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[ Abstract] Background and purpose: As a protein kinase that regulates the cell cycle, polo-like kinase 4 (PLK4) is involved
in mitosis initiation, centrosome maturation, cytokinesis, DNA damage detection, etc., which is highly expressed in a variety of
tumors. Whether it is involved in the proliferation, invasion and migration of esophageal squamous cell carcinoma (ESCC), and the
specific molecular mechanism still remain unclear. This study examined the expression of PLK4 in ESCC cell lines and clinical tissue
specimens, and its effect on cancer cell proliferation, invasion and migration. Methods: Total cell RNA was extracted with TRIzol,
and cDNA was synthesized with reverse transcription kit for real-time fluorescence quantitative polymerase chain reaction (RTFQ-
PCR) to detect the mRNA expression level of PLK4 gene in normal esophageal epithelial cells Het-1A and ESCC cell lines TE-1,
TE-8 and TE-13. After the cells were collected by centrifugation, total cell protein was extracted with RIPA lysate. Western blot was
used to detect the expression level of PLK4 protein in normal esophageal epithelial cells Het-1A and ESCC cell lines TE-1, TE-8
and TE-13. A total of 93 cases of ESCC tissues and paired adjacent tissues (more than 5 cm from the edge of the primary tumor)
confirmed by histopathology were collected at the Affiliated Hospital of Henan Medical College from January 2017 to December
2019. The clinical tissues were quick-frozen by liquid nitrogen followed by total tissue protein extraction by RIPA lysate. Western blot
was used to detect the expression level of PLK4 protein in ESCC tissues. We constructed a receiver operating characteristic curve and
analyzed the relationship between PLK4 expression and clinicopathological parameters. The expression of PLK4 in TE-13 cells was
inhibited by siRNA interference technology. The siRNA interference fragments of PLK4 were designed and synthesized, followed by
transfection with Lipofectamine™2000 to inhibit the expression of PLK4 in TE-13 cells. The effect of siRNA interference fragments
on PLK expression was detected by RTFQ- PCR experiments and Western blot. After the expression of PLK4 was down-regulated
in TE-13 cells, cell counting kit-8 (CCK-8) experiment and clone formation experiment were used to detect cell proliferation ability,
and transwell chamber experiment and scratch healing experiment were conducted to detect cell invasion and migration abilities. The
effects of down-regulation of PLK4 on the expressions of key proteins mTOR, p70S6K, p-mTOR***** and p-p70S6K"™**"***** in the
mTOR/p70S6K signaling pathway were detected by Western blot experiments. Results: The results of RTFQ-PCR and Western blot
experiments showed that the mRNA and protein expression levels of PLK4 gene in ESCC cell lines were significantly higher than
those in normal esophageal epithelial cells (P<<0.05). Compared with normal tissues adjacent to cancer, the protein expression level
of PLK4 in ESCC tissue specimens was abnormally increased (P<<0.05). The receiver operating characteristic curve exhibited an
area under curve (AUC) of 0.841, a 95% CI of 0.786-0.895 with 74.2% (69/93) sensitivity and 89.2% (83/93) specificity (P<<0.0001).
There was no relationship between expression level of PLK4 protein and gender, age and tumor size (all P>0.05) in ESCC tissues.
However, expression level of PLK4 protein was related to the degree of differentiation, clinical stage and lymph node metastasis (all
P<<0.05). The lower degree of ESCC differentiation had higher expression rate of PLK4. The high expression rate of PLK4 in ESCC
tissues of poorly differentiated degree was 86.7%, and the high expression rate of PLK4 protein in ESCC tissues of patients with
stage M-IV was 92.3%. The high expression of PLK4 was positively correlated with clinical stage (P<<0.05). The results of CCK-
8 and clone formation experiments showed that down-regulating the expression of PLK4 significantly inhibited the proliferation of
TE-13 cells (P<<0.05). The results of the transwell chamber experiment and the scratch experiment showed that down-regulating the
expression of PLK4 significantly inhibited the invasion and migration abilities of TE-13 cells (P<<0.05). Inhibiting the expression
of PLK4 decreased the protein expressions of mTOR and p70S6K in TE-13 cells (P<<0.05), and the expressions of p-mTOR*****
and p-p70S6K ™ *"5*** decreased (P<<0.05). Conclusion: PLK4 is highly expressed in ESCC cells and tissues. Inhibition of PLK4
expression inhibited the proliferation, invasion and migration of ESCC cells. PLK4 may promote the malignant process of ESCC
cells through the mTOR/p70S6K signaling pathway.
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& 4% /2 (real-time fluorescent quantitative
polymerase chain reaction, RTFQ-PCR ) il &4
H 3% [E Thermo Fisher/A#], PLK4PUIAFIB-actindt
I [ H<E Abcam 2y 7], mTORYLAK . p70S6KHT
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FREREE D BRI, B T LA
PPULEE

147 RIS FEIAED 20 fe T4 8 A
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(P<0.05, K1) . Western blotkilligh 5 i 7,
PLK4ZE FIE4ESCCA i Pt 2 m 335, SHet-
1AM, ZRAFIFFEN (P<0.05, K2) .

