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Abstract. Pyruvate dehydrogenase kinase (PDK) is a 
Ser/Thr kinase that inactivates mitochondrial pyruvate dehy-
drogenase and serves a key role in aerobic glycolysis, which 
is a hallmark of cancer cells. The present study determined 
the PDK expression in cholangiocarcinoma (CCA) tissues 
and sera to evaluate their applicability as a biomarker for 
CCA. Using proteomic analysis, PDK was revealed to be the 
most overexpressed mitochondrial protein in CCA tissues. 
Then, the expression of PDK isoforms in CCA tissues was 
examined in 15 CCA cases by immunohistochemistry. The 
PDK3 isoform levels in the sera were measured using a 
dot blot assay for 39 patients with CCA, 20 patients with 
benign biliary disease and 19 healthy volunteers. The results 
revealed a 27-fold overexpression of PDK3 in cancerous 
tissues when compared with adjacent non-cancerous 
tissues. The immunohistochemical results demonstrated 
that the PDK1, 2 and 3, but not the PDK4, isoforms were 
overexpressed in cancerous tissues. When the PDK3 levels 
in the sera were examined, they were significantly higher 
in CCA when compared with the BBD and healthy groups. 
The specificity and sensitivity of PDK3 as a marker for CCA 
were 97.5 and 33.0%, respectively, and high PDK3 levels in 
the sera were correlated with a short survival time for CCA. 

In conclusion, PDK3 can be used as a diagnostic/prognostic 
marker for CCA.

Introduction

Cholangiocarcinoma (CCA) is a tumor originating from 
biliary epithelial cells. The incidence of CCA in Southeast 
Asia, especially in northeast Thailand, is remarkably 
high with liver f luke infection as a major risk factor. 
The prognosis of CCA is poor with high mortality rates 
as the majority of patients are diagnosed at a late stage 
with a high incidence of metastasis (1-3). Reliable diag-
nostic/prognostic markers are critical for CCA treatment. 
For CCA diagnosis, there are several markers which are 
reported to be effective diagnostic and prognostic markers 
such as carcinoembryonic antigen, carbohydrate antigen 
(CA) 19-9, CA242, CCA-associated carbohydrate antigen, 
mucin glycoproteins and cytokines (4). Even combinations 
of those markers are still insufficient for sensitivity and 
specificity (5).

Recently, using mass spectrometry, Chua-On et al (6) 
demonstrated the different expressions of mitochondrial 
proteins in cancerous and adjacent tissues of CCA. Since 
the main energy of cancer cells is produced by glucose 
metabolism, the glucose metabolism involved-proteins in 
the mitochondria could be potential diagnostic/prognostic 
markers. Among all the candidate proteins, pyruvate dehydro-
genase kinase (PDK) 3 showed the highest fold increase. PDK 
is a Ser/Thr kinase that inactivates mitochondrial pyruvate 
dehydrogenase by site‑specific phosphorylation and plays a 
key role in regulation of the Warburg effect in cancer cells (7). 
There are four isoforms, including PDK1, PDK2, PDK3 and 
PDK4. Their molecular weight range from 45 kDa (PDK1) 
to 48 kDa (PDK2, PDK3 and PDK4) and models show that 
they have 70% identity of themselves (8). All PDK isoforms 
are notably expressed in specific tissues (9). At present, there 
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is no report of PDK expression in CCA. The aims of this 
study were to examine PDK expression in CCA and evaluate 
whether the PDKs could be diagnostic/prognostic markers of 
CCA.

Materials and methods

Selection of PDK from the mitochondrial protein database. 
Glucose metabolism-associated proteins were selected from 
the CCA mitochondrial proteomic database constructed 
by Chua-On et al (6), of which data were extracted from 
three CCA tissues and adjacent non-cancerous tissues using 
liquid chromatography tandem-mass spectrometry. Proteins 
were searched using Mascot against The National Center 
for Biotechnology Information human protein reference 
database with the human mitochondrial proteins database. 
The 282 proteins overexpressed in CCA were classified into 
their respective biological functions using Protein Analysis 
Through Evolutionary Relationships (PANTHER) soft-
ware (10).

