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[HE ] B258M: PoloF:##4 (Polo-like kinase 4, PLK4 ) b4l & 1014
FEEN, S2M0EEMIEN L . RIRCREY) . A B TERITPLKAXT H
BRI (oral squamous cell carcinoma, OSCC ) ¥4%E . I T-HUZZEMIHZMH
Fik s AR T IR R R KRR 38 H o0 5 28001 4 ( gene expression
profiling interactive analysis 2, GEPIA2 ) FIBTH [ Ty 24 W 430 e Bl o3
i TP W% %2 ( the University of Alabama at Birmingham Cancer Data Analysis
Portal, UALCAN ) 7EZEIEF- 5 70 W PLKA7E Sk SR Wi e J] B 1 v 212U 1Y
ik, I HrOSCCAnil & HPLK4FMRNAZ A FE HKFE ., R AL 5 GE
i AV (real-time fluorescence quantitative polymerase chain reaction,
RTFQ-PCR ) FIE T EN % ( Western blot ) Kl iff— 4 by i A A i ek
PLK 455 X B IS BEILEE 334 ( phosphoinositide 3-kinase, PI3K) . R fLufi
Bt AL 3 -3 ( phosphorylated phosphoinositide 3-kinase, p-PI3K ) . i
B (protein kinase B, AKT) . #R1b2E Hi¥%EB ( phosphorylated protein kinase
B, p-AKT) . Af7% (survivin) . 40HEJEWIE A AESPEEEDT (cyclin D1)
ImRNAF A A HAKCF R sZm . 38 A 150877 &-8 (cell counting kit-8,
CCK-8) 8. JixCANMIA | transwellfZ22 5255 /3 A PLKAXS 41 I (45 . P81
MHRZE G S s2 M . BLAh, K12 H 4 SPFZUBALB/c nudefi P #f FLim 2
BEHLEC T 254> Ish-NCAL (n=6) Flsh-PLK4ZL (n=6) . 4 HI7ERR BRATHI I
T sh-NC/sh-PLKAZ MRS T#R B TR AR R, SRS 1 P 2 A R A T
OB E, IR R R S TH-E R B2 W, shi SR
TR LRSS BRI 2= s S g b (L (4% . 2024SDL840) . 4R
PLK47EOSCCHUMAL T IEH U B w3 ik . Ah, PLK4TEOSCCHN L £

(HN6, Cal-27. SCC-4, SCC-9. SCC-25) HAHES T I RN I F 40 i e ik

(P<<0.05) . Western blotZi R 7, XFOSCCHIMLIEF TRi A FIAPLKASS
PI3K/AKT{E 555 35l #2E Fp-PI3K . p-AKT. cyclin DI Msurvivin4y 5l 2k F#AIG
I (P<<0.05) 5 ZAMIIEAENG J7 L 28 IR AR M KA A A 8 PLK AR 0531
PR TR &7, T AR A R T R ) A3 U R ERAIG (P<<0.05) o UbAh, HHER
Tsh-NCZH, sh-PLKAZH AR FUMR (IR TR BT i AR ( P<<0.05) I ZELRR B
JREZEF G2 E X (P>0.05) o sh-PLKAZEEEUMIRIZHSURIEE T sh-NCZL b
AL RICIERD . iR PoloFRiil4 T/ S PIBK/AK T S5 il ik 2 15
OSCCHIfRZE . HEFHMMT G 3, A BRI T OSCCRIBTHL A .
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[ Abstract | Background and purpose: Polo-like kinase 4 (PLK4) is a cell cycle regulatory protein, which is closely related to
the occurrence and development of a variety of malignant tumors. The aim of this study was to investigate the role of PLK4 in the
proliferation, invasion and apoptosis of oral squamous cell carcinoma (OSCC). Methods: Gene Expression Profiling Interactive
Analysis 2 (GEPIA2) and the University of Alabama at Birmingham Cancer Data Analysis Portal (UALCAN) were used to
analyze the expression of PLK4 in head and neck squamous cell carcinoma and surrounding normal tissues. Real-time fluorescence
quantitative polymerase chain reaction (RTFQ-PCR) and Western blot were employed to evaluate the mRNA and protein expression
of PLK4 in OSCC cells. We further analyzed PLK4, phosphoinositide 3-kinase (PI3K), phosphorylated phosphoinositide 3-kinase
(p-PI3K), protein kinase B (AKT), phosphorylated protein kinase B (p-AKT), survivin, and cyclin D1 protein expression. The
effects of PLK4 on cell proliferation, apoptosis and invasion were analyzed by cell counting kit-8 (CCK-8) assay, flow cytometry
and transwell assay. In addition, 12 4-week-old SPF BALB/c female nude mice were divided into sh-NC group (n=6) and sh-PLK4
group (n=6) by random number table method. The sh-NC/sh-PLK4 cells were injected into the right anterior armpit of nude mice for
subcutaneous tumor formation. The body weight, tumor volume and tumor weight of the two groups of nude mice were observed,
and the stripped tumor tissues were analyzed by H-E staining. The animal experiments were approved by the Animal Experiment
Center of Shandong Second Medical University (No: 2024SDL840). Results: The results of GEPIA2 and UALCAN online databases
showed that PLK4 was highly expressed in OSCC compared with normal tissues. In addition, PLK4 was highly expressed in OSCC
cell lines (HN6, Cal-27, SCC-4, SCC-9, SCC-25) compared with oral mucosal epithelial cells (P<<0.05). Western blot results showed
that the expression levels of PI3K/AKT signaling pathway proteins p-PI3K, p-AKT, cyclin D1 and survivin were decreased after
PLK4 knockdown and increased after PLK4 overexpression in OSCC cells (P<<0.05). The cell proliferation activity and the number
of transmembrane cells were positively correlated with the decrease and increase of PLK4 expression (P<<0.05), while the cell
apoptotic rate was negatively correlated (P<<0.05), indicating that cell proliferation and apoptosis were both affected. In addition,
compared with the sh-NC group, the tumor volume and weight of the nude mice in the sh-PLK4 group were decreased (P<<0.05),
while there was no significant difference in the body weight of the nude mice between the two groups (P>0.05). Moreover, the
nuclear atypia of tumor tissues in sh-PLK4 group was lower than that in sh-NC group (P<<0.05). Conclusion: PLK4 can regulate the
invasion, proliferation and apoptosis of OSCC cells, potentially through the activation of PI3K/AKT signaling pathway.

