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Background: Pyruvate kinase is an enzyme that catalyzes the conversion of phosphoenol-
pyruvate and ADP to pyruvate and ATP in glycolysis and plays a role in regulating cell
metabolism. It is reported that the activity of pyruvate kinase is increased in cancers.
Phosphoribosyl amidotransferase (PPAT) is reported to be a crucial regulator for pyruvate
kinase activity in lung cancer. However, its role in thyroid cancer remains largely unknown.
Materials and Methods: Immunohistochemical analysis and qRT-PCR were used to detect
the expression of PPAT in thyroid cancer samples. Both gain-of-function and loss-of-function
models were constructed in thyroid cancer cell lines and the biological functions of PPAT on
cellular phenotypes were studied using CCK-8 assay and transwell assay in vitro, respec-
tively. Then, Western blot was used to evaluate the change of PKM2 and downstream signal
pathways after PPAT was overexpressed or knocked down.

Results: Immunohistochemical analysis showed increased expression of PPAT in thyroid cancer
tissues, and it was associated with unfavorable pathological characteristics. Knockdown and
overexpression assays suggested that altering PPAT expression modulated cell proliferation,
migration, and invasion. In terms of mechanism, PPAT could positively regulate the expression
of PKM2 and activate ERK and STAT3 signaling pathways.

Conclusion: PPAT plays crucial roles in regulating proliferation, migration, and invasion of
thyroid cancer cells via activating PKM2, ERK, and STAT3.

Keywords: thyroid cancer, PPAT, PKM2, proliferation, migration, invasion

Introduction

Thyroid carcinoma (TC) is the most common endocrine malignancy in the world.
Papillary thyroid carcinoma (PTC) is the main pathological type of TC, accounting for
80% of all TC cases."”? In recent decades, the incidence of TC has been increased
gradually, mainly PTC.* Although the prognosis of TC is relatively good, about 10% of
cases are more invasive and deadly with high potential of distant metastasis.** Therefore,
in-depth exploration of the mechanism of TC occurrence and progression is still
necessary.

Phosphoribosyl pyrophosphate amidotransferase (PPAT) is a key rate-limiting
enzyme for purine metabolism.*’ Studies show that changes in the enzyme activity
caused by mutations in the PPAT gene lead to disorders in purine nucleotide metabolism,
increasing the expression level of uric acid and causing diseases such as hyperuricemia
and gout.®” In cancer biology, PPAT gene is mutated in some cases of gastric and

colorectal cancers, which is related to the high microsatellite instability.'® Additionally,
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PPAT is confirmed to be highly expressed in lung adenocarci-
noma tissues; overexpression of PPAT significantly promotes
tumor cell proliferation and invasion via activating pyruvate
kinase (PK) and can function as a biomarker for aggressive
lung adenocarcinoma.'' However, the expression and function
of PPAT in TC and its mechanism have not yet been elucidated.

PK is a rate-limiting enzyme in the glycolytic pathway. It
catalyzes the substrate phosphoenolpyruvate (PEP) to pro-
duce pyruvate and release energy. It can encode four isoen-
zymes, and among them, pyruvate kinase M2 (PKM2) is
reported to be a key regulator of tumor cell metabolism,
growth, and metastasis.'>'> With the up-regulation of
PKM?2, the enzyme structure changes from a traditional tet-
ramer to a dimer, which has a weaker affinity for PEP, leading
to changes in tumor cell metabolism, thus allowing tumor
cells to proliferate with limited nutritional supply.'*'> Many
studies show that PKM2 is increased in a variety of human
cancers. PKM2 plays a crucial regulatory role in the carci-
nogenesis, proliferation, migration, and invasion of tumor
cells. For example, in hepatocellular carcinoma, PKM?2 inter-
acts with the nuclear sterol regulatory element-binding pro-
tein 1a (SREBP-1a) to activate adipogenesis and promote
cell proliferation; highly expressed PKM2 is significantly
associated with poor prognosis of patients with liver
cancer.'®'” PKM2 is significantly overexpressed in gallblad-
der cancer tissues, and up-regulation of PKM2 can promote
tumorigenesis.'® It is also reported that PKM2 is involved in
the progression of TC.'> Additionally, the activation or up-
regulation of PKM2 could activate multiple cancer-related
pathways such as ERK signaling and STAT3 signaling.?’ 2>
However, the expression of PKM2 in TC and its related
mechanisms remain to be further explored.

