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Cancer is a metabolic disorder and in energy metabolism, pyruvate dehydrogenase kinases (PDKs) play
a very vital role, which make them important candidate for involvement in cancer. The bioinformatics
analysis performed on ovarian cancer data sets taken from gene expression Omnibus proved the up
regulation of PDK2 and PDK4. The regulating microRNA’s for these two genes were also predicted
computationally, which were found down regulated in cancer and hence confirmed the over expression
of PDK2 and PDK4. Further investigations on the behaviour of PDK’s and their corresponding
microRNA’s will provide a major breakthrough in cancer research and investigation.
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INTRODUCTION

Cancer is a metabolic disorder (Seyfried and Shelton,
2007). In cellular biology, the mitochondria (known as the
power house of the cell) is the organelle that is consi-
dered as a supreme commander for all of the metabolic
processes going on in the human body (Stine, 1956).
Otto Warburg was the first one to report the mitochondrial
dysfunction in tumor cells (Warburg, 1956). His findings
opened a new line of research and understanding for
cancer. After Warburg, many work was carried out
regarding it (Cavalli and Liang, 1998) and it was proved
that tumor cell mitochondria has a disrupted energy
metabolism rate as compared to the normal cell
mitochondria (Mayevsky, 2009; Seyfried and Mukherjee,
2005; Chen et al., 2009; Ramanathan et al., 2005). So it
is necessary to unravel the molecular mechanisms in
glycolysis and citric acid cycle which is further involved in
different cancers. In every cell, the link of glycolysis with
citric acid cycle is maintained by an irreversible process
of oxidative decarboxylation of pyruvate to form acetyl
COA. This reaction is catalyzed by pyruvate
dehydrogenase complex which plays a crucial role in this
reaction. The glucose metabolism is regulated by
pyruvate dehydrogenase kinase (PDK) which has the
ability to switch off the mitochondrial pyruvate
dehydrogenase complex. Four isoenzymes of pyruvate
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dehydrogenase kinase (PDK1, PDK2, PDK3 and PDK4)
with tissue specific activities have been identified in
mammals so far (Bowker-Kinley et al., 1998). The PDKs
activity was mainly observed in case of fasting, starvation
and in diabetes (Majer et al., 1998; Guerre-Millo et al.,
2000). Increase in PDK4 activity in starvation and
diabetes was shown in rat tissues by Wu et al. (1999).
PDK?2 is declared as a major isoenzyme responsible for
regulation of pyruvate dehydrogenase complex (Gudi et al.,
1995).

Although the major reported articles said that the
contribution of these isoforms is mostly in muscles, heart
and liver but due to the critical role of these isozymes in
energy metabolism it is believed that any defect in their
activity may become a cause for cancer. Tumor cells
have increased energy demands and in order to fulfil it,
they try to take up more oxygen and nutrients than
normal cells, which create a hypoxic environment (Harris,
2002). Cancer cells undergo various adaptations in order
to survive in unfriendly hypoxic environment. These
adaptations are induced by Hypoxia-Inducible Factor
(HIF) (Semenza, 2003; Gordan and Simon, 2007). HIF
uses various different ways to regulate this mechanism
and one of them is by switching off the conversion of
pyruvate into acetyl coA by blocking the activity of PDH
complex through directly stopping PDK1 activity (Kim et
al., 2006). In the meanwhile, estrogen- related receptors
(ERR) stimulate increase in PDK4 expression in order to
prevent aerobic metabolism of glucose (Wende et al.,
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2005; Araki and Motojima, 2006; Zhang et al., 2006). This
mechanism allows the tumor cells to survive in hypoxic
environment and fulfil the high energy demand of these
cells (Ao et al., 2008). The crucial role of PDKs in survival
of tumors is well understood by this mechanism. The
increased expressions of PDK1 in breast cancer (Maurer
et al., 2009; Lin et al., 2005) and decrease of PDK4 in
cervical cancer (Carlson et al., 2007) also validates the
presence of their pivotal role in cancers. The down
regulation expression of PDK is just found in cervical
cancer. It can be concluded that on the whole PDK4
expression is up regulating in a variety of cancers.

