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Abstract 

In the global progress of bone tumor research, established stable and long-lasting transgenic chondrosarcoma (CSA) 
cell lines are rare, mainly of murine and human origin, while the establishment of canine CSA cell lines has yet to be 
reported. This study established a canine CSA cell line to facilitate the basic clinical study of canine CSA. Fifty five cases 
of canine osteolytic disease were collected, and more than 10 bone tumor samples from dogs with typical clinical 
signs were used for primary cell culture. A cell line with stable passaging for more than 100 generations and mouse 
tumorigenic ability was successfully cultured. According to the clinical characteristics of the dog and the histopatho-
logical results of the primary tumor, CSA was diagnosed, and the CSA cell line was designated Mango. Immunohis-
tochemical (IHC) results showed that the immunoreactivity of bone gamma-carboxyglutamate protein (BGLAP), 
secreted protein acidic and rich in cysteine (SPARC), alkaline phosphatase (ALPL), vimentin (VIM) and S100 were 
positive. However, the immunoreactivity of pan-cytokeratin (PCK), chromogranin A (CGA), and platelet endothelial 
cell adhesion molecule-1 (CD31) was negative. Immunofluorescence (IF) results showed that the protein expressions 
in the Mango cell line were consistent with the IHC identification of the primary tumor. The Mango cell line’s doubling 
time was 43.92 h, and the cell formation rate exceeded 20%. There were abnormal chromosome numbers, hetero 
staining with toluidine blue, and certain calcification abilities. It could be passaged stably and continuously with-
out changing the cell morphology and characteristics. In vivo, the cells were successfully injected into the nude mice 
model with a tumorigenic rate of 100%. The immunophenotype of the xenograft tumor was consistent with that of 
the primary tumor. Therefore, we effectively established a canine CSA cell line. As a promising cell material, this cell 
line can be used to construct a tumor-bearing model conducive to the subsequent basic research of canine CSA. 
Moreover, because of its similarity to human CSA, the animal model of CSA is also indispensable for investigating 
human CSA.
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Introduction
Canine chondrosarcoma(CSA) is a malignant cartilagi-
nous-derived tumor with multiple morphologic features 
and clinical manifestations that is insensitive to both 

chemotherapy and radiotherapy, and the main treat-
ment modality nowadays is extensive resection of the 
affected area (Monderer et  al. 2013; Whelan and Davis 
2018; Tlemsani et  al. 2023). In a retrospective study by 
the Veterinary Society for Surgical Oncology (VSSO), the 
scaphorectomy of 42 dogs with scaphoid tumors of vary-
ing degrees of severity resulted in effective treatment, 
and most dogs did not have any problems with limb use 
after surgery (Montinaro et al. 2013).
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However, despite the use of surgical resection, treat-
ment effects are still not satisfactory. In another retro-
spective study by the VSSO, in which 25 canine CSA of 
the extremities were analyzed, CSAs originating from 
the extremities could be effectively treated by amputa-
tion alone. Low to intermediate-grade CSAs have a good 
prognosis, while high-grade tumors present aggressively 
(Farese et al. 2009). The management of CSA remains an 
ongoing challenge, and conventional chemotherapeutic 
agents targeting the DNA machinery, such as docetaxel, 
paclitaxel, and cisplatin, are ineffective (Van Oosterwijk 
et al. 2013). New therapeutic approaches, such as immu-
notherapy or new molecular targeting agents, are needed 
to improve the clinical outcome of animals with CSA 
(Miwa et al. 2022). However, few studies have examined 
the potential clinical application or translation of immu-
notherapies in dogs (Poon et al. 2020).

Canine bone-derived tumors are highly prevalent, have 
similar biological behavior, molecular profile, and micro-
environment compared to human bone tumors, and 
are more susceptible to larger body sizes (Morello et al. 
2011). The short natural life span of dogs and the more 
rapid progression and metastasis of cancer compared to 
human patients allow for more rapid clinical trials in this 
species. This animal model is clinically similar to human 
CSA and is considered an indispensable tool to explore 
the pathogenesis, metastasis, and drug resistance mech-
anisms of CSA or to evaluate the therapeutic efficacy of 
new therapies (Liao et al. 2013; Al-Khan et al. 2017).

