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Abstract
BACKGROUND
An in-depth study of the pathogenesis and biological characteristics of ampullary carcinoma is necessary to identify appropriate treatment strategies. To date, only eight ampullary cancer cell lines have been reported, and a mixed-type ampullary carcinoma cell line has not yet been reported.

AIM
To establish a stable mixed-type ampullary carcinoma cell line originating from Chinese.

METHODS
Fresh ampullary cancer tissue samples were used for primary culture and subculture. The cell line was evaluated by cell proliferation assays, clonal formation assays, karyotype analysis, short tandem repeat (STR) analysis and transmission electron microscopy. Drug resistances against oxaliplatin, paclitaxel, gemcitabine and 5-FU were evaluated by cell counting kit-8 assay. Subcutaneous injection 1 × 106 cells to three BALB/c nude mice for xenograft studies. The hematoxylin-eosin staining was used to detect the pathological status of the cell line. The expression of biomarkers cytokeratin 7 (CK7), cytokeratin 20 (CK20), cytokeratin low molecular weight (CKL), Ki67 and carcinoembryonic antigen (CEA) were determined by immunocytochemistry assay.

RESULTS
DPC-X1 was continuously cultivated for over a year and stably passaged for more than 80 generations; its population doubling time was 48 h. STR analysis demonstrated that the characteristics of DPC-X1 were highly consistent with those of the patient’s primary tumor. Furthermore, karyotype analysis revealed its abnormal sub-tetraploid karyotype. DPC-X1 could efficiently form organoids in suspension culture. Under the transmission electron microscope, microvilli and pseudopods were observed on the cell surface, and desmosomes were visible between the cells. DPC-X1 cells inoculated into BALB/C nude mice quickly formed transplanted tumors, with a tumor formation rate of 100%. Their pathological characteristics were similar to those of the primary tumor. Moreover, DPC-X1 was sensitive to oxaliplatin and paclitaxel and resistant to gemcitabine and 5-FU. Immunohistochemistry showed that the DPC-X1 cells were strongly positive for CK7, CK20, and CKL; the Ki67 was 50%, and CEA was focally expressed.

CONCLUSION
Here, we have constructed a mixed-type ampullary carcinoma cell line that can be used as an effective model for studying the pathogenesis of ampullary carcinoma and drug development.
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Core Tip: A new ampullary carcinoma cell line has been established, making up for the shortage of Chinese ampullary carcinoma cell lines. And this is the the first study to report a mixed-type ampullary carcinoma cell line. The cell line inoculated into BALB/c nude mice can quickly form xenograft tumors. It is an excellent model for studying the mechanisms of invasion, metastasis and other mechanisms of ampullary carcinoma. The cell line is sensitive to oxaliplatin and paclitaxel but is naturally resistant to gemcitabine and fluorouracil, which can be used for drug resistance mechanism research and new drug development.

