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UCAT1 and its downstream HXKZ2 to promote
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Abstract. — OBJECTIVE: TGF-B1 plays pivotal
roles in the development of various malignancies
such as hepatocellular carcinoma, while the mech-
anism of the TGF-B1 function in hepatocellular car-
cinoma remains unclear. Our study aimed to inves-
tigate the molecular mechanisms of the TGF-B1
function in hepatocellular carcinoma.

PATIENTS AND METHODS: Tumor tissues
and adjacent healthy tissues were collected
from hepatocellular carcinoma. Blood samples
were collected from both hepatocellular carci-
noma patients and healthy controls. Expression
of TGF-B1, long non-coding RNA (IncRNA) UCA1
and hexokinase 2 (HXK2) in those tissues was
detected by qRT-PCR. All patients were followed
up for 5 years, and prognostic values of serum
HOTAIR for hepatocellular carcinoma were in-
vestigated by survival curve analysis. TGF-p1,
UCA1, and HXK2 overexpression hepatocellu-
lar carcinoma cell lines were established, and
the effects on cell proliferation were detected by
the CCK-8 assay. Interactions between TGF-f1,
UCA1, and HXK2 were explored by Western blot.
Effects of TGF-B1 on lactate production, glu-
cose uptake, and ATP production were detect-
ed by lactate assay, glucose uptake assay, and
ATP assay.

RESULTS: TGF-B1, UCA1, and HXK2 expres-
sion levels were upregulated in tumor tissues
comparing with adjacent healthy tissues. Se-
rum levels of TGF-B1, UCA1, and HXK2 increased
with the increases of primary tumor stage. Pa-
tients that have high serum levels of TGF-p1,
UCA1, and HXK2 showed lower overall survival
rate compared with patients with low serum lev-
els of TGF-p1, UCA1, and HXK2. TGF-1, UCA1,
and HXK2 overexpression promoted prolifera-
tion of hepatocellular carcinoma cell. TGF-1 is
a positive upstream regulator of UCA1, which is
a positive upstream regulator of HXK2. TGF-f1

overexpression increased lactate production,
glucose uptake and ATP production in hepato-
cellular carcinoma.

CONCLUSIONS: TGF-B1 may accelerate can-
cer cell energy metabolism to promote the
growth of hepatocellular carcinoma by upregu-
lating UCA1 and its downstream HXK2.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignancies in the liver, which
affects about 700,000 new cases every year'. In
spite of the achievements that have been made in
the treatment and prevention of this disease, HCC
now is still the third leading cause of cancer-rela-
ted death and the fifth most common malignan-
cies’. Rapid economic development and changes
in people’s lifestyle significantly cause an incre-
ased rate of hepadnavirus infection, which is di-
rectly correlated with the occurrence and deve-
lopment of hepatocellular carcinoma especially
in developing countries such as China. Hepadna-
virus infection rate and incidence of hepatocellu-
lar carcinoma are predicted to increase shortly’.
Hepatocellular carcinoma in the early stage is
asymptomatic. Most patients with hepatocellular
carcinoma lost the chance of surgical resection
by the time of diagnosis due to distant tumor me-
tastasis*®. Therefore, the development of radical
treatment is urgently needed to improve the sur-
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vival rate of hepatocellular carcinoma patients,
though the treatment relies on an understanding
of the disease pathogenesis.

Transforming growth factor beta I(TGF-B1)
is a member of transforming growth factor beta
(TGF-B) superfamily of cytokines that plays
multiple roles in cell growth, proliferation, dif-
ferentiation and apoptosis®. TGF-f1 is usually
overexpressed in HCC and it participates in va-
rious aspects of tumor growth and development
such as epithelial-to-mesenchymal transition”®.
TGF-B1 signaling transduction in HCC remains
unclear.