CCA tissues and sera. Cancerous and adjacent non-cancerous 
tissues from 15 patients with intrahepatic CCA were kindly 
provided by the Cholangiocarcinoma Research Institute 
(CARI), Khon Kaen University, Khon Kaen, Thailand. They 
were immediately snap-frozen in liquid nitrogen and stored 
at ‑80˚C until further use. A part of each frozen tissue section 
was fixed in 4% buffered formalin and processed for hema-
toxylin and eosin staining for histopathological diagnosis. The 
mean ± standard deviation (SD) of age, aspartate transaminase, 
alanine transaminase and alkaline phosphatase (ALP) of these 
patients are 57±5.5 years, 61±6.7, 57±51.4 and 154±100.4 U/l, 
respectively.

Serum samples from 39 patients with CCA and 20 patients 
with benign biliary diseases (BBD), mostly cholangitis, were 
additionally obtained from The Faculty of Medicine, CARI, 
Khon Kaen University. Normal control sera were obtained 
from 19 healthy people, who went for check-ups at the 
Office for Medical Technology and Physical Therapy Health 
Service, Faculty of Associated Medical Sciences, Khon Kaen 
University. Characteristics of the healthy controls, and patients 
with BBD and CCA are summarized in Table I. The serum 
samples were kept at ‑20˚C until further use.

The sample sizes for CCA tissues and serum samples were 
analyzed using PS program version 3.1.2 (11). This research 
project was approved by the Ethical Committee of Khon Kaen 
University, Thailand (approval no. HE581431).

Immunohistochemistry. Paraffin-embedded CCA sections 
of 4 µm thickness of 15 CCA cases were deparaffinized 
by soaking in xylene, absolute ethanol, 95% ethanol and 
70% ethanol for 2 min each time. For the antigen retrieval 
process, sections were boiled in 1X citrate buffer (pH 6.0) for 
10 min and washed in 1X PBS buffer. Then, the endogenous 
peroxidase activity of the sections was blocked with 3% H2O2 
in methanol for 1 h in the dark and non‑specific background 
binding was blocked by incubation with 20% fetal bovine 
serum (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany 
) for 2 h. The sections were then incubated with 150 µl rabbit 
polyclonal antibody against human PDK1, PDK2, PDK3 and 

PDK4 (Biorbyt, Cambridge, UK; cat. nos. of the anti-PDK1, 
-PDK2, -PDK3 and -PDK4 antibodies are orb14422, 
orb137873, orb312719 and orb136059, respectively) at a dilu-
tion of 1:100 at 4˚C overnight. The sections were washed in 
1X PBS-T and incubated with 150 µl undiluted goat anti-rabbit 
immunoglobulin G (IgG) antibody with the EnVision System 
(Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) 
for 1 h and the signal was developed with diamino-benzidine 
(Dako; Agilent Technologies, Inc.) for 5 min in the dark. The 
sections were washed with running tap water until clear and 
counterstained with hematoxylin for 10 min. The sections 
were dehydrated in an ascending series of ethanol for 2 min at 
each concentration, cleared in xylene, mounted with permount 
and sealed with a cover glass.

To assess the immunohistochemical staining (IHC) using 
H-score, both the intensity of staining (0, no staining; 1+, weak 
staining; 2+, moderate staining; and 3+, strong staining) and the 
percentage of the stained tumor cells (0-100%) were assessed. 
IHC results were observed for ~10 fields per sample to reduce 
variation of detection. The H-score was calculated as a sum of 
the intensity as follows (12): H-score = (% of positively stained 
tumor cells at weak intensity x1) + (% of positively stained 
tumor cells at moderate intensity x2) + (% of positively stained 
tumor cells at strong intensity x3). Lastly, 10 fields of H‑score 
were averaged leading to a range of 0-300 for the H-score for 
each sample.

