
INTERNATIONAL JOURNAL OF ONCOLOGY  56:  761-771,  2020

Abstract. Pancreatic cancer is a lethal solid malignancy 
with limited therapeutic options. The development of novel 
therapeutic drugs requires adequate new cell line models. 
A new pancreatic cancer cell line, designated PDXPC1, was 
established from one pancreatic ductal adenocarcinoma 
(PDAC) patient-derived xenograft. The PDXPC1 cells were 
stably cultured for >2 years and had a stable short tandem 
repeat profile. The PDXPC1 cell line retained the key muta-
tions of the primary tumor, along with the epithelial origin 
and other important protein expression. The PDXPC1 cells 
induced rapid in vivo tumor growth, both subcutaneously and 
orthotopically, in a mouse model with an elevated CA199 
level. The PDXPC1 cells showed weak growth, invasion and 
migration potency compared to another pancreatic cancer cell 
line, but were relatively resistant to multiple anti-cancer drugs. 
Interestingly, the MEK inhibitor trametinib significantly 
inhibited the proliferation of PDXPC1 cells, and not that of 
Panc-1 cells, by inactivating MEK/ERK/MYC signaling and 
activating the apoptotic pathway via Bcl-2 degradation. In 
conclusion, the PDXPC1 cell line, capturing the major char-
acteristics of the primary tumor, may be a suitable tool for 
studying the underlying mechanisms of chemo-resistance in 
PDAC and developing new targeted therapeutic options.

Introduction

Pancreatic cancer (PC) is a highly aggressive malignancy 
that is typically diagnosed at the advanced stage, when few 

therapeutic options are viable (1). Despite decades of research 
and clinical trials, the 5-year survival rate of PC is a poor 5%, 
and the median survival duration is <6 months (2). Pancreatic 
ductal adenocarcinoma (PDAC) is the most common histo-
logical subtype of pancreatic neoplasms (3), and is predicted to 
become the second leading cause of cancer-related death in the 
United States by 2030 (4). The poor clinical outcome of PDAC 
is due to its invasive progression and distant metastasis, which 
is often non-resectable at the time of diagnosis (1).

Currently, gemcitabine-based chemotherapy is the stan-
dard treatment prescribed for patients with advanced PDAC. 
However, its efficacy is limited due to intrinsic or acquired drug 
resistance (5). Although the recently approved FOLFIRINOX 
regimen (comprising fluorouracil, leucovorin, irinotecan and 
oxaliplatin) elicited an improved response from patients and 
increased overall survival compared to gemcitabine mono-
therapy, it is recommended only for a small group of patients 
due to its side effects (6). Therefore, it is essential to elucidate 
the underlying molecular mechanisms of PDAC, in order to 
identify effective therapeutic targets. To that end, there is a 
need for physiologically relevant models to simulate PDAC.

Cancer cell lines remain the primary in vitro model for 
basic and translational cancer research. However, the currently 
available pancreatic cancer cell lines were established several 
decades ago, and may have been unintentionally cross-contam-
inated with other cells (7). In addition, these decades-old cell 
lines lack sufficient clinical information and reliable certifica-
tion, which has hindered research progression (8).

Accordingly, there is an urgent need for the production of 
novel, well-established, fully characterized cancer cell lines for 
research use. However, establishing cancer cell lines directly 
from tumor samples is inefficient, while protocols for deriving 
cancer cell lines from xenografts with a high success rate have 
proved useful in other types of cancer research, including for 
colon cancer and liver cancer (9,10).

The present study successfully established and fully char-
acterized a pancreatic cancer cell line derived from a PDAC 
patient-derived xenograft (PDX). The genetic alterations and 
phenotypes of the derived cell line were consistent with those 
of the parent PDAC tumor. This well-established novel human 
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pancreatic cancer cell line is preferable for translational and 
molecular studies, and can be a powerful tool to study the 
chemoresistance patterns of tumors, and a subset of PDAC 
patients may benefit from MEK inhibition treatment.

Materials and methods

Patient samples. The tissue sample was obtained from a 
patient with PC who had undergone surgery at the Department 
of Surgical Oncology, The First Affiliated Hospital of Zhejiang 
University School of Medicine in August 2012. The tumor 
sample was confirmed by at least two pathologists. The study 
was approved by the Ethical Review Committee of The First 
Affiliated Hospital of Zhejiang University School of Medicine, 
and written informed consent was obtained from the patient.