This study aims to establish a canine CSA cell line, 
characterize its morphology, proliferation, chromosomal 
characteristics, immunophenotype, and tumorigenicity, 
and provide good cellular material for subsequent iden-
tification of potential molecular biomarkers, establishing 
animal models, and screening of potential cancer thera-
pies. Furthermore, the canine CSA cell line could also 
be applied to investigate further the etiology, metasta-
sis mechanism, drug resistance mechanism, and clinical 
intervention of the CSA.

Results
The outcome and assessment of a 10‑year‑old male 
castrated golden retriever
The affected dog exhibited distinctive clinical character-
istics, including rapid disease progression, lameness in 
the left forelimb, and a hard, swollen, and ill-defined bor-
der around the shoulder joint upon palpation. Computed 
tomography (CT) examination revealed diffuse osteoly-
sis and hyperplasia in the affected dog’s left scapula and 
proximal humerus (Fig.  1A and B, row), with no distal 
organ metastases seen for the time being. Puncture of the 

diseased area was performed, and fine needle aspiration 
(FNA) revealed a large number of erythrocytes, inflam-
matory cells, mesenchymal cells (Fig.  1C, dotted arrow) 
(2–4 cells per 400×), and occasional osteoclasts (Fig. 1C, 
red arrow) and osteoblasts (Fig. 1C, black arrow).

Tumor tissues were sterilely surgically removed from 
the left scapula of the dog in an animal hospital. The dog 
was amputated following standard operating procedures 
and with the consent of the pet owner. The tumor tissue 
resembled hyaline cartilage with a smooth, translucent, 
off-white, moderately hard surface poorly demarcated 
from normal bone tissue. The dog did not receive pre-
operative chemotherapy or radiotherapy. The case was 
highly consistent with the clinical features of malignant 
bone tumors in dogs, and after surgical excision, tumor 
samples were immediately processed for cell culture and 
histopathological confirmation. A portion of the tissue 
was embedded in paraffin, and the diagnosis was con-
firmed by histology and IHC.

After amputation, the dog was treated with conven-
tional chemotherapeutic agents, such as cisplatin, and 
returned six months later with good mental status and 
no recurrence. Based on previously published diagnostic 
features of CSA in dogs, the histopathology report con-
firmed the diagnosis of CSA by hematoxylin-eosin (H&E) 
staining analysis. On section, the cartilage was disorgan-
ized with bone, and there were multiple adjacent well-
differentiated but disorganized hyaline cartilage lobules 
(Fig. 1D). Under high magnification, the tumor cells were 
heterogeneous with variable cell size, distinct nuclei, 
and visible nuclear division phase. The bone trabeculae 
were infiltrated by disorganized malignant chondrocytes 
(Fig.  1E), and the trabeculae in contact with cartilage 
were likely formed by endochondral ossification. Pur-
plish-red calcium salt deposits around some tumor cells 
(Fig.  1F, arrow) indicated peri-tumor cell calcification. 
The tumor giant cells within the vessels (Fig. 1G, arrow) 
indicated that the tumor has metastasized. Masson stain-
ing revealed many collagen fibers staining blue, mature or 
pre-existing bone staining red, and tumor-like neoplastic 
bone predominantly blue with small central areas of red 
(Fig. 1H). Therefore, this canine CSA was classified as a 
conventional CSA with grade III in histological grading.

Establishment of the Mango cell line
Fresh bone tumor samples were obtained under asep-
tic manipulation with the consent of the pet owner. The 
tumor tissues were digested with neutral protease and 
Ш-collagenase, and some of the cells were seen to adhere 
to the bottom wall of culture flasks after 72 h (Fig. 2A). 
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We successfully purified and stably passaged a canine 
CSA cell line which was named after the affected dog, the 
Mango cell line.

