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Background

Although a plethora of studies have employed multiple gallbladder cancer (GBC) cell lines, it is surprisingly noted that there is still lack of a normal gallbladder epithelial cell line as a normal counterpart, thus impeding substantially the progress of mechanistic studies on the transformation of normal epithelial cells to cancer. Here, we created a normal gallbladder epithelial cell line named L-2F7 from human gallbladder tissue.



Methods

Gallbladder tissues from a diagnosed cholecystitis female patient were collected, and epithelial cells were enriched by magnetic cell sorting. Then, the cells were immortalized by co-introduction of human telomerase reverse transcriptase (hTERT) and Simian virus 40 large T antigen (LT-SV40) via a lentivirus infection system. After clonal selection and isolation, L-2F7 cells were tested for epithelial markers CK7, CK19, CK20, and CD326, genomic feature, cell proliferation, and migration using Western blot, immunofluorescence, whole genome sequencing, karyotyping, and RNA sequencing. L-2F7 cells were also transplanted to Nude (nu/nu) mice to determine tumorigenicity.



Results

We successfully identified one single-cell clone named L-2F7 which highly expressed epithelial markers CD326, CK7, CK19, and CK20. This cell line proliferated with a doubling time of 23 h and the epithelial morphology sustained over 30 passages following immortalization. Transient gene transduction of L-2F7 cells led to expression of exogenous GFP and FLAG protein. L-2F7 cells exhibited both distinct non-synonymous mutations from those of gallbladder cancer tissues and differential non-cancerous gene expression patterns similar to normal tissue. Although they displayed unexpected mobility, L-2F7 cells still lacked the ability to develop tumors.



Conclusion

We developed a non-cancerous gallbladder epithelial cell line, offering a valuable system for the study of gallbladder cancer and other gallbladder-related disorders.
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Introduction

The gallbladder, a hollow pear-shaped sac, is anatomically located on the visceral surface of the right lobe of the liver and connected with the liver and duodenum by biliary tracts (1). The primary function of the gallbladder is to store bile synthesized from the liver and release bile in response to cholecystokinin, when intake food moves into the upper digestive system (2, 3). Thus, the gallbladder is classified as a digestive organ helping food digestion, particular for fat acid metabolism. The gallbladder wall anatomically consists of three layers: mucosa, muscularis, and serosa (4, 5). The mucosa layer harbors multiple epithelial glands where epithelial cells are the primary site for pathophysiological lesions such as inflammation, stone development, and carcinogenesis (6).

Common gallbladder-related diseases include acute or chronic cholecystitis, cholecystolithiasis, gallbladder polyps, and gallbladder carcinoma (GBC). GBC is the most common biliary tract malignancy with only 5% of 5-year survival rate and ranked the sixth among gastrointestinal cancers (7, 8). The primary GBC develops from gallbladder epithelial cells that undergo transformation into highly invasive tumor cells (9). Given the availability of primary tumors removed from surgery (10), a number of cell lines of GBC have been established including GBC-SD, NOZ, ZJU-0430, and OCUG1 cells (11). However, it is unexpectedly noted that there is still lack of a non-cancerous normal gallbladder epithelial cell line. The main reason for this shortage is probably owing to rapid senescence of isolated epithelial cells following cell passages in culture, thus emerging as an evident challenge in the genetic and functional characterization between normal epithelial cells and tumor cells. Therefore, the establishment of a normal gallbladder cell line is of paramount importance in the study on malignant transformation of normal epithelial cells to cancer cells. Here, we immortalized and characterized a normal gallbladder epithelial cell line derived from gallbladder tissues of a 30-year-old female patient with cholecystitis via introduction of SV-40 large T and HTERT genes. A single-cell clone named L-2F7 was cultured through limiting dilution assay, and its epithelial origin was confirmed by examining epithelial cell markers CK19, CK7, CK20, and CD326, and epithelial cell function. Our data suggest that L-2F7 cells can serve as a normal gallbladder epithelial cell line characteristic of the normal epithelium of the gallbladder.