Establishment of the PDX‑derived cell line. The patient-derived 
pancreatic cancer xenografts were established as previously 
described (11). Briefly, patient tumor pieces were subcutane-
ously implanted into five 4‑6 week‑old female BALB/c nude 
mice obtained from the Model Animal Research Center of 
Nanjing, and the tumors were measured every 5 days. The 
tumors were harvested for second and third transplantation 
when they grew to 1,242.9±307.4 mm3 (largest diameter: 
17.0±2.2 mm) and 1,196.6±136.4 mm3 (largest diameter: 
17.3±1.4 mm), respectively. The third generation PDXs were 
harvested when the volume reached 157.5±17.2 mm3, and were 
then used for establishing the cell line and other assays.

The cell line was established from the PDX using a method 
reported in a previous study (12). The xenografts were enzy-
matically digested, and then minced into small pieces (<1 mm3) 
using sterile scissors. The homogenates were collected in 
DMEM (HyClone; GE Healthcare Life Sciences) supple-
mented with 20% FBS (Gibco; Thermo Fisher Scientific, Inc.), 
1% penicillin and 1% streptomycin (GENOM). The tumor cells 
were enriched with the differential adhesion technique (13) in 
the initial generations at 37˚C under 5% CO2, with the medium 
replaced every 2-3 days. The cells were passaged at 80-90% 
confluence and FBS was decreased to 10% after 10 passages. 
The PDXPC1 cell line was obtained after >80 serial passages 
over a period of 2 years, and aliquots were frozen in liquid 
nitrogen.

Cell culture. The human pancreatic cancer cell line Panc-1 
was purchased from the American Type Culture Collection 
and validated by comparing with a reference database of short 
tandem repeat (STR) profiles. The cells were maintained in 
DMEM supplemented with 10% FBS at 37˚C under 5% CO2, 
and harvested using 0.25% trypsin and 0.02% EDTA (Gino 
Biopharmaceutical Technology).

Spheroid formation. Panc-1 or PDXPC1 cells were suspended 
in serum-free phenol red-free DMEM/F12 medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 1X B27 
(Invitrogen; Thermo Fisher Scientific, Inc.), 20 ng/ml human 
epidermal growth factor (Gibco; Thermo Fisher Scientific, 
Inc.), 10 ng/ml basic fibroblast growth factor (PeproTech, 
Inc.) and 5 µg/ml insulin (Novo Nordisk A/S), and seeded at a 
density of 200 cells/well in an ultralow attachment 6-well plate 
(Corning, Inc.). The cells were cultured for 7 days and spheres 

>50 µm were counted under the Nikon ECLIPSE Ti inverted 
microscope (Nikon Corporation) (magnification, x200).

STR analysis. The STR profile of the PDXPC1 cell line was 
verified using the EX20 kit (AGCU ScienTech Incorporation) 
which allows for co‑amplification of 20 STR loci, along with 
the amelogenin gender marker. The STR analysis of the 
PDXPC1 cell line was compared with known cell lines in the 
Deutsche Sammlung von Mikroorganismen und Zellkulturen 
(DSMZ) cell bank (https://www.dsmz.de).

Karyotyping. PDXPC1 cells at 80% confluence were incubated 
with 50 ng/ml Karyomax Colcemid (Thermo Fisher Scientific, 
Inc.) at 37˚C for 24 h. The cells were harvested and incubated 
with 0.075 M hypotonic KCl solution at 37˚C for 30 min, 
and fixed in a 3:1 (v/v) mixture of methanol and acetic acid 
at 4˚C for at least 1 h. After dropping the fixed samples onto 
microscope slides, they were air dried and viewed under the 
Ikaros system (MetaSystems) with a bright‑field microscope 
(Zeiss AG) (magnification, x1,000). At least five metaphases 
were counted per sample.

Generation of luciferase‑overexpressing cells. Briefly, 30‑40% 
confluent PDXPC1 cells were transduced with a lentiviral vector 
containing pBR322 (CMV/Firefly luciferase/IRES/puromycin; 
Shanghai Genechem Co., Ltd.) at a multiplicity of infec-
tion of 10, along with 40 µl HiTransG A solution (Shanghai 
Genechem Co., Ltd.) per ml infective solution. After 72 h, 
the transduced and control PDXPC1 cells were harvested and 
re-seeded with 2 µg/ml puromycin (Shanghai Genechem Co., 
Ltd.) and expanded after >2 weeks. Luciferase‑expressing 
PDXPC1 cells were confirmed by increased luminescence 
compared to control cells in the presence of 150 µg/ml 
D-luciferin potassium salt (MedChemExpress). The stably 
transduced PDXPC1 cells were examined 1‑2 weeks before 
every experiment.