[ Key words | PLK4; Oral squamous cell carcinoma; PI3K/AKT signaling pathway; Proliferation; Apoptosis; Invasion
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1.1 ZIew#
1.1.1 %%

12 H4J5#SPFBALB/c nudeMfE 4R B [ 14
. (20%2) g | ATFEEIITLER S E T AR
O[S Y ATIES . SCXK (4 ) 2022-
0006 ] $2Ht; ST R T IR RS
b [FAHES: SYXK () 2019-0016 ]
T, WEEIREE22~26 C, FHNHEEE40%~60%,
12 W12 WE 388, WA ok BUR SRR ORI
SRR, SRR EYRK, S
Ot IR EE R R A s S g i e 3 22
S (45 . 2024SDL840 )
1.12 @i

ANOSCCAfikk (fIF5HN6, Cal-27. SCC-
4, SCC-9, SCC-254iid ) Kok 20 % 1E & 241 it
( CURB R Rz 200 ) 43 I RS —BERER
22424k, HN6, Cal-27, SCC-4, SCC-9. SCC-
2520 A R 11 M 7 I B 490 L T ) 7 el LR P
AREFEIE (Dulbecco's modified Eagle medium,
DMEM ) Hif 78532 B, 1 4n i g A KA
Be M COMRFU N S% . XTI AT EEAY37 CHY
TR ARG TR N . AW T ILARSE R K2
F A e 2 o S S 3 A TS
1.2 A 5iH

[ R . DMEME FR%E . HER . BIER
W A % EGibecoAHl, P AL AL ECST
N, ESEIRA & . RNARBUGRH & . TB
Green Premix Ex Ta™lg [ H A& TaKaRa/AH], JI
H1Mm7E ( fetal bovine serum, FBS) 4 H DA% BI
oS, BERREEINEIR . S E B (protease
inhibitor, PMSF ) 4 [ M 4108 35 2E P Bk 42
FIRAF, ZHETM (dimethyl sulfoxide,
DMSO ) g [ 3 Amersco/A i) . RTFQ-PCRA |4
PLK4, GAPDHH/ETAY TR ( i) ARA
Al G . CO AR 374714 H 55 E Thermp/A H
CX31 W A H A Olympus/y 7], DMA4B i3
il {9 E Leica/A 7], RTFQ-PCRIXIA [ 3 H
Applied Biosystems\ ]
1.3 XEFHE
1.3.1 AL M 5

B BEST ( https://rookieutopia.com/app
direct/BEST/) . 5 3 K 3Rk K FH B 5 B
T 628085 % ( gene expression profiling
interactive analysis 2, GEPIA2) ( http://gepia2.