Result


The establishment of the L-2F7 cell line

With regard to the selection of surgically resected gallbladder tissue, the clinical criterion for enrolled gallbladder diseases was set up: 1) no significant epithelium thickness; 2) no evident enlargement or atrophy of gallbladder; 3) no polyp of gallbladder; 4) tissue pathology showed neither severe significant infiltrating inflammation cells nor any abnormal histological structure including atypical hyperplasia. The gallbladder of a 30-year-old female patient diagnosed with cholecystitis met all the above requirements, and the pathological state of this gallbladder was evaluated through HE staining (Figure 1A). To isolate and purify epithelial cells from all miscellaneous cells of gallbladder tissue, we discreetly dissected the top lumenal layer from the beneath muscular layer, and subsequently we employed a CD326-positive magnetic cell sorting assay to enrich the epithelial cell population (Figure 1B). The cells were then cultured to adhere on culture dishes and immortalized by lentivirus infection with viral vectors carrying the SV40-large T antigen (LT-SV40) and hTERT gene. Following a limiting dilution assay, the cells were dispersed and individually grown in 96-single wells. A single-cell clone named L-2F7 expressing LT-SV40 and hTERT (Supplementary Figure 1A), TP53, and Rb (Supplementary Figure 1B) was selected for the following characterization of epithelial cells.




Figure 1 | Pathology of gallbladder tissue and the scheme of L-2F7 cell line establishment. Partial fragments of original gallbladder tissues were used for isolating epithelial cells in HE staining, which showed no significant pathological abnormality of gallbladder (A). Gallbladders were collected after the surgical operation and its mucosa layers were then dissociated anatomically. After being digested into single cells, CD326-positive cells were collected using magnetic cell sorting. The primary epithelial cells were plated to culture dishes, immortalized, and cultured in the presence of 200 μg/ml blasticidin and 10 μg/ml hygromycin. Limited dilution assays were employed to select clones for the following further characterization (B).





Identification of the epithelial cell property

To validate that L-2F7 cells are epithelial cells, we performed the flow cytometry assay using an anti-CD326 antibody and we found that compared with a gallbladder fibroblast cell line L-G33 as a negative control that was established from another patient, L-2F7 cells expressed CD326, although its level was lower than NOZ and GBC-SD cells (Figure 2A). Immunoblotting showed that L-2F7 cells also strongly expressed epithelial cell markers CK7, CK19, and CK20 (Figure 2B), consistent with immunofluorescence analysis (Supplementary Figure 1C). The strong expression of epithelial markers was maintained during 30 cell passages (Supplementary Figure 1C). To exclude the possibility of fibroblast contamination, the most common problem present in primary cell culturing, we determined the expression of fibronectin and N-cadherin by Western blot (Figure 2B) and immunofluorescence (Supplementary Figure 1D). In sharp contrast with L-G33 cells, L-2F7 cells did not express fibronectin and N-cadherin, supporting that L-2F7 is derived from epithelial cells. As expected, L-2F7 highly expressed MRP3, a well-acknowledged bile acid receptor mostly expressed by gallbladder epithelial cells (Figure 2B), implying the possible reservation of normal gallbladder function (12, 13).




Figure 2 | Identification of single clone cells L-2F7 for the epithelial signature. Epithelial markers were detected in L-2F7 cells, gallbladder cancer cell lines NOZ and GBC-SD, and L-G33 cells as a fibroblast control with flow cytometry (A). CK7, CK19, MRP3, fibronectin, and N-cadherin were determined with Western blot (B). L-2F7 cells were transfected by GFP-FLAG, then the expression of GFP and FLAG was detected by Western blot (C) and fluorescence was applied for observing the transfection efficiency (D). The sensitivity of puromycin in L-2F7 cells was measured by calculating IC50 from the fitted curve (E).