Establishment of cell line‑derived xenograft model. All mouse 
experiments were approved by the Research Ethics Committee 
of the First Affiliated Hospital, College of Medicine, Zhejiang 
University. Panc-1 and PDXPC1 cells were suspended in PBS 
at a density of 1x107 cells/ml, and 200 µl cell suspension was 
injected subcutaneously into the left armpit of each mouse. 
Tumor growth was monitored every 5 days, and tumor volumes 
were calculated using the formula [length (mm) x width 
(mm)2]/2. A total of 45 days after inoculation, the mice were 
sacrificed, and the tumors were harvested and fixed in 4% para-
formaldehyde (Sangon Biotech Co., Ltd.) at room temperature 
for 24 h. Pancreatic orthotopic injection was performed as 
previously described (14). Briefly, the PDXPC1 cells were 
infected with lentiviral vectors carrying the firefly luciferase 
reporter, and 50 µl stably transduced cells (1x107 cells/ml) 
were injected. Tumor growth was monitored twice a week for 
6 weeks and the animals were sacrificed. For in vivo biolu-
minescence imaging, the mice were injected with D-luciferin 
potassium salt (150 mg/kg, i.p.; MedChemExpress), and anes-
thetized with isoflurane 15 min later. The concentrations of 
isoflurane used for inducing and maintaining the anesthetic 
state were 3 and 1.5%, respectively. The intensity of the biolu-
minescence signal was measured for 1-60 sec using the In vivo 
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Image system (PerkinElmer, Inc.), and analyzed using the 
Living Imaging software (PerkinElmer, Inc.; version 4.3.1). All 
mice were sacrificed by cervical dislocation during anesthesia 
(3% isoflurane for induction, until the breathing had slowed) 
at the end of the experiments, or upon reaching other ethical 
endpoints (which did not occur throughout the study).

Histological and immunohistochemical staining (IHC). 
Fixed tumor tissues were embedded in paraffin, cut into 4‑µm 
sections, and stained with hematoxylin and eosin (H&E) at 
room temperature (5 min and 3 min incubation times, respec-
tively) or further processed for IHC. The IHC was performed 
as previously described (15). Briefly, the tissue sections were 
first cleared with xylene and rehydrated using an ethanol 
gradient, incubated with 3% H2O2 to quench the endogenous 
peroxidases, and then boiled in sodium citrate (pH 6) at 
100˚C for antigen retrieval. After blocking with 3% goat 
serum (Fdbio Science) for 1 h to reduce nonspecific binding, 
the sections were incubated overnight with the specific 
primary antibodies (Table S1) at 4˚C. The immunoposi-
tive signals were detected via a 20 min incubation at room 
temperature with an out-of-the-box biotinylated secondary 
antibody (cat. no. PV-8000; OriGene Technologies, Inc.) and 
30 sec incubation with the chromogen 3,3'-diaminobenzidine 
(cat. no. ZLI-9019; OriGene Technologies, Inc.) at room 
temperature. After counterstaining with hematoxylin for 
3 min at room temperature, the slides were observed under 
the Leica DM4000 light microscope (magnification, x200; 
Leica Microsystems GmbH).

Whole exome sequencing (WES). DNA from PDXPC1 cells 
was extracted using QIAamp DNA Blood Mini kit (Qiagen 
GmbH), according to the manufacturer's protocol, and 
assessed by 1% agarose gel electrophoresis visualized by 
gel-red (Sangon Biotech Co., Ltd.) staining. DNA libraries 
were prepared using the SureSelect Human All Exon V5/V6 
kit (Agilent Technologies, Inc.) and were sequenced using the 
Illumina HiSeq X Ten instrument (Illumina, Inc.). The gener-
ated fastq files were matched with human reference genome 
version GRCh37 (hg19) using the Burrows-Wheeler Aligner 
(version 0.7.13) and Samblaster (version 0.1.22) (16,17). The 
insertions/deletions and single-nucleotide variations were 
detected using SAMtools (http://www.htslib.org; version 1.0) 
and annotated using ANNOVAR (http://annovar.openbio-
informatics.org; version 2013, August 23). The raw data 
were uploaded to the Sequence Read Archive SRA database 
(https://www.ncbi.nlm.nih.gov/sra) in the National Center for 
Biotechnology Information (accession no. SRR9312601). To 
identify the cancer‑related mutations, the filtering conditions 
were as follows: i) Mutations reported in the Catalogue of 
Somatic Mutations in Cancer (COSMIC) database (18), the 
rates of which in the 1,000 Genomes Project database (19) 
were <0.1%, which were not reported in the Exome Aggregation 
Consortium (ExAC) database (20); or ii) mutations not 
reported in the COSMIC and dbSNP (21) databases, the rates 
of which were <0.1% in the ExAC database and 0.3% in the 
1000 Genomes Project database.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA was 
extracted from cell lines using TRIzol® reagent (Invitrogen; 

Thermo Fisher Scientific, Inc.), and cDNAs were synthesized 
from 0.5 µg total RNA using PrimeScript™ RT Master Mix 
(Takara Bio, Inc.), according to the manufacturer's instructions 
as follows: 37˚C for 15 min and 85˚C for 5 sec. qPCR was 
performed with a StepOnePlus Real-Time PCR system (Thermo 
Fisher Scientific, Inc.) using the TB Green™ Premix Ex Taq™ 
kit (Takara Bio, Inc.). qPCR was performed as follows: 95˚C 
for 30 sec, then 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. 
The primers used for qPCR are listed in Table S2. The gene 
expression level was presented as the Cq value according to a 
previous study (22); ≥25 was defined as negative expression and 
<25 as positive expression.