Western blot analysis. In total, five CCA sera samples 
(2 µl each) were mixed with 4X loading dye to a 1:4 ratio and 
boiled for 5 min. The protein samples were fractionated on 
12.5% SDS-PAGE and run at 120 V for 3 h in a cold room. 
The electrophoresis was completed when the dye reached the 
end of the gel, and the separated proteins were transferred 
onto a polyvinylidene difluoride membrane at 300 V for 
1 h at room temperature. The membrane was blocked with 
5% skimmed milk in 1X TBS with Tween-20 (TBST) for 
1 h at room temperature. The membrane was then incubated 
with a 1:500 dilution of primary antibody, which was a rabbit 
polyclonal antibody against human PDK3 overnight at 4˚C. 
Next, the membrane was washed three times with 1X TBST 
for 10 min each time, and incubated with a 1:10,000 dilu-
tion of anti-rabbit IgG-horseradish peroxidase-conjugated 
secondary antibody for 1 h at room temperature, followed 
by three washes with 1X TBST for 10 min each time. 
Finally, the chemiluminescence was detected using an 
Enhanced Chemiluminescent plus system (GE Healthcare 
Life Sciences, Little Chalfont, UK) and visualized using 
Image Quant LASmini 400 (GE Healthcare Life Sciences). 
A KKU-055 (a CCA cell line) lysate was used as a positive 
control for PDK3, which was provided by CARI, Khon Kaen 
University.

Dot blot assay. The membrane was soaked in 1X TBST for 
10 min before being placed on a machine. All sera of each group 
(2 µl each) were transferred to a nitrocellulose membrane with 
Bio-Dot Microfiltration Apparatus (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA). After air-drying, the membrane was 
blocked with 5% skimmed milk in 1X TBST for 1 h at room 
temperature. The membrane was then incubated with a 1:500 
dilution of rabbit polyclonal antibody against human PDK3 
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(Biorbyt) overnight at 4˚C. The detection process was the same 
as the western blot analysis method. The method was modified 
from a previously described method (13). A HeLa cell lysate 
was used as a positive control. The cell lysate was kindly 
provided by Daraporn Chua-orn (Khon Kaen University). The 
intensities of PDK3 protein in the sera were normalized using 
PDK3 intensity in the HeLa cell lysate as a relative expression 
ratio.

Receiver operating characteristic (ROC) curve analysis. ROC 
curve analysis was performed to analyze the applicability 
of PDK3 as a tumor marker for CCA. The cut-off value was 
considered in the left-top or shoulder of the curve. In this study, 
we selected the value that provided the highest likelihood ratio 
as the cut-off.

Statistical analysis. Fold change analysis was calculated 
from the signal intensity of CCA minus the signal intensity 
of adjacent non-cancerous tissue. The data are presented 
as mean ± standard deviation and the range (minimum to 
maximum). A Kruskal-Wallis normality test was used for the 
normality of data. The different values among two and three 
sample groups were estimated using the Mann-Whitney 
and Kruskal Wallis tests, respectively. Bonferroni's correc-
tion was used as the post hoc test. The correlation between 
serum PDK3 levels and the clinicopathological param-
eters of the patients were analyzed using Fisher's exact test. 
P<0.05 was considered to indicate a statistically signifi-
cant difference. GraphPad Prism v.5 software (GraphPad 
Software, Inc., La Jolla, CA, USA) was used for statistical 
analyses.

Results

PDK expression in CCA. In our previous study, the different 
expression of mitochondrial proteins in cancerous and 
adjacent normal tissues of CCA specimens was determined 
using mass spectrometry, and it was identified that a total 

of 281 mitochondrial proteins were identified to be overex-
pressed in CCA tissues (6). All 281 proteins were considered 
to be significantly different (P<0.05). In this study, we clas-
sified those 281 mitochondrial proteins into their respective 
biological function using PANTHER software (10) (analyzed 
on 21st August 2017). The results showed that the majority of 
the proteins were classified into cellular process (82, 29.1%), 
metabolic process (80, 28.4%), cellular component organi-
zation or biogenesis (28, 9.9%), localization (23, 8.3%) and 
other processes possibly associated with cancer, such as 
biogenesis and immune system (Fig. 1). Then, we focused 
on the proteins involved in metabolic process and identified 
15 proteins that are involved in glucose metabolism. Among 
those 15 proteins, PDK3 was the most overexpressed protein. 
In addition, a 6-fold overexpression of PDK2 was detected 
(Table II).