The purpose of this study is to explore the expression and
clinical significance of PPAT in TC, and further explore the
effect of PPAT on the malignant phenotypes of TC cells and
its related mechanisms. This study confirmed that PPAT was
highly expressed in TC tissues and cells, and that patients
with high expression of PPAT had unfavorable prognosis. In
addition, PPAT was involved in promoting the proliferation
and metastasis of TC cells by regulating PKM2 and activat-
ing ERK and STAT?3 signaling pathways.

Materials and Methods

Tissue Sample

All participating patients signed informed consents prior to
the study. This study was backed by Ethics Review Board
of the Second Affiliated Hospital of Harbin Medical

University. Cancer tissues (n = 50) and non-cancerous
tissues (n = 50) samples from May 2014 to May 2018
were randomly selected in this study. All samples were
stored in liquid nitrogen at —196°C for subsequent
experiments.

Immunohistochemistry (IHC)

Streptomycin avidin-peroxidase (SP) method was used
for IHC staining. The specimens were prepared into
paraffin sections with a thickness of 4 um. The sections
were baked at 70°C, and then paraffin sections were
dehydrated with different gradients of ethanol, and then
antigen repair was performed. After that, H,O, solution
was added in order to inactivate endogenous enzymes at
room temperature for 10 min and washed with PBS for
10 min. After that, anti-PPAT antibody (1: 100, MAS-
25,978, Invitrogen, Carlsbad, CA, USA) and anti-PKM2
antibody (1: 200, ab137852, Abcam, Shanghai, China)
were added and the sections were incubated overnight at
4°C. Then the sections were rinsed with PBS for 3 times,
and the secondary antibody was added to incubate the
section for 30 min. After rinsing with PBS for 3 times,
the sections were stained with DAB. Ultimately, the
sections were observed and scored by two independent
pathologists.

Cell Culture

Human TC cell lines (K1, KTC-1, BHP5-16, and BHP2-7
cells) and human thyroid follicular epithelial cell lines
(Nthy-ori 3—1) were purchased from Shanghai Institute
of Biochemistry and Cell Biology, CAS (Shanghai,
China). All the above cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) (HyClone, Logan,
UT, USA) containing 10% fetal bovine serum (FBS)
(Invitrogen, Carlsbad, CA, USA) in an incubator with
5% volume fraction of CO, at 37°C. The medium was
changed every 2-3 days, and when the cell grew to
80-90% 0.25%
Switzerland) was used for subculture.

confluence, trypsin  (Roche, Basel,

Cell Transfection

BHP5-16 and KTC-1 cells were inoculated into a 60 mm
culture plate at a density of 1 x 10%mL, and cultured for 24 h,
and then transfected. PPAT overexpression plasmid, PPAT
siRNA, PKM2 overexpression plasmid, PKM2 siRNA, and
the corresponding negative controls were purchased from
RiboBio Co, Ltd. (Guangzhou, China). Transfection was
performed with lipofectamine™ 2000 (Invitrogen, Carlsbad,
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USA) according to the instructions. After 24 h of transfection,
Western blot was used to detect transfection efficiency.

RNA Extraction and Quantitative Real-Time
Polymerase Chain Reaction (qQRT-PCR)

According to the manufacturer’s instructions, total RNA
was extracted from TC tissues and cells using TRIzol
(Invitrogen, Shanghai, China), and cDNA was prepared
using the FastQuan RT kit (Tiangen Biotech., Beijing,
China). qRT-PCR analysis was performed using SYBR
Premix Ex Taq ™ Kit (Takara Biotechnology Co., Ltd.,
Dalian, China) according to the manufacturer’s instruc-
tions. Quantitative data were normalized to B-actin and
the relative expression was calculated using the 2744
method. Each experiment was repeated three times. The
specific primer sequence could be found in Table 1.