Patients and Methods

Patients

From August 2011 to August 2012, a total of 88
patients with HCC were enrolled in Qingdao No. 6
People’s Hospital. HCC was diagnosed by patholo-
gical and imaging examinations. Those patients in-
cluded 49 males and 39 females, and the age ranged
from 21 to 77 years with the average age of 47+13.1
years. Primary tumors were staged according to the
following standards: solitary tumor without vascu-
lar invasion, T1; multiple tumors or solitary tumor
with vascular invasion or, the greatest diameter < 5
cm, T2; branch of the portal vein or hepatic vein in-
vaded by single tumor or multiple tumors or greatest
diameter of multiple tumors > 5 cm, T3; adjacent
organs other than the gallbladder were invaded, T4.
There were 16 cases of stage 1, 18 cases of stage 2,
20 cases of stage 3 and 34 cases of stage 4. All pa-
tients received surgical resection of primary tumors,
and tumor tissues, as well as adjacent healthy tis-
sues, were collected and confirmed by pathological
examinations. At the same time, 32 healthy volun-
teers with similar age and gender distributions were
involved in this study to serve as control group. This
study was approved by the Ethics Committee of
Qingdao No. 6 People’s Hospital (Date of approval:
5/25/2017). All patients signed informed consents.
Those patients were followed up for 5 years to re-
cord their survival conditions.

Preparation of Serum Samples

Fasting blood (about 30 ml) was collected from
all 88 patients and 32 healthy controls in the mor-
ning of the day just after admission. Blood sam-
ples were kept at room temperature for 1.5 h, fol-
lowed by centrifugation at 2000 rpm for 15 min
to obtain the supernatant, which is serum. Serum
samples were stored at -80°C before use.

Cell Lines and Cell Culture

Human HCC cell lines HepG2 and Huh7 were
obtained from the cell bank of the Chinese Aca-
demy of Sciences (Shanghai, P. R. China). Cel-
Is were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco; Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA) containing 10%
heat-activated fetal bovine serum (FBS; GE He-
althcare Life Sciences, Logan, UT, USA), 2 mM
L-glutamine (Invitrogen; Thermo Fisher Scien-
tific, Inc. Waltham, MA, USA) and 1% penicil-
lin/streptomycin (Sigma-Aldrich: Great Island,
NY, USA; Merck KGaA, Darmstadt, Germany),
at 37°C in a humidified incubator with 5% CO,,.
Cells were harvested during logarithmic growth
phase for subsequent experiments.

Establishment of TGF-p1, UCAI1, and
HXKZ2 Overexpression Cell Lines

TGF-B1, UCAL, and HXK2 expression vectors
were established by inserting an EcoRI-EcoRI
fragment containing full-length TGF-f1, UCA1
or HXK?2 cDNA into pIRSE2-EGFP (Clontech,
Palo Alto, CA, USA). Cells were cultured overni-
ght to reach 80-90% confluent before transfection.
Transfection was performed using Lipofectamine
2000 transfection reagent (11668-019, Invitrogen,
Carlsbad, CA, USA) according to the instructions.
Empty vector without TGF-B1, UCA1 or HXK2
cDNA was used as a negative control.

Cell Proliferation Assay

Cells were collected during the logarithmic
growth phase and they were used to make cell
suspension. Then, 100 pl cell suspension contai-
ning 4x10* cells were added to each well of a 96-
well plate. Cells were cultured in an incubator
(37°C), and CCK-8 solution (10 uL) was added to
each well 24, 48, 72 and 96 hours later. After the
addition of CCK-8 solution, cells were cultured
at 37°C for another 4 h, and Fisherbrand™ ac-
cuSkan™ GO UV/Vis Microplate Spectrophoto-
meter (Thermo Fisher Scientific, Inc., Waltham,
MA, USA) was used to measure OD values at
450 nm.