Western blot analysis. Cells were harvested and lysed using 
RIPA buffer (Sigma‑Aldrich; Merck KGaA), and quantified 
using the Pierce™ BCA Protein Assay kit (Thermo Fisher 
Scientific, Inc.). A mass of 20 µg protein per lane was separated 
by SDS-PAGE on a 10% gel, followed by immunoblotting 
(Immobilon P; EMD Millipore) with specific antibodies. 
The primary antibodies were incubated at 4˚C overnight and 
secondary antibodies were incubated at room temperature 
for 1 h. The specific bands were detected using an enhanced 
chemiluminescence kit (Fdbio Science). The expression of 
β-actin served as the internal reference throughout the study. 
The antibodies are listed in Table S1.

Invasion and migration assays. In vitro invasion and migra-
tion were assessed by Transwell assays using membrane 
inserts of 8.0-µm pore size (Millicell; EMD Millipore) with 
or without Matrigel (Corning, Inc.) coating at 37˚C for 1.5 h. 
The harvested cells were seeded in the upper chamber at a 
density of 5x104 or 1x105 cells/well in 300 µl serum-free 
medium. The lower chamber was filled with 700 µl complete 
DMEM (10% FBS). The inserts were fixed with 95% ethanol 
at room temperature for 15 min, stained with 0.1% crystal 
violet (Sigma‑Aldrich; Merck KGaA) at room temperature 
for 15 min and imaged after 24 h of culture. The numbers of 
migratory/invasive cells were counted in five random fields 

Table I. Clinical data for the donor patient.

Characteristics Patient data

Sex Female
Age (years) 70
Histological diagnosis Pancreatic ductal
 adenocarcinoma
Tumor size (cm) 9.5x5.5
Tumor number 1
TNM stagea  IIA
Metastasis No
Location Body-tail
Level of tumor marker CA199 682.9 U/ml
History of chemotherapy No

aTNM, tumor-node-metastasis staging, according to a previously 
published system (46).
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at x200 magnification under a Nikon ECLIPSE Ti inverted 
microscope (Nikon Corporation).

Flow cytometry analysis. Cell suspensions were harvested 
and stained with anti-CD44-FITC (BD Biosciences; 
cat. no. 560977) and FITC-isotype negative control (BD 
Biosciences; cat. no. 556655) for 30 min at 4˚C in the dark. 
Flow cytometry was performed on a BD FACS Canto II (BD 
Biosciences), and data were analyzed using FlowJo software 
(FlowJo, LLC; version 10.0.7). Annexin V-FITC and prop-
idium iodide-phycoerythrin staining was performed to detect 
apoptotic cells, according to the manufacturer's protocol 
(BD Biosciences). The apoptotic rate was calculated as the 
percentage of early and late apoptotic cells in total cells.

Drug screening. Panc-1 and PDXPC1 cell lines were plated 
in 96-well plates with 3,000 cells/well, and treated with a 
concentration gradient of each compound for 24 h. After 48 or 72 h 
of incubation, cell viability was assessed using the Cell Counting 
Kit-8 (Dojindo Molecular Technologies, Inc.). The IC50 was 
calculated via the Bliss method (23). Target drugs for screening 
were found via the United States Food and Drug Administration 
(USFDA; https://www.fda.gov/drugs/development-approval-
process-drugs/drug-approvals-and-databases), Drug 
Bank (https://www.drugbank.ca/) and MycancerGenome 
(https://www.mycancergenome.org/) databases based on 
somatic mutations of PDXPC1. The concentration ranges of 
each compound are listed in Table S3, and were selected for 
each compound based on published literature (24) as well as the 
authors' previous in vitro data (Du et al, unpublished).

Statistical methods. Statistical analyses were performed using 
GraphPad Prism 7.0 Software (GraphPad Software, Inc.), 
and data are presented as the mean ± SEM. Unpaired t-tests 
were used to evaluate the difference between two groups, and 
multiple groups were compared by one-way ANOVA with the 
Tukey post hoc test. P<0.05 was considered to indicate a statis-
tically significant difference. Each experiment was repeated at 
least three times.