High expression of PDK1, PDK2 and PDK3 in CCA tissues. 
To evaluate the expression of four PDK isoforms in 
CCA, immunohistochemistry was performed on 15 CCA 
tissues from patients containing cancerous and adjacent 
non-cancerous tissues. The results showed that PDK1, 2 and 3 
were strongly positive in the cancer cells but only weakly 
positive in adjacent non-cancerous tissues. However, PDK4 
was negative in both cancerous and non-cancerous adjacent 
tissues (Fig. 2A). The intensities of immunostaining of PDK1, 
PDK2 and PDK3, expressed by H-scores (mean ± SD), were 
269±34, 268±32 and 268±20, respectively, in CCA tissues. 
Whereas, the H-scores of adjacent non-cancerous tissues 
were 38±28, 30±21 and 54±11, respectively (P-value <0.0001; 
Mann-Whitney U test; Fig. 2B).

High expression of PDK3 in the sera of patients with CCA. 
The levels of PDK1, PDK2 and PDK3 in the sera were 
measured in 39 patients with CCA, 20 patients with BBD and 
19 normal controls using dot blot analysis. We confirmed that 
PDK3 expression in sera was not influenced by age and sex 
by statistical testing in all three groups (Tables SI and SII). 

Table I. Characteristics of the healthy controls, and the benign biliary disease and cholangiocarcinoma patients.

Clinical parameters (normal range) Healthy control (n=19) BBD (n=20) CCA (n=39) P-value

Age, years 49.8±5.4 (40,59) 59.3±9.3 (41,74) 59.3±9.3 (38,77) <0.0002b,c

Sex, n (%)    
  Male   4 (21.1) 16 (80.0) 23 (59.0)   0.0009b,c

  Female 15 (78.9) 4 (20.0) 16 (41.0) 
Liver function enzymes    
  ALT (4-36 U/l) 19.1±5.5 (8,28) 88.0±101.4a (8,429) 57.5±43.0 (2,151) <0.0001d,e

  AST (12-32 U/l) 25.5±4.2 (19,31) 90.0±75.3a (16,303) 84.8±76.3 (19,317) <0.0001d,e

  ALP (42-121 U/l) 73.6±16.0 (45,105) 332.8±285.7a (32,991) 226.9±307.9 (24,1963) <0.0001d,e 

Values are presented as the mean ± standard deviation, (minimum, maximum). The characteristics of three independent sample groups were 
analyzed using the Kruskal-Wallis test.  aThe number of samples analyzed was 18 due to a limitation in the amount of patient data; bP<0.001, 
Healthy controls vs. BBD; cP<0.001, healthy controls vs. CCA; dP<0.0001, healthy controls vs. BBD; eP<0.0001, healthy controls vs. CCA. 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; BBD, benign biliary disease; CCA, cholangio-
carcinoma.
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As shown in Fig. 3, PDK3 was significantly higher in CCA 
sera compared with normal sera (P=0.03). There was no 

significant difference in PDK3 levels between BBD and 
normal sera. Furthermore, the comparison of the PDK3 

Figure 1. Mitochondrial protein classification according to protein class. GO, Gene Ontology.

Table II. Candidate mitochondrial proteins involved in the glucose metabolism of cholangiocarcinoma.

Protein name Gene symbol Fold change of CCAa

Pyruvate dehydrogenase kinase 3 PDK3 27
Cytochrome c oxidase assembly protein 3 homolog COX15 11
Cytochrome c oxidase subunit 5A COX5A 10
ATP synthase subunit epsilon ATP5E 11
Cytochrome c oxidase subunit 5b COX5B 7
Complex I intermediate-associated  protein 30 CIA30 7
Succinate dehydrogenase SDH 7
Pyruvate dehydrogenase kinase 2 PDK2 6
Acetyl-CoA carboxylase 2 ACC2 8
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 2 NDUFA2 4
ATP synthase subunit alpha, mitochondrial isoform ATP5A -1
Cytochrome b-c1 complex subunit 1 UQCRC1 -3
ATP synthase mitochondrial F1 complex assembly factor 1 ATPAF1 4
Isocitrate dehydrogenase IDH -4
Cytochrome c oxidase subunit I COX1 0

aFold change was calculated from the signal intensity from mass spectrometry of CCA minus the signal intensity of adjacent non-cancerous 
tissues. The signal intensity from mass spectrometry was presented as log2 values. Once the differences were calculated, the values were 
multiplied by 2. CCA, cholangiocarcinoma.
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levels in the sera revealed that it was significantly higher in 
CCA sera compared with the BBD group sera at a P-value 
of 0.03. For PDK1 and PDK2, the result showed no signifi-
cant difference between CCA vs. normal control and CCA 

vs. BBD. To confirm that the dot blot positivity was in fact 
detecting PDK3, we performed western blot analysis for five 
representative dot-blot positive CCA sera. PDK3 was detected 
in all five CCA sera as a 48 kDa band. The cell lysate of the 