Western Blot

The total protein of TC cells was extracted with RIPA
lysate (Beyotime, Shanghai, China), and the protein sam-
ples were boiled for 5 min for denaturation. The total
protein was then prepared by SDS-PAGE. The protein
was then transferred to PVDF membrane (Millipore,
Bedford, MA, USA), which was washed with TBST, and
blocked by 3% bovine serum albumin (BSA). After that,
primary antibodies including anti-PPAT antibody (1: 1000,
MAS5-25,978, Invitrogen, Carlsbad, CA, USA), anti-PKM?2
antibody (1: 1000, ab137852, Abcam, Shanghai, China),
and anti-B-actin antibody (1: 2000, ab8826, Abcam,
Shanghai, China) were loaded to incubate the membranes
at 4°C for 8 h. After that, the membrane was washed 3
times with TBST for 10 min each time. Subsequently,
HRP-labeled secondary antibody (ab205718, 1:2000,
Abcam, Shanghai, China) was loaded and the PVDF mem-
brane was incubated for 2 h. After that, ECL chemilumi-
nescence kit (Millipore, Bedford, MA, USA) was used for
showing the bands.

Table | Sequences Used for qRT-PCR

PPAT F: GCGATTGAAGCACCTGTGGATG
R: CGGTTTTTACACAGCACCTCCAC
PKM2 F: CCATCCTCTACCGHCCCCGTTG
R: CCAHCCCACAGGATGTTCTCGTC
B-actin F: CCTTCCTGGGCATGGAGTCCT
R: GGAGCAATGATCTTGATCTTC

Abbreviations: F, forward; R, reverse; RT, reverse transcription.

CCK-8 Assay

BHP5-16 and KTC-1 cells were prepared as a single cell
suspension, and the cell concentration was modulated to 2
x 10%mL, and inoculated into a 96-well plate with
a volume of 100 uL/well. At 24, 48, 72, and 96 h after
puL  CCK-8
Biotechnology, Shanghai, China) was added into each

inoculation, 10 reagent  (Beyotime

well. After incubating for 1 h, the absorbance of the
wells at 450 nm was measured using a Bio-Rad mark
(Bio-Rad Laboratories,

microplate reader

China).

Shanghai,

Transwell Experiment

In migration assay, BHP5-16 and KTC-1 cells were har-
vested and resuspended with serum-free medium, and cell
density was modulated to 5 x 10° cells/mL. 200 pL cell
suspension was added into the upper compartment of each
transwell chamber (8 pum pore diameter, Corning,
Shanghai, China); at the same time, 600 pL medium con-
taining 10% FBS was dripped into the lower compartment.
After the cells were cultured for 48 h, the chamber was
taken out from the incubator. The non-migrated cells on
the membrane were wiped off with a cotton swab, and the
migrated cells were fixed with anhydrous alcohol for 15
min and stained with 0.1% crystal violet solution for 20
min. After the membrane was washed by water gently and
dried, five visual fields were randomly selected under
a microscope, and the average number of migrated cells
was calculated to evaluate the migration ability of the
cells. In invasion assay, before the cells were inoculated,
the Matrigel was used to cover the membrane of the
transwell chamber.

Statistical Method

Analysis was performed using SPSS 17.0 statistical software
(SPSS Inc., Chicago, IL, USA). The measurement data were
expressed as mean =+ standard deviation (x + s). Comparisons
between two groups were tested by #-test. The counting data
were expressed in a fourfold table, and the difference
between the two groups was analyzed by y2 test. The differ-
ence was statistically significant with P < 0.05.

