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Abstract: Pyruvate dehydrogenase A1 (PDHA1) serves as a gate-keeper enzyme link between glycolysis and the 
mitochondrial citric acid cycle. The inhibition of PDHA1 in cancer cells can result in an increased Warburg effect and 
a more aggressive phenotype in cancer cells. This study was conducted to investigate the expression of PDHA1 in 
ovarian cancer and the correlation between PDHA1 expression and the prognosis of patients. The PDHA1 protein ex-
pression in 3 ovarian cancer cell lines (OVCAR-3, SKOV-3 and ES-2) and 248 surgically removed ovarian carcinoma 
samples was immunocytochemically examined. Statistical analyses were performed to evaluate the correlations 
between PDHA1 expression and the clinicopathological characteristics of the patients as well as the predictive value 
of PDHA1. The results showed the presence of variable expression of PDHA1 in the three ovarian cancer cell lines. 
Of the 248 ovarian cancer tissue specimens, 45 cases (18.1%) were negative in tumor cells for PDHA1, 162 cases 
(65.3%) displayed a low expression level, and 41 cases (16.5%) had a relatively high PDHA1 staining. The expres-
sion of PDHA1 was associated with the histological subtype (P=0.004) and FIGO stage (P=0.002). The median OS 
time in the PDHA1 negative group, low expression group and high expression group were 0.939 years, 1.443 years 
and 9.900 years, respectively. The median PFS time in the above three groups were 0.287 years, 0.586 years and 
9.900 years, respectively. Furthermore, the high expression of PDHA1 in ovarian carcinoma cells was significantly 
associated with better OS and PFS by statistical analyses. Multivariate analyses showed that PDHA1 expression was 
also an independent prognostic factor for higher OS in ovarian cancer patients (HR=0.705, 95% CI 0.541-0.918, 
P=0.01). Our study indicated that the decreased expression of PDHA1 might be an independent prognostic factor 
in unfavorable outcomes.
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Introduction

Epithelial ovarian cancer accounts for 25% of 
all the malignancies of the female genital tract, 
and it remains the most lethal gynecologic 
malignancy worldwide [1]. Most women with 
ovarian carcinoma are diagnosed at an adva- 
nced stage, and the 5-year survival is less than 
30% for patients diagnosed in advanced stag-
es [2]. Despite aggressive treatment, most 
ovarian cancer patients develop recurrent can-
cer, and cancer metastasis is one of the lead-
ing causes of death [3]. Thus, novel biomarkers 
for early diagnosis and effective therapeutic 
treatment will significantly improve the current 
treatment and prognosis of ovarian cancer.

The Warburg effect, also known as aerobic gly-
colysis, is one of the characteristics of tumor 
cells. Recent studies have shown that normal 
differentiated cells prefer to obtain energy 
through mitochondrial oxidative phosphoryla-
tion (OXPHOS); most cancer cells preferentially 
perform glycolysis, even when sufficient oxygen 
exists, which is a phenomenon called aerobic 
glycolysis [4, 5], probably because of rapid 
tumor growth [6]. This unique aerobic glycolysis 
might provide cancer cells with numerous 
selective advantages, including adaptation to 
hypoxia, resistance to mitochondria-mediated 
apoptosis, acidification of the tumor microenvi-
ronment and increased tumor invasion and 
metastasis ability [7, 8]. Some studies have cor-
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related the glycolytic state of tumor cells with 
cancer aggressiveness, which is an important 
link to the Warburg effect [9]. 