INTRODUCTION
Ampullary carcinoma is a relatively rare tumor, accounting for 0.2% of gastrointestinal cancers but 20% of all periampullary cancers[1,2]. Recently, the incidence rate of ampullary cancer has gradually increased[3,4]. Ampullary carcinoma can occur at any age; however, it is more common between 60 and 65 years of age, and the sex ratio is approximately 3:2[1,2]. As biliary obstruction symptoms appear early, the surgical resection rate of ampullary carcinoma is higher than that of other periampullary malignant tumors, and approximately 50% of patients are eligible for surgery on diagnosis[1,5,6]. Its operation amount is over one-third of the total operation amount of pancreatoduodenectomy. The prognosis is good, and the 5-year survival rate exceeds 52.8%[7]. Despite a high potential curative resection rate, most patients with ampullary cancer eventually succumb to tumor recurrence[8,9].
In 1994, Kimura et al[10] first classified ampullary carcinoma into intestinal and pancreaticobiliary types according to their histological characteristics. The prevalence of the pancreaticobiliary type was 72%, which is much higher than that of the intestinal type[10]. In 2010, according to the morphological and immunohistochemical characteristics, WHO revised the pathological diagnosis criteria of ampullary carcinoma into three different histopathological subtypes: Intestinal-, pancreaticobiliary-, and mixed-type ampullary carcinoma[11,12].
To date, only eight ampullary cancer cell lines have been included in the official databases of ATCC, JCRB, RIKEN, and DSMZ. One is American, one is Italian, two are Korean, and four are Japanese (three of them are from different lesions of the same patient)[13-17] (Table 1). Among them, SNU-869 is an intestinal-type cell line, whereas the remaining are pancreaticobiliary-type cell lines[18]. No mixed-type ampullary carcinoma cell line has yet been reported.
No randomized clinical trial for adjuvant chemotherapy of ampullary carcinoma currently exists, and the data based on which doctors choose treatment methods are limited. Presently, adjuvant therapy for ampullary carcinoma is being tailored according to the histological subtypes. Pancreatic biliary ampullary carcinoma is typically treated similarly to pancreatic adenocarcinoma or biliary tract carcinoma. In contrast, patients with intestinal ampulla receive the usual protocol for colorectal cancer. Based on these premises, the optimal treatment plan for ampullary carcinoma in adjuvant therapy and chemotherapy for advanced patients remains to be determined[19,20].
Based on the aforementioned factors, establishing an ampullary carcinoma cell line, conducting in-depth research on the pathogenesis and biological characteristics of ampullary carcinoma, and then investigating therapeutic targets to formulate effective treatment strategies for patients with ampullary carcinoma are currently required.
In this study, we establish a stable mixed-type ampullary carcinoma cell line named DPC-X1 from the tumor tissue of a patient with ampullary carcinoma. Our study findings underscore the effectiveness of DPC-X1 as an experimental model that can be used to explore the molecular mechanism of ampullary carcinoma and develop therapeutic schemes for disease control.

MATERIALS AND METHODS
Tissue source
The tissue samples were collected from a patient with ampullary cancer who was admitted to the First Hospital of Lanzhou University on November 17, 2021, for pancreatoduodenectomy. The patient was a 60-year-old man who presented with jaundice, had a long history of smoking and drinking, and had no history of carrying hepatitis B or C. His carbohydrate antigen 199 levels exceeded 1000 U/mL (reference range: 0–35 U/mL; Figure 1A), and preoperative magnetic resonance imaging + magnetic resonance cholangiopancreatography indicated ampullary carcinoma (Figure 1B and C). The new organisms growing around the ampulla were grayish-white and were taken from the primary focus for primary culture and subculture (Figure 1D and E).
This study was approved by the Medical Ethics Committee of the First Hospital of Lanzhou University (LDYYLL-2022-487), and signed informed consent was obtained from the patient.

Drugs
Gemcitabine was obtained from Jiangsu Haosen Pharmaceutical Group Co., Ltd., oxaliplatin from Jiangsu Hengrui Pharmaceutical Co., Ltd., 5-FU from Tianjin Jinyao Pharmaceutical Co., Ltd., and paclitaxel from Jiangsu Aosaikang Pharmaceutical Co., Ltd.

Nude mice
In this study, experiments were conducted on 4–6-week-old BALB/c nude female mice, weighing 16–20 g. They were obtained from Changzhou Kavens Experimental Animal Co., Ltd. and raised in the SPF laboratory of the Animal Experiment Center of Lanzhou University. The animal protocol was designed to minimize pain or discomfort to the animals. The animals were acclimatized to laboratory conditions (23 ℃, 12 h/12 h light/dark, 50% humidity, ad libitum access to food and water) for 2 wk prior to experimentation. All animals were euthanized by barbiturate overdose (intravenous injection, 150 mg/kg pentobarbital sodium) for tissue collection.
All animal experiments were reviewed and approved by the Medical Animal Experiment Ethics Committee of the First Hospital of Lanzhou University (LDYYLL-2022-487). The methods followed in this study were similar or identical to those employed in previous studies[21-23].

Establishment of the cell line
The tumor tissue samples were immersed in sterile phosphate buffered saline (PBS) (Gibco) 3–5 times and sectioned into small pieces. The small woven pieces were mixed with type II collagenase (Gibco) and neutral protease (Invitrogen) and digested in a shaking table at 37 ℃. On digestion of half the tissue block, the supernatant was absorbed, filtered with a 100 mesh filter screen, and centrifuged at 300 × g for 3 min. Thereafter, the supernatant was discarded; the sample was resuspended in PBS and centrifugated at 300 × g for 3 min. The precipitate was added to a complete medium [RPMI-1640 + 10% fetal bovine serum (FBS) + 1% penicillin–streptomycin, Biological industries (BI)] and uniformly inoculated on a six-well plate (NEST). The medium was refreshed after 48 h. The mixed fibroblasts in the primary culture were removed using differential digestion with 0.25% trypsin. When the cells reached 70% confluency, they were digested and passed on. The cell growth was regularly observed under a light microscope. From the fifth generation, the cells were subcultured in a ratio of 1:2 and frozen with Serum-free rapid cell cryopreservation solution (Mei5 Biotechnology Co., Ltd.).

