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Case report

Summary
The current study was aimed to analyze the tumor tissue of 
cholangiocarcinoma from patient to identify the biomarkers at the 
protein level and mRNA level in cancer tissue. The tumor sample was 
analyzed by gene expression microarray analysis, DNA sequencing 
and immunohistochemistry. Gene expression analysis showed 935 
genes differentially expressed in cancer tissue compared to adjacent 
normal.  Among them SSP1, TPD52, RAB25, vitronectin, TM4SF4, 
PDGFRA, PDGFRB are some of the genes with relevance to tumor 
development and progression. Based on biomarkers expressed in 
cancer tissue we tested the patient’s tumor-derived cancer cells with 
drugs of potential benefit in vitro and in vivo. The in vivo data was 
based on patient derived xenograft (PDX) studies in mice. Tyrosine 
kinase inhibitor trametinib significantly killed tumor cells in vitro 
and regressed tumor growth in vivo compared to other tyrosine 
kinase inhibitors. Our observation that trametinib regresses 
cholangiocarcinoma tumor in mice was probably by inhibiting 
rab25 a (ras oncogene family member) signaling pathway. However, 
this needs further studies to understand if this hypothesis is true. 

Abstract 

Background

Cholangiocarcinoma (CCA) is a deadly cancer of the bile ducts 
with poor prognosis. The incidence rate has been on the rise. In 
spite of advancement in cancer treatments the survival for CCA 
patients has little impact. Molecular studies to identify the target 
proteins to treat cancers have been effective in the recent past.  
Therefore, analyzing CCA tumors at the gene expression level may 
lead to the identification of unique proteins that can be targeted 
for a better treatment. We tested the tumor sample of intrahepatic 
cholangiocarcinoma patient for gene expression and correlate it to 
chemosensitivity in vitro and in vivo.

Methods

Tumor sample analyzed for gene expression by microarray analysis.  
Tumor cells were cultured and tested for sensitivity against various 
chemo and targeted drugs.  Fresh tumor tissue was used for patient 
derived xenograft (PDX) studies in NOD scid mice. 

Results
Gene expression studies using microarray analysis showed 935 
genes to be differentially expressed in tumor tissue compared to 

adjacent normal. Several genes implicated in various metabolic 
pathways were altered including those related to cell proliferation 
and growth.  SSP1, CKS2, TM4SF4, TPD52, vitronectin, rab25, 
VDR, PDGFRA, PDGFRB, PTGS2 were some of the cancer related 
genes overexpressed while BRCA2 was under expressed. PDX 
studies for tumor sensitivity test indicated that gemcitabine and 
trametinib were most effective drugs in tumor regression.

Conclusion

We found that gemcitabine, premetrexate, paclitaxel and cisplatin 
were effective in killing cancer cells in vitro. Among targeted 
therapy drugs tested, trametinib was most effective in vitro and in 
vivo (PDX) studies. Trametinib though it is approved for treating 
metastatic melanomas seems to be a promising drug to treat CCA. 

Keywords: Cholangiocarcinoma; Chemotherapy; PDX; Trametin-
ib; molecular analysis; targeted therapy

Introduction  

Cholangiocarcinoma (CCA) is the most common biliary 
malignancy and the second most common hepatic malignancy 
following hepatocellular carcinoma [1] and the incidence rate has 
been increasing over the past three decades [2]. CCA is a slow-
growing tumor that metastasizes late during cancer progression 
and presents with symptoms of cholangitis due to blockage of the 
bile duct by tumor growth [3]. In the United States, Hispanics and 
Asians have the highest incidence rate of CCA, whereas African 
Americans have the lowest [4]. 

The etiological causes of CCA have been attributed to primary 



Page 2 of 7Citation: Zhen Yao, Tyler Hendricks,  Sanjay Paladiya, Kesha S Patel, Shivan Manish Patel, et al. (2016) Patent-Derived Xenograft (PDX) 
Studies of Intrahepatic Cholangiocarcinoma Indicate Potential Benefit with Trametinib. BAOJ Cancer Res Ther 2: 019.

