
Abstract. Background: Pancreatic carcinoma (PC) is among
the most lethal types of carcinomas worldwide. We aimed to
establish well-defined PC cell lines in order to determine their
resistance to chemotherapy. Materials and Methods: Cells
cultured from the tumors of two patients were analyzed for
xenograft formation, V-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS) and TP53 mutations,
chemosensitivity, and mRNAs encoding rate-limiting enzymes
that metabolize anticancer drugs. Results: The TYPK-1 and
TYPK-2 cell lines were established from the lymph node of a
locally advanced PC and from the ascites of a multi-metastatic
and multi-chemoresistant PC, respectively. Each cell line
generated tumors in nude mice. KRAS and TP53 mutations
were detected in TYPK-1 but not TYPK-2 cells. TYPK-1 cells
were resistant to gemcitabine, and TYPK-2 cells were resistant
to oxaliplatin. The gemcitabine sensitivity of each cell line
correlated with the expression of mRNAs encoding DCK and
SLCAC29A1. Conclusion: TYPK-1 and TYPK-2 cells may
contribute to investigations of resistance to anticancer drugs.

Pancreatic carcinoma (PC) is among the most lethal types
of carcinomas worldwide (1). The majority of patients with
PC who are diagnosed with disease at an advanced stage
(stage III or IV according to the UICC classification seventh
edition) (2) are difficult to treat using curative tumor
resection (1, 3). Only 10%-15% of patients are suitable for
curative resection (1). Therefore, adjuvant chemotherapies
are important in improving outcomes. Although various
therapeutic strategies, such as chemoradiation therapies, are
available, the prognosis of PC remains poor, and overall
survival is less than 5% (1, 3). 

Treatment of patients with metastatic PC is limited to
palliative protocols employing chemotherapy or chemo -
radiation (4). In contrast, surgical, margin-positive resection
of patients with locally advanced PC may improve
prognosis compared to locally advanced unresectable PC (5,
6). Chemotherapy plays a key role in improving prognosis,
and gemcitabine is mainly used for treating patients with PC
(4). S1 [tegafur, which is metabolized to 5-flurouracil (5-
FU), combined with two modulators of 5-FU activity, 5-
chloro-2,4-dihydroxypyridine and potassium oxonate] is
orally administered and is non-inferior compared with
gemcitabine for treating patients with pancreatic carcinoma
(7, 8). FOLFIRINOX, which combines 5-FU, leucovorin,
irinotecan, and oxaliplatin (L-OHP) may provide first-line
chemotherapy of PC (9). However, the outcomes of these
strategies are not satisfactory; the median overall survival
ranged between 8.8 to 11.1 months (7-9). Therefore, it is
important to investigate the phenotypic and genetic
properties of pancreatic carcinoma cells in order to improve
patient outcomes, and cell lines are useful resources for
research on the properties of carcinoma cells (10)

We established the cell lines designated TYPK-1 and
TYPK-2 from a metastatic lymph node of locally advanced
pancreatic adenocarcinoma and from the ascites of a
multiple metastatic pancreatic adenocarcinoma, respectively.
The TYPK-1 cell line was established from a patient who
did not receive chemotherapy, and the TYPK-2 cell line was
derived from a patient whose original tumor was resistant to
gemcitabine and S-1, and FOLFIRINOX. 

Materials and Methods

This study was approved by the Ethics Committee, University of
Toyama (Rin-nin 22-11) and written informed consent was obtained
from each patient.

Background of patients. TYPK-1 cell line: An 82-year-old man was
diagnosed with pancreatic carcinoma [T4, N1, M0, according to the
UICC TNM classification, (2)]. The tumor invaded and occluded the
duodenum, and it was not possible to perform curative resection
because of para-aortic lymph node metastasis. We performed jejuno-
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jejunostomy and sampled the metastatic lymph nodes. The
histopathological diagnosis was adenocarcinoma. The patient
desired the best supportive care and did not receive adjuvant
therapy. TYPK-2 cell line: A 55-year-old man was diagnosed with
pancreatic cancer with metastasis to the liver [T4, N1, M1,
according to the UICC TMN classification, (2)]. He first received
gemcitabine and S-1 therapy. However, the metastatic hepatic
tumors progressed and ascites formed. FOLFIRINOX was
administered as second-line therapy. However, the metastatic hepatic
tumors and the ascites progressed, with metastasis to the bones.