Microscopic morphology of Mango cells
Under microscopy, Mango cells were morphologi-
cally arranged in a fibroblast-like pattern, with cells 
growing in a single layer against the wall, polygonal or 

spindle-shaped, with large, eccentric nuclei, multiple 
nucleoli, clearly visible nuclear membrane and nucleoli, 
and abundant cytoplasm. The malignant multinucleated 
cells could be observed (Fig.  2B, arrow). Ultrastructure 
showed that Mango cells had well-developed Golgi appa-
ratus (Fig. 2C, black arrow), abundant rough endoplasmic 
reticulum, more lysosomes (Fig. 2C, red arrow), and few 
mitochondria in the cytoplasm.

Fig. 1  Clinical features and pathological analysis of the affected dogs. A CT 3D reconstruction, dorsoventral position. B CT, coronal plane. C 
Cytological findings, diff-quick staining. Mesenchymal cells (dotted arrow), occasional osteoclasts (red arrow) and osteoblasts (black arrow). D H&E 
staining. E H&E staining. F H&E staining.The arrow refers to purplish-red calcium salt deposits around some tumor cells. G H&E staining. The arrow 
refers to tumor giant cell. H Masson staining of tumor tissue
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Growth of the cells
The Mango cell line exhibited an “S-shaped” growth 
curve, as shown in Fig. 2D, and entered the plateau phase 
at d 5. The cell proliferation time was calculated by tak-
ing the data of the logarithmic growth period of d 1–4. 
The calculated cell proliferation time was 43.92  h. The 
cells grew well after cryopreservation. Large colonies of 
the cells were formed (20–30 colonies) at 2 weeks after a 
single cell suspension was planned, and the clone forma-
tion rate exceeded 20% (Fig. 2E).

Cytogenetic analyses
We chose 50 cells with reasonably long and evenly dis-
tributed chromosomes for observation and analysis 
(Fig.  3A). The typical number of chromosomes in dogs 

was 78; however, in this cell line, the number of chromo-
somes ranged from 105 to 220, with a median of 119.5. 
The numbers of chromosomes were all over 78, and no 
integer ploidy variation of chromosomes was widespread 
(Fig. 3B).

Cell‑specific staining
Alizarin red staining allowed observation of trace cal-
cium salt deposits in the cells. Mango cells showed a faint 
red stain with orange-red calcium salt deposits under 
the microscope (Fig.  4A). The chondrocytes showed an 
obvious blue hetero-staining reaction to toluidine blue. 
In contrast, this cell line showed a blue cytoplasm with 
a large number of vacuoles, a darkly stained nucleus, a 
pyknotic or polygonal cell morphology, and blue-purple 

Fig. 2  Cell morphology and growth characteristics. A Microscopy, primary cells were apposed at 72 h. B Cell morphology in T-25 cm2 culture flask, 
and the malignant multinucleated cells could be observed (arrow). C Cell ultrastructure. Well-developed Golgi apparatus (black arrow) and multiple 
lysosomes (red arrow) are in the cytoplasm. D Cell growth curve; E Cell clone

Fig. 3  Cell chromosome analysis. A Mid-division chromosome of a single cell. B Distribution of cell chromosome numbers
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hetero-staining granules in the nucleus (Fig. 4B, arrow), 
which were aminoglycans secreted by chondrocytes.

Immunohistochemical characterization of the primary 
tumor
Immunohistochemical (IHC) methods were applied to 
detect the expression of bone gamma-carboxyglutamate 
protein (BGLAP), secreted protein acidic and rich in 
cysteine (SPARC), alkaline phosphatase (ALPL), vimentin 
(VIM), pan-cytokeratin (PCK), chromogranin A (CGA) 
and platelet endothelial cell adhesion molecule-1 (CD31) 
in the primary tumor. In this experiment, the negative 
control without a primary antibody was used. The results 
of the IHC analysis showed (Fig. 5) that BGLAP, SPARC, 

and ALPL were weakly positive, S100 and VIM showed 
strong positive reactions, and CGA, PCK, and CD31 
were negatively expressed.

