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Downregulation of organic cation transporter 1 (SLC22A1)
is associated with tumor progression and reduced patient
survival in human cholangiocellular carcinoma
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Abstract. Cholangiocellular carcinoma (CCA) is a primary
hepatic malignancy derived from cholangiocytes. The prognosis
for CCA patients is very poor and conventional chemotherapy
has been proven ineffective in improving long‑term patient
survival rates. Organic cation transporters (OCTs) mediate the
transport of a broad spectrum of endogenous substrates and the
detoxification of xenobiotics. Moreover, OCTs are considered
responsible for the responsiveness towards platinum‑based
chemotherapies. Currently, there are no data available
regarding the role of OCTs in CCA. Therefore, the aim of this
study was to investigate the expression of OCT1 and OCT3 in
CCA and the corresponding non-neoplastic tumor‑surrounding
tissue (TST). OCT1 (SLC22A1) and OCT3 (SLC22A3) mRNA
expression was measured in primary human CCA by real-time
PCR (n=27). Protein expression was determined by western blot
analysis and immunohistochemistry. Data were correlated with
the clinicopathological parameters of CCA. Real-time PCR
demonstrated a downregulation of the expression of SLC22A1
and SLC22A3 in CCA, compared to that in TST (p<0.001).
A low SLC22A1 expression was associated with a worse
patient survival (p<0.05). The downregulation of SLC22A1
was significantly associated with advanced CCA stages, since
tumors with a low SLC22A1 mRNA expression presented with
larger tumor diameters (p= 0.02). There were no significant
differences in tumor characteristics or patient survival in relation to the level of SLC22A3 expression. Western blot analysis
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and immunohistochemistry confirmed the downregulation of
OCT1 and OCT3 protein levels in cancerous tissue compared
to those in TST. In conclusion, the downregulation of OCT1
is associated with tumor progression and worse overall patient
survival rates.
Introduction
Cholangiocellular carcinoma (CCA) is the second most
common hepatobiliary malignancy after hepatocellular carcinoma (HCC). With a growing incidence (2-4/100,000 per year),
it accounts for approximately 15% of liver cancer cases worldwide (1,2). CCAs grow as highly malignant adenocarcinomas,
arising from the epithelial cells of intrahepatic bile ducts.
Based on their anatomical origin, CCAs are classified into
peripheral intrahepatic cholangiocarcinomas, originating from
interlobular bile ducts, extrahepatic hilar (Klatskin) tumors
and distal tumors, arising from the main hepatic ducts or the
bifurcation of the common hepatic duct.
The only curative therapy for CCA is surgical resection; however, due to its non-specific symptoms, the tumor is
usually diagnosed in its advanced stages, by which time it is
non-resectable. The prognosis and overall survival for CCA
patients is very poor. Even in resectable tumors, 5-year survival
rates are <15%, with a 30% tumor recurrence rate (2,3).
Chemotherapeutic options for CCA are rather limited and
the median survival with palliative chemotherapy is very low
(4.6‑15.4 months) (4). Therefore, novel molecular markers that
may help predict clinical outcome and therapeutic response are
urgently required.
The 3 organic cation transporters, OCT1 (SLC22A1), OCT2
(SLC22A2) and OCT3 [synonym: extraneuronal monoamine
transporter (EMT); SLC22A3], belong to the amphiphilic
solute facilitator (ASF) family of integral transmembrane
