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Abstract: Objective: To investigate the expression changes of PDHAL in non-small cell lung cancer (NSCLC) and its
correlation with clinicopathological characteristics and prognoses. Methods: The PDHA1 protein expressions in 196
NSCLC tissues were immunohistochemically detected. The x? test was adopted to analyze the correlations between
the expressions (positive/negative) and clinicopathological characteristics, such as patients’ gender, pathological
type, smoking history, degree of tumor differentiation, lymph node metastasis, TNM staging, etc. Besides, Kaplan-
Meier survival analysis and multivariate factors regression analysis were performed to identify the relevant factors
affecting the prognoses of patients with NSCLC. Results: The positive expression rate of PDHA1 was 38.8% (76/196)
in lung cancer tissues and 96.0% (96/100) in adjacent normal tissues, the difference was statistically significant
(P=0.018). No relationship was found between the PDHAL protein expression and patients’ gender, smoking history
or pathological type, but it was found that the PDHAL protein expression in patients with high and intermediate dif-
ferentiation degree was higher than those with low differentiation (P=0.000). Patients without lymphatic metastasis
showed higher PDHA1 protein expression than those with lymph node metastasis (P=0.015). Patients in stage | and
Il'had higher PDHAL expression than those in stage Ill and IV (P=0.037). According to the Cox’s multivariate factors
regression analysis, prognosis of NSCLC was related to the expression of PDHAL, the degree of tissue differentia-
tion, lymph node metastasis and TNM staging (P < 0.001). Conclusion: The low expression of PDHA1 is relevant with
the occurrence and development of NSCLC. Thus, PDHA1 could be a vital reference index to determine its biological
behavior and prognosis.
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Introduction PDHA1 can lead to the enzymatic inactivation
of PDHc, and result in the inability of transfer-
ring pyruvic acid to acetyl-CoA, which can fur-

ther trigger the block of the tricarboxylic acid

Primary lung cancer is one of malignant tumors
with the highest morbidity and mortality in

China as well as in the world; its morbidity and
mortality have been increasing annually. And
non-small cell lung cancer (NSCLC) accounts
for over 80% of primary lung cancer [1]. The
energy metabolism is the premise of cell sur-
vival. And the normal expression of PDHA1 pro-
tein is the premise of the normal tricarboxylic
acid cycle and oxidative phosphorylation in
mitochondrion. As a key enzyme, PDHA1 pro-
tein can connect the glycolysis with mitochon-
drial tricarboxylic acid cycle. Thus, the loss of

cycle [2].

With the continuous development of the stud-
ies on tumor metabolism, scholars have started
focusing on the impact of PDHA1 on tumor
energy metabolism. The latest studies indicate
that PDHA1 gene knockout in prostate cancer
cell can up-regulate the expression level of glu-
taminasel and glutamine dehydrogenase 1.
Progressively, the metabolic pathway of tumor
cells can be remodeled [3]. This study indicated
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that PDHA1 could alter biological features of
tumor by influencing its energy metabolism.
Although several studies have figured out that
pyruvate dehydrogenase (PDH) can severely
obstruct the prognoses of patients with NSCLC
by promoting the expression of hypoxia induc-
ible factor-a [4]. However, the impact of the
expression of PDHA1, a vital part of PDH, on
patients with NSCLS is not clear yet. Therefore,
196 NSCLC tissues were immunohistochemi-
cally analyzed in this study in order to investi-
gate the relationship between the expression
level of PDHA1 protein and the clinicopathologi-
cal characteristics as well as the prognoses.

Materials and methods
Clinical materials

A total of 196 cases, which were diagnosed as
NSCLC from Jan. 2011 to Dec. 2013 in the First
Affiliated Hospital of Zhengzhou University,
were enrolled in this study. The diagnostic crite-
rion met the Diagnosis and Treatment of
Primary Lung Cancer in China (2015 Edition).
All patients signed the informed consent and
the study was approved by the Ethics Committee
in our hospital. All the patients’ clinical materi-
als were abstracted from pathological archives,
including operation record, tumor size, tumor
staging, metastasis and postoperative adju-
vant therapy. All the patients were followed up
and 100 adjacent normal tissues (5 cm away
from the tumor) were selected for comparison.
All the lung cancer specimens, including opera-
tive specimens, bronchoscopic biopsy speci-
mens and percutaneous lung puncture speci-
mens guided by CT/B-mode ultrasonography,
etc., were all preserved carefully.