Immunofluorescence characterization of Mango cell line
The expression of BGLAP, SPARC, ALPL, VIM, PCK, 
CD31, CGA, and S100 in Mango cells was detected by 
immunofluorescence (IF). In this experiment, the negative 
control without a primary antibody was used. The IF results 
showed (Fig. 6) that BGLAP, SPARC, ALPL, and VIM were 
cytoplasm positive, both the nucleus and cytoplasm of S100 
showed positive, and CGA, PCK, and CD31 lacked expres-
sion. The results indicated that the Mango cell line exhibited 
an immune response similar to the primary canine CSA.

Fig. 4  Special staining of Mango cell line. A Alizarin red staining. B Toluidine blue staining

Fig. 5  IHC of primary tumor tissue (400×). Positive staining is dark brown, and A is the negative control. The primary tumor tissues were 
strongly positive for VIM (C) and S100 (B) in the nucleus, weakly positive for BGLAP (D) and SPARC (E) in the nucleus, weakly positive for ALPL (F) 
in the cytoplasm, and negative for CGA (G), CD31 (H) and PCK (I)
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Tumorigenesis and metastasis potentials of Mango cells 
in mice
Tumor growth was detected at all transplantation sites in 
mice (Fig. 7A, arrow). On d 14 of injection, there was sig-
nificant angiogenesis in the dorsal tumors of nude mice 
(Fig.  7B, arrow). Every 2–3 d, mice were monitored for 
changes in body weight and tumors (Fig.  7C, D). The 
body weight of mice was stable and maintained between 
23–24 g, and the maximum diameter of tumor was less 
than 15 mm, and the size of tumor was much less than 
2000 mm3, which met the requirements of animal wel-
fare. Mice were euthanized by cervical dislocation on d 
23 after inoculation, and tumors in all mice were histo-
logically confirmed as CSA. The histopathological mor-
phology of the tumors in nude mice was similar to that 
of the primary tumor, with a lobulated structure consist-
ing mainly of chondrocytes and stroma, disorganized 
arrangement, variable nuclei size, strong heterogeneity, 

visible tumor giant cells (Fig.  7E, arrow), infiltration of 
tumor cells into surrounding tissues (Fig. 7F, arrow), and 
a high degree of malignancy. Due to the short experimen-
tal period, no obvious lesions on the lung or liver were 
observed for the time being.

Phenotypic identification of xenograft tumors
IHC was performed on the transplanted tumor in nude 
mice, and the results showed that the tumor tissue’s 
immunophenotype was consistent with that of the pri-
mary tumor and the Mango cell line. BGLAP, SPARC, 
ALPL, S100, and VIM were positive. Still, PCK, CD31, 
and CGA were negative (Fig. 8). The successful establish-
ment of the nude mouse model and the immunopheno-
type identification of the tumor demonstrated that the 
tumor originated from the Mango cell line. It maintained 
the good invasiveness and immunogenicity of the pri-
mary tumor during the cell culture.

Fig. 6  IF of Mango cell line
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Discussion
Malignant bone tumors can be classified as 
osteosarcoma(OSA), CSA, and fibrosarcoma, and among 
several species, OSA is the predominant bone malig-
nancy, followed by CSA (Al-Khan et  al. 2017; Rizzo 
et  al. 2017; Vinayak et  al. 2018). The clinical manifesta-
tions of malignant bone tumors in dogs are all approxi-
mately the same, commonly occurring in large dogs, 
and if they occur in the extremities, the dog is lame in 
the affected limb, and the diseased area is swollen and 
hard to palpation. In diagnosing the disease, irregular 
hypodense shadows in the bone, known as osteolysis, are 
often detected on radiograph and CT. CT and magnetic 
resonance imaging (MRI) are good tools for assessing the 

microscopic extent of bone tumors in dogs (Davis et al. 
2002; Vanel et al. 2013; Engel et al. 2021).