Pyruvate dehydrogenase (PDH) functions as a 
gatekeeper in glucose metabolism by oxidative-
ly decarboxylating pyruvate to produce acetyl-
CoA for the TCA cycle, and pyruvate can come 
from glycolysis or from other pathways. There- 
fore, this enzyme plays an important role in the 
metabolic node, which separates pyruvate bet- 
ween aerobic and anaerobic metabolisms [10]. 
Pyruvate decarboxylation catalyzed by pyruvate 
dehydrogenase E1 (PDHA1), consisting of two α 
and two β subunits is considered to be the rate-
limiting step. The main subunit of E1 is the E1α 
subunit, which is encoded by the pdha1 gene.  
It is known that pdha1 hemizygous loss-of-
function mutations in human males result in 
severe lactic acidosis [11-13]. In cancer cells, 
inhibition of PDHA1 activity by the over-expres-
sion of pyruvate dehydrogenase kinase (PDK) 
leads to reduced flow of glucose-derived pyru-
vate into the TCA cycle. As a result, the cells 
switch their energy metabolism from mitochon-
drial glucose oxidation to cytoplasmic glycolysis 
[14, 15]. It has been demonstrated that tyr-301 
phosphorylation inhibits pyruvate dehydroge-
nase and promotes the Warburg effect in leuke-
mia cells [16]. It was also reported that the 
Warburg effect might occur in part due to up-
regulation of PDK activity and therefore inhibi-
tion of PDH or by direct inactivation of PDHA1 in 
cancer cells [17]. Therefore, PDHA1 serves as a 
key enzyme linking glycolysis and the mitochon-
drial TCA cycle. We have found that PDHA1 
gene knockout forces cells to undergo glycoly-
sis, and the cells show more malignant features 
with the up-regulation of cell stemness in the 
LNcaP human prostate cancer cell line [18].

However, the expression status of PDHA1 in 
ovarian cancer and the relationship of PDHA1 
expression with the progression and prognosis 
of patients remain unknown. In this study, the 
variable expression of PDHA1 in three ovarian 
cancer cell lines was first verified, and its 
expression in a series of ovarian cancers was 
then examined in consideration of its correla-
tions with clinical pathological parameters and 
overall survival (OS) and progression-free sur-
vival (PFS). Our results demonstrated that loss 
of or low PDHA1 expression might be consid-
ered as a marker of tumor aggressiveness, and 
decreased expression of PDHA1 in ovarian can-
cer was predictive of unfavorable outcomes.

Methods and materials

Ethics statement

This study was approved by the Regional 
Committee for Medical Research Ethics South 
of Norway (S-06277a), the Social- and Health 
Directorate (06/3280) and the Data Inspec- 
torate (06/5345).

Cell Lines

Three ovarian cancer cell lines, ES-2, SKOV-3, 
OVCAR-3 (from American Type Culture Coll- 
ection, Wesel, Germany), were maintained in 
our laboratory. The ES-2 line was derived from 
a patient with ovarian clear cell carcinoma. The 
SKOV3 cell line was derived from malignant 
ascites of ovarian adenocarcinoma patients. 
The OVCAR3 cell line came from the ovary of  
an ovarian adenocarcinoma patient. All of the 
cells were cultivated in PRMI 1640 medium 
supplemented with 10% fetal bovine serum 
(FBS), 100 units/ml penicillin and 100 mg/ml 
streptomycin at 37°C in a humidified 5% CO2 
incubator.

Clinical samples

A total of 248 surgically removed ovarian carci-
noma samples were randomly enrolled in this 
study. All of the patients were diagnosed and 
operated at the Norwegian Radium Hospital, 
Oslo University Hospital, from 1983 to 2000. 
The ages of the patients at diagnosis ranged 
from 19 to 89 years old, with a median of 58 
years. The patients were followed up until 
January 1, 2012. All of the patients were clini-
cally staged using the criteria of the International 
Federation of Gynecology and Obstetrics (FIGO) 
[19]. The primary tumors were histologically 
graded as well, moderately or poorly differenti-
ated according to WHO recommendations, by 
two of the authors (J.M. and Z.S.) [20]. Disease 
progression was determined based on the defi-
nitions provided by the Gynecologic Cancer 
Intergroup [21].

Immunocytochemistry (ICC) and immunohisto-
chemistry (IHC)

Cytoblocks were prepared for ICC. For each cell 
line, the cells at 80% confluence were harvest-
ed by mechanical scraping, and the cells in sus-
pension were centrifuged at 2000 rpm for 5 
minutes before the supernatant was discarded. 
The cells were rinsed twice with phosphate-
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buffered saline (PBS) to delete further the dead 
cells or cell organelles. Four drops of plasma 
and 2 drops of thrombin were added to the sed-
imentation after the supernatant was discard-
ed, and the contents were carefully mixed by 
rotating the tube for one minute before coagu-
lation occurred. Buffered formaldehyde at a 
concentration of 4% was added to the coagula-
tion for cell fixation. The coagulated mass was 
then wrapped in linen paper, loaded into a 
labeled cassette, and placed in 4% buffered 
formaldehyde. The material was paraffin-em- 
bedded to make a cytoblock before being cut 
into 4-μm paraffin sections for ICC.

