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Objective: To explore the clinical significance of 3-phosphoinositide-dependent protein
kinase-1 (PDK1) expression in hepatocellular carcinoma (HCC) and its association with clini-
copathologic features and prognosis in HCC patients.

Materials and methods: A total of 128 HCC patients who received radical resection were
enrolled from Wenling Maternal and Child Health Care Hospital between May 2005 and
December 2008, and tumor and adjacent tissue samples were collected. Expression of PDK1
was detected by immunohistochemistry method. Correlation of PDK1 expression with clinico-
pathological features and prognosis was determined by Spearman’s correlation analysis. Impact
of expression of PDK1 on overall survival and recurrence was determined by Kaplan—Meier
analysis.

Results: Immunohistochemistry results showed that PDK1 expression in HCC tissues was
significantly higher than that in the corresponding adjacent cancer tissues. Univariate analysis
showed that PDK 1 messenger RNA expression can predict time to recurrence with diagnostic
significance (P=0.001). Univariate analysis showed that alpha-fetoprotein level, tumor number,
tumor encapsulation, microvascular invasion, and tumor-node—metastasis stage were also
unfavorable prognostic variables for recurrence (P<<0.05). Kaplan—Meier analysis showed that
overexpression of PDK1 correlates with significantly shorter postoperative overall survival and
higher recurrence rates (hazard ratio =2.68; 95% confidence interval: 2.46—4.42, P=0.001) in
HCC patients after curative resection.

Conclusion: Our study indicated that PDK1 may serve as a candidate pro-oncogene and a
potential prognostic biomarker for HCC.

Keywords: hepatocellular carcinoma, HCC, 3-phosphoinositide-dependent protein kinase-1,
PDK1, prognosis, alpha-fetoprotein, AFP, microvascular invasion, tumor—node—metastasis,
TNM stage

Introduction

Hepatocellular carcinoma (HCC) is the most common type of liver cancer, which accounts
for the fifth global incidence of malignancy with an increasing prevalence all over the
world.'? The incidence of HCC is severe in the People’s Republic of China. More than
50% of patients worldwide who died from malignant hepatoma were from the People’s
Republic of China. Although surgical resection and liver transplantation are the solutions
for HCC treatment, the prognosis of HCC is still poor for its high rates of recurrence
and metastasis.’ Therefore, it is critical to find the molecular markers associated with the
prognosis and therapy of the disease. 3-Phosphoinositide-dependent kinase-1 (PDK1)
is a 63 kD serine/threonine kinase, which can be divided into the kinase domain and the
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PH domain.** PDK1 is reported to be abnormally expressed
and activated in a variety of tumors and participate in the regu-
lation of cell proliferation, tumor invasiveness, angiogenesis,
and progression.® Herein, we observed the relationship between
the expression of PDK1 in tumor tissues of 128 HCC patients
with radical operation and the clinical characteristics of these
patients to investigate the feasibility of PDK1 expression dif-
ferences as the prediction index of postoperation of HCC.

Materials and methods

Patients and sample collection

Carcinoma and adjacent tissue samples from 128 patients
with primary HCC who received radical resection of liver
tumor at Wenling Maternal and Child Health Care Hospital
from May 2005 to December 2008 were collected. All the
samples were confirmed by definitive pathological diagnosis.
All patients had not received any radiotherapy and chemo-
therapy treatment before the operation. Moreover, the patients
had no distant metastasis and liver function was A Child-
Pugh score. The HCC staging was made according to the
tumor—node—metastasis (TNM) classification of malignant
tumors used by the International Union against Cancer.”
The protocols were approved by the Ethics Committee of
Wenling Maternal and Child Health Care Hospital, and
informed consent was obtained from participants prior to
their participation in this study.

Follow-up data

All patients had complete follow-up data. Every patient was
followed up at 3, 6, 9, 12, 18, and 24 months postoperation,
and subsequent follow-up was done once a year from the
third year after operation. Postoperative overall survival
was defined as time from surgery to death or last follow-up
visit. Time to recurrence (TTR) was defined as the interval
between HCC resection and tumor recurrence or metastasis
by imaging confirmed. In this study, the final follow-ups were
at October 2014, and the median follow-up time was 26.0
(5.0-138.0) months.