Lactate Production, Glucose Uptake, and
ATP Production Assay

ATP levels were measured using ATP assay
kit (Celltiter-Glo Luminescent Cell Viability As-
say, Promega, Madison, WI, USA) according to
the manufacturer’s instructions. In glucose upta-
ke assay and lactate production assay, cells were
cultured in 6-well plates with about 5x10° cells in
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each well for 24 h. The supernatant was collected
and OD values at 570 nm were measured using a
microplate reader with fresh culture medium as
blank control. The following measurement was
used: [Glucose uptake] = [concentration of glu-
cose in fresh culture medium] — [concentration
of glucose in tested samples]. Lactate production
was measured according to the standard curve.
Lactate production and glucose uptake were nor-
malized to cellular protein.

Real-Time Quantitative PCR

After extracting total RNA from tumor tis-
sues, adjacent healthy tissues, serum and in vitro
cultured cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA), RNA quality was tested by
gel electrophoresis, followed by reverse transcrip-
tion to synthesize cDNA. PCR system was pre-
pared using SYBR® Green Real-Time PCR Ma-
ster Mixes (Thermo Fisher Scientific, Waltham,
MA, USA). The following primers were used in
PCR reactions: 5’-GGCCTTTCCTGCTTCTCA-
TGG-3’ (forward) and 5’-CCTTGCTGTACTGC-
GTGTCC-3’ (reverse) for TGF-B1; 5-GCCCA-
AG GAACATCTCACCAATTT-3’ (forward) and
5’ TTGAGGGGTCAGACTTTTGACAAGG-3’
(reverse) for UCAL; 5’-GGGCATCTTGAAACA-
AG-3’ (forward); 5>~-GGTCTCAAGCCCTAAG-3’
(reverse) for HK2; 5-GACCTCTATGCCAA-
CACAGT-3" (forward) and 5-AGTACTTGC-
GCTCAGGAGGA-3’ (reverse) for B-actin. PCR
reaction conditions were: 95°C for 50 s to 1 min,
followed by 40 cycles of 95°C for 12 s and 60°C
for 30-45 s. Ct values were processed using the
2-24€T method. The relative expression level of
each gene was normalized to endogenous control
B-actin.

Western Blot

Total protein extraction from in vitro cultu-
red cells was performed using RIPA solution
(Thermo Fisher Scientific, Waltham, MA, USA),
and protein quality was determined by BCA
method. After that, protein samples (20 pg) were
subjected to 10% SDS-PAGE gel electropho-
resis, followed by transmembrane to PVDF
membrane. After blocking with 5% skimmed
milk for 2 h at room temperature, membranes
were incubated with primary antibodies inclu-
ding rabbit anti-TGF-B1 (1:2000, ab92486, Ab-
cam, Cambridge, MA, USA), anti-HK?2 (1:2000,
ab37593, Abcam, Cambridge, MA, USA), and
anti-GAPDH primary antibody (1:1000, ab8245,
Abcam, Cambridge, MA, USA) and were per-

4848

formed overnight at 4°C. After that, membranes
were washed 3 times with PBS, 15 min for each
time, and incubated with anti-rabbit IgG-hor-
seradish peroxidase (HRP) secondary antibody
(1:1000, MBS435036, MyBioSource) for 2 h at
room temperature, followed by signal detection
using ECL (Sigma-Aldrich, St. Louis, MO, USA)
method. Signals were scanned by MYECL™
Imager (Thermo Fisher Scientific, Waltham,
MA, USA), and Image J software was used to
normalize relative expression level of TGF-B1
and HK?2 to endogenous control GAPDH.

Statistical Analysis

SPSS19.0 (SPSS Inc., Chicago, IL, USA)
was used to process all the data. Measurement
data were expressed as (X £ 5), and comparisons
between two groups were performed by two-tai-
led #-test. Comparisons among multiple groups
were performed by the ANOVA and LSD test.
Count data were compared using x’-test. p < 0.05
was considered to be statistically significant.