Paraffin-embedded ovarian carcinoma speci-
mens were cut into 4-μm thick sections. The 
Dako Envision FLEX+ system (K8012; Dako, 
Glostrup, Denmark) and the Dako Autostainer 
were used for IHC. Paraffin sections were depa-
raffinized, and epitopes were unmasked in 
PT-link with high PH target retrieval solution 
(Dako), and then they were blocked with peroxi-
dase blocking (Dako) for 5 minutes. The slides 
were incubated with PDHA1 antibody (Pyruvate 
Dehydrogenase [C54G1] Rabbit mAb, #3205, 
Cell Signaling Technology) for 30 minutes at 
room temperature, followed by rabbit linker 
(Dako), according to the resource of the primary 
antibody, for 15 minutes and HRP for 30 min-
utes at room temperature. The slides were then 
stained with 3,3,9-diaminobenzidine tetrahy-
drochloride (DAB) for 10 minutes, and they 
were counter-stained with hematoxylin, dehy-
drated, and mounted in Richard-Allan Scientific 
Cytoseal XYL (Thermo Scientific, Waltham, MA, 
USA). Already known PDHA1-positive tissue 
was used as a positive control in the same  
procedure. The same positive control slide  

and the percentage of immunostained cells 
was scaled from 0 to 5 (Table 1). The sum of 
the intensity score and percentage score was 
considered the total score, which ranged from 
0 to 8. The slide was regarded as PDHA1 nega-
tive, low expression and high expression when 
the total scores were 0, 1 to 6 and 7 to 8, 
respectively. The morphology evaluation and 
immunostaining judgment were re-confirmed 
by two pathologists.

Statistical analyses

SPSS software (version 18.0) was used for 
data analyses. Associations between categori-
cal variables were assessed by the Chi-square 
test (Pearson’s and linear-by-linear, as appro-
priate). Survival analysis was estimated using 
the Kaplan-Meier method, and groups were 
compared with the log-rank test. For all of the 
analyses, associations were considered to be 
significant if the P value was P<0.05.

Results

Variable expression of PDHA1 in ovarian can-
cer cell lines

Cytoplasmic PDHA1 was detected by ICC in all 
three of the following ovarian cancer cell lines: 
ES-2, SKOV-3 and OVCAR-3 (Figure 1). Com- 
paratively, it was discovered that the ES-2 cell 
line was weakly positive (Figure 1), the SKOV-3 
cell line was moderately positive (Figure 1), and 
the OVCAR-3 cell line was strongly positive for 
PDHA1 expression (Figure 1).

PDHA1 expression in human ovarian cancer 
tissues

The typical diffuse cytoplasmic immunohisto-
chemical staining of PDHA1 was variably 

Table 1. The criteria of Allred scoring system used for evaluating 
PDHA1 expression in the ovarian carcinoma cells in our study
1. The criteria of intensity scoring system
Intensity Score 0 1 2 3

Negative Weak Moderate Strikingly positive
2. The criteria of percentage scoring system
Percentage Score 0 1 2 3 4 5

<1% 1-10% 11-33% 34-66% 67-100%
3. Total Scorea

0 1-6 7-8
Negative Low High

Note: aThe total score was obtained by adding the percentage score to intensity 
score. It ranges from 0 to 8.

was used as a negative  
control after incubation with 
the same concentration of 
non-immune rabbit/mouse 
IgG, replacing the primary 
antibody.

IHC scoring system

The Allred scoring system 
[22, 23] was used for evalu-
ating PDHA1 expression lev-
els in ovarian carcinoma tis-
sues. The intensity of the 
immunohistochemical stain-
ing was scaled from 0 to 3, 
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detected in the ovarian carcinoma cells in all of 
the ovarian primary tumor samples (Figure 2). 
The endothelial cells of the blood vessels and 
stromal cells were positive for PDHA1. The 
immunostaining was limited to the cytoplasm. 
Of the 248 ovarian cancer tissue specimens, 
45 cases (18.1%) were negative in tumor cells 
for PDHA1, 162 cases (65.3%) displayed a low 
expression level, and 41 cases (16.5%) had re- 
latively high PDHA1 staining (Table 2). Generally, 
the tumor cells from well-differentiated carcino-
mas tended to show high expression for PDHA1, 
and those from poorly differentiated carcino-
mas tended to express low PDHA1. Compared 
with the variable PDHA1 expression in tumor 
cells, PDHA1 expression in the stromal cells 
and endothelial cells was generally positive. 