Primary culture. TYPK-1 cell line: Primary tumor tissue was
obtained from the lymph node. After the surrounding connective
tissue was removed, the tissue was rinsed with phosphate-buffered
saline (PBS) and then minced with sharp scissors. The cells were
initially cultured at 4˚C in Dulbecco’s modified Eagles’ medium plus
Ham’s F12 medium (DMEM/Ham’s; Wako, Osaka, Japan) with 5%
fetal bovine serum containing antibiotics (GIBCO, Grand Island, NY,
USA). The cell cultures were maintained at 37˚C in humidified
incubators in an atmosphere containing 5% CO2. TYPK-2 cell line:

After FOLFIRINOX was started, ascites was exacerbated. The
carcinoma cells were obtained from 50 ml of ascites, and the tumor
was diagnosed cytologically as a pancreatic adenocarcinoma. The
ascites was centrifuged at 16,000 ×g for 10 min. The pellet was
seeded on six wells of a 24-well plate. The cell culture procedure
was the same as described above. The solid tissues (i.e. primary
hepatic metastatic tissue) of his PC were not obtained since no
operation was performed.

Xenotransplantation. Six-week-old female nude mice (BALB/CAN.
Cg-Foxnlnu/CrlCrlj; Charles River Laboratories, Yokohama, Japan)
were used for xenotransplantation. Each TYPK-1 and TYPK-2 cells
(1×107) were suspended in culture medium and injected
subcutaneously into mice. Three months after transplantation, the
mice were sacrificed. Their tumors were excised, and a segment of
the tumor was fixed in 10% buffered formalin and then processed
for histopathological examination.

Cells growth characteristics. Suspensions of 5×104 TYPK-1, and of
TYPK-2 cells were added to 35-mm plastic dishes containing
culture medium. The number of cells was counted in triplicate at
24-hour intervals for nine days. The doubling time of the cells was
calculated from the growth phase. 

Chromosomal analysis. The cells from the 58th passage of TYPK-
1 cells and the 45th passage TYPK-2 cells were subjected to
karyotyping. TYPK-1 and TYPKI-2 cells were analyzed using G-
or Q-banding, respectively (11).

Detection of mutations. V-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS) and TP53 sequences were analyzed as
described previously. For the analysis of TP53, mutation screening
of exons 5-8 of TP53 was performed by DNA direct-sequencing
analysis. Mutations of codons 12 and 13 in KRAS were also
screened by direct sequencing analysis (11). 
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Table I. Sequences of PCR primers used for analysis of TYPK-1 and TYPK-2 cell lines.

Gene name Forward Reverse

DCK TCTCTGAATGGCAAGCTCAA CTATGCAGGAGCCAGCTTTC
SLCAC29A1 CTCATTAATTCATTTGGTGCCA CCTCTCCTTTGCTAATGAGGT
DPD CCACTTGTAGCCAAAGGCAGTA TCCGAACAAACTGCATAGCA
ERCC1 GCCTCCGCTACCACAACCT TCTTCTCTTGATGCGGCGA
GAPDH AGCCTCAAGATCATCAGCAATGCC TGTGGTCATGAGTCCTTCCACGAT

Table III. Typical karyotype of TYPK-1 and TYPK-2 cell lines.

Cell line Karyotype

TYPK-1 65,X,-X,-Y,+add(2)(p11.2),add(2)(q11.2),del(2)(q?),der(2;9)(p10;q10),-4,-5,-8,add(9)(q22),der(9;12)(10q;10),del(11)(p11.2),
add(12)(p11.2),del(12)(q?),add(14)(q24),-15,add(15)(p11.2),add(16)(q22),-17,i(19)(q10),+20,add(21)(p11.2)

TYPK-2 84,X,X,-Y,+del(1)(p?21),+del(1)(q12),+2,+3,+4×2,+5×2,+6×3,+10×2,+11×2,+del(12)(p11),+del(12)(p11.2)×2,+14×2,+15×2,
+16,+17×2,-18×2,+20,+21×2

Table II. Characteristics of the TYPK-1 and TYPK-2 cell lines.

Characteristic TYPK-1 TYPK-2

Adhesiveness Yes Yes
Xenotransplantation Yes Yes
Doubling time (h) 22.1 40.4
CFE (%) 10.8 19.9
p53 Wild-type Wild-type
KRAS Wild-type Codon 12; GGT(Gly)→CGT(Arg)

CFE, Colony-forming efficiency; KRAS: v-Ki-ras2 Kirsten rat sarcoma
viral oncogene homolog.