Ovarian cancer is the greatest gynaecological problem
worldwide and it is believed to be a silent killer disease
because of late stage diagnosis, which decreases the
cure rate and increases the mortality. Discovery of
microRNA’s involvement in cancer pathogenecity has
opened new insights in cancer research. The problem not
just confines in the expression of those genes which
regulates in case of cancer but there are some other
microRNA genes which basically influence the expression
of those regulated genes. In other words, the expression
of those genes which are involved in cancer, basically
depends upon some other genes known as microRNA
genes. So, in order to fully understand the gene
expression mechanism, it is necessary to study the
targeting microRNA’s expression along with the genes.

The involvement of PDKs in human ovarian cancer has
never been reported before. Here, in this article we ought
to understand not only the involvement of PDKs in human
ovarian cancer but also their targeting microRNAs to
present the complete picture of the problem.

METHODS

Two ovarian cancer expression datasets were downloaded from
Gene Expression Omnibus (GEO). These two datasets GSE4122
and GSEG6008 contain expression amounts for both normal and
malignant ovaries. GSE6008 contain 99 individual ovarian tumors
and 4 individual normal ovary samples contributed by Hendrix ND
and the second dataset GSE4122 is contributed by Tate and co
workers with 32 cancerous tumors and 14 controls. These datasets
were mined for finding novel gene markers in human ovarian
cancer. At first, two statistical approaches were employed e.g. t-test
and SAM (significance analysis of microarrays) in order to extract
the most statistically significant genes from both datasets. T-test
extracts genes on the basis of threshold criteria, with the p-value
less then 0.05. The volcano plot displays the results of t-test. SAM
digs out the genes on the basis of fold change. Fold change >2 was
considered significant. SAM results were depicted in the form of
SAM graph. This resulted in a shortlisted set of genes. We found
two novel genes associated with ovarian cancer in our shortlisted
data set, the pyruvate dehydrogenase kinase 2 (PDK2) and
pyruvate dehydrogenase kinase 4 (PDK4). For further validation of
results, in silico Serial analysis of gene expression (SAGE) (Boon et
al., 2002) and northern blot analysis were performed, in which the
expression of genes was calculated by counting the tags per
million.

The results were also analyzed by GENT (Gene Expression

across Normal and Tumor tissue) database (Shin et al., 2011). This
is a very new database for microarray data analysis. It contains two

data sets U133Plus2 and U133A. For prediction of targeting
microRNA’s of pdk2 and pdk4, we used four different bioinformatics
target prediction tools namely TargetScan (Lewis et al., 2005;
Grimson et al., 2007; Friedman et al., 2009), miRanda (Enright et
al., 2003; John et al., 2005; Betel et al., 2010; Betel et al., 2008),
Pictar (Griin et al., 2005; Krek et al., 2005; Lall et al., 2006; Chen
and Rajewsky, 2006) and miRGen (Megraw et al., 2006).

Then, the binding energies of predicted microRNA's were
calculated. The microRNA binds with specific energy with their
respective genes. This binding energy can be calculated by using
RNAhybrid tool (Rehmsmeier et al., 2004; Kriiger and Rehmsmeier,
2006) for finding the minimum free energy hybridization of mMRNA of
target gene and microRNA.

RESULTS

The statistical analysis of microarray datasets of ovarian
cancer, exposed significant genes highlighted in the
expression pattern. The t-test and SAM hauled the most
reliable genes differentially expressed in the malignant
and normal ovarian data sets. PDK2 and PDK4 were
among those extracted genes. These two members of
PDK gene family were never identified previously for their
connection with human ovarian cancer. Up regulation of
PDK2 and PDK4 in t-test was observed in both datasets,
while in SAM of GSE6008 only PDK4 expression was
seen as a significant gene while SAM declared pdk2 as a
non significant gene because of its low fold change. The
results of statistical tests are shown in the form of
volcano plots (Figures 1 and 2) and SAM graphs (Figures
3 and 4). The significance of these genes was confirmed
by their p-value and fold changes obtained from these
tests (Table 1). Verification of PDK2 and PDK4 over
expression in human ovarian cancer was done through
SAGE, where both tissue and cell line libraries of normal
and cancerous ovaries were scanned.