Figure 2. (A) Representative PDK staining in cancerous and non‑cancerous tissues of the surgical specimens from patients with CCA (magnification, x400; 
scale bar, 50 µm). Arrows in the ‘Adjacent’ column indicate cholangiocytes, and arrows in the ‘CCA’ column indicate CCA cells. (B) PDK1, PDK2 and PDK3, 
but not PDK4, were significantly overexpressed in CCA tissues compared with adjacent non‑cancerous tissues (P<0.0001). PDK, pyruvate dehydrogenase 
kinase; CCA, cholangiocarcinoma.

Table III. Correlation between low and high pyruvate dehydrogenase kinase 3 levels and the clinicopathological characteristics 
of patients with cholangiocarcinoma. 

 Low PDK3 High PDK3
 --------------------------------------------------------- ------------------------------------------------------
Clinical parameters n r-value P-value r-value P-value

Age (years) 39 0.03168 0.8976 -0.0144 0.9521
Liver function enzymes
  ALT (U/l) 39 0.1986 0.4150 -0.2878 0.2185
  AST (U/l) 39 0.2405 0.3213   0.0239 0.9205
  ALP (U/l) 39 0.2368 0.3441 -0.4837 0.0307a

  Total bilirubin (mg/dl) 39 0.5035 0.0280a -0.0140 0.9532
  Direct bilirubin (mg/dl) 39 0.4622 0.0463a -0.0350 0.8836
Tumor markers     
  CEA (ng/ml) 26 0.3571 0.2310 -0.0572 0.8527
  CA 19-9 (U/ml) 32 -0.1096 0.6861   0.1900 0.4810
Survival time (days) 32 0.0161 0.9529 -0.5385 0.0314a

aP<0.05. PDK, pyruvate dehydrogenase kinase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; 
CEA, carcinoembryonic antigen; CA, cancer antigen. 
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KKU-055 CCA cell line was used as a positive control for 
PDK3 (Fig. S1).

PDK3 as a CCA tumor marker. The cut-off of PDK3 was 
calculated from an ROC curve and the value that provided the 
highest likelihood ratio was used as the cut-off. The PDK3 
cut-off of CCA from non-CCA was 2.253 (Fig. 4). We found 
33.0% sensitivity, 97.5% specificity, 92.9% positive predictive 
value, 60.0% negative predictive value and 65.8% accuracy.

Correlation of high PDK3 and short survival. We inves-
tigated the correlation between serum PDK3 levels with 

clinicopathological parameters of patients with CCA 
(Table III). Using the median cut-off, we found a negative 
correlation between the serum PDK3 level and the ALP level at 
a P-value of 0.0307 (Fig. 5A). Moreover, the serum PDK3 level 
was negatively correlated with the survival time of patients, 
as shown in Fig. 5B with a P-value of 0.0314 (Table III). This 
negative correlation indicated that PDK3 could be a prognostic 
marker for patients with CCA; the higher the PDK3 level, the 
shorter the survival time.

Discussion

Proteomic analysis on the expression of mitochondrial proteins 
revealed that the proteins involved in glucose metabolism are 
overexpressed in CCA. In particular, PDK3 showed the highest 
(27-fold) change in >15 proteins. By immunohistochemistry, 
the overexpression of PDK1, PDK2 and PDK3 was identified 
in CCA tissues compared with the adjacent non-cancerous 
tissues. From the existing literature, PDK1 and PDK2 are 
hypothesized to be strongly expressed in cancer cells because 
PDK1 is mainly associated with aerobic glycolysis, which 
is the preferred state for cancer cells to produce adenosine 
triphosphate, even in sufficient oxygen support (14,15). For 
PDK2, there is a study that demonstrated PDK2 expression 
in the majority of normal tissues (9). We studied the expres-
sion of all PDK isoforms and found that PDK1, PDK2 and 
PDK3, but not PDK4, were significantly overexpressed in 15 
CCA tissues. PDK1 overexpression was reported in gastric, 
renal and colon cancers (16-18). PDK2 was highly expressed 
in head and neck cancers (19). The high expression of PDK3 
was reported in colon cancer (18). PDK3 inhibits pyruvate 
dehydrogenase activity via phosphorylation of the E1 subunit 
of pyruvate dehydrogenase E1 component subunit α, somatic 
form, mitochondrial, and thereby regulates glucose metabo-
lism and aerobic glycolysis in cancer. Moreover, there are 
previous studies that demonstrated that PDK3 is involved in 
anticancer resistance (20,21).