Methods

Immunohistochemistry: Having fixed in 10%
formaldehyde and embedded in paraffin wax,
these tissues were sectioned serially and
dewaxed. And antigen retrieval was performed
by microwave heating. After being rinsed and
closed, the sections were incubated in normal
saline. Afterwards, the PDHA1 monoclonal anti-
body (bought from Thermo Fisher Scientific Co.,
diluted 1:100) was added and sections were
incubated overnight at 4°C. Then the incuba-
tions were performed for 30 min at 37°C with
the second antibody (bought form Thermo
Fisher Scientific Co.) added. After that, working
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fluid marked by horseradish enzyme was
dropped and the incubations were performed
again for 30 min at 37°C. In the end, the sec-
tions were developed with DAB, counterstained
with hematoxylin, dehydrated through graded
alcohols and mounted. The above operative
procedure was performed in strict accordance
with the instruction on kits. After the comple-
tion of these operations, immunohistochemical
staining sections were observed and imaged
under a microscope, then analyzed by Image-
ProPlus 6.0 to determine the experimental
results.

Criteria of immunohistochemistry PDHA1 posi-
tive cell: The positive expression of PDHA1 pro-
tein was located in the cytoplasm. The dyeing
intensity scoring criteria were as follows: O
score, no staining, 1 score, thin yellow particles
for a pile, 2 scores, thin dark-yellow particle dif-
fuse, 3 scores, thick brown particles diffuse.
The dyeing range rating criteria were as follows:
0 score, no positive cells, 1 score, < 10% posi-
tive cells, 2 scores, 10% < x < 50%, 3 scores,
50% < x £ 80%, 4 scores, > 80%. Then the
product of multiplication of two scores were
used for dividing the sample into the negative
group (0-4 scores) and the positive group (5-12
scores).

Follow-up observation: After the surgery,
patients were followed up every 3 months in
the first two years and every 6 months thereaf-
ter. The deadline of follow-up was in March,
2016, and the loss to follow up and the death
during this period were defined as censored
data. The follow-up mainly contained the exami-
nation of patients’ physical condition, recur-
rence and metastasis of tumor and the patients’
living condition, with the methods of physical
examination, chest X-ray plain film, CT, fiberop-
tic bronchoscope examination, whole body
bone scan, PET-CT and so forth. All patients’
relevant test results were recorded and the
overall survival (0S) was calculated. OS was
calculated from the date of diagnosis of lung
cancer to the date of death or last follow-up
date with a time horizon of months. Follow-up
information of most cases was obtained.

Statistical analysis

Enumeration data analyses were examined by
Pearson X2, and survival analyses were per-
formed by using Kaplan-Meier method and
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comparison between groups were conducted
by Log-rank test and Breslow test. Cox’'s multi-
variate proportional hazards regression model
was applied to verify the factors affecting
patients’ OS. P < 0.05 was considered statisti-
cally significant.

Results
Clinical materials

A total of 196 cases were enrolled in this study,
87 (44.4%) with squamous cell carcinoma, and
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Figure 1. Expression of PDHA1 protein in NSCLC
tissues and adjacent normal tissues. A: The posi-
tive expression of PDHAL in squamous lung car-
cinoma tissues; B: The negative expression of
PDHA1 in squamous lung carcinoma tissues; C:
The positive expression of PDHAL in pulmonary
adenocarcinoma tissues; D: The negative expres-
sion of PDHA1 in pulmonary adenocarcinoma
tissues; E: The positive expression of PDHAL in
adjacent normal tissues (x400).

109 (55.6%) with adenocarcinoma. It was com-
prised of 145 males and 51 females. Male-to-
female ratio was 2.84:1. Age of onset ranged
from 31 to 79, and the median age was 49. The
diameter of tumor ranged from 1.5 cm to 11
cm (mean: 4.6 cm, median: 3.9 cm). Median
survival time was 39 months (3-62 months).