Clinicopathological correlation 

As summarized in Table 2, it was found that 
decreased or negative expression of PDHA1 
was significantly associated with a high FIGO 
stage and histological subtype (P<0.05), but 
not with age or differentiation grade (P>0.05). 
The ages at diagnosis were divided into five 
groups for the association analyses: ≤39, 
40-49, 50-59, 60-69 and ≥70 years old. There 
were no significant differences among the five 
different age groups when the expression of 
PDHA1 in the tumor samples was considered 
(P=0.195, linear-by-linear association). In our 
study, it was discovered that highly positive 
PDHA1 protein expression in tumors was sig-
nificantly associated with early FIGO stage 
(P=0.002, linear-by-linear association, Table 2). 
Well-differentiated carcinomas were regarded 
to have low malignant potential, and converse-
ly, poorly differentiated carcinomas were 
regarded to have high malignant potential in 
ovarian carcinomas. Nevertheless, in our cur-
rent study, we did not find any correlation 
between differentiation grade and PDHA1 pro-
tein expression (P=0.74), which was different 
from the general impression when we reviewed 
the slides. There were significant differences in 
PDHA1 expression levels in tumor cells between 
each histological subtype, with the highest in 
mucinous carcinoma and endometrioid carci-
noma (P=0.004, linear-by-linear association, 
Table 2).

Because ovarian serous carcinoma is the most 
common histosubtype of the ovarian cancer, 
we also enrolled the largest sample size for this 
carcinoma. Moreover, the PDHA1 expression 
was closely correlated with the histosubtype. 
Therefore, we further analyzed the PDHA1 
expression in the serous carcinomas. Of the 
167 ovarian serous cancer tissue specimens, 
35 cases (21.5%) were negative in tumor cells 
for PDHA1, 113 cases (68.9%) displayed a low 
expression level, and 15 cases (9.1%) had rela-
tively high PDHA1 staining (Table 3). It was 
found that decreased or negative expression  
of PDHA1 was significantly associated with a 
high FIGO stage (P=0.014) and a poor differen-
tiation grade (P=0.048), but not with age 
(P=0.172).

Decreased PDHA1 expression in ovarian car-
cinoma cells was associated with unfavorable 
survival

There were a total of 232 valid cases with full 
information for the analyses of OS and PFS. The 
median OS time in the PDHA1-negative group, 
low expression group and high expression 
group were 0.939 years, 1.443 years and 
9.900 years, respectively. The median PFS 
time in the above three groups were 0.287 
years, 0.586 years and 9.900 years, respec-
tively. Furthermore, high PDHA1 expression in 
ovarian carcinoma cells was significantly asso-
ciated with better OS and PFS by statistical 
analyses (P<0.001 for both, Kaplan-Meier 
method, Figure 3A, 3B). There were a total of 
158 valid cases with full information for the 
analyses of OS and PFS for serous carcinoma. 
The median OS time in the PDHA1 negative 
group, low expression group and high expres-
sion group of serous carcinoma were 0.988 
years, 1.443 years and 4.802 years, respec-
tively. The median PFS time in the above three 
groups were 0.476 years, 0.586 years and 
2.185 years, respectively. Furthermore, high 
PDHA1 expression in the tumor cells of the 
serous ovarian carcinomas was significantly 
associated with better OS and PFS by statisti-
cal analyses (P=0.011 and 0.011, Kaplan-
Meier method, Figure 3C, 3D).