During pet treatments, FNA can provide initial dis-
crimination of the nature of bone tumors and observe 
the presence of malignant mesenchymal cells, but it is 
also often the case that the depth of the lesion makes this 
technique inextensible and limits diagnostic accuracy. 
Histopathologically, the OSA and CSA are also similar, 
and particular attention should be paid to differentiating 
chondroblasts’ OSA from the CSA. IHC does not help 
diagnose OSA due to the lack of highly specific osteo-
blastic markers (Séguin et  al. 2006). OSA is often more 
malignant, aggressive, and metastatic than CSA, with a 
poor prognosis.

Fig. 7  Results of tumor-bearing experiments in nude mice. A Tumor-bearing nude mice with transplanted tumors. B Obvious angiogenesis 
on tumors. C Table of weight change in nude mice. D Growth curve of tumors in nude mice. E, F H&E stained sections of transplanted tumors. The 
arrow refers to tumor giant cells (E) and tumor cells infiltrated the surrounding normal tissue (F)
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Relatively uniform clusters of chondrocytes are typical 
of many CSA, and the absence of mitotic signs or cyto-
logic anisotropy does not exclude malignancy. Because 
the histologic appearance can vary markedly in differ-
ent areas of the same tumor, and the core biopsy samples 
typically used for routine diagnosis cannot be considered 
representative of the entire lesion, there is no histologic 
grading system that has gained widespread use by vet-
erinary pathologists. A grading system for CSA in dogs 
can refer to human grading criteria, with grade I chon-
drosarcoma showing low cell density with a cartilage-like 
stroma and no mitosis, grade II chondrosarcoma with 
mitosis present, and grade III chondrosarcoma, high 
cell density with mucus-like stromal changes and large 
nuclear heterogeneity (Chikata et  al. 2006; Gelderblom 
et al. 2008; Van Oosterwijk et al. 2013).

Cultured cell lines are essential to study the molecular 
and cellular mechanisms of tumorigenesis and to estab-
lish animal models subsequently (Liu et  al. 2016), and 
we urgently need suitable in vitro cell models to support 
clinical and basic research in canine CSA. Cellular mod-
els can assess the possible impact of new antitumor drugs 
and gene function by detecting phenotypic changes 
after drug treatment or gene transfection, respectively 
(Kito et al. 2018; Zu et al. 2022). Moreover, spontaneous 
tumors in dogs can often serve as a model for the biol-
ogy and translational treatment of human cancers, with 

a higher similarity to many existing experimental tumor 
models.

During the culture of the primary cell line, some malig-
nant tumors can be naturally purified to grow single cell 
lines that maintain their characteristics in vivo better than 
normal cells to achieve immortality (Meyer and Walter 
2016), and the Mango cell line fits this profile. Mango 
cell line grows slowly when first attached, with passages 
every 5 d for the first ten generations, and after adapta-
tion to in vitro culture, they can be passaged every 2–3 d 
at the ratio of 1:2. The Mango cell line was found to be 
consistent with chondrogenic cell markers by toluidine 
blue staining, IF and calcium salt deposition ability analy-
sis, and remained stable in cell morphology after multi-
ple passages, with considerable diversity in chromosomal 
karyotypes, consistent with malignant tumor traits.

Chromosomal aneuploidy is exceptionally common 
in cancer cells. Cell diversity increases and mutated 
cancer cells can better adapt to different living envi-
ronments. It has been suggested that chromosomal 
aneuploidy increases with tumor progression in many 
cancers, including the CSA, which may signal a transi-
tion from localized to aggressive disease. The chromo-
somal abnormalities in sarcomas are more frequent 
than those in common chondromas. Genetic aber-
rations increase as CSA progresses from low to high 
grades (Kim et al. 2011).

Fig. 8  IHC of transplanted tumors. Positive staining is dark brown, and A is the negative control. The tumor tissues of nude mice were positive 
for VIM (C), BGLAP (D), SPARC (E), ALPL (F), and S100 (B) but negative for PCK (I), CGA (G), and CD31 (H)
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The Mango cell line was aggressive and malignant. It 
retained the immunological characteristics of the original 
CSA and was successfully transplanted into nude mice, 
and solid tumors were palpable by d 4 of injection. The 
tumor tissue showed significant angiogenesis, and H&E 
staining showed that it was consistent with the histologi-
cal features of the primary tumor, with strong heteroge-
neity of tumor cells and infiltration into the surrounding 
tissues.