Expression of PDHA1 protein tested by immu-
nohistochemistry

Expressions of PDHA1 protein in NSCLC tissues
and adjacent normal tissues are shown in
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Table 1. The correlation between the expression of
PDHA1 protein in NSCLC and clinicopathological charac-

PDHA1 protein in patients was 50.9%
in stage I, 37.9% in stage ll, 26.9% in

teristics stage lll-IV. The differences were all sta-
Clinicopathological Cases PDHA1 protein gséfagzes}ig'lci;‘t (P < 0.05 0r P <
characteristics + - X i .
Gender Follow-up and survival analysis
Male 145 58 87 0.352 0.553
Female 51 18 33 The OS rate of the 196 cases was
Pathological type 67.3%, ranged from 3 months to 62
Squamous cell carcinoma 87 32 55 0.262 0.609 months (still alive), with an average of
Adenocarcinoma 109 44 65 37 months and a median of 39 months.
Smoking history The survival analysis suggested that
With 153 62 91 0.879 0.344 according to the between-group com-
Without 43 14 29 parison conducted by Log-rank test and
Differentiation degree Bre_stl_ow t(;test, th% OSgr?_tesgof PDHA1
) positive group and negative group were
High ) 4125 16 17.930 0.000 78.9% and 60.0%, respectively. The dif-
Intermediate 108 43 65 ference was statistically significant
Low 47 8 39 (Log-rank, x?=21.100, P=0.000; Bres-
Lymphatic metastasis low, x2=30.177, P=0.000). The impact
Yes 91 27 64 5932 0.015 of tumor differentiation degree on prog-
No 105 49 56 nosis manifested that the OS rates
TNM staging of patients in high, intermediate and
Stage | 57 29 28 6.619 0.037 low differentiation group were 87.8%,
Stage Il 87 33 54 83.3% and 12.8%, respectively. Pati-
Stage Il and IV 52 14 38 ents in different differentiation degrees

Figure 1. The positive expression rate of PDHA1
protein in NSCLC tissues was 38.8% (76/196),
while in corresponding adjacent normal tissues
was 96.0% (96/100). It indicated that the posi-
tive expression rate of PDHAL protein in NSCLC
tissues was significant lower than that of adja-
cent normal tissues (x?=4.144, P=0.018).

Correlation between the expression of PDHA1
protein in NSCLC and the clinicopathological
characteristics

This study showed that in NSCLC tissues, the
expression of PDHA1 protein had nothing to do
with patients’ gender, smoking history or patho-
logical type, but was related to differentiation
degree of tissues, lymphatic metastasis and
TNM staging. The positive expression rate of
PDHA1 protein in high differentiated patients
was 61.0%, in intermediate differentiated ones
was 39.8%, in low differentiated ones was
17.0%, in patients without lymphatic metasta-
sis was 46.7%, in those with lymphatic metas-
tasis was 30%. The positive expression rate of
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had significant differences in survival
time (Log-rank, x?=178.270, P=0.000;
Breslow, x?=30.177, P=0.000). The OS rates of
the groups with and without lymphatic metas-
tasis were 47.3% and 84.8%, respectively. It
indicated that lymphatic metastasis caused a
significant difference in patients’ OS rate (Log-
rank, x?=39.175, P=0.000; Breslow, x>=36.897,
P=0.000). The OS rates of patients in stage |, Il
and lll-IV were 86.0%, 78.2% and 28.3%,
respectively. There were significant differences
in patients at different TNM stages (Log-rank,
Xx?=96.379, P=0.000; Breslow, x?=83.756,
P=0.000), as shown in Figure 2. Cox’s multi-
variate factors regression analyses revealed
the regression coefficient of PDHA1 (B=2.007,
P=0.000), which could be considered that
patients with positive expression of PDHA1 had
comparatively longer survival time in the stan-
dard of P < 0.05. On average, the mortality rate
of patients with negative PDHA1 was 7.437
times higher than those with positive PDHA1.
Besides, the prognosis of NSCLC was related
with the differentiation degree of tissues, lym-
phatic metastasis and TNM staging (P < 0.001,
Table 2).
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Figure 2. Impact of clinicopathological characteristics on the OS of NSCLC. A: The impact of positive/negative ex-
pression of PDHAL protein on the OS of NSCLC; B: The impact of differentiation degree on the OS of NSCLC; C: The
impact of lymphatic metastasis on the OS of NSCLC; D: The impact of TNM staging on the OS of NSCLC.