Figure 1. PDHA1 protein expression in ovarian cancer cell lines. Weakly positive for the PDHA1 antibody in the ES-2 
cells; Moderately positive for the PDHA1 antibody in the OVCAR-3 cells; Strongly positive for the PDHA1 antibody in 
the SKOV-3 cells. The scale bars are indicated on the Figure.
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PDHA1 expression in ovarian carcinoma is an 
independent risk factor for overall survival

Multivariate analyses were performed using 
the Cox proportional hazards model for all of 
the significant variables in the univariate analy-
sis. Table 4 shows the analyses, adjusted for 
age, FIGO stage, differentiation grade, histo-
logical type and PDHA1 expression covariates. 
FIGO stage was an independent risk factor for 
overall survival in ovarian carcinomas (P<0.05). 

Moreover, high levels of PDHA1 expression 
were also an independent prognostic factor for 
longer OS (HR=0.705, 95% CI 0.541-0.918, 
P=0.01).

Discussion

To evaluate the expression status of the PDHA1 
protein in ovarian cancers, we first verified the 
protein expression in three commercial ovarian 
cancer cell lines, including ES-2, SKOV-3 and 

Figure 2. Variable PDHA1 expression in ovarian carcinoma cells. Negative PDHA1 protein expression in a poorly dif-
ferentiated ovarian carcinoma (A and B); (Note: The stromal and endothelial cells surrounding the tumor cells are 
positive for the PDHA1 antibody). Weakly positive PDHA1 protein expression in a poorly differentiated ovarian carci-
noma, in which stromal and endothelial cells are also positive for the PDHA1 antibody (C and D); Strongly positive 
PDHA1 protein expression in a well-differentiated ovarian carcinoma, in which tumor cells show strong cytoplasmic 
immunoreaction, and the stromal cells and endothelial cells in the tumor are also positive but relatively weakly (E 
and F). The scale bars are indicated on the Figure. 

Table 2. The associations of PDHA1 expression levels in ovarian carcinoma and the clinical and 
pathologic characteristics

PDHA1 expression in ovarian carcinoma
Total N Negative Low expression High expression P value

Age (years old) 0.195
    ≤39 16 2 (12.5%) 9 (56.2%) 5 (31.2%)
    40-49 41 4 (9.8%) 26 (63.4%) 11 (26.8%)
    50-59 64 11 (17.2%) 44 (68.8%) 9 (14.1%)
    60-69 72 17 (23.6%) 43 (59.7%) 12 (16.7%)
    ≥70 39 10 (25.6%) 26 (66.7%) 3 (7.7%)
    Missing 16
Histological subtype 0.004**
    Serous carcinoma 163 36 (22.1%) 112 (68.7%) 15 (9.2%)
    Mucinous carcinoma 18 1 (5.6%) 9 (50.0%) 8 (44.4%)
    Endometrioid carcinoma 19 2 (10.5%) 9 (47.4%) 8 (42.1%)
    Clear cell carcinoma 11 0 (0%) 9 (81.8%) 2 (18.2%)
    Mixed epithelial tumor 11 2 (18.2%) 6 (54.5%) 3 (27.3%)
    Undifferentiated tumor 5 1 (20.0%) 3 (60.0%) 1 (20.0%)
    Unclassified tumor and others 21
FIGO Stage 0.002**
    I 28 1 (3.6%) 15 (53.6%) 12 (42.9%)
    II 18 3 (16.7%) 9 (50.0%) 6 (33.3%)
    III 117 19 (16.2%) 84 (71.8%) 14 (12.0%)
    IV 79 22 (27.8%) 49 (62.0%) 8 (10.1%)
    Not staged or missing 6
Histological Grade 0.074
    Well 19 3 (15.8%) 10 (52.6%) 6 (31.6%)
    Moderate 62 10 (16.1%) 40 (64.5%) 12 (19.4%)
    Poor 133 30 (20.1%) 90 (65.4%) 13 (14.5%)
    Not graded or missing
Note: **P<0.01.
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OVCAR-3. The specificity of the antibody was 
evaluated with both positive and negative con-
trols. We discovered that the PDHA1 protein 
expression in the ES-2 cell line was low/weak. 
The ovarian carcinoma patients involved in our 
present study were diagnosed and verified with 
several subtypes by pathology, including the 
following: serous carcinoma, mucinous carci-
noma, endometrioid carcinoma, clear cell carci-
noma, mixed epithelial tumor undifferentiated 
tumor and others. We found that there were 
significantly lower levels of PDHA1 protein 
expression in the clear cell carcinoma group, 
consistent with the results for the ES-2 cell line. 
It is known that clear cell ovarian carcinoma is 
associated with poor clinical outcomes com-
pared with other subtypes of epithelial ovarian 
cancers [24], and the low PDHA1 protein 
expression in the ES-2 and the clear cell carci-
nomas in our current study might indicate that 
the aggressive features of clear cell carcinoma 
occur at least in part due to low PDHA1 protein 
expression. Low levels of PDHA1 protein ex- 
pression should result in decreased OXPHOS 
and increased glycolysis in tumors, which are 
typical results of the Warburg effect. However, 
this finding should be explained with care due 

to the limited number of clear cell carcinoma 
samples involved in this study. 