To interrogate if this cell line can be used as a common control system to accept exogenous genetic introduction, we transduced a vector carrying the GFP-FLAG gene into L-2F7 cells with lipofectamine transfection. Efficiency of the transient transfection was comparable with NOZ cells, and the ectopic expression of the GFP-FLAG protein was validated by Western blot and fluorescence observation (Figure 2C, D). L-2F7 cells were sensitive to puromycin with IC50 at 0.77 μg/ml (Figure 2E), suggesting that L-2F7 cells are able to accept the most universal gene construction method for puromycin-resistant gene-expressing cell strains in future.



Morphology and genotype of L-2F7 cells

L-2F7 cells showed a typical polarity where the nucleus was mainly located at the side of the cell body, instead of central distribution (Figure 3A). This cellular phenotype sustained in our long-term culture over 30 passages (Figure 3B) and doubling time of L-2F7 for proliferation was 23.0 hours (Figure 3C).




Figure 3 | Phenotype and genotype of L-2F7 cells. L-2F7 cellular morphology was shown by microscope images with different magnifications (A). The L-2F7 cellular phenotype remained over 30 passages (P3, P10, P20, P30) (B). The growth curve was plotted with confluence data collected by live cell analysis instrument (C). Whole-exome sequencing including the single-nucleotide polymorphism (SNP) and indel events was shown based on the different classifications of gene candidates (D). DT, doubling time.



We then examined its genomic features through whole-exome sequencing (Figure 3D). There were 101 non-synonymous mutations detected including single-nucleotide polymorphism and base insertion and deletion, which were distinct from the hot spots of gene mutations identified in present gallbladder cancer genome studies (Supplementary Table 1) (14–17). In addition, neither multi-alleles nor genome cross contamination was detected in the analysis of STR authentication assay (Table 1). However, like several other immortalized cell lines including HEK293 (18, 19), the karyotypes of SV40-immortalized cell lines could exhibit polyploids and aneuploids and this phenomenon had already been reported in epithelial tissue-derived cells (20–23). After 30 passages of L-2F7 cells, the karyotype with aneuploids was also found (Supplementary Figure 2). Despite of unknown reasons for the chromatin instability at present, L-2F7 cells still exhibited stable cell morphological phenotypes over 30 passages and possessed genomic features distinct from gallbladder cancer and in our study.


Table 1 | STR authentication in L-2F7 cells.





Transcriptome pattern of L-2F7 cells

To identify the similarity of this immortalized cell line with its origin tissue features, we compared the transcriptome signature of L-2F7 cells with two datasets individually from normal gallbladder epithelium tissue and gallbladder carcinoma. L-2F7 cells shared a similar differential gene expression to the normal group, but not the two malignant tissues (Figure 4A). The differential expression patterns were also validated in the comparison of L-2F7 cells with four other gallbladder cancer cell lines (NOZ, GBC-SD, ZJU-0430, and OCUG1, Figure 4B). Of all the candidates detected, 707 genes were upregulated and 281 genes were downregulated in L-2F7 cells (Figure 4C). A number of cancer-related pathways were enriched in gallbladder cancer cell lines compared with L-2F7 including basal cell carcinoma and cancer pathways (Figure 4D). Moreover, KRAS mutation is one of the most common genomic alternations in gallbladder cancer (15, 24, 25), and KRAS-associated genes were upregulated in GBC cell lines compared with L-2F7 (Supplementary Figure 3A). We also observed that estrogen response signaling expressions were elevated in GSEA (Supplementary Figure 3B, C), which may account for association with higher incidence of GBC in women than in men (26–28).




Figure 4 | Transcriptome pattern of L-2F7 cells. Transcriptome sequencing was performed in L-2F7 cells, two normal gallbladder epithelium tissues, two gallbladder cancer tissue, and other gallbladder cancer cell lines including NOZ, GBC-SD, ZJU-0430, and OCUG1. The correlation mapping between L-2F7 and various gallbladder tissues was exhibited in the graph (A). Differentially expressed genes were shown in the heatmap (B) and volcano plot (C). Gene ontology analysis was performed by comparing L-2F7 and cancer cell lines, and cancer-related pathways were marked with red rectangles (D).