Colony-forming efficiency. TYPK-1 and TYPK-2 cells were plated
using inputs of 300, 500 and 1000 cells onto 60-mm diameter
plastic dishes containing 5 ml of culture medium and incubated for
seven days. The dishes were then stained with Diff-Quick
(International Reagents, Inc., Kobe, Japan), and the number of
colonies containing more than 10 cells was counted.

Cell-migration assay. Cell migration was assessed using a micropore
chamber assay. Each TYPK-1 and TYPK-2 cells (1×106) were
suspended in 250 μl of serum-free DMEM/Ham’s medium and seeded

in the upper chamber. The upper chamber contained Cell Culture
Insets (polyethylene terephthalate membranes with 8-μm diameter
pores; BD Bioscience, CA, USA). The lower chamber was filled with
750 μl of DMEM/Ham’s containing 50% FCS. After incubation for
24 hours, the membranes were stained with Diff-Quick, and the cells
remaining on the upper surface were removed carefully with a cotton
swab. The migrating cells in five randomly selected fields of each filter
were counted using a microscope at ×40 magnification.

Matrix invasion assay. An invasion-chamber assay was performed
by incubating TYPK-1 or TYPK-2 cells (1×106) in 250 μl of serum-
free DMEM/Ham’s medium in the upper chamber containing 
100 μl of Matrigel (Corning, LA, USA). The subsequent steps were
the same as those used for the migration assay described above.

Sensitivity to anticancer drugs. The sensitivity of the cell lines to
gemcitabine, 5-FU, cis-diamminedichloroplatinum(II) (CDDP) and
oxaliplatin (Sigma-Aldrich, St Louis, MO, USA) were analyzed
using a methylthiazol tetrazolium (MTT) assay with 96-well plates
and a Cell Proliferation Kit (Roche Diagnostics GmbH, Mannheim,
Germany). Wells contained 2×103 TYPK-1 or TYPK-2 cells in 
100 μl of medium and were incubated for 24 hours. The cells were
then exposed to gemcitabine at concentrations ranging from 0 to
1,000 μM for 72 h. All reactions were performed according to the
manufacturer’s protocol. The KMP-2 cell line was obtained from
Shimada Y, Kyoto University, Kyoto, Japan and included in the
assays for comparison (12). The proliferation curves were analyzed
using a GENios multi-plate reader (TECAN, Kanagawa, Japan).
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Figure 1. Histopathological features of the TYPK-1 and TYPK-2 cell lines. A: Hematoxylin and eosin staining of the original metastatic lymph node,
showing a papillar tubular adenocarcinoma (×40). B: The tumor formed by the xenograft resembled the original tubular adenocarcinoma (×40). C:
TYPK-1 cells grew as an adherent monolayer (×20). D: i: Papanicolaou stain of the ascites. The tumor cells formed papillary clusters (×40); ii: the
cytoplasm of the tumor cells was stained by Periodic acid-Schiff (PAS) and the tumor cells produced mucus (×40). E: The tumor formed by the
xenograft resembled a tubular adenocarcinoma (×40). F: TYPK-2 cells grew as an adherent monolayer (×20). 

Figure 2. Growth curves of TYPK-1 and TYPK-2 cells.



Quantitative real-time PCR. Extractions of total RNA from cells were
performed using TRIzol reagent (Life Technologies, Tokyo, Japan).
The total RNA was reverse-transcribed using a Prime Scrip II First
strand cDNA Synthesis Kit (TaKaRa Bio, Shiga, Japan) according to
the manufacturer’s protocol. The levels of mRNAs were measured
using quantitative real-time PCR with primers that amplify the genes
encoding deoxycytidine kinase (DCK), human equilibrative nucleoside
transporter 1 (SLCAC29A1), dihydropyrimidine dehydrogenase
(DPYD), excision repair cross-complementation group 1 (ERCC1) and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Life
Technologies, Tokyo, Japan). GAPDH mRNA levels served as internal
controls. Primer sequences are shown in Table I. PCR reactions were
performed using SyBer Primix Ex Taq II (TaKaRa Bio). An Mx3000P
QPCR System (Agilent Technologies, Santa Clara, CA, USA) was
used for real-time PCR. The reaction protocol was similar to that of a
previous report (11). The data were analysed using the comparative Ct
(ΔΔCt) method to compare mRNA levels with those of TYPK-1 cells..