proteins. They mediate the interactions between cells and their
environment and are involved in numerous metabolic processes
and detoxification. OCTs bidirectionally transport a broad
spectrum of endogenous substrates (e.g., catecholamines),
toxins and anticancer drugs (5). OCTs are determinants of the
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cytotoxicity of platinum derivatives (6). Therefore, these transporters are of pharmaceutical interest.
In humans, OCT1 is mainly expressed in the liver and
OCT2 in the kidney, whereas OCT3 is widely distributed in
a number of tissues. Nevertheless, OCTs exhibit overlapping
substrate specificities and tissue expression patterns. They
functionally substitute each other, ensuring that important
metabolic pathways are still conducted, even though one OCT
may be defective or deficient (7,8).
We recently demonstrated a significant downregulation of
OCT1 and OCT3 in human HCCs (9). We reported that the
downregulation of OCT1 mRNA in HCC is associated with
advanced tumor stages and worse overall patient survival rates.
Thus far, there are no studies available on OCT expression
in CCA. To our knowledge, our study is the first to address this
issue by investigating the effect of OCT expression on patient
survival and tumor characteristics in CCA. Expression levels
were measured in tumorous and corresponding non‑neoplastic
tumor‑surrounding tissue (TST). The expression patterns were
correlated with clinicopathological parameters and outcomes.
Materials and methods
Patient tissue samples. CCA and corresponding TST samples
were obtained from 27 patients undergoing tumor resection
between 2006 and 2011 at the Department of Hepatobiliary and
Transplantation Surgery of the Johannes Gutenberg University
Mainz, Germany. All CCA samples analyzed were classified as
intrahepatic cholangiocarcinoma. Extrahepatic hilar (Klatskin)
tumors or distal tumors were not included in this study. All
CCAs analyzed were classified as M0 (no distant metastasis)
and N0 (no regional lymph node metastasis), according to the
WHO TNM classification of liver tumors. The patients did not
receive any chemotherapy prior to resection. Detailed patient
and tumor characteristics are listed in Table I. Informed consent
was obtained from each patient. The study was conducted in
accordance with the ethical guidelines of the declaration of
Helsinki and was approved by the local ethics committee. Liver
tissues were immediately shock‑frozen following resection and
stored in liquid nitrogen prior to analysis. All CCAs were diagnosed or confirmed by histological examination.
RNA isolation, reverse transcription real-time PCR
(qRT‑PCR). RNA was extracted from the tissue samples by the
High Pure RNA Tissue kit (Roche Diagnostics, Mannheim,
Germany). cDNA preparation from total RNA was performed
with 500 ng RNA (20 µl total volume) using the iScript cDNA
Synthesis kit (Bio-Rad, Munich, Germany). All kits mentioned
above were used according to the manufacturer's recommendations. Quantitative analyses of OCT1 (SLC22A1) and OCT3
(SLC22A3) transcripts were performed by qRT-PCR. The
QuantiTect SYBR-Green PCR kit (Qiagen, Hilden, Germany)
and validated primers of a QuantiTect Primer assay with
the primer sets, HS_SLC22A1_1_SG (OCT1; 120-bp fragment), HS_SLC22A3_1_SG (OCT3; 115-bp fragment) and
HS_GAPDH_2_SG (GAPDH; 119-bp fragment) (Qiagen),
were used according to the manufacturer's instructions. For
the amplification, an initial denaturation at 95˚C for 15 min,
followed by 15 sec at 94˚C, 30 sec at 55˚C and 30 sec at 72˚C
for 40 cycles was used. Samples were run on a LightCycler®