Results

PDXPC1 cell line, established from PDX models, retains 
the mutagenic signature of the original tumor. The primary 
culture of PDAC cells was from a PDAC PDX model. The 
clinical features of the PDAC patient are listed in Table I. 
The PDAC cells grew consistently over a period of 2 years 
and maintained their morphology (Fig. 1A). After 80 stable 
passages, this permanent PDAC cell line was designated 
PDXPC1, and frozen for subsequent analysis. The spheroid 
morphology of PDXPC1 is shown in Fig. 1B, indicating a 
cancer stem cell phenotype. The STR analysis of this cell line 
indicated no matches to any of the cell lines deposited in the 
DSMZ cell bank (Fig. 1C). The PDXPC1 cells exhibited aneu-
ploidy resulting in chromosomal numbers between 68 and 70 
(Fig. 1D), which was consistent with the hypothesis that 
tumorigenesis is typically accompanied by a high degree of 
aneuploidy (25). To examine the consistency with the original 
tumor tissue and PDX, an oncogenic mutation screen of seven 
genes involved in PDAC progression (26) was first performed, 
and the results showed that the KRASG12V, tumor protein p53 

Figure 1. Establishment of the PDXPC1 cell line. (A) Representative images of PDXPC1 cells at passage 1 (left) and passage 80 (right). Scale bar, 200 µm. 
(B) Representative images of PDXPC1 spheroids at x10 (left) and x40 (right) magnification. Scale bar, 50 µm. (C) The STR profile of the PDXPC1 cell line. 
In order to protect the identity of the donor, only listed the 8 core STR loci plus amelogenin are listed. (D) Representative aneuploidy images of PDXPC1 
metaphases with chromosome number 69. The representative karyotype of PDXPC1 was: 69, XXX, +1, der(1)t(1;2)(p11;q11.1), der(3)t(3;10)(p13;p11.2), add(4)
(q35), ‑6, ‑8, +9, ‑10, +12, del(12)(q24.2), der(13)t(13;17)(p10;q10), ‑14, rob(14;14)(q10;q10), der(17)t(17;?)(q12;?), +mar. The blue arrows indicate the abnormali-
ties. (E) Genetic mutations in the primary tumor, PDX model and PDXPC1 cell line. Triangles and squares indicate heterozygous and homozygous mutations 
respectively, and wild type is shown as light blue. CDKNA2A, cyclin‑dependent kinase inhibitor 2A; APC, APC regulator of WNT signaling pathway; 
TGFBR2, transforming growth factor receptor β2; GNAS, GNAS complex locus; TP53, tumor protein p53.
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Figure 2. PDXPC1 tumor growth in immunodeficient mice. (A) The growth of subcutaneous PDXPC1 and Panc‑1 xenografts was measured every 5 days for 
45 days. **P<0.01; ***P<0.001; ****P<0.0001 vs. respective Panc-1 group. (B) Representative images of subcutaneous xenografts generated from PDXPC1 (right) 
and Panc-1 (left) cell lines. (C) Representative in vivo fluorescence imaging of orthotopic xenografts generated from PDXPC1. (D) Serum levels of CA199 
(U/ml) in the peripheral blood of normal and PDXPC1 tumor-bearing mice. **P<0.01.

Figure 3. Representative H&E and immunohistochemical images of PDXPC1-derived xenografts. Scale bar, 50 µm. H&E, hematoxylin and eosin; TP53, tumor 
protein p53; CDKNA2A, cyclin‑dependent kinase inhibitor 2A; PDX, patient‑derived xenograft.
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(TP53)R155H and GNAS complex locus (GNAS)H69N mutations 
were common between the primary patient tumor, PDX and 
PDXPC1 (Fig. 1E), while the remaining genes were wild-type. 
Thus, the PDXPC1 cell line retained the mutagenic signature 
of the original tumor.

PDXPC1 cell line induces rapid in vivo tumor growth and 
maintains a similar histomorphology and immunophenotype 
to the original tumor. To evaluate the potential tumorigenic 
ability of the PDXPC1 cells, PDXPC1 cells in comparison 
with a commercial pancreatic cancer cell line, Panc-1 were 
subcutaneously injected into immunodeficient mice. As 
shown in Fig. 2A, PDXPC1 cells resulted in aggressive 
tumor growth that exceeded 10% of the body weight within 
45 days of inoculation. By contrast, Panc-1 tumor growth was 
very slow, and only palpable nodes were detected (Fig. 2B). 
To simulate the tumor microenvironment more accurately, 
luciferase-labeled PDXPC1 cells were transplanted into the 
murine pancreas, and tumors were detected after 15 days using 
an in vivo imaging system (Fig. 2C). Since the patient donor of 
the PDXPC1 cell line had elevated serum levels of CA199, a 
circulating diagnostic biomarker of PDAC (27), the peripheral 