L-2F7 cells acquire motility but fail to develop cancer

To determine if L-2F7 cells possess the ability to migrate as tumor cells, we performed the cell migration assay and found that this cell line possessed an identical ability as GBC-SD cells to migrate (Figure 5A). Next, we evaluated if this cell line had the capability of developing tumors in vivo; we transplanted L-2F7, NOZ, and GBC-SD cells into nude mice (Figure 5B). During the following 3 weeks, we did not find any tumor in the injected site or other organs (i.e., lung, liver) in the L-2F7 group after pathologic necropsy, contrary to other two tumor cell lines that developed local large tumors, indicating that L-2F7 cells are non-tumorigenic. Unexpectedly, we noticed that L-2F7 expressed vimentin comparable with fibroblast L-G33 (Figure 5C). Human gallbladder tissue showed a vimentin expression in the duct basal and stromal regions where extensive fibroblasts reside, whereas the epithelium did not express vimentin (Figure 5D).




Figure 5 | L-2F7 cells acquire motility but fail to develop cancer. L-2F7, NOZ, and GBC-SD cells were tested for their migration ability through Transwell assay, and the migrated cell counts were shown (A). Each cell line (1 × 106) was subcutaneously injected to mice, and 3 weeks later, tumors were removed, n = 3 (B). Expression of vimentin in L-G33, L-2F7, NOZ, and GBC-SD cells was evaluated through Western blot (C). IHC staining of vimentin in normal gallbladder tissue was shown (D). ***p < 0.001; **p < 0.01; *p < 0.05; n.s: non-significant.



To exclude the possibility of a myoepithelial cell-like subset of the epithelium for L-2F7 cells (29, 30), we analyzed RNA-seq data and found that myoepithelial cell markers S100, KRT4, KRT6, and KRT14 were significantly lower than GBC cells (Supplementary Figure 4). The data suggested that the acquitted expression of vimentin by L-2F7 may be partially ascribed to exogenous gene delivery events such as introduction of the SV-40 large T antigen (31, 32). Nonetheless, our data indicate that L-2F7 cells are not tumorigenic and serve as a normal gallbladder epithelial model.




Discussion

A considerable number of cell lines with physiological states from different organs or tissues have been created and characterized. The availability of these normal cell lines has rendered the research feasible to focus on their physiological function, pathological progression, and cancer transformation (33–35). However, it is unexpectedly noticed that there is lack of a normal gallbladder epithelial cell line, which does emerge as a notable obstacle dampening our interests in gallbladder molecular mechanisms that mediate cellular transformation. Regardless of multiple successful manipulations engaged to establish individual cell lines such as stimulation of normal stem-like cell differentiation and exogenous gene transduction (36), the potential challenges in altered cellular phenotype, function, and/or fate triggered by the enforced genomic alternation should not be neglected. For example, the common genetic transduction with the LT-SV40 gene may lead to other genetic dysregulations, leading to unexpected changes in cellular phenotype and function (32, 37). As a result, these cells undergo genetic transition adaptive to the genome manipulation and environmental stress in vitro, the scenario that is distinct from intimate cell–cell interaction in vivo. Nevertheless, cell lines created through these genetic manners are at present acceptable and commonly exploited as the normal controls, as these cells in general still sustain the ability to recapitulate biological and physiological signature of their origin in vivo.

A number of methodological and technical difficulties in developing cell lines from tissue have raised our great attention. First, fibroblast contamination during tissue isolation appears unavoidable because intense fibroblasts distribute widely just under the epithelium layer and stroma. Second, fibroblasts show the rigorous ability to proliferate rapidly in the cultured plates relative to epithelial cells, where a great variety of growth factors present in culture medium probably meet the full needs of fibroblast metabolism; in contrast, epithelial cells require distinct nutrients unique for their adhesion and growth which are usually deficient or unknown in regular culture. Last, given the nature of terminal differentiation, gallbladder epithelial cells display low division capacity and undergo cell senescence in a short period from tissue isolation. To circumvent these barriers, we first anatomically dissociated the mucosa layer from other tissue layers and subsequently employed the magnetic cell sorting approach using an anti-CD326 antibody to purify epithelial cells. These epithelial cells were then introduced genetically with SV-40 large T antigen and h-TERT for cell immortalization before being individually plated as single clones in 96 multiplate wells.