Cell growth curve
The cell density of DPC-X1 cells in the logarithmic growth phase (P20) was adjusted to 1 × 104/mL after trypsin digestion. After mixing, 0.1 mL of sample was inoculated in each hole in a 96-hole plate cell counting kit-8 (CCK-8) reagent (Dojindo) was added at the same time for 4 consecutive days after inoculation and allowed to react for 2 h. The UV absorbance value at 450 nm wavelength was measured with a microplate reader. The cell doubling time was calculated using the following formula: Td = t × Lg2/Lg (N1/N0). The cell growth curve was plotted with time as the horizontal axis and absorbance value as the vertical axis.

Analysis of short tandem repeats
DPC-X1 cells in the logarithmic growth stage (P10) were collected after trypsin digestion. Together with the primary tumor tissue, they were sent to Suzhou Jianda Biotechnology Company for short tandem repeat (STR) analysis to determine the correlation between the cells and primary tumor tissue.

Karyotype analysis
DPC-X1 cells in the logarithmic growth phase (P40) were treated with 0.25 μg/mL colchicine for 6 h overnight at 37 ℃. The metaphase cells were collected and fixed with methanol glacial acetic acid (3:1). After trypsin digestion, the specimens were stained using Giemsa dye and observed under a microscope. The mitotic phase cells with good dispersion and moderate staining were selected for karyotype analysis.

Organoid culture
DPC-X1 cells in the logarithmic growth phase (P35) were digested, centrifuged, washed twice with PBS, resuspended in a complete culture medium (RPMI-1640 + 10% FBS + 1% penicillin–streptomycin, BI), and inoculated on an ultra-low adsorption cell culture plate (Corning). A thousand cells were added to each well, and 2 mL of culture medium was added for 14 d. The state and number of organ-like cultures were observed under a light microscope.

Transmission electron microscopy
DPC-X1 cells in the logarithmic growth phase (P45) were digested, centrifuged, fixed with an electron microscope fixative, and stored and transported at 4 ℃. Embedding, ultrathin sectioning, and dyeing were performed at Wuhan Servicebio Co., Ltd. Finally, the images were observed under the transmission electron microscope.

Drug sensitivity test
The logarithmically grown DPC-X1 cells (P50) were digested using trypsin to prepare a single-cell suspension. We inoculated 10000 cells/100 μL per well into 96-well plates, and 6 wells in each group were repeated. After the cells adhered to the wall, different concentrations of anti-tumor drugs were added. After 72 h of drug action, 100% X containing 10% (v/v) CCK-8 μL serum-free medium was used to replace the complete medium. The optical density value was measured after 2 h at 450 nm.

Xenograft tumor in nude mice
The cell density of cells in the logarithmic growth phase (P45) was adjusted to 1 × 107/mL after trypsin digestion. Thereafter, three BALB/c nude mice each were inoculated with 0.1 mL of this sample. We observed and recorded the tumor growth of the nude mice every alternate day. The mice carrying the tumor were killed after four weeks, and the tumor tissue was excised and fixed with 10% formalin. The surgery was performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering. Thereafter, routine histopathological and immunohistochemical examinations were performed.

Immunohistochemical staining
Cells of the 40th generation were digested and inoculated onto sterile slides. After 48 h, the slides were washed with PBS, fixed with 4% paraformaldehyde for 15 min, dried, and treated with 0.5% Triton X-100 for 20 min.
The paraffin sections of primary tumors, transplanted tumors, and organ-like tissues were prepared and incubated at 60 ℃ overnight. The dewaxing, gradient alcohol hydration, and antigen repair processes were completed using Dako's Autostainer Link 48 instrument. Subsequently, 3% hydrogen peroxide solution was incubated at 37 ℃ for 15 min to block the activity of peroxidase; 100 μL of normal goat serum was dripped and then kept sealed at 37 ℃ for 15 min. The first antibody was incubated at 37 ℃ for 1 h with Fuzhou Maxin ready-to-use antibodies [cytokeratin 7 (CK7), cytokeratin 20 (CK20), cytokeratin low molecular weight (CKL), Ki67, and carcinoembryonic antigen (CEA)]. The DAB dye kit (Dako) was used for color development, followed by rinsing with running water for 5 min. Dehydration and xylene transparency were carried out after hematoxylin counterstaining, and the samples were observed under the microscope after neutral resin sealing.