sera of the tumor-bearing and control mice was analyzed and 
high levels of CA199 were detected in the former (Fig. 2D). 
H&E staining confirmed similar histomorphology between 
the PDXPC1-derived xenografts, patient-derived xenografts 
and the primary tumor (Fig. 3). In addition, E-cadherin and 
vimentin immunostaining showed that PDXPC1 cells main-
tained their epithelial nature. These three samples were also 
positive for cyclin‑dependent kinase inhibitor 2A (CDKN2A 
or p16), TP53 and SMAD4, all of which are inactivated in 
early pancreatic carcinogenesis (28). Taken together, the 
PDXPC1 cell line maintained the key characteristics of the 
original tumors.

PDXPC1 cell line maintains its epithelial origin and carries 
overexpression of HER2, CDKN2A and programmed cell 
death 1 ligand 1 (PD‑L1). WES of the PDXPC1 cell line was 
performed to fully characterize the PDXPC1 cells. Since the 
mutational data of matched normal tissues was lacking, the 
non‑mutational polymorphisms were first excluded using public 
databases, and the remaining polymorphisms were filtered 
through the COSMIC database to identify the cancer-related 
mutations. The driver mutations were specifically searched for 

Figure 4. Molecular characterization of the PDXPC1 cell line. (A) Circos plot of somatic mutations of PDXPC1 cells. The outer ring indicates the driver gene 
mutations (orange, missense mutation; fuchsia, frame shift deletion; dark blue, in‑frame insertion; and dark green, nonsense mutation), and the subsequent 
rings indicate the chromosomes, sequencing coverage and the frequency of single-nucleotide variations and insertions-deletions, each indicated by the size 
of the dots. (B) Differential mRNA expression levels of PDXPC1 and Panc-1, with GAPDH as the control. Cq values are presented as the mean ± SD of three 
independent experiments. Cq <25 indicates positive expression. (C) Phenotypic characterization of the PDXPC1 cell line by western blotting. β-actin was 
used as the reference control. (D) CD44 expression level in PDXPC1 and Panc‑1 cell lines, as assessed by flow cytometry. Left, Histogram of CD44 expres-
sion level in Panc‑1 and PDXPC1 cell lines. Right, rCD44 mean fluorescence index of Panc‑1 and PDXPC1 cell lines; ****P<0.0001 vs. Panc-1. CDKNA2A, 
cyclin‑dependent kinase inhibitor 2A; EGFR, epidermal growth factor receptor; ALDH‑1, aldehyde dehydrogenase 1; VEGFA, vascular endothelial growth 
factor A; EpCAM, epithelial cell adhesion molecule; CK19, keratin 19.
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using publicly available databases, and of the four commonly 
mutated genes in PDAC (29), KRASG12V was detected in the 
PDXPC1 cell line. In addition, other genes that are mutated 
in PDAC [such as GNAS, catenin β1 (CTNNB1), ring finger 
protein 43 and fibroblast growth factor receptor 2] and some 
other cancer types (e.g., chromodomain helicase DNA binding 
protein 8, phosphatidylinositol‑4,5‑bisphosphate 3‑kinase 
catalytic subunit‑α, myosin heavy chain 9 and stromal 
antigen 2) (30‑33) were also identified in the established cell 
lines (Fig. 4A).

Then, to fully characterize the PDXPC1 cell line, the 
mRNA expression level of some genes of interest, shown in 
Fig. 4B, was tested. The expression levels of various epithe-
lial and mesenchymal markers in the PDXPC1 cell line were 
compared with the Panc-1 cell line, and it was found that 
while the PDXPC1 cells expressed high levels of the epithelial 
markers (E‑cadherin, EpCAM and keratin 19) and low levels 
of mesenchymal marker vimentin, Panc‑1 expressed vimentin. 
Furthermore, the PDXPC1 cells expressed the proto-oncogene 
c‑Met and the cancer stem cell markers CD44 and ALDH1, 
which have been previously detected in PDAC (34). Next, 
protein expression levels were examined using different 
methods to identify the phenotype of the PDXPC1 cell 
line. The epithelial nature of the PDXPC1 cell line, as well 
as highly expressed c-Met, were consistent with the mRNA 
expression level results (Fig. 4B). HER2 and EGFR, which 
are related to pancreatic tumor progression (35,36) were 
also highly expressed (Fig. 4C). The presence of CDKN2A, 

TP53 and SMAD4 was consistent with the IHC results of 
the PDXPC1-derived xenograft. Since the PDXPC1 cells 
expressed higher levels of CD44 mRNA compared to Panc-1, 
the relative CD44 protein levels were subsequently examined 
by flow cytometry. CD44 protein levels were lower in the 
PDXPC1 cell line (Fig. 4D). Since early trials of single-agent 
immune checkpoint blockade therapy have not shown encour-
aging results (37,38), the expression of PD-L1 in PDXPC1 cells 
was also examined, and aberrantly high levels were observed. 
Taken together, the fully characterized PDXPC1 cell line is a 
suitable model to study PDAC genesis.