The whole-exome sequencing showed the unique genotype of L-2F7 with 101 non-synonymous mutations which are divergent from the present hotspot gallbladder cancer genome variation reported. Interestingly, L-2F7 cells have lost the diploidy genome after immortalization and long-term passaging, as this event was identically reported in other epithelial cell lines (23). The substantial mechanisms remain clarified, although it is believed to be associated with the exogenous gene introduction. However, L-2F7 shared a more differential transcriptome profile with the normal gallbladder epithelium than the cancer tissue. In the analysis of differential gene expression profile between L-2F7 cells and four cancer cell lines, 707 genes were found upregulated and 281 genes downregulated in L-2F7 cells, in which the top activated systems involve cell adhesion, basal cell carcinoma, MAPK, and others. Transcriptome analysis suggests that L-2F7 could serve as a normal genome background in the study of GBC tumorigenesis and progression.

It is worthwhile to further investigate if these activated pathways mediate the motility, proliferation, survival, or other functions of L-2F7 cells. For instance, it remains understood if the acquired cell motility resembling cancer activity is associated with the aberrant expression of vimentin.

L-2F7 cells retain the expression of CD326, CK7, CK19, and CK20, but not fibronectin and N-cadherin, underscoring the successful generation of this epithelial cell line. The morphological features maintain as the cells grow in a long-term course of culture (e.g., over 30 passages). Although vimentin was unexpectedly found, which is inconsistent with the absence of vimentin in the gallbladder epithelium, we cannot exclude the possibility that the introduction of LT-SV40 drives the vimentin gene expression as reported in some publications (31, 32, 37). In addition, L-2F7 cells are not myoepithelial-like cells because they are deficient in myoepithelial cell markers such as S100, KRT4, KRT6, and KRT14.

To the end, we have validated that L-2F7 cells are non-tumorigenic, in contrast with epithelium-derived cancer lines GBC-SD and NOZ that developed palpable tumors in xenografted models. Collectively, we have established a non-cancerous gallbladder epithelial cell line L-2F7 that could serve as valuable normal epithelial cells for the study in gallbladder carcinogenesis and other gallbladder-related diseases.



Methods


Primary cell extraction

A part of the gallbladder tissue was cut and stored on ice in a tissue storage solution (130-100-008, Miltenyi Biotech (Bergisch Gladbach, North Rhine-Westphalia, Germany)). The lumenal mucus layers of the gallbladder tissue were isolated anatomically by scrapes then digested with 5 ml of a tissue dissociation buffer (130-095-929, Miltenyi Biotech) in a 37°C shaker for approximately 20 min. A cell medium with 5 ml of RPMI: Roswell Park Memorial Institute (SH30809.01, Cyvita (Logan, Utah, USA)) containing 10% Fetal Bovine Serum (FBS) (164210, Procell (Wuhan, Hubei Province, China)) was added prior to filtering with a 40-µm strainer (352340, Falcon (One Becton, Durham, USA)). After centrifugation for 1,000×g, 5 min, the cells were suspended in 1 ml of a red cell lysis buffer (W0126, Tiangen (Beijing, China)) on ice for 3 min and finally, washed with the complete medium two times.



Magnetic cell sorting

The above collected cells were subjected to the removal of dead cells using a dead-cell removal kit (130-090-101, Miltenyi Biotech), then CD326 positive cells were sorted following the instruction in the CD326 microbeads human kit (130-061-101, Miltenyi Biotech).