Statistical analyses
All statistical analyses were performed using the SPSS 22.0 software. The data are presented as mean ± SD. Student’s t-tests and ANOVA were used for group comparisons. Statistical significance was set at P < 0.05.

RESULTS
Establishment of the DPC-X1 cell line
Through primary culture and subculture of primary tumor tissue of ampullary carcinoma, an ampullary carcinoma cell line, named DPC-X1, was successfully established. Using light microscopy, we found that DPC-X1 cells adhered to the wall and grew like typical epithelial cells. The cells were mainly short spindle-shaped, with large nuclei and visible nucleoli. The polykaryocytes and megakaryocytes were visible. Loss of contact inhibition between cells likely led to accumulation growth as the cells were closely adherent and grew in clumps and sheets (Figure 1F and Video). The cell morphology and growth mode remained unaltered even though it passed to the 80th generation (Figure 1G).

Cell growth curve
DPC-X1 cells proliferated vigorously and grew stably in RPMI-1640 medium with 10% FBS. Through the CCK-8 method, the doubling time of the DPC-X1 cell population was found to be 48 h using the CCK-8 method. The cell growth curve was plotted using culture time as the abscissa and absorbance values as the ordinate (Figure 2A).

Analysis of STRs
The DNA typing results demonstrated that the two submitted samples were from the same individual with a likelihood ratio = 4.1867 × 1020 (Figure 2B and Supplementary material). The results indicate that DPC-X1 is a new human ampullary carcinoma cell line with the same origin as that of the primary tumor tissue and is not contaminated by the existing cell line.

Karyotype analysis
Karyotype analysis showed that DPC-X1 cells were mainly sub-tetraploid, with large differences in chromosome number and morphology. The representative karyotype was 80, XX del (2) (q32) del (5) (p12) del (6) (q24) inv (9) del (10) p (13) del (17) p (12) (Figure 2C).

Organoid culture
After inoculating the DPC-X1 cells on the ultra-low attachment culture plate, the cells were observed to proliferate well and gradually form spherical or cystic organs (Figure 2D). With time, the number of organoid organs gradually increased and appeared spore-like or branch-like (Figure 2E).

Transmission electron microscopy
Under the transmission electron microscope, the DPC-X1 nucleus appeared large and deformed, and its number was increased. The nucleolus was clustered in the nuclear membrane, and the cytoplasm was less. Microvilli and pseudopodia were visible on the cell surface (Figure 3A). The endoplasmic reticulum and ribosome were abundantly present in the cells (Figure 3B). Furthermore, the Golgi apparatus was developed, and the mitochondria differed in size and shape (Figure 3C). The desmosome structure was observed between the cells (Figure 3D).

Drug sensitivity test
The chemotherapy drugs gemcitabine and paclitaxel are commonly used for biliary and pancreatic tumors, whereas 5-FU and oxaliplatin are commonly used for gastrointestinal tumors. Our drug sensitivity test revealed that DPC-X1 was sensitive to oxaliplatin [half maximal inhibitory concentration (IC50) = 13.26 μmol/L; Figure 4A] and paclitaxel (IC50 = 0.014 μmol/L; Figure 4B) and resistant to fluorouracil (IC50 = 144.9 μmol/L; Figure 4C) and gemcitabine (IC50 > 600 μmol/L; Figure 4D).

Xenograft tumor formation experiment
To verify the ability of DPC-X1 to form xenograft tumors in vivo, 1 × 106 DPC-X1 cells were inoculated subcutaneously in three BALB/c nude mice. The results showed that DPC-X1 was able to rapidly form xenograft tumors under the skin of nude mice, and the tumor formation rate was 100% (Figure 5A). The xenograft tumor grew rapidly and showed invasive growth. New blood vessels were visible on the surface of the xenograft tumor (Figure 5B). At four weeks, the diameter of the tumor body exceeded 1 cm (Figure 5C). No metastatic lesions were found in the liver and lungs of the dissected mice (Figure 5D). Tumor growth curve and mouse weight curve are shown in the figure (Figure 5E and F).