Table I. Patient and tumor characteristics.
Characteristics
Number of patients
Median follow-up in days (range)
Median recurrence‑free survival
in days (range)
Gender (male/female; n)
Median age in years (range)
Nodules (1-3/multiple; n)
Tumor diameter (<3 cm/>3 cm; n)
Median tumor diameter in cm (range)
T-classification (T1/T2/T3; n)
Grading (G1/G2/G3/Gxa; n)
CEA (ng/ml) (>5/<5; n)b
CA 19-9 (ng/ml) (>37/<37; n)b

n=27
461 (111-1363)
161 (0-1110)
16/11
66.5 (32.4-83.7)
19/8
4/23
7.5 (1.3-19.5)
7/12/8
1/21/4/1
5/20
13/12

Gx, grade could not be assessed. bThe status of 2 cases was unknown.
CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.
a

480 real-time PCR system (Roche Diagnostics). The relative
expression levels of OCT1 (SLC22A1) and OCT 3 (SLC22A3)
mRNA in CCA and TST were calculated by normalization to
GAPDH gene expression using the LightCycler® 480 Software
v1.5.0. For examination of OCT1 (SLC22A1) and OCT3
(SLC22A3) mRNA regulation, the relative mRNA expression
of tumor tissue (CCA) was correlated with the relative mRNA
expression of the corresponding TST. The median expression
of this ratio was used to define a cut-off value to subdivide the
tumor tissues into significantly or moderately downregulated
CCAs.
Western blot analysis. Total protein extracts were prepared in
sample buffer (pH 8.0) containing 20 mM Tris, 5 mM EDTA,
0.5% Triton X‑100 and cOmplete, Mini, EDTA-Free Protease
Inhibitors (1:25; Roche Diagnostics). For western blot analyses,
60 µg of protein were loaded onto a 12% SDS‑PAGE gel. The
gel was transferred onto a nitrocellulose membrane (Optitran
BA‑S85; Whatman) following separation. Mouse anti-human
OCT1 monoclonal antibody (1:1,000; Novus Biologicals,
Littleton, CO, USA), rabbit anti-human OCT3 (1:2,000;
LifeSpan Biosciences, Seattle, WA, USA) or mouse anti-human
GAPDH polyclonal antiserum (1:5,000; EnoGene Biotech,
New York, NY, USA) were used as the primary antibodies.
Horseradish peroxidase (HRP)-conjugated anti-mouse or
anti‑rabbit IgG (DakoCytomation, Hamburg, Germany) were
used as the secondary antibodies at 1:10,000 dilution. Protein
bands were visualized using Western Lightning® Plus-ECL
Enhanced Chemiluminescence Substrate (PerkinElmer,
Waltham, MA, USA).
Immunohistochemistry. Immunohistochemical staining was
performed on formalin-fixed, paraffin-embedded 4‑µM tissue
sections. Following deparaffinization and rehydration, the
endogenous peroxidase activity was inhibited with 4% hydrogen
peroxide in methanol. For antigen retrieval, tissue sections
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Figure 1. mRNA expression of OCT1 (SLC22A1) and OCT3 (SLC22A3) in cholangiocellular carcinoma (CCA) tissue and the corresponding non‑neoplastic
tumor surrounding tissue (TST). (A) Downregulation of OCT1 (SLC22A1) and OCT3 (SLC22A3) mRNA expression in CCA (n=27) and the corresponding
non‑neoplastic TST. (B) Individual OCT1 (SLC22A1) and OCT3 (SLC22A3) mRNA expression pattern in each patient (TST and CCA).

were treated for 20 min in a steamer in 10 mM citrate buffer
(pH 6.0). Cells were permeabilized with 2% saponin in PBS for
20 min at room temperature. For blocking of non-specific antibody binding, tissues were incubated for 30 min with protein
blocking buffer (5% normal serum, 0.2% Triton-X and 2% BSA).
The following primary antibodies were used for immunohistochemistry: mouse monoclonal anti-human OCT1 antibody
(Novus Biologicals) and rabbit monoclonal anti-human OCT3
antibody (Epitomics, Burlingame, CA, USA) and incubated
overnight at 4˚C in PBS (2% saponin, 5% BSA and 5% normal
serum). For the control sections, the specific primary antibody
was omitted. The following day, sections were washed 3 times
and incubated for 20 min with Pierce Peroxidase Suppressor
(Thermo Fisher Scientific, Epsom, UK). After washing, the
sections were incubated with a secondary biotinylated antirabbit or anti-mouse antibody (DakoCytomation), then treated
with the avidin-biotin-peroxidase complex‑based Vectastain
Elite ABC kit (Vector Laboratories, Burlingame, CA, USA).
Following incubation with HRP-conjugated streptavidin,
tissues were dyed with diaminobenzidine (DAB) substrate
(Sigma‑Aldrich, St. Louis, MO, USA). Counterstaining was
performed with Meyer's hemalaun solution and slides were
mounted for examination under a light microscope.
Statistical analysis. Data management and all statistical analyses
were performed with the SPSS program (IBM® SPSS® v19.0).