In the protein expression of the bone-derived tumor 
tissue or cells, ALPL is a marker of osteoblast bioacti-
vation but is expressed in most CSA and is frequently 
expressed in Ш grade CSA. The positive rate of ALPL 
in different grades of CSA varies significantly and can 
be used as a prognostic reference. The significance of 
SPARC expression in CSA is unclear and is not limited to 
bone tissue. BGLAP, a bone-specific protein produced by 
osteoblasts with high specificity for bone-derived tumors, 
used to verify the tumor type and bone origin of Mango 
cell lines, was detected in approximately 70% of CSA, 
similar to previous human and veterinary reports (Lee 
and Tung 2013; Wehrle-Martinez et  al. 2016), and can 
also be used as a prognostic in indicators (Fanburg et al. 
1997). S100 is frequently expressed in malignant tumors 
and chondrocytes (Madarame et al. 1998). In addition to 
identifying the mesenchymal origin, elevated expression 
of VIM in canine bone tumors may be associated with 
an epithelial-mesenchymal transition leading to a more 
aggressive tumor phenotype and metastatic development 
(Amaral et al. 2018).

IHC staining of the primary tumor confirmed its mes-
enchymal origin (VIM positive), excluded tumors of 
carcinoma (PCK negative), vascular endothelial origin 
(CD31 negative), and neurogenic origin (CGA negative), 
and combined with histopathological features, deter-
mined its cartilaginous origin (SPARC, ALPL, BGLAP 
positive, S100 positive).

There are few studies on canine CSA, and there is no 
specific study on the immune microenvironment of canine 
CSA. In human medicine, the CSA has demonstrated 
CD163  macrophage infiltration, which has been associ-
ated with more invasive and higher-grade chondrosarco-
mas, while higher concentrations of CD8 T cells have been 
shown to repress chondrosarcoma progression (T-raylor 
et al. 2021). Due to the similarity between canine CSA and 
human CSA, these conclusions have certain reference 
significance in canine.

Conclusion
In this study, a canine CSA cell line, the Mango cell line, 
was successfully established. It can be continuously cul-
tured in  vitro while maintaining the characteristics of 
canine CSA cells and is 100% tumorigenic in nude mice, 

making it suitable for establishing in vivo and in vitro ani-
mal models, which may contribute to the further explo-
ration of diagnostic markers, related immunotherapy and 
drug development for canine CSA.

Materials and methods
Tumor specimens
From 2021 to 2023, the canine osteolytic cases in the 
animal hospital of Huazhong Agricultural University 
were collected. The basic information of the dogs, past 
medical history, clinical symptoms, and onset time, 
combined with interrogation, inspection, palpation, 
hematological examination, cytological examination, 
and reasonable use of imaging equipment, preliminary 
screening of dogs with bone tumors was performed. 
Dogs with clinical features or osteolytic images could be 
included in the case for further investigation. The radio-
graph, CT, and MRI images were collected. For osteo-
lytic cases caused by bone tumors, amputation or tumor 
reduction surgery was performed with the consent 
of the pet owners, and tumor samples were obtained. 
A portion of the sterile tumor tissue was washed and 
transferred to an ultra-clean table to remove connective 
tissue and necrotic tissue, and a 1 cm3 size tissue was 
selected at the junction of the tumor and healthy tissue. 
The remaining tissues could be fixed in 4% paraformal-
dehyde fixative, and the volume ratio of tissue block to 
fixative solution was 1:10–1:20.