Statistical analysis. Statistical analysis was performed with Mann-
Whitney U-test. p-Values less than 0.05 were deemed statistically
significant. Statistical calculations were performed using JMP 11.0
software (SAS Institute Inc., Cary, NC, USA). 

Results

Morphology and growth characteristics of the cell lines.
TYPK-1 cells. The original tumor and tumors generated by
the explants were adenocarcinomas (Figure 1A and B).
The first sub-culture was performed 13 weeks after
initiating the primary culture, and the cells were passaged
127 times. TYPK-2 cells. Cytological analysis of TYPK-2
cells harvested from ascites showed that they were
adenocarcinoma cells that produced mucus (Figure 1D).
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Figure 3. Chromosomal analysis of TYPK-1 and TYPK-2 cells.

Figure 4. Migration and invasion assays showed that TYPK-1 and TYPK-2 cells migrated similarly (A), while TYPK-2 cells statistically significantly
more invasive than TYPK-1 (B). 



Seven days after seeding the ascites, the cells were sub-
cultured and passaged 58 times.

TYPK-1 and TYPK-2 cells adhered tightly to the surface of
the flask, formed monolayers (Figure 1C and F) and maintained
a consistent morphology from primary culture through the final
passage. The doubling times of TYPK-1 and TYPK-2 cells
were 22.1 and 40.4 h, respectively (Table II, Figure 2).

Chromosomal analysis. The average number of
chromosomes of TYPK-1 and TYPK-2 cells was 65
(range=58-68) and 84 (range=80-88), respectively. Typical
karyotypes are shown in Table III and Figure 3.

Mutations. TP53 mutations were not detected in the genomic
DNA of TYPK-1 nor TYPK-2 cells; however, KRAS codon

12 was mutated (GGT→CGT) in TYPK-2 but not in TYPK-
1 cells (Table II).

Colony-forming efficiency. The colony-forming efficiency of
TYPK-1 and TYPK-2 cells was 10.8% and 19.9%
respectively (Table II).

Cell migration and matrix invasion. The results of the
migration and invasion assays are shown in Figure 4. TYPK-
1 and TYPK-2 cells migrated similarly. However, TYPK-2
cells were significantly more invasive compared with TYPK-
1 cells (p=0.047).

Sensitivity to anticancer agents. Cell viability in the presence
of anticancer agents and the IC50 values for each anticancer

Hirano et al: Two Novel Pancreatic Cancer Cell Lines

3825

Table IV. IC50 values of anticancer drugs and relative mRNA expression. All IC50 values for the cisplatin sensitivity of TYPK-1, TYPK-2 and KMP-
2 cells were >1000 μM. The mRNA levels were normalized to the ΔΔCt value of TYPK-1 cells.

IC50 value (μM) mRNA IC50 value (μM) mRNA IC50 value (μM) mRNA

Cell line Gem DCK SLCAC29A1 5-FU DYPD L-OHP ERCC1

TYPK-1 >1,000 1 1 196.3 1 1.9 1
TYPK-2 0.92 2.11 14.36 116.5 5.91 12.9 0.19
KMP-2 0.03 2.25 8.19 >1000 11.18 0.93 0.01

Gem, Gemcitabine; 5-FU, 5-fluorouracil; L-OHP, oxaliplatin. 

Figure 5. Sensitivity to anticancer drugs. Sensitivities to anticancer drugs of TYPK-1 and TYPK-2 cells were determined using an MTT assay.
Sensitivity is shown for gemcitabine, 5-fluorouracil, cisplatin (CDDP) and oxaliplatin.



agent are shown in Figure 5 and Table IV. TYPK-1 cells
were more resistant to gemcitabine, and CDDP was not more
effective at inhibiting the growth of TYPK-1 and TYPK-2
cells compared with oxaliplatin. The sensitivity to 5-FU and
oxaliplatin of both cell lines was similar.

Gene expression. TYPK-2 and KMP-2 cells expressed DCK
mRNA at levels 2.1- and 2.3-fold higher compared to TYPK-
1 cells, respectively. TYPK-2 and KMP-2 cells expressed
SLCAC29A1 mRNA at levels 11.6-fold and 39.4-fold higher
compared with TYPK-1 cells, respectively. The levels of DPYD
mRNA expressed by TYPK-2 and KMP-2 cells were 6.4-fold
and 12.0-fold higher compared with TYPK-1 cells,
respectively. In contrast, TYPK-1 cells expressed higher levels
of ERCC1 mRNA compared with TYPK-2 and KMP-2 cells
(5-fold and 100-fold, respectively) (Figure 6).