Results
PPAT mRNA and Protein Were Highly
Expressed in TC Tissues and Cells

Firstly, we used IHC to detect the expression of PPAT
protein in 50 cases of TC tissue samples and 50 cases of

OncoTargets and Therapy 2020:13

submit your manuscript

7631

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al

Dove

normal thyroid tissues. The strong positive rate of PPAT
protein in TC tissue samples was 46%, the weak posi-
tive rate was 22%, and the rate was 32%. Compared
with normal tissues, the expression of PPAT protein in
TC tissues was significantly up-regulated (P < 0.05,
Figure 1A). Subsequently, the expression of PPAT
mRNA in TC tissues was detected by qRT-PCR. It
was found that PPAT mRNA was remarkably up-
regulated in TC tissues compared to normal tissues
(P < 0.05, Figure 1B). Additionally, compared with
normal thyroid follicular epithelial cell Nthy-ori 3-1,
PPAT mRNA expression was up-regulated in all of the
TC cells (P < 0.05, Figure 1C). Next, we used Western
blot to detect the expression of PPAT protein in TC
cells. Consistently, compared with Nthy-ori 3-1 cell,
the expression of PPAT protein in TC cell lines was
P < 0.05, 1D).
Additionally, to explore the relationship between PPAT

markedly increased Figure
expression and prognosis of TC patients, we used the
GEPIA database to analyze the correlation between
PPAT mRNA expression and prognosis of TC patients.

The results implied that the overall survival time of TC

patients with high expression of PPAT was significantly
shorter than that of patients with low expression of
PPAT (P = 0.002, Figure 1E). The above results demon-
strated that PPAT probably exerted a carcinogenic role
in the progression of TC and could function as
a potential marker of poor prognosis in TC patients.

Correlation Between PPAT Expression
and Clinicopathological Parameters in TC

Patients

Subsequently, we used chi-square test to analyze the
correlation between PPAT expression and the pathologi-
cal parameters of TC patients (Table 2). The results
signified that the high expression of PPAT in TC tissues
was significantly related to the larger tumor size (P =
0.0227), positive lymph node metastasis (P = 0.0184),
and increased TNM stage (P = 0.0087), and it was not
conspicuously related to gender, age, nodular goiter, and
unilateral or bilateral thyroid (P > 0.05). These data
further implied that PPAT was involved in the progres-
sion of TC.
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Figure | PPAT was highly expressed in TC tissues and cells. (A) We used IHC to detect the expression of PPAT protein in tissue samples from 50 TC patients and 50
normal thyroid tissues. (B) qRT-PCR was used to detect the expression of PPAT mRNA in TC tissues and normal thyroid tissues. (C) qRT-PCR was used to detect PPAT
mRNA expression in normal thyroid follicular epithelial cells and TC cells. (D) Western blot was used to detect PPAT protein expression in normal thyroid follicular
epithelial cells and TC cells. (E) The relationship between the expression of PPAT and the prognosis of TC patients was analyzed by GEPIA database. The experimental
results were analyzed by Student’s t-test, and the difference was statistically significant with P < 0.05. **P < 0.01 and ***P < 0.001.
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PPAT Promoted TC Cell Proliferation and

Metastasis

Then, we continued to explore the biological functions of
PPAT in TC cells. We selected BHP5-16 cells with the
lowest PPAT expression and KTC-1 cells with the highest
PPAT expression in TC cells to construct PPAT overex-
pression and knockdown models, respectively. Compared
with the NC group, PPAT expression was significantly up-
regulated after overexpression of PPAT in BHP5-16 cells
for 24, 48, and 72 h. Compared with the si-NC group, the
expression of PPAT in KTC-1 cells was significantly
down-regulated at 24, 48, and 72 h after transfection
with PPAT siRNAs. (P < 0.05, 2A,
Supplementary Figure 1A-D). Then, TC cell proliferation

Figure

and metastasis were detected by CCK-8 and transwell
assays, respectively. The results indicated that compared
with the NC group, overexpression of PPAT considerably

Table 2 Correlation Between PPAT Expression and Clinical
Features of TC Patients (N = 50)