BAOJ Cancer Res Ther, an open access journal					                                                          	 Volume 2; Issue 4; 019

sclerosing cholangitis (PSC) [5], liver fluke infection [6], 
pancreaticobiliary maljunction [7] and chemical exposure [8]. 
There are several mutations in oncogenes and tumor suppressor 
genes such as tumor protein 53, KRAS and SMAD family member 
4 that have been reported [9]. Standard chemotherapy has had little 
impact on increasing the overall survival of cholangiocarcinoma 
patients in spite of several advances in the field [10,11].  Response 
rates with 5-FU have been 10% at best with a median survival of 6 
months.  Several new combination regimens were tried in advanced 
cholangiocarcinoma [12]. Gemcitabine and docetaxel gave a 
response rate of only 9% with advanced cholangiocarcinoma or 
gall bladder cancer with median survival of 11 months [13].  Other 
combinations like 5-FU/cisplatin [14], gemcitabine/cisplatin [15], 
gemcitabine/capecitabine [16], gemcitabine/docetaxel [13], have 
only improved survival by a few months. 

Apart from chemotherapeutic drugs, there has been a focus on 
developing targeted therapies against cancers especially tyrosine 
kinase inhibitors. Many tumor cells harbor point mutations 
within certain genes that constitutively upregulate kinase activity 
[17]. Application of selective kinase inhibitors based on genomic 
information in clinical oncology has shown great promise in 
improving patient outcome. In spite of a tremendous clinical 
benefit of some agents, patients who initially respond to targeted 
therapeutics commonly relapse. Therefore, there is a need for 
identifying new drug targets to attack the cancers. The Cancer 
Genome Atlas (TCGA) and the International Cancer Genome 
Consortium (ICGC) have identified several new mutations in 
kinases in cancer [18,19]. For example a hotspot mutation that 
upregulates the kinase activity found prevalently across oncogenic 
kinases is BRAF V600 [20]. Mitogen-activated extracellular signal-
regulated kinase (MEK) activity is critical for mutant BRAF 
signaling. In preclinical models of human melanoma, selective 
MEK inhibitors have inhibited growth and induced cell death in 
tumors bearing either BRAF or NRAS mutations [21]. Trametinib 
is a reversible and highly selective allosteric inhibitor of MEK1 
and MEK2 with anticancer activity against BRAF V600 mutation 
carrying metastatic melanoma. In xenografts tumor models, 
trametinib showed sustained growth inhibition in tumor lines [22]. 
Therefore, we tested this drug in our studies with patient derived 
tumor xenograft along with standard chemotherapeutic drugs like 
gemcitabine.

Materials and Methods
The cell culture medium consisted of Dulbecco’s Modified Eagles 
Media (DMEM) with 4.5 g/L glucose and L-glutamine (Lonza, NJ), 
10% (v/v) fetal bovine serum and penicillin/streptomycin (10 U 
Pen/mL, 10 µg Strep./mL).  All cytotoxic agents were obtained from 
Selleckchem, TX, USA and dissolved in DMSO to prepare 10mM 
stock solutions.  Collagenase was purchased from Sigma-Aldrich 
(cat#C5138). Stepwise dilution of the stock in the cell culture medium 
yielded solutions at test concentrations. Cholangiocarcinoma cells 
were derived from patient’s fresh tumor sample. For in vivo studies, 
fresh tumor sample was stabilized by implanting the tumor tissue 
in kidney capsule of NOD scid mice. After stabilization, the tumor 

from the kidney capsule was obtained and minced to implant 
subcutaneously in different groups of NOD scid mice. After the 
tumor showed stabilized growth subcutaneously the mice were 
treated with drugs. Cell Counting Kit-8 (Dojindo, Japan) was 
diluted in DMEM (2.5%) to yield the viable cell counting solution. 
A Molecular Device UV-Max microplate reader was used to collect 
absorbance data at 450 nm. An approval was obtained from the 
patient’s family to perform studies and publish the data. 