For categorical variables, between-group differences were
analyzed by the Chi-square or Fisher's exact test. For quantitative variables, data were expressed as median and range. If
distribution was normal and sample sizes tested sufficient, the
equality of variances was analyzed with the Levene's test and
samples were compared using the paired t‑test. If variables were
not normally distributed or sample size was inadequate, we
applied the Wilcoxon rank-sum non‑parametric test. All tests
were performed using a 5% level of significance (two-sided).
Overall survival rates were calculated using the Kaplan-Meier
method and compared using the log-rank test.
Results
Expression of OCT1 (SLC22A1) and OCT3 (SLC22A3) mRNA
in CCA . To analyze the role of OCT1 and OCT3 in malignant
cholangiocarcinoma, we first investigated the mRNA expression
of SLC22A1 and SLC22A3 in CCA tissue and corresponding
non‑neoplastic TST (n=27). qRT-PCR results demonstrated
significant differences in the expression of SLC22A1 mRNA
between TST and CCA (Fig. 1A). SLC22A1 and SLC22A3
mRNA were highly expressed in TST and distinctly downregulated in cancerous tissues (p<0.001; Fig. 1A).
Individual expression patterns in CCA and the corresponding TST are presented in Fig. 1B. In CCA tissues, the
median SLC22A1 mRNA expression was reduced by 99.7%
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Figure 2. Survival and tumor recurrence of cholangiocellular carcinoma (CCA) patients according to the intratumoral (A) OCT1 (SLC22A1) or (B) OCT3
(SLC22A3) mRNA downregulation. The median downregulation of SLC22A1 and SLC22A3 mRNA expression in CCA tissue compared to the corresponding
non‑neoplastic tumor surrounding tissue (TST) (ratio of mRNA expression in CCA/mRNA expression in TST) was used as the cut-off value. CCA patients
were subdivided into a moderately downregulated (CCA̸TST expression level ≥ median) and a significantly downregulated group (CCA/TST expression
level < median), according to the extent of SLC22A1 or SLC22A3 mRNA downregulation in CCA tissue compared to that in TST. n.s., non-significant.

compared to that in the corresponding TST (min, 90.5%;
max, 99.9%). The median SLC22A3 mRNA expression of CCA
tissues was also lower by 94.4% (min, 24.5%; max, 99.3%) than
that in TST (Fig. 1A and B). The details of patient and tumor
clinicopathological characteristics are summarized in Table I,
according to WHO specifications.
Patient survival and tumor recurrence in patients with intratumoral OCT1 (SLC22A1) or OCT3 (SLC22A3) downregulation.
According to the qRT-PCR results, we divided the patients into
2 groups: a significantly downregulated (CCA̸TST expression
level < median) and a moderately downregulated group (CCA/
TST expression level ≥ median). As regards the SLC22A1
mRNA expression, overall patient survival was significantly
reduced in patients with a significant downregulation of
SLC22A1 mRNA expression (p<0.05) (Fig. 2A). The significant downregulation of SLC22A1 did not markedly affect the
risk of early tumor recurrence within the first year following
resection (p=0.11) (Fig. 2A).
Although OCT3 (SLC22A3) mRNA expression was downregulated as well, the overall survival and tumor recurrence
rates of CCA patients with a significant downregulation of
SLC22A3 mRNA were not markedly different from those of