Hematoxylin and eosin and immunohistochemical staining
Hematoxylin-eosin staining showed that DPC-X1 cells were of different shapes, primarily short fusiform, with enlarged nuclei, apparent nucleoli, and less cytoplasm. The polykaryocytes and megakaryocytes were visible, exhibiting typical malignant tumor characteristics (Figure 6A).
The DPC-X1 organoids were observed to form irregular gland-like structures; the cells were closely connected, with a gland cavity-like structure inside. The cells in the organoid organs were highly heterotypic and varied in size (Figure 6B), which is highly similar to the histomorphology of the primary tumor tissue.
The xenograft tumor formed an irregular gland-like structure, and its histological morphology was similar to that of the primary tumor. The nucleus of the tumor was large and hyperchromatic, and the megakaryocytes were visible. The mitotic images depicted the vigorous proliferation of the DPC-X1 cells (Figure 6C); this observation is consistent with the characteristics of malignant tumors.
The postoperative pathological diagnosis of the patient’s primary tumor showed moderately to poorly differentiated, and the tumor cells were arranged in irregular glandular tubes, strips, and nests (Figure 6D).
Immunohistochemical examination of DPC-X1 cells, organoids, xenograft tumor, and primary tumor showed that CK7 (Figure 6E–H), CK20 (Figure 6I–L), and CKL (Figure 6M–P) were strongly expressed among the four groups, indicating that they had the same origin. Moreover, DPC-X1 cells were found to exhibit both intestinal and pancreaticobiliary characteristics; thus, they were a mixed ampullary carcinoma cell line. Ki67 (Figure 6Q–T) was highly expressed, consistent with the rapid proliferation of the tumor, and CEA (Figure 6U–X) showed focal expression. These observations are consistent with the characteristics of malignant tumors.

DISCUSSION
In recent years, with development in endoscopy, imaging equipment, and technological progress, an increasing number of ampullary cancer cases have been diagnosed[24-26]. Owing to the lack of cell lines and related research models of ampullary carcinoma, research on the pathogenesis and biological characteristics of ampullary carcinoma remains limited.
In this study, we successfully established a novel ampullary carcinoma cell line named DPC-X1 from the primary tumor tissue of patients with ampullary carcinoma through primary culture and subculture. This cell line was continuously cultured for more than a year and stably passaged for over 80 generations. DPC-X1 cells adhered to the wall and grew like typical epithelial cells. The cells were chiefly short spindle-shaped, with large nuclei and visible nucleoli, and multinucleated cells and megakaryocytes were visible. The cells were closely adherent and grew in clumps and sheets. The characteristics of DPC-X1 were highly consistent with those of the patient’s primary tumor, and it was not contaminated by other cell lines and microorganisms. DPC-X1 could efficiently form organoids in suspension culture. The Ki67 of DPC-X1 was 50%, indicating that DPC-X1 has a vigorous proliferation, which is consistent with its population doubling time of 48 h.
CK7 is typically used as a tumor marker of biliary and pancreatic origin, whereas CK20 and villin are used as tumor markers of gastrointestinal origin[18,20,24,27,28]. In this study, DPC-X1 immunohistochemistry showed that CK7, CK20, and CKL were strongly positive, indicating that DPC-X1 was a mixed ampullary carcinoma cell line. To the best of our knowledge, this is the first study to report a mixed-type ampullary carcinoma cell line. Thus, DPC-X1 may provide a useful model for studying mixed-type ampullary carcinoma. 
Chromosome instability and chromosomal aneuploidy are common in human cancers and are important characteristics of tumor cells[29-32]. Aneuploid karyotype of tumor cells is closely related to poor prognosis of patients[33,34]. Triploid karyotype may be related to endogenous drug resistance of tumors, whereas tetraploidy of tumors is associated with acquired drug resistance[35]. Spontaneous chromosomal missegregation events in aneuploid cells promote chromosomal instability, thereby increasing the risk of tumor recurrence[36]. Karyotype analysis showed that DPC-X1 cells had a sub-tetraploid abnormal karyotype, and the representative karyotype was 80, XX del (2) (q32) del (5) (p12) del (6) (q24) inv (9) del (10) p (13) del (17) p (12). The results of drug sensitivity showed that DPC-X1 was sensitive to oxaliplatin and paclitaxel but was naturally resistant to gemcitabine and fluorouracil. The patient underwent four cycles of chemotherapy with the XELOX regimen and two cycles with the AG regimen after surgery; however, he succumbed to tumor recurrence one year after surgery. Our results are highly consistent with that of earlier studies.
Desmosomes are intercellular junction complexes that anchor the intermediate filaments of adjacent cells and provide them with strong cell adhesion; thus, they are essential in maintaining the organizational structure and structural integrity[37]. Much evidence has substantiated the importance of desmosomes and their components in cancer. Desmosome expression is downregulated in poorly differentiated head and neck transitional and squamous cell carcinoma. In these tissues, desmosomes may have the function of inhibiting invasion and metastasis. In colon cancer, no downregulation has been found[38,39]. The change in desmosome component expression may promote tumor progression by altering the intracellular signal transduction pathway or leading to reduced cell adhesion. The loss of desmosome function is a prerequisite for epithelial-mesenchymal transformation, which is related to the transformation of early tumors to invasive cancer[40-44]. When DPC-X1 cells were subcultured, most of them grew in clumps and sheets, and digesting them into single cells in conventional digestion time was difficult, indicating the strong adhesion between the cells. The presence of intercellular desmosomes under transmission electron microscopy provides some ultrastructural evidence for the aforementioned phenomenon. DPC-X1 cells can be used to further study the relationship between tumors and desmosomes.
Animal models are an intermediate step between cell experiments and human clinical trials. They are a powerful tool for studying canceration and tumor progression and for testing the efficacy and toxicity of therapeutic compounds[45]. Suitable animal models not only help to explore the mechanism of ampullary carcinoma occurrence and development but also provide a good platform for exploring new strategies for early clinical diagnosis and precise treatment[46]. DPC-X1 cells inoculated into BALB/C nude mice could quickly form transplanted tumors, with a tumor formation rate of 100%, and the histology of the xenografts resembled that of the original tumor.