Establishment of Primary Cells 

Fresh tumor was minced using sterile scalpel blade and digested 
with 0.5% collagenase and incubated at 37°C in water bath with 
shaking from 30min to 1hr. digested tissue was filtered into a 
fresh tube containing DMEM medium. Cells were centrifuged at 
1500 RPM for 5min. Cell pellet was resuspended in 10ml DMEM 
medium with 10% FBS and 1% pen/strep. Cells were counted and 
seeded in cell culture plate previously coated with 2% gelatin and 
incubated in CO2 incubator.

Cell Proliferation Assay and Cytotoxicity Assay

Patient-derived primary tumor cells were seeded (~10,000 cells/
well) in a 96-well plate in the cell culture medium and incubated in 
a humidified CO2 chamber for 24 hours. 100 µl of cytotoxic agents 
at various concentrations were added in each well. The plates were 
then incubated for 48 hours. The medium was discarded and 100 
µL of cell counting solution was added to each well. After 2 hour 
incubation, absorbance was measured at 450 nm in the microplate 
reader. The data was plotted in GraphPad Prism software.

Biomarker Analysis

The biomarker analysis performed at Caris Life Sciences, Phoenix, 
AZ was by either immunohistochemistry, next generation 
sequencing (NGS) or by microarray analysis on formalin fixed 
paraffin embedded (FFPE) tissue sections. Gene expression studies 
by microarray analysis on fresh frozen tumor and adjacent normal 
tissue on Affymetrix Human Gene 1.0 ST arrays was performed 
by Genome Explorations, Memphis, TN. Fresh tissue was used to 
prepare total RNA and reverse transcribed to cDNA that was used 
on microarray chips. 

Patient derived xenograft study

Patient derived tumor xenograft studies in mice were performed at 
Champions Oncology, Baltimore, MD. by following the institutional 
animal care and use committee approved protocols.  Fresh tumor tis-
sue of CCA was transplanted (fragments of 1.5mmx1.5mm in size) 
under the renal capsule of NOD scid mice. After 6-8 weeks, tumors 
were excised and serially transplanted into additional mice subcu-
taneously for drug testing. The study protocol and drug doses were 
used with some minor modifications of previous studies [23, 25] 

The tumor was allowed to grow stably before testing the drugs.  
Beginning Day 0, tumor dimensions were measured. Later, tumor 
dimensions were measured twice weekly by digital caliper and data, 
including individual and mean estimated tumor volumes (Mean TV 
± SEM), are recorded for each group. Tumor volume was calculated 
using the formula: TV= width2 x length x π/2. At completion of the 
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study on day 22, percent tumor growth inhibition (%TGI) values 
were calculated and reported for each treatment group (T) versus 
control (C) using initial (i) and final (f) tumor measurements 
by the formula: %TGI=1-(Tf-Ti)/(Cf-Ci)x100. Individual mice 
reporting a tumor volume >120% of the Day 0 measurement are 
considered to have progressive disease (PD). Individual mice with 
neither sufficient shrinkage nor sufficient tumor volume increases 
are considered to have stable disease (SD). Individual mice 
reporting a tumor volume ≤70% of the Day 0 measurement for two 
consecutive measurements over a seven day period are considered 
partial responders (PR). If the PR persisted until study completion, 
percent tumor regression (%TR) is determined using the formula: 
%TR= (1-Tf /Ti)x100; a mean value is calculated for the entire 
treatment group. Individual mice lacking palpable tumors for two 
consecutive measurements over a seven day period are classified 
as complete responders (CR). The clinical specificity for this test is 
60%; the clinical sensitivity of this test is 98.1%.