Results

Expression of TGF-p1, UCAT and
HXKZ2 in Tumor Tissues As Well
As Adjacent Healthy Tissues of
Patients With HCC

Expression of TGF-B1, UCA1 and HXK2 in tu-
mor tissues, as well as adjacent healthy tissues of
88 patients with HCC, was detected by qRT-PCR.
As shown in Figure 1a, expression of TGF-f1 was
significantly upregulated in tumor tissues compa-
red with adjacent healthy tissues in 71 out of 88
patients (p < 0.05), while lower expression level
of HOTAIR in tumor tissues than that in adjacent
healthy tissues was observed in 7 cases (p < 0.05).
No significant difference was found in 10 cases.
For UCAL, a significantly higher expression le-
vel in tumor tissues than that in adjacent healthy
tissues was found in 79 out of 88 patients (p <
0.05). A significantly lower expression level in tu-
mor tissues than that in adjacent healthy tissues
was found in 6 out of 88 patients, and no signifi-
cant difference was found in 3 cases. For HXK2,
a significantly higher expression level in tumor
tissues than that in adjacent healthy tissues was
found in 73 out of 88 patients (p < 0.05). A si-
gnificantly lower expression level in tumor tissues
than that in adjacent healthy tissues was found in
4 out of 88 patients, and no significant difference
was found in 11 cases.
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Figure 1. Expression of TGF-f1, UCA1 and HXK2 in tumor tissues and adjacent healthy tissues of patients with hepatocel-
lular carcinoma. a. Expression of TGF-f1 in tumor tissues and adjacent healthy tissues; b. Expression of UCAlin tumor tissues
and adjacent healthy tissues; c¢. Expression of HXK2 in tumor tissues and adjacent healthy tissues. Notes: *compared with
tumor tissues, p<0.05; #compared with adjacent healthy tissues, p<0.05.

Expression of TGF-f1, UCAT and
HXK2 in Serum of Healthy Controls
As Well As Patients With Different
Stages of HCC

As shown in Figure 2a, the expression level
of TGF-B1 mRNA from serum was significant-
ly lower in healthy controls than that in patients

with different stages of HCC (p < 0.05). In ad-
dition, the expression level of TGF-Bl mRNA
was further increased with the increased stage
of the primary tumor (p < 0.05). Similarly, se-
rum levels of UCA1 and HXK?2 were also signi-
ficantly lower in healthy controls than those in
patients with different stages of oral squamous



M.-L. Hu, X.-Y. Wang, W.-M. Chen

-
=)
*
*
*
T
©
%

o

] ©
&
%
%,
%
i
o%i%

>
T

*

*

el

3.

N

o

Relative TGF-B1 mRNA level o
»
Relative UCA1 level

Control TH T2 T3 T4 Control T1

T2

* c *
- 104
" 3 e
23 @, 2 s E3
= = ] 2 * =
14 *
s £ 6 =
—_— * .0
; *
x 4 * *
I
s 2, ] Erf‘
3 |
3
. . ¢ ol ' ’ y ,
T3 T4 Control  T1 T2 T3 T4

Figure 2. Expression of TGF-p1, UCAI, and HXK2 in serum of healthy controls and patients with different stages of HCC. a.
Expression of TGF-B1 in serum of healthy controls and patients with different stages of HCC; b. Expression of UCAL1 in serum of
healthy controls and patients with different stages of HCC; c. Expression of HXK2 in serum of healthy controls and patients with

different stages of HCC. Notes: *, p<0.05.

cell carcinoma (Figure 2b and c, p < 0.05). In
addition, the expression level of UCAl and
HXK?2 were significantly increased with the
increased stage of the primary tumor (Figure
2b and c, p < 0.05). Those results suggest that
upregulation of TGF-f1, UCA1 and HXK?2 are
very likely to be involved in the pathogenesis
of HCC.

Prognostic Values of Serum TGF-f1
mRNA, UCA1, and HXKZ2 mRNA for HCC
All patients were followed-up for 5 years or
until their death. Patients were divided into high
expression group and low expression group accor-
ding to the median serum level of TGF-f1 mRNA,
UCALI, and HXK2 mRNA, respectively. Survival
curve of each group of patients was plotted using
Kaplan-Meier method and the curves were com-
pared by log-rank #-test. As shown in Figure 3a,
the overall survival rate of patients with the high
expression level of TGF-f1 mRNA in serum was

2
o

significantly lower than that of patients with the
low expression level of TGF-f1 mRNA. Similar-
ly, patients with high serum levels of UCA1 and
HXK2 mRNA also showed lower overall survival
rates compared with patients with low serum le-
vels of UCA1 and HXK?2 mRNA (Figure 3b and

c).