PDXPC1 cell line exhibits relatively mild biological behaviors. 
Next, the biological behaviors of the PDXPC1 cell line were 
analyzed. The migration and invasion ability of PDXPC1 cells 
were evaluated, and the results indicated that the PDXPC1 cell 
line exhibited a lower migration and invasion potential than 
the Panc-1 cell line (Fig. 5A and B). Fig. 5C shows the in vitro 
growth curve of PDXPC1 cells. Different from the in vivo 
tumorigenesis study, the growth rate was similar between 
PDXPC1 and Panc-1 cell lines. The doubling time of the 
PDXPC1 and Panc-1 cell lines was 37.2 and 39.9 h, respec-
tively. Considering the different expression pattern of CD44, 
the cancer stem cell marker, at the transcriptional and protein 
level the spheroid assay was performed on the PDXPC1 and 
Panc-1 cell lines. The result showed a lower spheroid formation 
rate of PDXPC1 cells compared to that of Panc-1 cells, which 
was consistent with the protein expression level data (Fig. 5D).

Figure 5. PDXPC1 cell line exhibits relatively mild biological behaviors. (A) Migration assay of the PDXPC1 and Panc-1 cell lines. ***P<0.001. (B) Invasion 
assay of the PDXPC1 and Panc-1 cell lines; ****P<0.0001. (C) In vitro growth curves of the PDXPC1 and Panc-1 cell lines. *P<0.05; ***P<0.001 vs. respective 
Panc-1 group. (D) Statistical analysis of spheroid number in the PDXPC1 and Panc-1 cell lines. ***P<0.001. Scale bars, 100 µm. OD, optical density.
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Figure 6. Sensitivity of the PDXPC1 cell line to multiple drugs. CCK-8 assay results showing the percentage of viable PDXPC1 and Panc-1 cells after treatment 
with (A) 5-Fu, (B) gemcitabine and (C) cisplatin. ****P<0.0001 vs. respective Panc-1 group. Response of PDXPC1 cells to (D) olaparib, (E) vemurafenib and 
(F) trametinib. The dotted lines indicate 50% viability. (G) Invasion assay of control and trametinib-treated PDXPC1 cells. (H) Migration assay of control and 
trametinib-treated PDXPC1 cells. Scale bar, 200 µm. ****P<0.0001. 5‑Fu, 5‑fluorouracil.

Figure 7. Trametinib inhibits the growth of PDXPC1 cells by inducing cell apoptosis via Bcl-2 inactivation. (A) Cell viability of PDXPC1 and Panc-1 cells 
following treatment with 2.5 µm trametinib. (B) Cell viability of PDXPC1 cells following treatment with gemcitabine and/or trametinib. The dotted lines 
indicate 50% viability. (C) Immunoblotting showing the expression levels of ERK, pERK, MYC and Bcl-2 after gemcitabine and/or trametinib treatment. 
(D) Percentage of apoptotic PDXPC1 cells as detected by Annexin V/PI staining. ****P<0.0001; n.s., not significant. PI, propidium iodide.
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PDXPC1 cell line is resistant to multiple therapeutic drugs 
excluding trametinib, a MEK inhibitor. To determine the 
utility of PDXPC1 as a suitable model for screening anti-PDAC 
drugs, the cells were treated with gemcitabine, 5‑fluoruracil 
(5-Fu) and cisplatin (Fig. 6A-C), which are routinely used in 
the clinical management of PC. Both cell lines were resistant 
to the DNA cross‑linker cisplatin. While Panc‑1 was sensitive 
to gemcitabine and 5-Fu within the doses used, PDXPC1 only 
responded to gemcitabine at high concentration levels. The 
PDXPC1 cell line showed a drug-resistant phenotype according 
the IC50 of gemcitabine (275.1±1.50 vs. 22.2±1.25 nM; 
12.39-fold difference).

Therefore, other target drugs were screened based on the 
somatic mutational profile of PDXPC1 on online drug data-
bases, including USFDA, Drug Bank and MycancerGenome. 
The database of MycancerGenome indicated that poly-ADP 
ribose polymerase (PARP) inhibitors, BRAF inhibitors and 
MEK inhibitors may be the target drugs for PDXPC1 cells 
with CTNNB1 mutations. Further drug screening showed that 
PDXPC1 cell line was resistant to the PARP inhibitor olaparib 
(Fig. 6D) and the BRAF inhibitor vemurafenib (Fig 6E), 
but responded to the MEK inhibitor trametinib (Fig. 6F). 
Furthermore, trametinib-treated PDXPC1 cells showed 
significantly decreased invasion and migration (P<0.0001; 
Fig. 6G and H). These results indicated that MEK is a thera-
peutic target in the PDXPC1 cell line.