Statistical Analysis

Statistical analysis was carried out using the two-tailed, unpaired 
Student’s t test. A p-value less than 0.05 was considered statisti-
cally significant. Data are expressed as mean±S.D. For microarray 
analysis by Genome Explorations, background correction, normal-
ization, and summarization was done by the RMA method. Signal 
values were Log2 transformed. Later filtered for probe sets with 
Log2 fold change values < -1 or > +1 (2-fold change) for any pair 
wise comparison. The lack of replicate samples limited any esti-
mates of statistical significance.

Results
In Vitro Drug Sensitivity of Tumor Derived Primary Cells 

Cultured primary cells from patient’s tumor were treated with 
different chemotherapeutic drugs to identify the relative sensitivity 
of tumor cells using CCK8 assay kit. The results indicated that the 
cancer cells were most sensitive to paclitaxel followed by premetrexate, 
gemcitabine, cisplatin, irinotecan, Ara-C, carboplatin, 5-FU and 
oxaliplatin in order of decreasing effectiveness. Temozolomide, 
cyclophosphamide and dexamethasone were ineffective in killing 
CCA cells. Trametinib showed best cytotoxic activity among the 
tyrosine kinases tested. Sorafenib and sunitinib showed moderate 
efficacy against tumor cells while gefitinib, imatinib, pazopanib 
and erlotinib were ineffective in in vitro (Table 1). 

Biomarker Analysis

The tissue samples were analyzed for detecting biomarkers across 
hundreds of hotspots in cancer genomes. The results from Caris 
Profiling indicated over expression of biomarkers (Table 2). The 
over expression of these biomarkers in cancer tissue implicated a 
clinical benefit from using chemo agents like cisplatin, carboplatin, 
oxaliplatin, gemcitabine, sunitinib, sorafenib and celecoxib. The 
results of the microarray data indicated 935 genes altered in tumor 
tissue compared to adjacent normal. Most prominently up regulated 
genes involved in cell division and proliferation are listed in Table 
2. We identified certain novel genes up regulated in cancer tissue 
implicated in cell proliferation and growth such as tumor protein 

Table 1: Drug sensitivity tested on patient-derived tumor cells

DRUGS EC50  mM

Paclitaxel 0.0001 ± 0.00001

Premetrexate 0.0026 ± 0.0003

Cisplatin 0.31 ± 0.035

Irinotecan 0.42 ± 0.071

Ara-C 0.98 ± 0.17

Carboplatin 1.37 ± 0.12

5-FU 1.68 ± 0.71

Oxaliplatin 2.09 ± 0.21

Sorafenib 2.20 ± 0.36

Sunitinib 2.76 ± 0.39

Gefitinib 7.39 ± 1.55

Temozolomide 92.7 ± 78.5

Erlotinib 88.3 ± 79.7

Cyclophosphamide 112 ± 30

Dexamethasone 226 ± 77

Gemcitabine 0.096 ± 0.026

Imatinib 15.2 ± 0.6

Pazopanib 102 ± 40

Trametinib 0.066 ± 0.048

Berberine 7.2 ± 2.4

Gossypol 5.5 ± 1.9

Parthenolide 1.5 ± 0.7

Table 2: Biomarker analysis from patient tumor sample

Biomarker Result Analyzed by

ERCC1 Over expressed Caris Life Sciences

MGMT Over expressed Caris Life Sciences

RRM2 Over expressed Caris Life Sciences

VDR Over expressed Caris Life Sciences

PDGFRB Over expressed Caris Life Sciences

BRCA2 Under expressed Caris Life Sciences

PTGS2 Over expressed Caris Life Sciences

SSP1 Over expressed Genome Explorations

CKS2 Over expressed Genome Explorations

Cyclin b1 Over expressed Genome Explorations

PTTG1 Over expressed Genome Explorations

PCNA Over expressed Genome Explorations

PDGFRa

Vitronectin

TM4SF4 
TPD52

RAB25

Over expressed

Over expressed

Over expressed

Over expressed

Over expressed

Genome Explorations

Genome Explorations

Genome Explorations

Genome Explorations

Genome Explorations



Page 4 of 7Citation: Zhen Yao, Tyler Hendricks,  Sanjay Paladiya, Kesha S Patel, Shivan Manish Patel, et al. (2016) Patent-Derived Xenograft (PDX) 
Studies of Intrahepatic Cholangiocarcinoma Indicate Potential Benefit with Trametinib. BAOJ Cancer Res Ther 2: 019.