TGF(1, UCAI, and HXK2 Overexpression
Promoted the Proliferation of HCC
TGF-P1, UCAI, and HXK2 overexpression
were confirmed by detecting the expression
levels of TGF-B1 mRNA, UCAIl and HXK2
mRNA by qRT-PCR (data not shown). Effects
of TGF-B1, UCAI1, and HXK2 overexpression
on cell proliferation of HCC cell lines HepG2
and Huh7 were explored by the CCK-8 assay.
As shown in Figure 4a and b, TGF-p1, UCALI
and HXK?2 overexpression promoted the pro-
liferation of HCC cell lines HepG2 and Huh7.
Interactions Between TGF-1, UCAI,
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Figure 3. Prognostic values of serum TGF-f1 mRNA, UCA1, and HXK2 mRNA for HCC. a. Comparison of survival
curves of patients with high and low serum level of TGF-B1 mRNA; b. Comparison of survival curves of patients with
high and low serum level of UCA1; c¢. Comparison of survival curves of patients with high and low serum level of HXK2

mRNA.
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Figure 4. TGF-B1, UCA1 and HXK2 overexpression promoted the proliferation of HCC. a. TGF-B1, UCA1, and HXK2 ove-
rexpression promoted the proliferation of HCC cell line HepG2; b. TGF-f1, UCA1 and HXK?2 overexpression promoted the

proliferation of HCC cell line Huh7.

and HXK2

As shown in Figure 5a, TGF-B1 overexpression
significantly increased the expression levels of
UCAI1 and HXK?2 protein in the two-HCC cell li-
nes (p < 0.05). UCA1 overexpression significant-
ly promoted the expression of HXK2 protein but
not that of TGF-B1 protein (p < 0.05, Figure 5b).
In addition, HXK?2 overexpression showed no si-
gnificant effects on the expression of TGF-f1 or
UCAL. Those data suggest that TGF-B1 is a po-
sitively upstream regulator of UCA1, which can
positively regulate the expression of HXK?2.

TGF-f1 Overexpression Promoted Lac-
tate Production, Glucose Uptake and
ATP Production in HCC Cells

As shown in Figure 6a, compared with the
control cells, glucose uptake was significantly
increased in cells of two HCC cell lines after
TGF-B1 overexpression (p < 0.05). Similarly,
lactate production (Figure 6b) and ATP pro-
duction (Figure 6¢) were also significantly
increased in two cell lines after TGF-1 ove-
rexpression. Those results suggest that TGF-p1
may accelerate cancer cell energy metaboli-
sm to promote the growth of HCC by upregula-
ting UCA1 and its downstream HXK?2.

Discussion
Upregulation of TGF-B1 expression is common

in various types of human malignancies inclu-
ding HCC 7. UCAI1 is usually considered to be an

oncogenic IncRNA in the development and pro-
gression of different human malignancies, such
as non-small cell lung cancer’, osteosarcoma'’
and so on. UCAL is also upregulated during the
progression of HCC, and the increased expression
level of UCALI has been proved to have diagnostic
values for HCC !!. Hexokinase II, or HXK2, is the
key isozymes in aerobic glycolysis that is highly
expressed in various types of cancer cells'?. Con-
sistent with previous studies, in the current study,
expression levels of TGF-p1, UCAIL, and HXK?2
were found to be significantly higher in tumor tis-
sues than those in adjacent healthy tissues for most
of the patients with HCC. Besides, serum levels of
TGF-p1 mRNA, UCALI, and HXK2 mRNA were
significantly lower in healthy controls than those
in patients with different stages of HCC . Expres-
sion levels of TGF-B1 mRNA, UCA1 and HXK?2
mRNA were further increased with the increased
stage of the primary tumor. Besides that, overall
survival rate of patients with the high expres-
sion level of TGF-f1 mRNA, UCA1 and HXK?2
mRNA in serum was significantly lower than that
of patients with low expression levels. Those data
suggest that upregulation of TGF-p1, UCA1 and
HXK2 is very likely to be involved in the patho-
genesis of HCC .