Table 2. Multivariate factors regression analyses of the prog-

nosis of NSCLC

of mitochondrion and consequently
improve the aerobic glycolysis of

tumor [8, 9]. In recent years, a large

Variables B SE Wald df Sig. Exp(B) b ¢ studi h d
numper or studies have demon-
Gender . -14.519 110.659 0.017 1 0.896 0.000 strated that PDHAL can facilitate
Pathological type 0.210  0.291 0517 1 0.472 1.233 the growth and metastasis of tumor
Smoking history ~ 1.007  0.544 3.462 1 0.064 2.737 by affecting its metabolic pheno-
DD 1336  0.277 24.272 1 0.000 3.919 type [10, 11]. Meanwhile, some st-
LM -1.773 0.385 20.232 1 0.000 0.177 udies have manifested that fasting
TNM staging 1.010 0254 15775 1 0.000 2.747 and metabolic pathway remodeling
PDHA1 2.007 0.498 16.240 1 0.000 7.473 of tumor can not only enhance the

Note: DD: differentiation degree; LM: lymphatic metastasis.

Discussion

Pyruvate dehydrogenase complex (PDC) is a
kind of multienzyme complex that can catalyze
pyruvate decarboxylation reactions. PDC, whi-
ch exists extensively in mammals’ mitochon-
drial matrix, is composed of pyruate dehydro-
genase (PDH), dihydrolipoamide acetyltransfer-
ase (E2) and dihydrolipoamide dehydrogenase
(E3) [5-7]. PDHA1 is one of the vital subunits of
PDH, and its normal expression is the premise
of normal tricarboxylic acid cycle and oxidative
phosphorylation in mitochondrion. Inhibition of
PDH can restrain the oxidative phosphorylation

9775

apoptosis of tumor cells, but also
inhibit the resistance of tumor cells
to chemotherapeutic drugs [12].
Rajagopalan et al. applied a genetic approach
to perform the PDHAL gene knockout on tumor
cells, and they found that the deletion of PDHA1
gene could enhance the cell proliferation [13].
Besides, PDHA1 gene also had a certain asso-
ciation with apoptosis caused by serial reac-
tions of respiratory chain activity, generation of
reactive oxygen species and the regulation of
caspase in the mitochondrion of tumor cells
[14].

However, the expression of PDHA1l and its
impact on NSCLC are not clear yet. In this study,
the expressions of PDHA1 protein in 196
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NSCLC tissues and adjacent normal tissues
were immunohistochemically detected and the
correlation between the expression of PDHAL
protein and the clinicopathological characteris-
tics of NSCLC was first examined. The results
suggested that expression of PDHA1 protein
had no relationship with patients’ gender,
smoking history and pathological types, but it
was related to differentiation degree of tissues,
lymphatic metastasis and TNM staging. To be
more specific, the expression of PDHAL protein
in patients with high and intermediate differen-
tiation was higher compared with low differenti-
ated ones. Patients without lymphatic metasta-
sis showed higher expression of PHDA1 protein
than those with it. Besides, patients in stage |
and Il had higher expression of PDHA1 protein
than those in stage lll and IV. These evidences
basically meant that the low expression of
PDHA1 was concerned with the poor prognoses
of NSCLC. The study, conducted by Hamabe et
al., indicated that hexokinase 2 (HK2) and
PDHA1 had crucial impacts on the prognoses
of patients with colon cancer [15]. The tumor
cells of patients with positive HK2 and negative
PDHA1 had stronger invasion ability, which led
to the worse prognoses. And these results were
in consistent with our study. Both studies
showed that the positive PDHA1 was a protec-
tive factor for the prognoses of patients with
tumor. But when Hamabe et al. only detected
the correlation between the PDHAL expression
and the colon cancer patients’ clinicopathologi-
cal characteristics, they drew a conclusion that
the expression of PDHA1 had certain impacts
on the tumor size, metastasis, invasion and
clinical staging. However, the impacts had no
significant difference (P > 0.05). There were
some differences between their study and ours
in this point, which may due to the tumor types
and clinical samples. Liu et al. found that the
hepatitis B X-interacting protein (HBXIP) could
reconstruct the metabolic pathway of mamma-
ry cancer cells by down-regulating the cyto-
chrome ¢ oxidase 2 (SC02) and PDHA1, and
thus promoted the proliferation of mammary
cancer cells [16]. It also reflected that the
down-regulation or low expression of PDHA1
could promote the occurrence and develop-
ment of tumor.