BAOJ Cancer Res Ther, an open access journal					                                                          	 Volume 2; Issue 4; 019

52 (TPD52), transmembrane 4 L six family member 4 (TM4SF4), 
vitronectin and Rab25 (a RAS oncogene family member). Among 
them, platelet derived growth factor receptor (PDGFRa) was one 
of the important up-regulated genes that could be targeted by 
sorafenib, sunitinib or imatinib. We tested the patient-derived 
tumor cells with marker-associated beneficial drugs for sensitivity. 

Patient derived xenograft studies

To have a better understanding of the drug sensitivity of the tumor, 
freshly resected tumor was used in PDX studies in mice. The mice 
were divided into different groups with each group consisting at 
least three mice. Tumor bearing mice were treated with imatinib, 
gemcitabine, pazopanib and trametinib that were predicted to have 
clinical benefit based on the results of previous molecular analysis. 
The number of animals in each group, drug dosage and the route 
of drug administration are given in Table 3. Pazopanib targets 
PDGFR and is approved for advanced soft tissue sarcoma and renal 
cell carcinoma whereas trametinib, a MEK inhibitor is approved 
for melanoma but is being investigated in bile duct cancers (www.
cancer.org/cancer/bileductcancer/detailedguide/bile-duct-cancer-
new-research). The results indicated a relatively better anti-tumor 
activity with gemcitabine and trametinib as single agents (Figure 
1A).  The PDX study results for drug efficacy correlate well with in 
vitro drug sensitivity results (Figure 1B and 1C).  Tumor regression 
(TR) of 40% was achieved following treatment with gemcitabine, 
with tumor growth inhibition (TGI) of 156%, two animals showing 

partial response (PR) and one animal showing stable disease (SD). 
Treatment with Trametinib resulted in TR of 18%, TGI of 127%, 
one animal showing PR and four animals showing SD. Pazopanib 
and imatinib did not show anti-tumor response. As single agents 

Figure 1: Patient derived tumor xenograft testing for chemosensitivity.  NOD scid mice implanted 
with patient derived tumors were treated with different drugs represented in the figure.  Change in 
tumor volume is represented as bar graph of each drug treatments. Negative y-axis represents tumor 
regression compared to control (A). Cell viability assay CCK8 data representing the sensitivity of patient 
derived cancer cells to anti-cancer drug in vitro (B &C). 

Table 3: PDX experimental design

Group -n- Agent Dose (mg/kg/dose) ROA/Schedule

1 9 Control 

2 3 Gemcitabine 100 i.p./q7dx3

3 3 Imatinib 40 p.o./qdx21

4 5 Trametinib 1 p.o./qdx21

5 5 Pazopanib 40 p.o./qdx21

6 3 Gossypol 50 p.o./qdx21

7 3 Parthenolide 5 i.p./2wklyx3

8 3 Berberine 10 p.o./qdx21

ROA – Route of Administration

i.p. – intra peritoneal

p.o. – by mouth (oral)

qdx21 – one dose every day for 21 days

q7dx 3 – one dose every seven days times 3

2wklyx3 – two doses per week times 3 8OA/Scheduleived growth factor 
receptor (25,dney capsule was obtained ag the CCA cells in the treatment 
of CCA.be targeted for a

http://www.cancer.org/cancer/bileductcancer/detailedguide/bile-duct-cancer-new-research
http://www.cancer.org/cancer/bileductcancer/detailedguide/bile-duct-cancer-new-research
http://www.cancer.org/cancer/bileductcancer/detailedguide/bile-duct-cancer-new-research
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Pazopanib or Imatinib resulted in TGI of 39% and 17%, respectively, 
with most of the animals showing progressive disease (PD). The 
results are summarized in Table 4.