Characteristics | Number | PPAT e P value
of Expression
Patients
Low | High

Gender
Male 30 18 12 3.0000 | 0.0833
Female 20 7 13

Age (years)
245 24 14 10 1.2821 | 0.2575
<45 26 I 15

Tumor size (cm)
<l 28 10 18 5.1948 | 0.0227
>| 22 15 7

Nodular goiter
Negative 29 16 13 0.7389 | 0.3900
Positive 21 9 12

Lymph node

metastasis
Negative 18 13 5 5.5556 | 0.0184
Positive 32 12 20

Unilateral or

bilateral
Unilateral 21 13 8 1.4231 | 0.2329
Bilateral 29 13 16

TNM stage
1+1 19 14 5 6.8761 | 0.0087
i+ v 31 I 20

promoted the proliferation, migration, and invasion of
BHP5-16 cells; compared with the control group, knock-
down of PPAT significantly inhibited KTC-1 cell prolifera-
tion, migration, and invasion (P < 0.05, Figure 2B-D).
These results indicated that PPAT was involved in promot-
ing the proliferation, migration, and invasion of TC cells.

PKM2 mRNA and Protein Expressions
Were Up-Regulated in TC Tissues and
Cells

Next, we investigated the expression of PKM2 in TC
tissues with GEPIA database, and the results connoted
that PKM2 expression was significantly up-regulated in
TC tissues compared to normal tissues (Figure 3A).
Next, we used immunohistochemistry to detect the expres-
sion of PKM2 protein in tissue samples from TC patients.
As is shown, the strong positive rate of PKM2 protein in
TC tissue samples was 52%, the weak positive rate was
26%, and the negative rate was 22%. Compared with
normal thyroid tissue tissues, the expression of PKM?2
protein in TC tissues was significantly up-regulated (P <
0.05, Figure 3B). Consistently, qRT-PCR results showed
that compared with normal tissues and normal thyroid
follicular epithelial cells, PKM2 mRNA was significantly
overexpressed in TC tissues and cells (P < 0.05,
Figure 3C and D). Besides, Western blot results mani-
fested that compared with normal thyroid follicular epithe-
lial cells, PKM2 protein was significantly enhanced in TC
cells (P < 0.05, Figure 3E). These results suggested that
PKM2 was involved in promoting the progression of TC.

PKM2 Participated in Promoting
Malignant Progression of TC

We also constructed cell lines with PKM2 overexpression
and knockdown. Compared with the NC group, PKM2
expression was significantly up-regulated after overexpres-
sion of PKM2 in BHP5-16 cells for 24, 48, and 72
h. Compared with the si-NC group, the expression of
PKM2 in KTC-1 cells was significantly down-regulated at
24, 48, and 72 h after transfection with PKM2 siRNAs. (P <
0.05, Figure 4A, Supplementary Figure 2A-D). Cell prolif-

eration assay was determined by CCK-8 assay. The results
signified that compared with the NC group, overexpression
of PKM2 significantly promoted the proliferation of BHPS5-
16 cells, and knockdown of PKM2 significantly inhibited
the proliferation of KTC-1 cells (P < 0.05, Figure 4B).
Moreover, through transwell experiments, it was also
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Figure 2 PPAT promoted TC cell proliferation, migration and invasion. (A) Western blot was used to detect the expression of PPAT protein in TC cells after
overexpression or knockdown of PPAT. (B) CCK-8 method was used to detect the proliferation of BHP5-16 and KTC-I cells. (C and D) Transwell assay was used to
detect the migration and invasion of BHP5-16 and KTC-| cells. The experimental results were analyzed by Student’s t-test, and the difference was statistically significant with

P < 0.05. *P < 0.05 and **P < 0.01.

confirmed that overexpression of PKM2 significantly pro-
moted the migration and invasion of BHP5-16 cells, while
knockdown of PKM2 played the opposite role (P < 0.05,
Figure 4C and D). The above results indicated that PKIM2
promoted the proliferation, migration, and invasion of TC
cells.