Immunohistochemistry

Carcinoma and adjacent tissue samples from 128 HCC patients
were collected, and immunohistochemical staining was per-
formed using VECTOR® M.O.M.™ Immunodetection Kit
(Vector Laboratories Inc., Burlingame, CA, USA). Xylene
dewaxing and gradient ethanol hydration of the histological
sections were performed before soaking in 3% hydrogen per-
oxide solution for 10 minutes at room temperature. Then, the
sections were put into citric acid solution (pH 6.0) and boiled.
After cooling to room temperature, each of the sections was

washed three times for 3 minutes using phosphate-buffered
saline and blocked in 5% fetal bovine serum for 15 minutes
at room temperature. Anti-PDK 1 was added to the sections
and then incubated at 4°C overnight. Then, each of the sec-
tions was washed three times for 3 minutes, and streptavidin
biotin peroxidase solution (D agent) was added to the samples.
After incubating for 10 minutes at room temperature, the
samples were again washed three times. Freshly prepared
3,3’-diaminobenzidine (DAB) was added, followed by water
immersion, hematoxylin counterstaining for 2 minutes, water
immersion, hydrochloric acid alcohol differentiation for
5 seconds, and water rinse for 20 minutes that were carried
out in sequence. Finally, gradient ethanol hydration, xylene
transparent neutral balata, and camera observation were per-
formed. The median integrated optical density (mIOD) was
set as the cutoff point, and all samples were divided into high-
expression group (integrated optical density [IOD] > mIOD)
and low-expression group (I0OD < mIOD).

Statistical analysis

Statistical analyses were performed using SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA). The correlations between
PDK1 expression and the clinical characteristics were
evaluated using Spearman’s rank correlation. Kaplan—Meier
survival curve was drawn and compared with log-rank test.
Univariate and multivariate analyses were used to estimate
the effect of different factors on the prognosis. P<<0.05 was
considered statistically significant for all tests.

Results

The expression of PDK1 is upregulated
in HCC

Carcinoma and adjacent tissue samples from 128 HCC
patients with radical resection of liver tumor were collected.
Then, immunohistochemistry was performed to investi-
gate PDK1 expression. Expression of PDK1 was found
in the nucleus of tumors and adjacent tissues, and all of
them could be divided into high-expression group (47.7%,
61/128) and low-expression group (52.3%, 67/128) based on
staining intensity. PDK1 expression was significantly higher
in tumors than in adjacent tissues (Figure 1).

The connection between PDK |

expression and clinical characteristics

In this study, we observed PDK1 expression in tumors and
adjacent tissues as well as the clinical characteristics of HCC
patients. As shown in Table 1, PDK1 expression was posi-
tively correlated with clinical stage (P=0.008), microvascular
invasion (P=0.021), and alpha-fetoprotein (AFP) (P=0.003).
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Figure | Expression of PDKI in hepatic cancer tissue and tumor-adjacent tissue.

Notes: PDK| expression was significantly higher in tumors than in the adjacent tissues. (A) Expression of PDKI in hepatic cancer tissues (x400); (B) expression of PDKI

in tumor-adjacent tissues (x400).
Abbreviation: PDKI1, 3-phosphoinositide-dependent kinase- .

Table | Relationship between PDKI expression and clinico-
pathologic features in patients with HCC

Variables Total PDKI staining P-value
patients
n=128 Low (n=67) High (n=61)

Age (years) 0.715
=50 85 (66.4) 45 (67.2) 40 (65.6)
>50 43 (38.6) 22 (32.8) 21 (34.4)

Sex 1.106
Male 112 (87.5) 58 (86.6) 54 (88.5)
Female 16 (12.5) 9 (13.4) 7 (11.5)

HBsAg 0.768
Negative 17 (133)  9(134) 8 (13.1)
Positive 111 (86.7) 58 (89.1) 53 (86.9)

Child-Pugh score 0.834
Child A 124 66 58
Child B 4 2 2

Liver cirrhosis 1.020
No 17 (13.3)  8(11.9) 9 (14.8)
Yes 111 (86.7) 59 (88.1) 52 (85.2)

AFP (ng/mL) 0.003
<100 52 (40.6) 36 (53.7) 16 (26.2)
100400 23 (18.0) 10 (14.9) 13(21.3)
400-800 10 (7.8) 6 (9.0) 4 (6.6)
800-1,210 3(2.3) 0 (0) 3(4.9)
=1,210 40 (31.3)  15(224) 25 (41.0)