Relative mRNA abundance
of PLK4
[\)

Het-1A TE-1 TE-8 TE-13

B 1 Het-1AFIESCCHf#k FAIPLK4 mRNAR A
Fig.1 Expression of PLK4 mRNA in Het-1A and ESCC cell lines
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Fig. 2 Expression of PLK4 protein in Het-1A and ESCC cell lines

TE-1 TE-8 TE-13

A: Western blot results of expression of PLK4 protein in Het-1A and ESCC cell lines; B: Histogram of PLK4 protein expression in Het-1A and ESCC

cell lines; P<<0.05, compared with Het-1A
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Fig.3 Level of PLK4 protein in ESCC and para-cancerous tissues

A: Western blot detection of PLK4 protein levels in ESCC tissues and para-cancerous tissues; B: ROC curve of PLK4 expression in tissues for

diagnosis of ESCC
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® 1 PLKAEBEESCCHLAMEZEREHLARHKTE
Tab.1 Level of PLK4 protein in ESCC and para-cancerous

tissues

PLK4 expression

Group Case n x P value
High Low

ESCC 93 69 24 76.596 0.000

Normal 93 10 83

%2 ESCCALHPLKAZEAKTESIGFRFEFESHMAR
Tab.2 Relationship between protein level of PLK4 in ESCC and

clinical parameters

Expression of PLK4 n(%)

Clinicopathological 2

parameters High Low x P value
Gender 0.433  0.510
Male 31(72.2) 12 (27.9)
Female 39 (78.0) 11 (22.0)
Agelyear 1.972  0.160
=60 33 (82.5) 7(17.5)
<60 37 (69.8) 16 (30.2)
Size D/cm 0.438  0.508
=5 36 (78.3) 10 (21.7)
<5 34 (72.3) 13 (27.7)
Differentiation 15.150  0.001
High 11 (45.8) 13 (54.2)
Middle 20 (83.3) 4 (16.7)
Low 39 (86.7) 6(13.3)
Clinical stage 33.671  0.000
-1 10 (35.7) 18 (64.3)
m-v 60 (92.3) 5(1.7)
Lymph node 5488 0.019
metastasis
Yes 41(85.4) 7 (14.6)
No 29 (64.4) 16 (35.6)

% 3 PLKARIKZSESCCIGKFEFESHIBX SN
Tab.3 Correlation analysis between PLK4 expression and ESCC

clinic opathological parameters

Differentiation Lymph node metastasis

Item

r P value r P value
Clinical stage 0.319 0.002 0.367 0.000
PLK4 expression  0.348 0.001 0.243 0.019

2.4 IMMFHIPLK4EERRIEXTE-134HAEIETH
BEIBHFI

K Hsi-RNA T AR HIESCCHIMITE-13
FPLK41% %35, RTFQ-PCRAlIWestern blot
S5 R M TE- 1340 M rh PLK4 Y £ 35
(P<0.05, K3) ., CCK-855H B7~, siRNAH
HIPLKARFIK)5, TE-13M 3458 o i i LT
YR (P<0.05, K4A) , T4
WR, si-PLK4ZH Y v b 20 M 550 8 251K F X6 R 2
(P<0.05, E4BI4C) . QIRIERLIEE R D
/N, si-PLKAA I AER R A 16.67%, BEAK
T4 (P<<0.05, K4D) . Transwell/NZE 5L
s R R, si-PLK4Z A9 40 {2 2280 8 KT
XHHR4] (P<0.05, [KI4EFI4F) .

A3 B
>
215
< — PLK4
% 1.0 W e B-actin
< si-RNA si-PLK4
M control
= 0.5
A *
[
>
£0.0 i
2 siRNA-control si-PLK4

4 S EEEEMAETE-13RPLKAMRIE
Fig. 4 Inhibition of PLK4 expression in esophageal squamous cell
carcinoma TE-13

A: Relative expression of PLK4 mRNA after si-RNA interference; B:
Western blot detection of PLK4 after si-RNA interference; *: P<<0.05,
compared with siRNA-control group

2.5 HMHIPLKAKIRIEITMTOR/p70S6KIES
SE BRI

J T WFFEPLKAXI TE- 1340 i 145 . 12780
TR S M I ZE AL, i# i Western blotAG i T
mTOR/p70S6KAF 5 % 38 f% #8511 R ik K
¥, SXFRAML, si-PLK4ZHmTORFIp70S6K
A RBACERE, 7350°50.69 (P<0.05)
f10.56 (P<0.05) , AL, p-mTOR>"™***FI
p-p70S6K M B UK O AL 6 R
ZH, 439180.20 (P<0.05) F10.19 ( P<0.05,
K5, 6) .
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Fig. 5 Effect of inhibition of Plk4 expression on proliferation, invasion and migration of TE-13 cells

A: Cells were subjected to CCK-8 assay for the determination of cell proliferation after si-PLK4; B and C: Clone formation experiment after si-RNA
interference; D: Cell scratch test was used to detect cell migration ability; E and F: Transwell test was used to detect cell invasion ability; *: P<0.05,

compared with siRNA-control group

A B C
B p-p70S6K )
. -1 151 [1si-RNA control kS % L [ si-RNA control

e s p70S6K g 8 . I si-PLK4 £2 . B si-PLK4

2 & -
. pmTOR g g 104 ! 2 1.0 f |

o] E.g‘

| W s wm-TOR &g * S5 :
. o . o B

— — facin £ 03 L] £¥ 0 |
si-RNA i py K4 & E SR
control 0.0 200

m-TOR

p-m-TOR p70S6K p-p70S6K.

B 6 PLKAXITE-1341FEmMTOR/p70S6K1E B4 518 B iE 4RI 200
Fig. 6 Effects of PSMD7 on the activity of mMTOR/p70S6K pathway in TE-13 cells

A: Western blot results of mTOR, p-mTOR, p70S6K and p-p70S6K after si-PLK4; B and C: Histograms of Western blot results of mTOR, p-mTOR,

p70S6K and p-p70S6K expressions; *: P<<0.05, compared with siRNA-control group
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