control and 
auto-fluorescence was suspected. However, immunofluorescence 
revealed a positive labelling for vimentin (Figure 4B). To confirm 
immunofluorescence results, Western blotting was performed. For 
vimentin a strong band near 48 and 63 kDa was observed. Regarding 
AE1/AE3, a single band at approximately 48 and 25 kDa was 
demonstrated. Western blotting also revealed that cultured cells did not 
express E-cad marker (Figure 4D).

Chromosome analysis

The frequency of normal and aneuploid cells is given in Table 3. 
Cells with 78 chromosomes (77 acrocentric and 1 submetacentric X) 
were found in both passages (Figure 5A). Most cells were aneuploid 
with a wide range of chromosome numbers from 44 to 156 and 41 to 
175 in the P5 and P7, respectively (Figure 5B and 5C). Regarding to 
ploidy levels, the short-term primary cell culture was predominantly 
hypodiploid, with a modal number of 70, XY/75, XY in P5 and 75, 
XY/76, XY in P7 (Table 4). 

Discussion
Gastric carcinomas are the most common gastric neoplasms that 

affect humans [18] and dogs [2,3]. In vivo and in vitro experiments 
using established human gastric cancer cell lines play an important 
role in understanding the molecular mechanisms involved in gastric 

carcinogenesis and to the development of new therapies [11]. 
However, the establishment of human gastric cancer cell lines from 
fresh tissues remains a challenge due to gastric stromal factors 
interference in the epithelial growth rate [23,24]. In addition, 
passage numbers alter in vitro protein expression and mutation 
behaviour [23,25]. CGCs show strong similarities with HGCs [3] 
thus, derived cell lines may provide a unique opportunity to act as 
a model for gastric cancer translational research [26]. Herein, we 
report the establishment of a short-term primary culture derived 
from a canine diffuse gastric adenocarcinoma and provide evidences 
for its characterization. 

For successful culture of an organ or tissue it is indispensable to 
provide a suitable culture microenvironment for cell proliferation 
and differentiation [27]. It is recognized that majority of cells in 
vivo secrete endogenous growth factors to stimulate their own 
proliferation. Therefore, similar conditions may be achieved using the 
appropriate media formulations during cell culture [23,24]. Gastric 
cells are usually cultured in RPMI1640 [9,10,12,24] and DMEM [28], 
although other media such has DMEM/F-12 [13,20] and MEMα [29] 
have also been used. Nevertheless, information about the potential 
effects of culture media on the growth and differentiation of gastric 
cells remains limited. Recently, Huang et al. found no differences in 
cellular morphology and proliferation rates of a commercial human 
gastric cancer cell line (SGC7901) cultured in DMEM and RPMI1640 
[30]. In this context, we investigate the effects of different media 
on cell morphology and proliferation and find no morphological 
differences but, the proliferative activity was higher when these cells 
were cultured in MEMα, may be due to its specific composition. 
Glucose is a central source of cellular energy and its amount vary 
between the different culture medium available from 1 to 4.5 g/L [27]. 

Figure 3. Ultrastructural appearance of the short-term primary culture. (A) Irregular 
nucleus (nu) with prominent nucleoli. Vesicles with heterogeneous electron-dense material 
(asterisks). Cytoplasmic membrane projections (arrow). (B) Pre-metaphase. Vesicles with 
homogeneous and moderately electron-dense content (asterisks). Mitochondria (arrow 
white) are abundant. Flat rough endoplasmic reticulum cisternae with dilated portions 
(inset)

Figure 4. Immunofluorescence and Western blotting of the short-term primary culture. (A) 
Immunofluorescence detection of AE1/AE3, (B) Vimentin and (C) E-cad in the primary 
culture (magnification 200x). Insets show the negative controls. (D) Western blot analysis 
of AE1/AE3, Vimentin and E-cad protein levels in the primary culture. Cells showing 
strong vimentin expression and weak AE1/AE3 expression. E-cad expression was absent

Figure 5. Karyotype of the short-term primary culture (magnification 100x). (A) Cell with 
chromosomes (77 acrocentric and 1 submetacentric) from passage 7. (B) Hypodiploid cell 
from passage 5 (70, XY). (C) Hyperdiploid cell from passage 7 (153, XY)

Passage nr. Variation in chromosome 
number Modal number

5 44-77, XY [34] 70, XY [6]/ 75, XY [6]
7 41-77, XY [16] 75, XY [3]/ 76, XY [3]

Table 4. Distribution of the number of chromosomes in hypodiploid cells in the two 
different cell generations (P5 and P7)

Table 3. Frequency of normal and aneuploid cells in the two different cell generations (P5 
and P7)

Passage nr.
5 7

Metaphase nr. 50 26
% Cells 78, XY 14 12

% Hypodiploid cells 68 
(44-77, XY)

61 
(41-77 XY)

% Hyperdiploid cells 10 
(91-120, XY) 0

% Near tetraploid/tetraploid cells 8 
(146-156, XY)

27 
(146-175, XY)
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Several studies in human mesenchymal stem cells have demonstrated 
that high levels of glucose induce cellular senescence while low levels 
enhanced cell proliferation [31,32]. Curiously, MEMα medium has 
the lowest concentration of glucose. Further studies are needed to 
understand cell metabolism and glucose effect on cell proliferation of 
this specific short-term primary culture.