PPAT Positively Regulated PKM?2
Expression and Enhanced ERK/STAT3
Signaling Pathway

Previous studies demonstrate that PPAT can regulate the
activity of PKM2 and thus affect the progression of lung
Inspired by this, we used gqRT-PCR and
Western blot to detect the expression of PKM2 in TC cells
with PPAT overexpression and knockdown, respectively. The
results connoted that PKIM2 mRNA and protein expression
were up-regulated in PPAT-overexpressing BHP5-16 and

cancer cells.!!

KTC-1 cells compared to the NC group. Compared to the si-

NC group, PKM2 mRNA and protein expression were
decreased in BHP5-16 and KTC-1 cells with PPAT knock-
down (P <0.05, Figure SA—C, Supplementary Figure 3A—C).
Additionally, there was a positive correlation between the
expressions of PPAT mRNA and PKM2 mRNA in TC tissue
(P <0.05, Figure 5D). These data suggested that in TC cells,
PPAT could positively regulate the expression of PKM2.
Additionally, overexpression of PPAT significantly enhanced
the expression levels of phosphorylated STAT3 (p-STAT3)
and ERK (p-ERK), and knockdown of PKM2 reversed the
effects of PPAT on STAT3 and ERK (P < 0.05, Figure 5E).
These results suggested that PPAT could promote TC pro-
gression via activating STAT3 and ERK signaling, which
was mediated by PKM2.

Discussion

In cancer biology, aerobic glycolysis, also known as the
Warburg effect, is a metabolic abnormality that often
occurs during the development of tumors,>** This effect
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Figure 3 PKM2 expression was up-regulated in TC tissues and cells. (A) GEPIA database was used to analyze the expression of PKM2 in TC tissues. (B)
Immunohistochemistry was used to detect the expression of PKM2 protein in tissue samples from TC patients and normal thyroid tissues. (C) qRT-PCR was used to
detect the expression of PKM2 mRNA in TC tissues and normal thyroid tissues. (D) qRT-PCR was used to detect PKM2 mRNA expression in normal thyroid follicular
epithelial cells and TC cells. (E) Western blot was used to detect PKM2 protein expression in normal thyroid follicular epithelial cells and TC cells. The experimental results
were analyzed by Student’s t-test, and the difference was statistically significant with P <0.05. **P < 0.01 and ***P < 0.001.

enables tumor cells to introduce glycolysis intermediate
products into synthetic metabolic pathways, such as purine
and pyrimidine biosynthesis, to ensure the sustaining pro-
liferation of cancer cells.”®> PPAT is a key regulator in the
biosynthesis of purine. The protein encoded by PPAT gene
is a member of the purine and pyrimidine phosphoribonu-
cleotransferase family, which catalyzes the first step in the
de novo biosynthesis of purine nucleotide.*” Previous
studies show that PPAT can be a promising drug target
for the treatment of lung cancer, leukemia, osteosarcoma,
and other cancers.!"?%® In this study, for the first time, we
confirmed that PPAT expression was significantly up-
regulated in TC tissues and cells, and that patients with
high expression of PPAT in tumor tissues had unfavorable
pathological parameters. In addition, in vitro experiments
confirmed that overexpression of PPAT could significantly
promote the proliferation, migration, and invasion of TC
cells, while knockdown had the opposite effect. The above
results depicted that PPAT featured a cancer-promoting
role in the malignant transformation of TC cells and was
a potential therapy target for TC.