Cell line establishment and purification
The tumor tissues were washed with Hanks’ Balanced 
Salt Solution (HBSS, Biosharp, Labgic) with 5% penicil-
lin–streptomycin-amphotericin solution (Gibco, Life 
Technologies), and minced into 1 mm3 pieces, remov-
ing blood, fat, and fibroconnective tissues. Then, the 
tumor fragments were disaggregated with collagenase 
type III (Gibco, Life Technologies) and neutral pro-
tease (Gibco, Life Technologies) at 37°C in a humidified 
atmosphere of 5% CO2 for 3–4 h with continuous agita-
tion. After that, the digested tissue was filtered through 
nylon mesh cloth (100 μm) and centrifuged at 1000 rpm 
for 5  min, and the pelleted cells were resuspended in 
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, 
Life Technologies) containing 15% fetal bovine serum 
(FBS, Hycezmbio, Wuhan, China) and 1% penicillin-
streptomycin solution (Gibco, Life Technologies). The 
cell suspension was placed in a 25 cm2 cell culture 
flask (NEST Biotechnology, Wuxi) and maintained in a 
humidified atmosphere of 5% carbon dioxide at 37  °C. 
Cell culture was observed daily by phase-contrast 
microscopy.
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After forming a complete monolayer in the primary 
culture, cells were transferred into a new flask with fresh 
DMEM-15% FBS medium. Once the cell cultures were 
80–90% confluent, the cells were washed with phos-
phate-buffered saline (PBS), treated with 0.25% trypsin 
solution (Gibco, Life Technologies), incubated until they 
dislodged from the flask surface, and split at a ratio of 1:2 
in fresh DMEM-15% FBS medium. Additionally, the cells 
were sampled and frozen every two passages.

Electron microscopy
Cells were spread in six-well plates, and when growth 
reached 70–80% confluence, the medium was discarded, 
2.5% glutaraldehyde electron microscopy fixative was 
added and held at room temperature (RT) for 2 h. Cells 
were gently scraped off with a cell scraper and collected 
into centrifuge tubes, cells were centrifuged to the bot-
tom of the tubes, and the precipitate was visible to the 

naked eye. A new fixative was added, and the cells were 
transferred to 4°C. The fixative was then aspirated and 
fixed with pre-chilled 1% osmium acid-0.1 M phosphate 
buffer (pH 7.4) at RT for 2  h. Samples were then dehy-
drated in increasing ethanol solutions (50%, 70%, 80%, 
90%, 95%, and 100%). The samples were permeabilized 
overnight using an acetone:812 embedding agent (1:1) 
mixture. Pure 812 embedding agent (SPI, 90529-77-4) 
was permeated overnight. Finally, embedding sections, 
uranium-lead double staining, and cell morphology were 
observed under transmission electron microscopy (FEI, 
USA). PBS was used for all washing steps.

Growth assay and doubling time
The cells were inoculated in 96-well plates at a density of 
105 cells/mL, and each well was inoculated with 100 μl of 
cell suspension and incubated at 37°C in a 5% CO2 incu-
bator. Five wells were taken every 24  h to aspirate and 
discard the original complete medium, add the config-
ured Cell Counting Kit-8 (CCK-8) solution (hycezmbio, 
Wuhan, China), and incubate for 1  h with protection 
from light. CCK-8 solution was diluted with DMEM at 
a ratio of 10:1. The OD value of each well was measured 
at 450  nm for 6–8 consecutive d until the cells entered 
the plateau phase. The cell growth curve was established 
using the standard curve of the cell assay with a known 
OD value, and the multiplication time was calculated 
based on the regression equation of the curve using 
GraphPad Prism 9 software.

Single‑cell cloning
Cells in good growth conditions were counted and 
inoculated in 6-well plates at a density of 100 cells per 
well and then gently shaken in a cross direction to dis-
perse the cells evenly. The 6-well plates were transferred 
to a 37°C incubator for 2–3 weeks, and the medium was 
changed at the appropriate time. When clones visible 
to the naked eye appeared, the culture was harvested, 
after which the culture medium was discarded, and 
the cells were washed carefully with PBS twice. Then, 
2 mL of methanol fixative was added to each well and 
incubated for 30 min. The cells were stained with 0.1% 
crystalline violet staining solution (BKMAM, BKMAM 
Biotechnology) for 25  min, after which the staining 
solution was washed off slowly with running water, and 
the fixed cells were air dried. After that, the number 
of clones with more than 50 cells was counted under a 
microscope, and the cloning efficiency of cells was cal-
culated according to the formula:

Cytogenetic analysis
For karyotype analysis, cells in the growth phase were 
treated with 0.05 mg/mL colchicine for 5 h. Then, adher-
ent cells were dissociated with 0.25% trypsin and resus-
pended in 0.075  M hypotonic KCl (preheated to 37ºC) 
for 30 min at 37ºC. The cell suspension was then fixed in 
methanol: acetic acid (3:1) and added dropwise to clean 
and cold slides. Finally, the prepared slides were stained 
with Giemsa (Sigma, Aldrich) for 15 min, and the chro-
mosome numbers of the cells were counted in 50 met-
aphase cells. The chromosomes were observed and 
counted under an optical microscope (Olympus, Japan).

Cell‑specific staining
Alizarin red staining. The cells were spread in the crawl-
ing slices of six-well plates, grown to 80–90% confluence, 
washed with PBS, fixed with 4% paraformaldehyde for 
20 min, stained with 0.1% alizarin red-Tris-HCl (pH 4.2) 
solution for 30 min, washed with distilled water, removed 
the crawling slices, dried, sealed, and observed under the 
microscope.

Toluidine blue staining. The cells were spread in the 
crawling slices of six-well plates, grown to 80–90% con-
fluence, discarded from the medium, washed with PBS, 
fixed with 4% paraformaldehyde for 20 min, stained with 
toluidine blue staining solution for 30 min, then washed 
with PBS to remove the excess staining solution, removed 
the crawling slices, dried, sealed, and observed under the 
microscope.

Clone formation rate = (number of clones/number of inoculated cells)× 100%.
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Histological and immunohistochemistry analyses
Tissues were fixed in 4% formaldehyde solution, par-
affin-embedded, and sections were stained with H&E. 
IHC detection using antibodies specific for BGLAP 
(ABclonal, Ab-A14636), SPARC (ABclonal, Ab-A1615), 
ALPL (ABclonal, Ab-A1080), CGA (GeneTech, GT2114), 
S100 (GeneTech, GZ0311), VIM (Boster, BM0135), PCK 
(Boster, BM0030) and CD31 (GeneTech, MB-1) was 
performed on paraffin sections. In this detection, those 
without primary antibodies were negative controls. 
Cross-reactivity of primary antibodies with canine tis-
sues involved in IHC and IF has been previously demon-
strated. The staining processes were performed according 
to standard methods. The sections were observed using 
an optical microscope (Olympus, Japan).

Immunofluorescence staining
An indirect IF assay detected the expression of BGLAP, 
SPARC, ALPL, CGA, S100, VIM, PCK, and CD31 in the 
Mango cell line. Cells growing on 12-well plates were 
fixed with 4% paraformaldehyde for 30  min. Cells were 
incubated with primary antibodies overnight at 4°C and 
without primary antibodies as a negative control. The next 
day, the cells were washed and incubated with Alexa Fluor 
594 goat anti-rabbit IgG (Affinity Biosciences, S0001) as a 
secondary antibody for 1 h at RT. The cells were washed 
and stained with DAPI (Beyotime, China). Then, the cells 
were examined under a fluorescence microscope (Olym-
pus, Japan). PBS was used for all washing steps.

Tumorigenicity in nude mice
Five-week-old BALB/C nude male mice were purchased 
from the Hubei Provincial Center for Experimental 
Animal Research (Wuhan, China). Mice were main-
tained under free diet conditions in a room with their 
temperature at 25 °C. The mice were used to investigate 
the tumorigenicity of the Mango cell line at passage 20. 
A suspension of 5 × 106 cells in 0.2  mL PBS was trans-
planted subcutaneously into the dorsal region of mice 
(n = 5). The mice were inspected for tumor development 
every 2–3 d. When tumors were detected, they were 
monitored by palpation and measured by calipers every 
2–3 d. Mice were euthanized 23 d after inoculation by 
cervical dislocation and autopsied to detect metastatic 
lesions in the lungs or other organs. Tumors and organs 
were collected at necropsy and placed in 4% paraformal-
dehyde (pH = 7.4) for histological and IHC examinations.
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