In this study, the impact of PDHA1 on the OS of
patients with NSCLC had been detected. The
results showed that the OS rate of 196 patients
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with NSCLC was 67.3%. The survival rate was
78.9% in positive PDHAL protein group, and
60.0% in negative PDHA1 protein group, with a
significant difference. Besides, the OS was
comparatively longer in patients with high dif-
ferentiation, without lymphatic metastasis and
patients in stage |. At last, in this study, the
Cox’s multivariate factors regression analysis
verified that the expression of PDHA1, tissue
differentiation degree, lymph node metastasis
and TNM staging had vital impacts on the prog-
nosis of NSCLC. The systemic inquiry of 248
patients with ovarian cancer conducted by Li et
al. showed that the low expression of PDHA1
was significantly related to the poor prognoses
of patients with ovarian cancer [2]. The patients
with positive PDHA1 expression had longer OS,
which was similar to the results of this study.

Hypoxia is one of the basic characteristics of
the microenvironment of most tumors, espe-
cially the solid tumors. After inhibiting PI3K/
AKT signaling pathway and causing the hypoxic-
micro environment of SA20B tumor cell line,
George et al. found that hypoxia could promote
the Ser phosphorylation in PDHA1 293 bit, and
further restrained the activity of PDH and then
significantly decreased the proliferation of
SQ20B [17]. These findings further affirmed the
correlation between PDHAL1 expression and
good prognosis from the mechanism level.
However, the expression of PDH in NSCLC
tumor cells is relatively absent, and the main
cause of the loss hasn’t been fully elucidated
yet. The absence of PDH results in the exces-
sive accumulation of pyruvic acid in NSCLC,
thereby leading to the up-regulation of HIF-« [6,
18]. The up-regulation of HIF-a can not only pro-
mote the proliferation, metastasis and invasion
of tumor cells and the formation of the tumor
microvessel [19], but also inhibit the expres-
sion of PDHA1 by regulating various miRNA [6].
It also implies that PDHA1 has an important
influence on NSCLC. The latest researches
proved that the deletion of PDHA1 could make
the clinical prognoses of prostate cancer
patients obviously worse than those with the
expression of PDHA1 [20]. The main mecha-
nism was that the deletion of PHDA1 gave the
tumor cells some phenotypes of pluripotent
stem cells, thus these tumor cells had stronger
proliferation and invasion abilities, and were
more resistant to the chemotherapeutic drugs.
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Correlation between PDHAL protein expression and prognosis

To some extent, it also explained the mecha-
nism of the drug resistance of tumor.

This study explored the expression of PDHAL in
NSCLC and its connection with OS. The result
indicates that the decreased expression of
PDHA1 can promote tumor progression and
cause a poor prognosis. However, in this study,
its mechanism is not verified yet and it is specu-
lated that the mechanism may be related to the
high expression of HIF-a in NSCLC and the
alteration of tumor cell phenotypes. On the
basis of this study, further inquiry about the
exact function of PDHA1 in NSCLC and the
related mechanisms should be done by means
of PDHA1 knockout and overexpression [21]. In
conclusion, this studyis indicative of a negative
correlation between the expression of PDHAL
in NSCLC and the clinicopathological character-
istics. Moreover, PDHA1, as a good marker in
NSCLC, is important for the clinical evaluation
of patients’ prognoses.
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