patients with a moderate downregulation of SLC22A3 mRNA
expression (overall survival, p=0.64; tumor recurrence, p=0.65)
(Fig. 2B).
Patient and tumor characteristics in relation to OCT1
(SLC22A1) and OCT3 (SLC22A3) mRNA expression. Low
SLC22A1 mRNA expression levels were associated with
advanced CCA stages, since CCAs with a low SLC22A1 mRNA
expression presented with larger tumor diameters (p=0.02)
(Table II). SLC22A1 mRNA expression did not correlate with
other tumor characteristics (Table II). There was no significant
difference in tumor characteristics in relation to SLC22A3
mRNA expression (Table III).
Protein expression of OCT1 and OCT3 in human CCAs. To
examine the protein expression levels of the transporters in
CCA, we performed western blot analysis in CCA tissue and
corresponding TST. Fig. 3A depicts the significant downregulation of OCT1 and OCT3 in CCA tissue compared to that in
the corresponding TST of 4 patients. The downregulation
of OCT1 and OCT3 proteins, as detected by western blot
analysis, correlated well with the corresponding mRNA levels
measured by qRT-PCR (Fig. 1A).
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Table II. Patient and tumor characteristics in relation to the intratumoral OCT1 (SLC22A1) mRNA expression.

Characteristics
Number of patients
Median follow-up in days (range)
Median recurrence-free survival in days (range)
Male/female (n)
Median age in years (range)
1-3 Nodules/multiple nodules (specimen)
Tumor diameter <3 cm/≥3 cm (n)
Median tumor diameter in cm (range)
T-classification (T1/T2/T3/T4) (n)
Grading (G1/G2/G3/Gxa) (n)
CEA (ng/ml) >5/<5 (n)b
CA 19-9 (ng/ml) >37/<37 (n)b
SLC22A3 mRNA expression
ratio CCA/TST (range)

OCT1 (SLC22A1)
-------------------------------------------------------------------------------------------------------------Moderate downregulation
Significant downregulation
(≥ median)
(< median)
14
533 (111-1363)
273 (0-1110)
8/6
64 (32-84)
10/4
3/11
4.8 (1.3-12.0)
3/8/2/1
1/10/3/0
3/10
7/6
0.072
(0.028-0.755)

13
451 (125-1177)
125 (0-833)
8/5
69 (44-82)
9/4
1/12
12.8 (1.7-19.5)
4/4/4/1
0/11/1/1
2/10
6/6
0.043
(0.073-0.670)

p-value
0.30 (n.s.)
0.12 (n.s.)
1.00 (n.s.)
0.43 (n.s.)
1.00 (n.s.)
0.60 (n.s.)
0.02
0.55 (n.s.)
0.39 (n.s.)
1.00 (n.s.)
1.00 (n.s.)
0.24 (n.s.)

Gx, grade could not be assessed. bThe status of 2 cases was unknown. CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9;
CCA, cholangiocellular carcinoma; TST, tumor-surrounding tissue; n.s., non-significant. Number in bold indicates statistical signficance.
a

Table III. Patient and tumor characteristics in relation to the intratumoral OCT3 (SLC22A3) mRNA expression.

Characteristics
Number of patients
Median follow-up in days (range)
Median recurrence-free survival in days (range)
Male/female (n)
Median age in years (range)
1-3 Nodules / multiple nodules (specimen)
Tumor diameter <3 cm/≥3 cm (n)
Median tumor diameter in cm (range)
T-classification (T1/T2/T3/T4) (n)
Grading (G1/G2/G3/Gxa) (n)
CEA (ng/ml) >5/<5 (n)b
CA 19-9 (ng/ml) >37/<37 (n)b
SLC22A1 mRNA expression
ratio CCA/TST (range)

OCT3 (SLC22A3)
------------------------------------------------------------------------------------------------------------Moderate downregulation
Significant downregulation
(≥ median)
(< median)
13
823 (161-1363)
161 (0-1110)
9/4
63 (32-76)
8/5
1/12
6.5 (2.5-18.3)
4/4/3/2
0/10/3/0
4/9
7/5
0.004
(0.001-0.095)

14
458 (111-1357)
165 (0-833)
7/7
70 (34-84)
11/3
3/11
8.4 (1.3-19.5)
3/8/3/0
1/11/1/1
1/11
6/7
0.002
(0.0002-0.089)

p-value
0.22 (n.s.)
0.87 (n.s.)
0.44 (n.s.)
0.14 (n.s.)
0.42 (n.s.)
0.60 (n.s.)
0.94 (n.s.)
0.33 (n.s.)
0.39 (n.s.)
0.32 (n.s.)
0.70 (n.s.)
0.26 (n.s.)