To the best of our knowledge, this study was 
the first with a large series and long follow-up of 
patients with ovarian cancer to investigate the 
relationships of PDHA1 expression. We evalu-
ated the PDHA1 protein expression by IHC in a 
series of 248 ovarian cancer samples and 
found no or low PDHA1 protein expression in 
tumors significantly associated with shorter 
progressive-free and overall survival. 

A striking discovery in tumor metabolism was 
the finding by Warburg in 1920s, the so-called 
Warburg effect, which describes the increased 
utility of glycolysis over oxidative phosphoryla-
tion by tumor cells for their energy require-
ments, even under physiological oxygen condi-
tions [25]. The important function of aerobic 
glycolysis in tumor progression has been recog-
nized [26, 27], although the molecular mecha-
nisms leading to this phenotype and its func-
tional significance in tumor development re- 
main unknown. PDHA1 is a mitochondrial key 
rate-limiting enzyme for pyruvate conversion to 
acetyl-coA, and plays an important role in the 

Table 3. The associations of PDHA1 expression levels in ovarian serous carcinoma and the clinical 
and pathologic characteristics

PDHA1 expression in serous carcinoma
Total N Negative Low expression High expression P value

Age (years old) 0.172
    ≤39 9 1 (11.1%) 8 (88.9%) 0 (0%)
    40-49 26 3 (11.5%) 20 (76.9%) 3 (11.5%)
    50-59 47 10 (21.3%) 33 (70.2%) 4 (8.5%)
    60-69 52 12 (23.1%) 33 (63.5%) 7 (13.5%)
    ≥70 24 8 (33.3%) 15 (62.5%) 1 (4.2%)
    Missing 6
FIGO Stage 0.014*
    I 7 0 (3.6%) 5 (71.4%) 2 (28.6%)
    II 4 1 (25.0%) 2 (50.0%) 1 (25.0%)
    III 93 17 (18.3%) 68 (73.1%) 8 (8.6%)
    IV 59 17 (28.8%) 38 (64.4%) 4 (6.8%)
    Not staged or missing 1
Histological Grade 0.048*
    Well 9 1 (11.1%) 5 (55.6%) 3 (33.3%)
    Moderate 44 9 (20.5%) 31 (70.5%) 4 (9.0%)
    Poor 100 24 (22.2%) 71 (70.0%) 5 (7.8%)
    Not graded or missing 11
Note: *P<0.05.
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TCA cycle. Inhibition of PDHA1 activity decreas-
es mitochondrial OXPHOS and promotes tumor 
aerobic glycolysis in tumor cells [14, 28]. Never- 
theless, the expression status in ovarian can-
cer was largely unknown. Therefore, we chose 
to study the PDHA1 expression in a series of 
248 ovarian carcinomas to determine the clini-
copathological correlations and survival ass- 
ociations.

Further analyses discovered that negative/
weak PDHA1 protein expression in the 248 
tumors was significantly associated with a high-
er FIGO stage. Therefore, we propose that the 
loss of or low PDHA1 expression might contrib-
ute to the development and progression of 

ovarian cancer. Furthermore, we analyzed the 
prognostic role of PDHA1 in OS and PFS among 
patients with ovarian cancer and found that 
patients with stronger PDHA1 staining had a 
longer survival time. The results showed that 
stronger PDHA1 staining was significantly asso-
ciated with better OS in ovarian cancer. There- 
fore, our results suggested that the expression 
of PDHA1 is an independent prognostic factor 
in PFS and OS.