Further, we also treated the mice with natural compounds like 
gossypol, parthenolide and berberine.  These drugs were previously 
shown to have anti-cancer properties [26-28]. Results indicated 

that berberine, gossypol and parthenolide could stabilize the tumor 
growth to a large extent. As single agents gossypol or parthenolide 
resulted in TGI of 107% and 102%, respectively. Treatment with 
berberine resulted in TGI of 73%, with two of three animals 
showing SD. 

Discussion
Cholangiocarcinoma is a type of highly malignant cancer of the 
biliary tract with poor prognosis. It can be a challenge to diagnose 
CCA because of its anatomic location and silent clinical character. 
The clinical manifestations of intrahepatic cholangiocarcinoma 
include non-specific symptoms like abdominal pain, malaise, 
fatigue, cachexia and night sweats [29]. 

Personalization of cancer therapy has been the focus in the 
field to overcome the inter-individual and tumor variations. 
Towards personalization of cancer therapy, molecular pathologic 
investigations are being performed routinely on tumors and targeted 
drugs are being developed [30].  The aim of chemosensitivity assay is 
to predict the in vivo response and resistance to chemotherapeutics. 
Earlier studies applied various methods to determine in vitro 
chemosensitivity [31-33] that have indicated a predictive accuracy 
for in vivo sensitivity of 30-86% and resistance of 92% [34,35]. 
The standard practice of care for an advance staged intrahepatic 
cholangiocarcinoma is systemic chemotherapy with gemcitabine 
and cisplatin [36]. In advanced cholangiocarcinoma patients 
in addition to best supportive care, 5-FU with leucovorin and 
etoposide based systemic chemotherapy improved median survival 
by 3.5 months compared to best supportive care alone [37]. Later, 
more clinical trials with 5-FU based combinations were performed 
by several groups with an overall survival of 13.3 months being best 
when treated with leucovorin, 5-FU and cisplatin combination [38]. 
Gemcitabine based single agent or combination studies showed a 

Table 4: Patient derived tumor xenograft results summary

Group % Tumor growth 
inhibition

RECIST PD/SD/PR/
CR*

% Tumor 
regression

Control 7/2/0/0 n/a

Gemcitabine 156 0/1/2/0 40

Imatinib 17 3/0/0/0 n/a

Trametinib 127 0/4/1/0 18

Pazopanib 39 4/1/0/0 n/a

Gossypol 107 0/3/0/0 n/a

Parthenolide 102 0/3/0/0 n/a

Berberine 73 1/2/0/0 n/a

*PD-Progressive Disease; SD-Stable Disease; PR-Partial Response; CR-
Complete Response. 

median overall survival in the range of 5-14 months [39-41]. Such 
trials have not yielded superior achievement of improving overall 
survival beyond a few months.  

Development of new techniques enabled the screening of cancer 
tissue against a range of anti-cancer drugs in vitro prior to the 
start of chemotherapy to patient. Further, immune-compromised 
transgenic mice enabled successful patient derived xenografts (PDX) 
studies that work as a great tool to study the tumor sensitivity to 
drugs in vivo. This tool is being used in personalizing the treatment 
for patients. In vitro and in vivo models of drug testing will help 
choose the effective drugs to benefit the patients. Our experiments 
with PDX studies indicated potential benefit when treated with 
gemcitabine that served as a positive control for our studies as it is 
widely used clinically to treat CCA. Our results with imatinib were 
not encouraging despite its target PDGFRA was over expressed in 
tumor cells making it difficult to explain why imatinib treatment 
had poor response. However, the other tyrosine kinase inhibitor 
trametinib showed promising results as compared to either imatinib 
or ponatinib. Our study with natural compounds like gossypol, 
parthenolide and berberine indicate benefit in treating tumor 
bearing mice as the disease was stabilized. Especially the results 
with gossypol and parthenolide were highly promising indicating 
their potential as therapeutic drugs for cholangiocarcinoma. PDX 
results with berberine indicated that it could control the tumor 
growth to a large extent. Berberine was previously reported to kill 
cholangiocarcinoma cells specifically [42]. 