Cell culture

All the primary cells in this study were cultured in EpiCM (4101, Sciencell (San Diego, California, USA)), but we modified the kit instruction with the replacement of 2% FBS instead of 10% FBS to culture all single cell clones including the epithelial clone L-2F7 and fibroblast clone L-G33. As immortalized gene vectors harbored antibiotic resistance genes, hygromycin (60224ES03, Yeasen) and blasticidin (60218ES10, Yeasen (Shanghai, China)) were selected at concentrations of 200 and 10µg/ml, respectively. The gallbladder cancer cell (GBC) lines NOZ, GBC-SD, ZJU-0430, and OCUG1 were authenticated by Short tandem (STR) repeat and tested if mycoplasma-free. The four GBC cell lines were cultured in Dulbecco's Modified Eagle Medium (DMEM) (SH30243.01, Hyclone (Logan, Utah, USA)) with 10% FBS and 1% penicillin–streptomycin solution (60162ES76, Yeasen (Shanghai, China)). All the cells were digested by a trypsin solution (40127ES60, Yeasen) before passaging or being frozen with a cell-saving buffer (C30100, NCM (Suzhou, Jiangsu Province, China) Biotech).



Cell immortalization

LT-SV40 was subcloned into CV301 vector (Genechem (Shanghai, China)) with blasticidin resistance gene and hTERT was subcloned into CV237 vector (Genechem (Shanghai, China)) with hygromycin resistance gene. Lentivirus was developed by co-transfection into 293T with pHelper 1.0 (Genechem), pHelper 2.0 (Genechem (Shanghai, China)), and the above two vectors. Then, the concentrated viral medium was added into a cell culture medium with 10 µg/ml polybrene (40804ES76, Yeasen). Twenty-four hours later, the culture medium was replaced with the modified EpiCM medium in the presence of blasticidin and hygromycin



Flow cytometry assay

Cells were collected after digestion by trypsin, washed with Phosphate Buffered Saline for two times and were incubated with a Phycoerythrin (PE)-conjugated anti-human CD326 antibody (324205, Biolegend (San Diego, California, USA)) for 1 h at 4°C. Samples were examined by BD FACS Celesta cell analyzer (BD bioscience, Franklin Lakes, New Jersey, USA) and FACS data were processed by FlowJo_v10 software.



Cell lysis, antibodies, and Western blotting

After being washed with Phosphate Buffered Saline (PBS), cells were lysed by a protein lysis buffer (P0013, Beyotime) containing 1 mM of Phenylmethanesulfonyl fluoride (PMSF) (ST506, Beyotime (Shanghai, China)). Protein lysates were quantified by Bradford assay (1863028, Thermo Fisher Scientific (Waltham, Massachusetts, USA)). Western blotting was carried out according to standard methods. Antibodies specific to fibronectin (1561301-AP, Proteintech (Wuhan, Hubei Province, China)), CK19 (10712-AP, Proteintech), CK7 (15539-1, Proteintech), CK20 (17329-1-AP, Proteintech), N-cadherin (13116S, Cell Signaling Technology), β-tubulin (T8328, Sigma-Aldrich), MRP3 (39909S, Cell Signaling Technology (Danvers, Massachusetts, USA)), Flag tag (F1804, Signal-Aldrich (Burlington, Massachusetts, USA)), GFP tag (AED011, ABclonal (Wuhan, Hubei Province, China)),Vimentin (A19607, ABclonal), LT-SV40 (sc-147, Santacruz (Dallas, Texas, USA)), hTERT (17329-1-AP, Proteintech), TP53 (2527S, CST), and Rb (9313S, CST) were applied for Western blotting.



Immunofluorescence 

Cells were fixed in  precooled (-20°C) methyl alcohol for 5 min and incubated with 0.1% Triton-100 for 10 min. Samples were then incubated in diluted primary antibodies at 4°C overnight followed by a secondary antibody conjugated with Alexa Fluorescence 488 (33116ES60, Yeasen) in 37°C for 1 h. Nuclei were stained with DAPI (P0131, Beyotime), and finally, the samples were mounted.



Cell growth curves

Cells were passaged to individual wells of 96-well plates at a density of 10%, then live cells were analyzed with a live-cell analysis instrument (Incucyte S3, Sartorius (Göttingen, Germany)). Cell culture images were saved every 4 h and the cell confluence rates were calculated with built-in software according to the instrument brochure. The raw data were fitted to an exponential model with logarithmic phases.