PDH plays central and strategic roles in the 
control of the use of glucose-linked substrates 
as sources of oxidative energy or as precursors 
in the biosynthesis of fatty acids by catalyzing 
the conversion of pyruvate into acetyl-coA. The 

Figure 3. Survival probabilities. A. Survival plots disclose that higher levels of PDHA1 expression in tumor cells in 
ovarian carcinomas have a better OS than the low expression and negative groups (P<0.001). B. High levels of 
PDHA1 expression in tumor cells in ovarian carcinomas are significantly associated with high PFS probabilities 
(P<0.001). C. Survival plots show that high levels of PDHA1 expression in tumor cells in ovarian serous carcinomas 
have a better OS than the low expression and negative groups (P=0.011). D. High expression level of PDHA1 in tu-
mor cells in ovarian serous carcinomas is significantly associated with high PFS probability (P=0.011).
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activity of PDH depends on the integrity of a 
multienzyme complex, which is comprised of 
PDHA1 (E1), dihydrolipoamide acetyltransfer-
ase (E2) and dihydrolipoamide dehydrogenase 
(E3). It is also regulated by the continuous oper-
ation of competing pyruvate dehydrogenase 
kinase (PDK) and pyruvate dehydrogenase 
phosphatase (PDP) reactions [11, 12, 29]. 
PDK-1 is a Ser/Thr kinase that negatively  
regulates PDHA1 activity by phosphorylating 
the PDHA1 subunit [29]. Mounting evidence 
has showed the role of PDK1 in tumor mito-
chondrial metabolism. PDK1 expression is  
elevated in human liver metastases, and  
HIF-1α/PDK1 promotes glycolytic metabolism 
in liver metastatic breast cancer cells and is 
required for the efficient formation of liver 
metastasis [28]. In cancer cells, lactate dehy-
drogenase A had been shown to play a critical 
role in glycolysis by converting pyruvate into 
lactate, and the dependence of glycolysis  
has been associated with poor prognosis in 
several tumors [30, 31]. There have also been 
some previous reports defining the metabolic 
profiles of metastatic breast cancer cells, 
revealing a progressive shift toward a glycolytic 
phenotype as normal mammary epithelial cells 
progressed to non-metastatic cancer, as well 
as further changes of significant increases in 
glycolytic metabolism in metastatic cells [32-
34]. A previous report showed that inhibiting 
PDHA1 and attenuating the flux of glycolytic 
carbon into mitochondrial oxidation promoted 
anoikis resistance and metastasis, and stimu-
lating PDHA1 in cancer cells restored their  
susceptibility to anoikis and impaired their met-
astatic potential [35]. Maintaining the glycoly-
sis pathway might be a more important aspect 
of the inhibition of PDHA1. In our study, the  
correlation between the expression of PDHA1 
and OS in ovarian cancer patients might  
provide important evidence that a decrease  

in the quantity/quality of PDHA1 is implicated 
in cancer metabolism in the process of ovarian 
cancer development. However, the mechanism 
remains obscure and is a subject for fur- 
ther study. The above studies and our research 
strongly suggested that a decrease in the 
expression and activity of PDHA1 might accom-
pany tumor initiation, growth and progression.

Together with the literature, our current finding 
of decreased PDHA1 protein expression in 
tumors might indicate that low levels of PDHA1 
expression should result in reduced PDHA1 
activity and thus, in part, promote a metabolic 
shift toward aerobic glycolysis and decrease 
the dependence on mitochondrial OXPHOS. 
Such a metabolic shift might confer on cells a 
selective advantage for survival, increasing 
their life span and vulnerability to carcinogene-
sis because the cells with low levels of PDHA1 
expression/activity will face more mutational 
insults than other normal cells. If this hypothe-
sis is true, extensive molecular studies of 
PDHA1 in ovarian cancer are warranted.

In summary, we report the following two impor-
tant findings in our current study: compared 
with the other epithelial ovarian carcinoma cell 
lines SKOV-3 and OVCAR3, weak PDHA1 pro-
tein expression was discovered in the ES-2 
clear cell ovarian cancer cell line and tumor 
samples. Furthermore, negative/weak PDHA1 
protein expression in ovarian carcinomas was 
significantly associated with higher FIGO stage 
and shorter PFS and OS. The above findings 
strongly support the potential role of PHDA1 as 
a prognostic marker in ovarian cancers. 
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