Gx, grade could not be assessed. bThe status of 2 cases was unknown. CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9;
CCA, cholangiocellular carcinoma; TST, tumor-surrounding tissue; n.s., non-significant.
a

To identify the localization of OCT1 and OCT3 expression
in tumor tissue, we subsequently assessed protein expression
by immunohistochemistry (Fig. 3B and C). Fig. 3B shows

the strong membranous OCT3 staining of bile duct epithelial
cells in a normal liver portal field. Fig. 3C depicts OCT1 and
OCT3 staining at the tumor border. In detail, we detected a
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Figure 3. Western blot analysis and immunohistochemistry of OCT1 and OCT3 protein expression in cholangiocellular carcinoma (CCA) tissue and the corresponding non‑neoplastic tumor-surrounding tissue (TST). (A) Western blot analysis of 4 patients (1-4) with CCA and the corresponding TST (OCT1: 61 kD;
OCT3: 60 kD). (B) OCT3 expression in bile duct epithelial cells. OCT3 expression is exemplarily shown in bile duct epithelial cells in a normal liver portal
field (TST) of a CCA patient. Bile duct epithelial cells exhibited a strong membranous staining of OCT3. (C) Analysis of OCT1 and OCT3 protein expression
by immunohistochemistry. OCT1 and OCT3 protein expression at the tumor border of a CCA patient is demonstrated. OCT1 presents with a predominantly
membranous staining of hepatocytes in non-neoplastic TST, whereas it is almost completely absent in tumor tissue. In TST, hepatocytes were also positively
stained for OCT3. For the negative control, the specific antibody was omitted during the staining procedure.

predominantly membranous staining of OCT1 and OCT3 in
TST hepatocytes. OCT1 staining was not detected in carcinoma cells (Fig. 3C). Positive staining of OCT3 was observed
in the membrane of bile duct epithelial cells in carcinomatous
(Fig. 3C) as well as normal liver tissue.
Discussion
OCTs have been extensively investigated in several types of
tissue and tumor cell lines. However, data regarding their presence and role in human malignancies are limited (10-12). We
recently demonstrated a significant downregulation of OCT1
and OCT3 in human HCCs and reported that the downregulation of OCT1 mRNA in HCC is associated with advanced
tumor stage and poor patient survival (9). To date, there are
no data available regarding OCT expression in human CCA.
Therefore, to the best of our knowledge, this study is the first