CONCLUSION
In summary, we report a novel human mixed-type ampullary carcinoma cell line DPC-X1 developed from a Chinese patient’s tumor. This cell line provides a new experimental model for studying the biological and molecular mechanisms of ampullary carcinoma and developing new therapeutic drugs.

ARTICLE HIGHLIGHTS
Research background
To date, only eight ampullary cancer cell lines have been reported, and a mixed-type ampullary carcinoma cell line has not yet been reported.

Research motivation
There is no ampullary cancer cell line of Chinese origin, and there is no report of mixed ampullary cancer cell line.

Research objectives
To establish a stable mixed-type ampullary carcinoma cell line originating from Chinese.

Research methods
Establish cell lines through primary culture and subculture, and identify their biological characteristics.

Research results
In this study, we successfully established and characterized of a mixed-type ampullary carcinoma cell line, DPC-X1, from the primary tumor of a patient with ampullary carcinoma.

Research conclusions
DPC-X1 can be used as an effective model for studying the pathogenesis of ampullary carcinoma and drug development.

Research perspectives
The establishment of ampullary carcinoma cell lines provides suitable experimental models for further study of ampullary carcinoma.
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Figure Legends
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Figure 1 Clinical data and cell morphology. A: Clinical data of the patient; B: Magnetic resonance cholangiopancreatography shows the expansion of intrahepatic and extrahepatic bile ducts, gallbladder enlargement, and pancreatic duct expansion (arrow); C: In the coronal view of magnetic resonance imaging, soft tissue shadow (arrow) can be seen in the ampulla, and the upper bile duct is dilated; D: General view of the surgical specimen; E: The enlarged appearance of the ampulla tumor shows the gray-white tumor growing around the ampulla (arrow); F: DPC-X1 primary cell morphology; multinucleated cells and megakaryocytes can be seen; G: DPC-X1 cell morphology of the 80th generation. Scale bars: 100 μm. D: Death; AFP: alpha-fetoprotein; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 199.