Tumor diameter (cm) 0.053
=5 87 (68.0) 48 (71.6) 39 (63.9)
>5 41 (32.0) 19 (284) 22 (36.1)

Tumor number 0.547
Single 101 (78.9) 54 (80.6) 47 (77.0)
Multiple 27 21.1) 13 (19.4) 14 (23.0)

Tumor encapsulation 1.000
Complete 70 (54.7) 42 (62.7) 28 (45.9)
Incomplete 58 (45.3) 25(37.3) 33 (54.1)

Microvascular invasion 0.021
No 70 (54.6) 28 (41.8) 42 (68.9)
Yes 58 (454) 39 (58.2) 19 (31.1)

TNM stage 0.008
1 102 (79.8) 54 (80.6) 48 (78.7)
v 26 (20.2) 13 (194) 13(21.3)

Recurrence <0.001
No 54 (42.2) 42 (62.7) 12 (19.7)
Yes 74 (57.8) 25 (37.3) 49 (80.3)

Notes: Values are given as n (%). P-value was obtained by Spearman’s correlation.
Abbreviations: PDKI, 3-phosphoinositide-dependent kinase-1; HCC, hepato-
cellular carcinoma; HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein; TNM,
tumor—node—metastasis.

No significant differences were found in PDK1 expression
with regard to age, gender, liver cirrhosis, tumor size, and
capsule.

The relationship between PDKI
overexpression and postoperative
prognosis

In this study, 74 out of 128 cases showed reoccurrence within
the follow-up time of 38.8+4.3 months (median, 26 months;
range, 5.0—138.0 months), sixty one patients with intrahepatic
metastasis, five patients with pulmonary metastasis, and eight
patients with both pulmonary and intrahepatic metastasis.
Messenger RNA expression of PDK1 in postoperative HCC
patients could predict TTR effectively (P=0.001; Table 2).
Compared with PDK1 low-expression group, PDK1 high-
expression group had a significantly shorter TTR median
(9.0 months vs not reached) and a remarkably higher recur-
rence rate (81.0% vs 37.1%) (P<<0.001 in Table 1). As
shown in Table 2, the level of AFP (P=0.024), the amount
of tumors (P=0.022), tumor encapsulation (P=0.001), micro-
vascular invasion (P=0.003), and TNM stage (P=0.005)
were the probable risk factors for recurrence by univariate
analysis. In addition, multivariate analysis indicated that the
most forceful prognostic factor for TTR was high mRNA
expression of PDK1 (hazard ratio =2.68; 95% confidence
interval: 2.46-4.42, P=0.001; Table 2). Moreover, patients
in the high-expression group had a higher recurrence prob-
ability but a shorter overall survival time, compared with
those in the low-expression group (Figure 2). This finding
illustrated that PDK 1 might be a potential therapeutic target
for HCC therapy.

Discussion
Primary HCC is one of the malignant tumors associated
with high mortality. It is the third cause of cancer-related
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Table 2 Univariate and multivariate Cox proportional regression analysis of factors associated with recurrence
Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Age (>50 years vs =50 years) 0.91 (0.56-1.58) 0.687 NA NA
Gender (male vs female) 1.09 (0.44-2.20) 0.991 NA NA
HBsAg (negative vs positive) 0.78 (0.35-1.79) 0.456 NA NA
Child-Pugh score (A vs B) 1.22 (0.37-5.42) 0.859 NA NA
Liver cirrhosis (no vs yes) 0.98 (0.55-2.64) 0.036 NA NA
AFP (>400 ng/mL vs =400 ng/mL) 1.72 (1.53-3.74) 0.024 1.35 (0.57-2.84) 0.028
Tumor number (multiple vs single) 1.97 (1.21-3.90) 0.022 1.44 (0.82-2.17) 0.263
Tumor diameter (=5 cm vs >5 cm) 2.45 (1.46—4.01) 0.278 NA NA
Tumor encapsulation (yes vs no) 2.33 (1.65-3.74) 0.001 1.69 (0.99-2.81) 0.058
Microvascular invasion (no vs yes) 2.45 (1.384.42) 0.003 1.21 (0.85-1.99) 0.681
TNM stage (I/Il vs LI/IV) 2.189 (1.284-3.732) 0.005 1.85 (1.06-2.84) 0.033
PDK expression (low vs high) 1.72 (1.03-2.98) <0.001 2.68 (2.46—4.42) 0.001

Abbreviations: HR, hazard ratio; Cl, confidence interval; HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein; TNM, tumor—node-metastasis; PDK |, 3-phosphoinositide-

dependent kinase-|; NA, not applicable.

deaths globally and the second reason for death from cancer
in the People’s Republic of China.® Early diagnosis of HCC
is difficult due to its high-grade malignancy and tumor
invasion, and the poor prognosis is expected because of
high postoperative recurrence.’ Currently, gene therapy and
molecularly targeted therapy are used in clinical research;
various genes for targeted therapy of HCC are effective than
the traditional forms of treatments. It is important to find the
molecular markers associated with the prognosis and therapy
of this disease.