Xenografted models in vivo

Nude mice (nu/nu, 6- to 8-week-old males) were injected subcutaneously with 1 × 106 cells. After 3 weeks, the mice were sacrificed and tumors were dissected and measured. Animal-related procedures were performed after the approval of the Institutional Animal Care and Use Committee of the Renji Hospital affiliated to Shanghai Jiao Tong University School of Medicine.



Whole-exome sequencing

Cellular genomic DNA was extracted and constructed to a genomic library with NEB Next® Ultra™ DNA Library Prep Kit for Illumina (NEB, Ipswich, Massachusetts, USA), and then sequenced in Illumina (San Diego, California, USA) HiSeq X10. The BWA-MEM software mem software was used to align the sequence with the reference genome UCSC hg19. Finally, GATK was used to detect variations that were annotated by the ANNOVAR software.



Bulk RNA sequencing

RNA was extracted with TRIZOL (15596018, Thermo Fisher) and constructed to a library with NEB Next Ultra™ RNA Library Prep Kit (NEB, USA), and then sequenced in Novaseq 6000, PE150. The Trimmomatic software was used to remove the adapter and low-quality reads. The STAR software was used to align clean reads to the reference genome. Finally, analysis was performed using the Gene Ontology (GO) analysis, GSEA software (Broad Institute, Cambridge, MA, USA), and the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. Correlation analysis was completed with the cor() function.



Cell migration assay

Twenty thousand cells were suspended in 200-µl FBS-free DMEM medium and then placed in the upper chamber of the transwell insert (3422, Corning (Corning, New York, USA)). Then 600 µl of DMEM with 10% FBS was added in the lower chamber. After 24 h, the inserts were collected and fixed in a 10% formaldehyde solution for 5 min before being stained in a 0.5% crystal violet stain solution (60506ES60, Yeasen) for 5 min. Cells on the upper chamber of the insert were removed carefully by swabs and the number of migrated cells were pictured and counted under the microscope.



Short tandem repeat authentication

DNA was extracted by a DNA extraction kit (AP-EMN-BL-GDNA-250, Corning). Twenty STRs including the Amelogenin locus were amplified by six multiplex PCR and separated on an ABI 3730XL Genetic Analyzer. The signals were then analyzed by the software GeneMapper.



Karyotyping

The L-2F7 passaged over 30 times was used to analyze the karyotypes. When cell density was 60–70%, cells were prevented in metaphase by exposing to 0.2 µg/ml of demecolcine for 3 h followed by suspension in 0.8% sodium citrate for 30 min. Cells were fixed with 4 ml of acetic methanol solution for 20 min and then dropped on slides before placement at 75°C for 3 h. Finally, a 10% Giemsa solution was used for staining prior to counting the chromosomes. Twenty slides were analyzed.



Statistical analysis

GraphPad Prism v4.0 was used to create plots and applied for data analysis. Student’s t-test was used. P-values <0.05 were considered statistically significant. All experiments were repeated for more than three times.
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Supplementary Figure 1 | The SV40 and hTERT expression were tested in L-2F7 compared with gallbladder epithelium tissue lysis (A). TP53 and Rb expression were compared with NOZ and ZJU0430 cells in WB (B). The epithelium markers including CK7 and CK19 at different passaging stages in L-2F7 were shown (C). The expression of CK19 (D) and fibronectin (E) was examined through immunofluorescence in L-2F7, NOZ, GBC-SD and L-G33 cells.

Supplementary Figure 2 | Karyotyping of L-2F7 cells was performed and L-2F7 cells exhibited aneuploids.

Supplementary Figure 3 | GSEA analysis were performed to compare GBC cell lines with L-2F7 cells, and the pathways on KRAS (A) and estrogen related signals (C, D) were shown.

Supplementary Figure 4 | Myoepithelial markers (S100, KRT4, KRT6, KRT14) were analyzed through RNAseq data of L-2F7 cell and other four cancer cell lines, and the expression levels were shown in heatmap.

Supplementary Table 1 | genomic alternations of L-2F7. The whole exome sequencing analysis of L-2F7, single nucleotide polymorphism, base insertion and deletions in genes were shown in the table.
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