PKM2 is a key enzyme for glycolysis, which is com-
monly overexpressed in tumor cells. Enzymatic reaction
catalyzed by it not only provides the necessary energy for
tumor cell growth but also offers tumor cells with sub-
strates for the synthesis of macromolecules.”*° PKM2
expression is up-regulated in multiple cancers, and it can
regulate many biological behaviors of cancer cells, such as
cell proliferation, metastasis, and apoptosis.*'>* Some
studies imply that the detection of PKM2 is of great
value in the early diagnosis and prognosis prediction in
lung cancer, breast cancer, gastrointestinal cancer, kidney
cancer, and other tumors.> >’ It is also reported that
PKM2 is significantly overexpressed in PTC, especially
the cases harboring BRAF mutations, and its high expres-
sion is closely related to the advanced tumor stage and
lymph node metastasis; additionally, PKM2 knockdown
significantly inhibits PTC cell growth, lactic acid and
ATP production, and glucose consumption.'® Our work
confirmed that PKM2 was significantly overexpressed in
TC tissues and cells. Overexpression of PKM2 signifi-
cantly promoted the proliferation, migration, and invasion
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Figure 4 PKM2 promoted the proliferation, migration, and invasion of TC cells. (A) Western blot was used to detect the expression of PKM2 protein in TC cells after
overexpression or knockdown of PKM2. (B) CCK-8 method was used to detect the proliferation of BHP5-16 and KTC-| cells after overexpressing or knocking down
PKM2. (C and D) Transwell assay was used to detect BHP5-16 and KTC-1 cell migration and invasion after overexpressing or knocking down PKM2. The experimental
results were analyzed by Student’s t-test, and the difference was statistically significant with P <0.05. *P < 0.05, **P < 0.01, and ***P < 0.001.

of TC cells, while knockdown of PKM2 significantly significantly enhance the expression of PKM2 mRNA
reduced the malignant progression of TC cells. These and protein, while knockdown had the opposite effect,
demonstrations were consistent with previous reports.'’ and the expression of PPAT mRNA and PKM2 mRNA in
There are many factors contributing to the dysregula- TC tissues were positively correlated. In addition, PPAT
tion of PKM2 in cancers, such as allosteric effects, tran-  could activate ERK and STAT3 signaling pathways, which
scriptional regulation, post-transcriptional modification, was mediated by PKM2. These data suggested that PPAT/
and protein interactions.>® Hypoxia-inducible factor, NF- PKM2 was a crucial axis in the progression of TC.
kB, and PPARy have been verified to be involved in the In conclusion, this study confirms that PPAT is sig-
transcriptional regulation of PKM2.***! Heat shock pro- nificantly overexpressed in TC tissues and cells, and its
tein 90 regulates PKM2 activity through Thr-328 phos- high expression is significantly related to the adverse
phorylation,  thereby  promoting  glycolysis and clinicopathological characteristics of TC. Its knockdown
proliferation, and inhibiting apoptosis of liver cancer or overexpression can significantly affect the biological
cells.*? Up-regulation of PPAT expression in lung cancer  behaviors of TC cells. In terms of mechanism, it is
can significantly enhance the activity of PKM2, thereby confirmed that PPAT can participate in promoting TC
promoting tumor cell proliferation and invasion.'' In this  cell proliferation, migration, and invasion by regulating
work, through qRT-PCR and Western blot experiments, we =~ PKM2 expression and activating the ERK and STAT3
confirmed that up-regulating PPAT expression could signaling pathways. In other words, PPAT is expected to
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Figure 5 PPAT activated ERK and STAT3 signaling pathway by up-regulating PKM2 expression. (A and B) Western blot was used to detect the expression of PKM2 protein
in BHP5-16 and KTC-1 cells after overexpression or knockdown of PPAT. (C) qRT-PCR was used to detect the expression of PKM2 mRNA in BHP5-16 and KTC-1 cells
after overexpression or knockdown of PPAT. (D) qRT-PCR was used to detect the correlation between PPAT mRNA and PKM2 mRNA expression in TC tissue. (E) Western
blot was used to detect the p-ERK, ERK, p-STAT3, and STAT3 after PPAT and PKM2 were modulated in TC cells. The experimental results were analyzed by Student’s t-test,
and the difference was statistically significant with P <0.05. **P < 0.01 and ***P < 0.001.

become a biomarker for TC diagnosis and a potential
target for TC treatment. In the following studies, in vivo
models are necessary to validate our demonstrations,
and it is worth exploring the functions of PPAT/PKM?2
axis on the metabolomics of TC cells to further clarify
the mechanism by which PPAT/PKM?2 axis promotes the
malignant phenotypes of TC cells.
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