Discussion

The majority of patients with PC present with limited or
advanced metastatic disease even when undergoing adjuvant
therapy. Moreover, resistance to chemotherapy indicates a
poor prognosis. Here we show that the TYPK-1 and TYPK-2
cell lines were sensitive to conventional anticancer drugs used
to treat PC, such as gemcitabine, 5-FU, CDDP and oxaliplatin.

Gemcitabine, which is widely used for PC therapy, is
transported into cells predominantly by SLCAC29A1 where it
is phosphorylated by DCK (13). The IC50 values for
gemcitabine correlated with the relative levels of mRNAs

encoding DCK and SLCAC29A1 expressed by TYPK-1,
TYPK-2 and KMP-2 cells. S1 is non-inferior compared with
gemcitabine for treating PC (7, 8).

5-FU is converted to dihydrofluorouracil by DPYD (14), and
resistance to 5-FU correlated with the relative levels of DPYD
mRNA expressed by TYPK-1 and KMP-2 cells. Although
TYPK-2 cells expressed DPYD at a level 5.9-fold higher
compared with TYPK-1 cells, the latter were more resistant to
5-FU. DPYD and enzymes such as thymidylate synthase
catalyze rate-limiting steps in the catabolism of 5-FU (15).

Platinum compounds such as CDDP and oxaliplatin are
used to treat PC (9). ERCC1 catalyzes the rate-limiting step
in the nucleotide excision repair pathway by removing the
DNA adducts formed by platinum compounds (16). KMP-2
cells were the most sensitive to oxaliplatin and expressed the
lowest levels of ERCC1 mRNA. TYPK-2 cells were the most
resistant to oxaliplatin, although the expression of ERCC1
mRNA was lower compared with TYPK-1 cells. Previous
studies show that an ERCC1 polymorphism (codon 118 C/T
or T/T) interferes with the translation of ERCC1 and the
sensitivity to oxaliplatin (17, 18). The sensitivity to oxaliplatin
exhibited by TYPK-1 cells, which expressed higher levels of
ERCC1 mRNA, suggests the presence of this ERCC1
polymorphism or other mechanisms.

Mutations of TP53, KRAS, CDKN2A and SMAD4 are
frequently detected in PC cell lines (19-21). Here we show
that TYPK-1 cells harbor wild-type TP53 and KRAS. Previous
studies found that out of 36 pancreatic carcinoma cell lines,
Paca3 and Hs766T harbor this same genotype (12, 19-21) and
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Figure 6. Relative levels of mRNAs. The expression of mRNAs encoding the enzymes that catalyze the rate-limiting steps in the pathways that metabolize
anticancer drugs were measured using real-time polymerase chain reaction (RT-PCR). A: deoxycytidine kinase (DCK). B: human equilibrative nucleoside
transporter 1(SLCAC29A1), C: dihydropyrimidine dehydrogenase (DPYD), D: excision repair cross-complementation group 1 (ERCC1).



that mutations of TP53 contribute to the resistance to
chemotherapy of patients with PC (22, 23).

TYPK-1 cells exhibited a high level of resistance to
gemcitabine. PC cell lines such as PANC-1, AsPc1 and
MiaPaCa2 harbor TP53 mutations (22, 24). Therefore, future
studies of TYPK-1 cells may discover a mechanism of
gemcitabine resistance that is independent of TP53 mutations.

TYPK-2 cells were more invasive in our Matrigel assay
compared with TYPK-1 cells. Moreover, the colony-forming
efficiencies of other PC cell lines range from 0.1 to 13% (10,
12, 25), and our present data indicate that the colony-forming
efficiency of TYPK-2 cells was higher (19.9). These properties
of TYPK-2 may reflect its isolation from a patient with
multiple metastases.

In summary, we established two novel PC cell lines
designated TYPK-1 and TYPK-2. The TYPK-1 cell line is
useful for investigating resistance to gemcitabine independent
of mutations of TP53. TYPK-1 and TYPK-2 cells may be
useful for determining the mechanisms of chemoresistance of
PC in vivo and in vitro. Future research on the phenotypic and
genetic differences between TYPK-1 and TYPK-2 cells may
contribute to a better understanding over the mechanisms of
growth and metastasis of PC cells.
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