PDKI is a member of serine/threonine kinases family
whose catalytic domain is homologous to cyclic AMP-
dependent protein kinase and protein kinase C.!° Researches
indicated that PDK 1 is abnormally expressed and activated in
tumors and may be a major regulatory factor associated with
tumorigenesis and metastasis.® Recently, Bai et al'' found
that PDK1 could be an indicator for long-term survival of
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gastric cancer. Lohneis et al'? also pointed that PDK1 was
an independent prognostic factor that is significantly nega-
tively correlated to tumor grade in ovarian serous carcinoma.
Moreover, other studies proved that PDK1 was correlated
to prognosis of malignant gliomas,'® breast cancer,'*"> gall
bladder cancer,'® colorectal cancer,'” and pancreatic cancer.'®
However, the relationship between PDK1 expression and
prognosis of HCC has not yet been explored. The transcrip-
tional regulation activity can be affected by the content of
PDKI in the nucleus, posttranslational modification, and
other various factors."

In this study, analyses of PDK1 expression in HCC tis-
sues and tumor-adjacent tissues by immunohistochemical
staining were performed. The results showed that PDK1
expression was high in HCC tumors but low in adjacent
tissues. This indicated that PDK1 performed as a regulator
in tumorigenesis, metastasis, and recurrence.

B ‘o HR =2.68, P=0.020
' PDK1 high (n=61)
0.8 1 i
0.61 r
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Cumulative recurrence rate
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Figure 2 Kaplan—Meier survival curves showed that patients with increased expression of PDK| had shorter OS (A) and higher recurrence rate (B).
Abbreviations: PDK|1, 3-phosphoinositide-dependent kinase-1; OS, overall survival; HR, hazard ratio.
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Multivariate analysis was carried out to investigate liver
tumors and adjacent tissues in HCC patients. We found
that the prognosis of HCC patients correlated with liver
cirrhosis, tumor size, microvascular invasion, and TNM
stage. Furthermore, there were no significant differences in
PDK1 expression with regard to age, gender, liver cirrhosis,
serum AFP, tumor size, or capsule. On the contrary, over-
expression of PDK1 was related closely to microvascular
invasion. These results suggested that high expression of
PDKI occurred frequently in tumors, and PDK1 might
have an effect on angiogenesis. This corresponded to the
conclusion of our previous studies that the specific binding
of PDK1 and the promoter of vascular endothelial growth
factor was the most critical step to regulate angiogenesis,
metastasis, and recurrence of HCC.?* We inferred that high
expression of PDK1 in HCC might upregulate vascular
endothelial growth factor expression to promote the angio-
genesis of HCC. Furthermore, angiogenesis of HCC was an
important trigger for tumor metastasis and recurrence and
related to HCC prognosis. As a result, PDK1, as a regulator
of angiogenesis, is probably related to HCC prognosis. In our
results, the expression of PDK1 was negatively correlated
with overall survival rate but was positively correlated with
postoperative recurrence rate. Both the correlations were
statistically significant. Univariate analysis showed that the
level of AFP, the amount of tumors, tumor encapsulation,
microvascular invasion, and TNM stage were probably
unfavorable prognostic variables for recurrence (P<<0.05).
In addition, PDK1 expression was closely related to post-
operative recurrence to indicate PDK1 as an independent
prognostic factor in HCC. This might be a new perspective
for exploration of the correlation between high expres-
sion of PDK1 and unfavorable prognosis of HCC patients.
Moreover, we demonstrated that PDK1 had an effect on
HCC progression through MAPK1 pathway dependent on
epithelial mesenchymal transition activation.

Conclusion

Our results showed that PDK1 could be used as a potential
marker and might be helpful for finding an effective treat-
ment for HCC.
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