TGF-PBl plays different roles in the prolife-
ration of various types of cells. It has been re-
ported that TGF-B1 can induce the expression
of basic fibroblast growth factor 2 to promote
the proliferation of human renal fibroblasts'.
In another study, it was found that downregu-
lation of TGF-B1 expression by microRNA-663
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inhibits the proliferation of glioblastoma cells'. anti-proliferative function that can inhibit the
In contrast, TGF-B1 is reported to be with an growth of tumors'. UCA1 is usually considered
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to be an oncogenic IncRNA that can promote the
growth of different types of tumors by accelera-
ting the proliferation rate of tumor cells'®. HXK?2
is the main isozyme in aerobic glycolysis, which
is the energy resource of cancer cell prolifera-
tions'. In our study, TGF-B1, UCA1, and HXK2
overexpression promoted the proliferation of
HCC cell lines HepG2 and Huh7. Those results
suggest that upregulated expression of TGF-pl1,
UCA1, and HXK2 contributes to the prolifera-
tion of HCC cells.

A recent paper'’ reported that TGF-f1 indu-
ced the upregulation of IncRNA expression in
gastric cancer, which in turn promoted inva-
sion and migration of cancer cells. In another
work, IncRNA UCAT1 was reported to promote
glycolysis by upregulating HXK?2 in bladder
cancer'®. In our study, TGF-B1 overexpression
significantly increased the expression levels
of UCAI and HXK2 protein in two HCC cell
lines. In addition, UCA1 overexpression signi-
ficantly promoted the expression of HXK?2 pro-
tein but not the expression of the TGF-B1 pro-
tein. In contrast, HXK?2 overexpression showed
no significant effects on the expression of
TGF-B1 and UCAL. Besides that, TGF-B1 ove-
rexpression significantly promoted glucose up-
take, lactate production and ATP production in
the two HCC cell lines. Those outputs suggest
that TGF-B1 may accelerate cancer cell energy
metabolism to promote the growth of HCC by
upregulating UCA1 and its downstream HXK?2.

Conclusions

We found that TGF-B1, UCA1 and HXK2
expression levels were upregulated in tumor
tissues comparing with adjacent healthy tis-
sues in most patients with HCC. Serum levels
of TGF-B1, UCAI1, and HXK?2 increased with
the increased primary tumor stage. Patients
have high serum levels of TGF-B1, UCAIl, and
HXK2 showed lower overall survival rate than
that of patients with low serum levels of TGF-1,
UCAI and HXK?2. TGF-p1, UCAI1, and HXK?2
overexpression promoted proliferation of HCC
cell. TGF-PI is a positive upstream regulator of
UCALI, and UCAI is a positive upstream regu-
lator of HXK?2. TGF-B1 overexpression increa-
sed lactate production, glucose uptake and ATP
production in HCC cells. Therefore we may con-
clude that TGF-B1 could promote the growth of
HCC by accelerating cancer cell energy metabo-
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Figure 6. TGF-B1 overexpression increased lactate pro-
duction, glucose uptake and ATP production in hepatocel-
lular carcinoma cells. a. TGF-B1 overexpression increased
glucose uptake in hepatocellular carcinoma cells; b. TGF-p1
overexpression increased lactate production in hepatocel-
lular carcinoma cells; c. TGF-B1 overexpression increased
ATP production in hepatocellular carcinoma cells. Notes:
* p<0.05.

lism through the upregulation of UCAI and its
downstream HXK?2.
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