By contrast, the CTNNB1-wild type Panc-1 cells were 
unresponsive to trametinib (Fig. 7A). The combination of 
low‑dose trametinib and gemcitabine significantly inhibited 
the PDXPC1 cells (Fig. 7B), suggesting the possibility of 
other efficient combination treatments with trametinib. 
Mechanistically, trametinib, but not gemcitabine, reduced the 
expression of p-ERK, MYC and the pro-survival Bcl-2 protein 
(Fig. 7C). Thus, trametinib decreased PDXPC1 cell prolifera-
tion by activating the apoptotic pathway via Bcl-2 degradation, 
which was confirmed by the significantly increased apoptosis 
rates seen after treatment with trametinib and trametinib 
together with gemcitabine, but not with gemcitabine alone 
(Fig. 7D). Taken together, the overall drug screening results 
indicated that a subset of PDAC patients could benefit from a 
MEK inhibitor in the therapeutic regimen.

Discussion

The poor prognosis of PDAC is partly attributed to its chemo-
resistance. Gemcitabine-based monotherapy or combination 
treatments have been largely unsatisfactory in the majority 
of patients with PDAC (5). PDXs closely replicate the clinical 
characteristics of the tumors and are therefore indispensable 
for accurate preclinical drug evaluation. However, cancer cell 
lines are preferable for molecular studies and high-throughput 
drug screenings. The present study established a new stable 
pancreatic cancer cell line, PDXPC1, from a PDAC PDX, 
since it was not possible to establish a cancer cell line directly 
from a primary tumor sample. The results demonstrated that 
the PDXPC1 cell line fully recapitulated the primary tumor 
and provided a suitable tool for exploring the molecular basis 
of PDAC. Furthermore, the specific responsiveness to the 
small molecular inhibitors tested based on mutation informa-
tion, and the involvement of signaling pathways, indicated a 

potential novel therapeutic approach for a subgroup of PDAC 
patients.

The target drug screening revealed that the PDXPC1 cell 
line, with a CTNNB1 mutation, may be susceptible to three 
directed therapies, including BRAF, PARP and MEK inhibi-
tors. However, in vitro drug sensitivities showed that PDXPC1 
cells were only response to trametinib, a small molecular 
compound which specifically inhibits MEK1/2. CTNNB1, the 
gene encoding β‑catenin, is a key transcriptional activator of 
the Wnt/β-catenin signaling pathway that is oncogenic in most 
human cancer types (39). Mutant CTNNB1 has been impli-
cated in the pathogenesis of several cancer types, including 
melanoma, colorectal cancer, hepatocellular carcinoma and 
pancreatic solid-pseudopapillary tumor (40). Few relevant 
studies have been conducted in pancreatic disorders, to the best 
of our knowledge. The present study evaluated the inhibitory 
effect of trametinib in the Panc-1 cell line, carrying wild-type 
CTNNB1, confirming that the CTNNB1 mutation might be 
a target molecular marker for trametinib treatment in PDAC. 
Plans for next stage may involve a large number of PDAC cell 
lines and targeted CTNNB1 gene editing to further confirm 
these conclusions.

The MEK-ERK pathway plays an important role in 
cancer cell proliferation, migration and chemoresistance (41), 
and is constitutively activated in >90% of PC cases, wherein 
it drives KRAS-dependent tumor growth and decreases 
the survival rate (42). The intricate crosstalk between 
the Wnt/β‑catenin and mitogen‑activated protein kinase 
(MAPK) pathways has been reported in melanoma and 
colorectal cancer. In melanoma, studies found that inhibition 
of the MAPK pathway resulted in enhanced Wnt/β-catenin 
signaling, which induced the reduction of tumor size due to 
apoptosis (43,44). By contrast, Wnt/β-catenin and MAPK 
signaling synergistically promoted cancer development in 
colon cancer (45). It appears that the relationship between 
Wnt/β‑catenin is dependent on the specific context, which 
will be investigated in future work.

The poor prognosis of PDAC is partly attributed to its 
chemoresistance. Gemcitabine based monotherapy or combi-
nation treatments have been largely unsatisfactory in the 
majority of patients with PDAC. The PDXPC1 cell line was 
susceptible to MEK inhibitor-based monotherapy, resulting in 
ERK inactivation and Bcl-2 degradation. Therefore, a subset 
of PDAC patients may benefit from MEK inhibition treatment.
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