to analyze the expression profiles of the OCTs in human CCA
with direct correlation to clinical and tumor‑specific data.
The human CCA samples analyzed, revealed a significant
downregulation of OCT1 (SLC22A1) and OCT3 (SLC22A3)
expression in cancerous tissue compared to the corresponding
non‑neoplastic TST (p<0.001). Our results are the first to
provide evidence that the downregulation of SLC22A1 mRNA
expression is associated with advanced tumor stage and worse
overall patient survival (Table II and Fig. 2A). Median tumor
diameters of the CCAs with a significant downregulation of
SLC22A1 mRNA (CCA̸TST expression level < median) were
significantly larger than those of the CCAs with a moderate
downregulation of SLC22A1 mRNA (CCA̸TST expression
level ≥ median) (p= 0.02, Table II). The OCT1 and OCT3
proteins were also downregulated in the cancerous tissues, as
demonstrated by western blot analysis (Fig. 3A) and immunohistochemistry (Fig. 3C). Whether the intratumoral downregulation
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of the OCTs results in more aggressive cancer growth remains
to be elucidated. The results from qRT-PCR and western blot
analyses demonstrated a more significant downregulation of
OCT1 (SLC22A1) mRNA and protein, in comparison to OCT3
(SLC22A3). This may be explained by the positive OCT3
staining of bile duct epithelial cells in CCA tissue and TST,
which was distinctly demonstrated by immunohistochemistry
(Fig. 3B and C). At present, we can only hypothesize that the
expression of OCT3 in bile duct epithelial cells plays an important role in transporting physiological substrates to regulate bile
flow or to protect the cells from bile toxicity.
Although OCTs are functionally influenced by several
endogenous and exogenous substances, to date, data regarding
the pathways and regulatory mechanisms of OCT expression
in cancer are limited. The transporters are located on the chromosomal locus 6q26-27 in a conserved gene cluster and are
influenced by genomic imprinting mechanisms involving the
insulin-like growth factor 2 receptor (IGF2R) tumor suppressor
gene (13,14). This may contribute to the complex genetic and
epigenetic regulations in the context of human malignancy.
Recently, Schaeffeler et al (15) revealed that the DNA methylation of SLC22A1 was associated with the downregulation of
SLC22A1 in HCC and suggested that the targeting of SLC22A1
methylation by demethylating agents may provide a novel
strategy for the treatment of HCC. Further studies are required
to elucidate the mechanism involved in the downregulation of
OCTs in CCA.
OCTs may play an important role in the therapy of malignant
tumors, since they are considered responsible for the cytotoxicity of platin derivatives in colorectal cancer (6,16,17). OCTs
are major determinants of the anticancer activity of oxaliplatin
and it has been suggested by Zhang et al that the expression of
OCTs in tumors should be assessed as a marker for selecting
specific platinum-based therapies in individual patients (6).
In general, bile duct tumors are known to be relatively unresponsive to conventional chemotherapy. Gemcitabine combined
with platinum compounds (e.g., oxaliplatin) has been recommended as palliative chemotherapy in advanced biliary tract
cancer (18,19). The chemotherapeutic outcome and median
survival times are still quite limited, with short life expectancies
(not exceeding 15.4 months). In a recent phase 2 study, Gruenberger
et al achieved improved response rates for CCA (63%) with a
combination therapy of GEMOX (gemcitabine and oxaliplatin)
and cetuximab (monoclonal anti‑EGFR antibody; EGFR kinase
inhibitor) (3). Due to the limited number of patients included in
our study and the short survival times of the CCA patients
following resection, it was not possible to correlate OCT downregulation with the therapeutic response to platinum derivates.
Further studies are warranted to evaluate the potential diagnostic
and therapeutic consequences of OCT regulation in CCA.
Furthermore, it is unclear whether the transporters are
functional in CCA tissue and corresponding non‑neoplastic
TST. To date, several genetic variations of SLC22A1 (20,21)
and SLC22A3 (22‑24) have been identified. There are no data
available concerning the genetic variations of the OCT genes in
CCA. Further investigation of non-functional or reduced‑function polymorphisms of OCTs in CCA is required, since genetic
polymorphisms of these genes may significantly influence
the transport and action of drugs (25,26). Furthermore, in
colorectal cancer, a common mutation in the SLC22A3 gene
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was identified and associated with the increased risk of distal
colon cancer in an Asian population (27). Another single
nucleotide polymorphism (SNP) in the SLC22A3 gene has been
shown to be associated with prostate cancer in Caucasian populations (28). Thus, SLC22A3 is likely associated with multiple
types of cancer.
In conclusion, this study demonstrates that OCTs are
downregulated in CCA and, to our knowledge, we are the first
to provide evidence that the downregulation of OCT1 is associated with a worse overall patient survival. Further studies are
required to determine the role of OCTs in CCA development and
treatment. The downregulation of OCT1 (SLC22A1) expression
in CCA is associated with larger tumor diameters and a worse
overall patient survival. These findings may prove to be significant for the treatment of CCA.
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