[image: ]
Figure 2 DPC-X1 population doubling time, short tandem repeat detection, karyotype analysis and Organoid culture. A: DPC-X1 growth curve; cell doubling time is 48 h; B: The likelihood ratio between the short tandem repeat results of DPC-X1 and the primary tumor tissue is 4.1867 × 1020. The cells are not contaminated by other cell lines; C: Karyotype analysis shows that DPC-X1 cells are mainly sub-tetraploid, with large differences in chromosome number and morphology. The representative karyotype is 80, XX del (2) (q32) del (5) (p12) del (6) (q24) inv (9) del (10) p (13) del (17) p (12); D: Morphology of DPC-X1organoids after one week. The organoids are spherical or cystic in shape; E: Morphology of DPC-X1 organoids after two weeks. The organoids are spore-like or branch-like in shape. Scale bars: 100 μm. 
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Figure 3 Ultrastructure of DPC-X1 under a transmission electron microscope. A: DPC-X1 has a large and deformed nucleus; it is increased in number. The nucleolus is clustered in the nuclear membrane. There are fewer cytoplasm. Microvilli (yellow arrow) and pseudopodia (blue arrow) were visible on the cell surface; B: DPC-X1 cells are rich in the endoplasmic reticulum (yellow arrow) and ribosome; C: DPC-X1 cells have well-developed Golgi apparatus (yellow arrow), and the size and shape of the mitochondria are different (blue arrow); D: DPC-X1 desmosome structure can be seen between the cells (arrow).
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Figure 4 Drug sensitivity test. A: DPC-X1 is sensitive to oxaliplatin; IC50 = 13.26 μmol/L; B: DPC-X1 is sensitive to paclitaxel; IC50 = 0.014 μmol/L; C: DPC-X1 is resistant to fluorouracil; IC50 = 144.9 µmol/L; D: DPC-X1 is resistant to gemcitabine; IC50 > 600 μmol/L. IC50: Half maximal inhibitory concentration; TDC: Test drug concentrations.
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[bookmark: _GoBack]Figure 5 Xenograft tumor formation experiment. A: In four weeks, DPC-X1 quickly formed xenograft tumors under the skin of BALB/c nude mice. The tumor formation rate is 100%; B: Anatomically, the xenograft tumor and muscle tissue of the mouse shows invasive growth, and new blood vessels can be seen on the surface of the tumor; C: General view of the xenograft tumor; D: No metastatic lesions were found in the lungs and liver of BALB/c nude mice within four weeks; E: Growth curve of DPC-X1 transplanted tumor; F: Body weight curve of BALB/c nude mice.
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Figure 6 Hematoxylin and eosin and immunohistochemical staining of DPC-X1 cells, organoid, xenograft tumor, and primary tumor. A-D: Hematoxylin and eosin staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; E-H: Strong cytokeratin (CK)7 positive staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; I-L: Strong CK20 positive staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; M-P: Strong cytokeratin low molecular weight positive staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; Q-T: Ki67 staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor; U-X: Carcinoembryonic antigen focal staining of DPC-X1 cells, organoids, xenograft tumor, and primary tumor. Scale bars: 100 μm. H&E: Hematoxylin and eosin; CK7: Cytokeratin 7; CK20: Cytokeratin 20; CKL: Cytokeratin low molecular weight; CEA: Carcinoembryonic antigen.

Table 1 Documented human ampullary carcinoma lines
	Cell line
	Age (years)
	Gender
	Source of culture
	Race
	Differentiation
	Primary culture
	Ref.

	MDAAmp-7
	40
	Male
	Abdominal metastases
	American
	Well differentiated
	1989
	[13]

	RCB1169/TGBC18TKB
	79
	Female
	Primary tumor
	Japanese
	-
	1995
	[14]

	RCB1280/TGBC50TKB
	52
	Male
	Liver metastasis
	Japanese
	Poorly differentiated
adenosquamous carcinoma
	1996
	[15]

	RCB1280/TGBC51TKB
	525
	Male
	Ascites
	Japanese
	Poorly differentiated
adenosquamous carcinoma
	1996
	[15]

	RCB1280/TGBC52TKB
	52
	Male
	Lymph node
	Japanese
	Poorly differentiated
adenosquamous carcinoma
	1996
	[15]

	SNU478
	-
	-
	-
	Korean
	Poorly differentiated with signet ring cell
	-
	[16]

	SNU869
	-
	-
	-
	Korean
	Well differentiated
	-
	[16]

	AVC1
	71
	Female
	Primary tumor
	Italian
	Moderately differentiated
	1997
	[17]
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