In the current study, based on in vitro tumor sensitivity results, 
paclitaxel and premetrexate were best in killing tumor derived 
primary cells. Paclitaxel represents the taxane family of drugs that 
interferes with the normal breakdown of microtubules during cell 
division. This has been used to treat a number of cancers including 
ovarian, lung, bladder, prostate, melanoma esophageal, breast as 
well as Kaposi’s sarcoma [43]. Pemetrexed is similar to folic acid 
and is referred as folate antimetabolite. It inhibits the enzymes 
involved in DNA and RNA synthesis. Clinically pemetrexed is 
approved for pleural mesothelioma [44]. It has also been approved 
for the treatment of non-small cell lung cancer (NSCLC) [45,46].  
However, paclitaxel and premetrexate have not been used in the 
treatment of cholangiocarcinoma. Therefore, these drugs can 
be further investigated to test whether they can be used in the 
treatment of CCA. 

Gene expression microarray studies are very useful in providing 
critical information on the molecular biology of the tumor.  Many 
proteins that are important in cell division and tumor growth 
can be analyzed to identify marker proteins or receptor tyrosine 
kinases that can be targeted for treatment. Previous studies 
have reported stromal over expression of osteopontin/SPP1 in 
cholangiocarcinoma [47]. Another study has demonstrated that 
the stromal over expression of osteopontin/SPP1 as an independent 
prognostic marker for overall and disease free survival [48]. The 
cancer tissue of the present patient in this report had very high 
expression of SSP1 gene indicating a poor prognosis for overall 
survival.  Further, CKS2 over expression was reported to have poor 
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prognosis [49]. Knockdown of CKS2 using siRNA was shown to 
down regulation of cyclin A and cyclin B1 which led to the arrest of 
cell cycle in G2/M phase and further up regulated Bax and caspase-3 
facilitated apoptosis in CCA [49]. Further, down regulation of 
CKS2 expression sensitized the cells to chemotherapy. PDGFRα is 
a tyrosine kinase receptor that plays a critical role in cell division 
and metastasis of tumor. Several groups have shown inhibition of 
PDGFRα by imatinib [50-52]. In the present case, patient-derived 
tumor cells showed no response to imatinib treatment either in in 
vitro or in vivo studies.  

The results with trametinib were very promising in shrinking 
the tumor. Recent studies indicated that trametinib can target 
downstream proteins like MEK of ras signaling pathway to 
control tumor development and progression (http://www.cancer.
gov/about-cancer/treatment/research/mek#melanoma).Gene 
expression in the CCA tumor tissue by microarray analysis 
found that rab25, which is a member of ras oncogene family, is 
overexpressed. Therefore, we speculate that trametinib might be 
targeting rab25 induced signaling pathway in cholangiocarcinoma 
cells. However, this being a single patient study, the results cannot 
be generalized. Studies with several samples need to be carried 
to make specific conclusion. Further, the identification of novel 
genes over expressed in tumor sample by microarray analysis 
like TM4SF4, vitronectin and TPD52 may be studied further to 
understand their use as targets to treat cholangiocarcinoma.  

We propose that further studies on trametinib in cholangiocarci-
noma cells will provide new insights on the potential use of tram-
etinib as a treatment for cholangiocarcinoma patients. Moreover, 
choosing appropriate chemotherapy based on the tumor sensitivity 
tests will help improve the treatment efficacy and overall survival 
of cholangiocarcinoma patients. 
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