We also studied the serum PDK levels in normal 
controls, and patients with BBD and CCA. Until now, the 
PDK level in the serum or plasma has not been determined 
in healthy controls and patients with diseases. As PDK is a 

Figure 3. PDK1, PDK2 and PDK3 levels in the sera of CCA, BBD and 
healthy control groups. While PDK1 and PDK2 were rarely detected in all 
three groups, the PDK3 level in the CCA group was significantly higher 
when compared with the other two groups. Slightly less than a half of 
the patients with CCA exhibited high levels of PDK3 in the sera. PDK, 
pyruvate dehydrogenase kinase; CCA, cholangiocarcinoma; BBD, benign 
biliary disease.

Figure 4. ROC curve of the PDK3 levels in CCA against non-CCA. The 
cut-off value of PDK3 was calculated from the ROC curve. The cut-off 
of PDK3 to distinguish CCA from non-CCA was 2.253. ROC, Receiver 
Operating Characteristic; PDK, pyruvate dehydrogenase kinase; CCA, 
cholangiocarcinoma.
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mitochondrial protein, it was surprising that PDK1, 2 and 3 
were detected in the sera, especially in the sera of patients 
with CCA. When the secretion abilities of the PDKs were 
determined using SignalP 4.1 server with a cut-off D-score 
of 0.45, the D-score of the PDKs was 0.126, which suggested 
that PDKs are not secreted proteins (22). As SignalP is a 
server, which detects signal peptides of transmembrane 
regions, PDKs may be secreted from CCA through other 
pathways (22). While all CCA tissues were positive for 
PDK1, 2 and 3 by immunohistochemistry, only less than a 
half of CCA sera were positive for PDK3. This suggested 
that PDK3 was not always secreted from CCA for circulation 
and this secreted PDK3 has significance in some clinical 
aspects. Since the high serum PDK3 level is associated with 
the poor prognosis of the patients, the role of PDK3 in tumor 
invasion/metastasis as well as tumor proliferation requires 
examination in the future.

Although PDK3 provided good specificity to CCA in 
the IHC analysis of tumor tissues, its serum level presented 
a rather low sensitivity for discrimination of CCA and 
non-CCA. This discrepancy is due to the low detection rate 
of PDK3 in the sera of patients with CCA. In this aspect, 
PDK3 is not a good diagnostic marker. Nevertheless, when 
the correlation of the PDK3 intensity and clinical param-
eters of patients was analyzed, a significant correlation was 
observed between PDK3 and three CCA biomarkers, namely, 
ALP, total bilirubin and direct bilirubin. Our previous 
studies revealed that, in CCA, the total serum bile acid 
correlates with total bilirubin, and total serum bile acid and 
intercellular adhesion molecule 1 correlate with ALP (23,24). 
Although the possible mechanisms underlying this phenom-
enon remain unclear, an inverse correlation between the 
PDK3 level and survival times was observed. Therefore, the 
destructive nature of CCA may be associated with PDK3 
release for circulation. The PDK3 level in serum could be an 
effective prognostic marker of CCA. However, limitation of 
this study was the small sample size so age- and sex-matched 
groups were unable to be gathered for CCA, BBD patients 
and normal controls.

In our study, PDK3 levels in the sera of CCA patients were 
significantly higher than both normal and BBD. Although 
serum PDK3 level was high in less than half of the CCA 
patients, high PDK3 level was significantly correlated with 

poor prognosis. These results indicated that PDK3 might be 
used as a prognostic marker of CCA.
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