In cell lines, normally there is no expression of PDK2
and PDK4. PDK2 over expression verified in cancerous
tissues and cell lines but PDK4 expression result was
very different, as it is up regulated in case of cell lines but
it shows no or little expression in tissues (Table 2).
Similarly, when pdk4 was analyzed using GENT, it was
noted that in U133Plus?2 it was up regulated while in data
set U133A its expression is down regulated. PDK2 over
expression was also verified by both data sets of GENT.
Targeting microRNA’'s was predicted by using various
tools and common results from these softwares were
taken only. The binding energies were also calculated
and finally only those microRNA’s were shortlisted which
were common output of all prediction tools and whose
binding energies were also minimum (Table 3).

DISCUSSION

The microarray analysis of ovarian cancer data sets
resulted in a collection of genes that can be the potential
targets for disease. The results revealed PDK2 and
PDK4 as novel biological markers for ovarian cancer
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Figure 1. Volcano plot showing PDK2 and PDK4 differential expression in GSE6008.
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Figure 2. Volcano plot showing differential expression of PDK4 and PDK2 GSE4122.
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Figure 3. SAM graph of GSE6008 showing PDK4 expression level.
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Figure 4. SAM graph of GSE4122 showing PDK4 and PDK2 over expression.

(Bowker-Kinley et al., 1998). As it was explained earlier
that PDK’s play a potential role in energy metabolism of
the cell and any mutation in them can cause cancer. To
date, the role of PDK’s is unassigned in ovarian cancer.
The PDK’s maijor role is in phosphorylation which in turn
makes them more important in cases of diabetes (Jeoung
and Harris, 2010) and starvation. Naturally in case of
starvation or fatty diet, PDK’s are up regulated and this

up regulation shuts down the PDK activity, which in turn
preserves the pyruvate, lactate, and alanine. These carbon
compounds are involved in glucose production and hence
their conservation reduces the deposition of fats. This
preservation of carbon compounds is very crucial for the
survival in critical conditions of starvation and this job is
done by PDK’s. Now, how this phenomenon of PDK activity
interacts in case of cancer is
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Table 1. Showing p-values and fold change of PDK2 & PDK4 in both datasets.

GSE4122 GSE6008
Ref. ID Gene
P value Fold change P value Fold change
202590_s_at PDK2 2.47E-05 1.08E+31 0.006889 1.1428 (non significant)
205960 at PDK4 0.005181 4.16E+15 4.58E-13 2.064555
Table 2. SAGE results for PDK2 and PDK4.

) Normal (tpm Ovarian cancer (tpm

Gene Unigene cluster SAGE Tag - (tpm) - - (_p )
Tissues Cell lines Tissues Cell lines

PDK2 Hs.256667 TGTGCTCAGG No data 0 6 6
PDKA4 Hs.8364 TAAATACTTG No data 0 0 4

Table 3. Common microRNA’s predicted by TargetScan, Pictar,
miRanda and miRGen along with their binding energies.

MicroRNA'’s Binding energy (kcal/mol)
hsa-miR-497 -116.9
hsa-miR-424 -79.7
PDK4 hsa-miR-15b -58.5
hsa-miR-15a -62.9
hsa-miR-195 -85.6
hsa-miR-16 -64.5
hsa-miR-326 -94.9
PDK2 hsa-miR-330-5p -27.7
hsa-miR-1224-5p -29.2
hsa-miR-1208 -74.3

a very complicated question. While answering this query,
we realized that the biological functioning of PDK’s was
never fully understood. The analysis of ovarian cancer
expression data showed the significant over expression
of PDK2 and PDK4, which disclosed their activity in
cancer. As tumors have high energy demands and so in
order to fulfil this requirement there is need of continuous
glucose production and for this, the conversion of carbon
compounds in fats should be blocked. This job can be
performed by down regulating the PDC activity by the
help of advanced regulation of PDK4 and PDK2.