Most cultures of diffuse-type gastric carcinoma are difficult to grow 
as long-term cultures but the reason for this is not completely understood 
[9,33]. The major problem when starting a gastric cell culture is the 
contamination by stromal fibroblasts which display potential cytotoxic 
effects and arrest the epithelial cells growth [34]. However, in the case of 
diffuse gastric carcinomas it is postulated that the development of this 
type of tumour depends on the secretion of growth-promoting factors 
produced by stromal cells. This could justify the difficulties of growing 
cells from this type of tumour in “fibroblasts-free” cultures [35,36] and 
also explain the reason why this canine cell culture was maintained only 
for 7 passages, after what they became senescent.

Morphologically, cultured cells were polygonal and fusiform and 
grew in adherent monolayer. These findings are consistent with other 
human primary gastric adenocarcinomas cell lines derived from diffuse 
gastric carcinomas (GP 202) [37] and signet-ring cell carcinomas 
(SNU-601 and SNU-668) [10].

To elucidate and verify the histogenesis of this primary culture 
electron microscopy studies were performed. Ultrastructurally, cells 
were round and presented irregular nucleus and prominent nucleoli. 
Presence of cells with cytoplasmic vacuoles pushing the nucleus towards 
the periphery is a typical feature of in vitro cultured diffuse gastric 
carcinomas [37,38] and support the gastric origin of this short-term 
culture. Furthermore, the presence of cells with a signet-ring shape in 
primary neoplasm and in culture reinforces the biological similarities 
between the original neoplasm and the experimental in vitro model.

Western blot analysis demonstrated that cultured cells expressed 
the epithelial marker AE1/AE3, similarly to the original neoplasm. 
However, in culture, the cells have lost the expression of epithelial 
specific gene E-cad and acquired the expression of vimentin, an 
intermediate filament of mesenchymal stem cells. Epithelial-to-
mesenchymal transition (EMT) is a critical event in cancer metastasis, 
characterized by the combined loss of epithelial cell junction proteins, 
such as E-cad, and the gain of mesenchymal markers such as vimentin 
[39]. Our results suggest that during the establishment of the cell 
culture, cells acquired a fibroblastic phenotype via EMT, as previously 
described by Xu et al. [12] in a primary human signet ring gastric cancer 
cell line. The acquisition of mesenchymal phenotype also comprises the 
increase of cell motility, invasiveness and metastatic capabilities [40], 
thus reinforcing that cultured cells also may have metastatic potential. 
Further studies are required to evaluate the metastatic potential of this 
specific short-term culture.

Chromosome analysis was used primarily to observe if this canine 
short-term culture had cytogenetic malignant characteristics. Since 
tumour specimens are often a complex mixture of normal, benign and 
neoplastic cells, the origin of a particular cell is difficult to determine 
and therefore, karyotype analysis is of considerable interest [41]. 
Furthermore, chromosome analysis at different passages is useful for 
monitoring the chromosome stability during expansion. In the present 
case, the primary culture presented a predominantly aneuploid non-
clonal karyotype, with a wide variation in chromosome numbers, as 
like in other human gastric cancer cell lines derived from diffuse gastric 
carcinomas [38,42]. Both, aneuploidy and chromosome instability 

(CIN) have been recognized as the hallmarks of cancer however, 
their role in tumour initiation and progression is unclear. Aneuploidy 
and CIN provide genetic variation which allow the environmental 
adaptation of cells, but it has been also associated to detrimental effects 
on cellular fitness, triggering cell cycle arrest or apoptosis [43]. In gastric 
carcinomas, aneuploidy has been correlated with high proliferative 
activity, metastatic potential and therefore, poor prognosis [44]. 

Conclusion
We have established for the first time a short-term primary culture 

from a spontaneously occurring canine diffuse gastric carcinoma. 
In vitro, the culture maintains some of the characteristics of the 
original tumour which could provide a useful model for studying the 
morphological characteristics, differentiation and metastasis. Although, 
a long-term culture has not been established important remarks have 
been documented that should be considered in the future providing 
more detailed investigations in this area of veterinary oncology. 
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