Our results verify their over expression in ovarian
cancer but normally there is no or very little expression of
these PDK’s. So, the enhanced level of expression in
cancer supports our assumption about the process for the
fulfilment of high energy demands of tumor cells. Another
hypothesis for the up regulation of these PDKs in cancer
is that they are involved in the enhancement of the
resistance mechanism of tumors and make them able to
withstand the hypoxic conditions produced as a result of
greater glucose uptake of tumors. So for tumor growth
and development, their expression level must be

enhanced, apart from their normal behaviour. The role of
PDK4 is a little strange, as it shows down regulation in
tissues while performing SAGE and also in GENT one
data set shows down regulation but at the same time, it
was noticed that this down regulation is very minimal so it
could be neglected. The reason for this might be that
PDK4 is only over expressed in cell lines. The data set
which shows little down regulation might be the data
taken from tissues only. As there are strong evidences of
over expression of PDK4 in ovarian cancer, so we
ignored this minimal down expression.

Secondly, we also believed that the PDK4 is only over
expressed in cell lines because of tumor growth and
development of the cell line genes are mostly activated.
Further investigation about difference in role of PDK4 in
tissues and cell lines should be done in order to fully
understand its working in cancer. The microRNA'’s can be
best described as a regulator of their targeted genes.
This process of regulation is at posttranscriptional level of
the gene. They bind to the complementary sites present
on the genes to which they target and hence block the
translation and results in truncated products. The
discovery of microRNA'’s forced the cancer scientists to
think that only examining the expression of genes in
cancer state is not sufficient but along with it, it is
necessary to explore those genes which are actually
regulating their expression. Hence the microRNA’s are
behind the scene players of the story of gene expression
and without their presence the whole phenomena of gene
expression can never be well understood. Here in this
paper, after finding the PDK2 and PDK4 role in ovarian
cancer, we also predicted their potential targeting
microRNA’s by different reliable and robust prediction
algorithms. The increased differential expression of PDK2
and PDK4 in ovarian cancer reveals that their targeting
microRNA’s expression must be lowered during cancer
state and therefore the over expression of these genes is
possible, because if the microRNA’s responsible for the
control of PDK2 and PDK4 expression becomes higher in
percentage than usual, then their blocking ability will be
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enhanced, which will result in little or no expression of
these genes in ovarian cancer.

The microarray analysis of these genes strongly
convinced us about their over enhanced role in ovarian
cancer, so we keep on thinking that all of the microRNA’s
for these genes in case of ovarian cancer must be down
regulated. Recent studies also described that in case of
cancers the microRNA’'s mostly happen to be down
regulated (Meng et al., 2006; Lu et al., 2005). Some of
the predicted microRNA’s were never investigated before
for their involvement in ovarian cancer. Scientists always
linked the ovarian cancer with the breast cancer on the
basis of their almost similar genetics (Bergfeldt et al.,
2002). We predicted hsa-miR-497 as regulator of PDK4
in ovarian cancer. In a very recent study of February
2011, Li et al. reported the down regulation of has-miR-
497 in breast cancer (Li et al., 2011). Similarly, the
expression of hsa-miR-326 was also reported in breast
cancer (Liang et al., 2010). These studies made these
microRNA’s as a strong candidate for their involvement in
ovarian cancer. hsa-miR-424, hsa-miR-195 and hsa-miR-
15a were already reported to be down regulated in case
of ovarian cancer (Dahiya et al., 2008; Zhang et al.,
2008). While the role of other predicted microRNA’s has-
miR-1208, hsa-miR-330-5p, hsa-miR-1224-5p is
ambiguous, but future research on these microRNA’s will
untangle many interesting features as potential biological
markers of ovarian cancer.

The present study is first to explore the role of energy
metabolism in ovarian cancer. PDK role in metabolic
reactions is very crucial. Although the precise role of
PDKs remain unclear, we found the up regulation of
PDK2, PDK4 and down regulation of their corresponding
microRNA’s in ovarian cancer. We believe that further in
vitro investigations and more studies can be involved to
verify the role of PDK in ovarian cancer. It will establish
new dimensions for cancer research and therapeutics.
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