cancer-pku.cn ) FIBT 7 [ I 251 W iy 43 A% 9
KE G 5B 11 s 846 72 (the University of
Alabama at Birmingham Cancer Data Analysis
Portal, UALCAN ) ( http://ualcan.path.uab.edu/
analysis.html ) 7EZ& 580 HF 5 0 W PLKATE 3k
HR W9 (head and neck squamous carcinoma,
HNSC ) ZHZPIRIBIK- o FF 0 i i i A 21 1]
% ( The Cancer Genome Atlas, TCGA ) ¥dE)%E
( https://www.ncbi.nlm.nih.gov/geo/ ) HHNSC
BAEHAT RPN T 2 (WA HbRER: O
SRR Q) 4RI 18%~80% o HERR 73 Hr BUbRE
Sy O A AR A R Brb e L s I I s
RN s @ ImIREEE A R RV, B
TCHERA PLKAFRBAG ISR ) o JET GEPIA2,
UALCANFITCGA%HE 2 - UAHNSCIE i, 34
OSCCIHE 3T, FIAMIFE Tt HTHNSCAE 4]
AHIMOSCCIEMT, Jf il Ja L L kA T Ik
1.3.2  sh-PLK43{XPLK4 & ik
WA F X B U A0 L e = ef LR, A5 L
120%~30% A AN L o 125 FLIN M ECA2 uL
REERE (10 g/L) 530 nLAREERRG B ARG FR40
WHEFR3 d, ZJE ISR & R R (10 mg/L)
Xof il 4 1Y sh-PLK 453 € F YL A N AR dEA T 8, A
ZX3H I RTFQ-PCR 5 Western blotAs il Xif % YL R
INEASRIE . PLKAE T AA (sh-PLK4 ) KR
PEXTHR (sh-NC ) Hy b7 3 BB R A BR A 7
Bt E I (K1) o
F1 HXPLK4EITHI2& FHFEFI
Tab.1 Two sh-PLK4 sequences designed for PLK4

sh-PLK4 Target sequence (5'-3")
sh-PLK4-1 GCTGTGTGGGTTCAGTTTAAT
sh-PLK4-2 GAAATCCAGCAGATCGTTTAA
sh-NC CCTAAGGTTAAGTCGCCCTCG

1.3.3  PLK4it FiA Rk 4k 4

PLK 411 635 FikipcDNA3. 1-PLK4FI%} i
JRipcDNA3.1H |35 B B PR A BR 2 w4
A R TR K G A L AN 2 6L AR,
HWEEAETE S, FiLipofectamine™3000%% 4L i 7]
i B I 43 i) 5 Tk 28 A pc DN A3. 1 flpc DN A3. 1 -
PLK4RGILIEF 15 min, ZJ5HREMAKZ N
AN6fLB P AT Gy, J S5 4> A vector L Al
PLKA44 .
1.3.4 RTFQ-PCR#: M PLK4 mRNA % ik

fiff A0 53 6 I X5 AL TR RN A
W 5 e E ATl o A a2 pL
cDNA#FATSCE, SAHAREINEIfL. LT R
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Pkl PCR MR R, FFHEATAH I R S50
W, PR ZE, HEFCHE, Ead2 A
A PLKA mRNA AT FE k5

1.3.5 Western blot#a |
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BCA ) 35X BT e 4 09 4% 41 & 1 oE A7 0 &
MR SE RN R R AE . bR R R S - H K -
BERE, 52 —¥IPLK4 (1 :1 000) . #jg
Mk LA 3 - 34 ( phosphoinositide 3-kinase,
PI3K) (1:1 000) . & 89 8 AR %
D1 (cyclin D1) (1:1000) . BEfR{LE
Hi#4 B ( phosphorylated protein kinase B,
p-AKT) (1:1000) . AEfFZE (survivin)
(1:1000) . GAPDH (1:5000) fiR#E,
A MEE-20 = R GE ppER S W ( Tris-buffered
saline Tween, TBST) #F—Ht (1 :50 000) ,
E, VGBI T R, IR
PEFT3UR
13.6 CCK-8% %

1] 96 LA 53 513 AR B AE KW ) Cal-27 5
SCC-254 il B3, #FLANMIiT402 k2 000441
M, HFRFRA DTSR . SRR,
[ FA24 h FFLINTEA L0 uL CCK-8IF M, WEEE
BEFR2 h, XD g AT AE I 50 B2 A1 5 1T 42
MITIE . SCEl S T 31K
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it gs o, KA B ERR, T
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i I ARNase AV, K30 minf5 G oA
0.5 mL PI &7, &30 mindfG, ZugRid
SRR RN, AU, SCEephsT A
3K
1.3.8 X fm B AR A ] 4m B 0 =

el B 8 (A BRI AL AL BRAS ZH 4B, 500 X g8
05 min, ZRIGTEE M T4 FH Annexin V -FITCHIPI
Yeft15 min (DG ) , 455 R HIFACSCaliburii =X
YA TR OGS AT . SEIR ST FE A 3R
1.3.9 fmpiiz % =k
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A% 2 R PSS 220 min, FHO.1%0%5
P YL {615 min, PBSYE3M, BRIEKRSAMIELES
45 an e, JF MR REEVNER B T
5 A T BE A LIRS A A I 148
1.3.10 BALB/c#R Rk T #4478 3

RO = - g 181 NI N oy Ak eex -
U R A R A RS e S ELAR R R A«
12 45 SPF Y BALB/c nudefitt /Nl (31
A B BRI TS ) L IR 6 /AL o L R
B o BT E - 2R IE Bl AIL 53 A sh-PLK 44 (n=6)
FIsh-NCZH (n=6) . WEMTEWFELE, KIHER
RHEIATH . P EEARIM. US55 5K sh-
PLK flsh-PLK4ZH /)N 4% 45 H.2 X 10741 it Bz T 4
Ao FOCARRERAT RIS, DAJE R B X g
BUUY AR eI e, V=ab’/2, aliIR
KR, bSO RN RER ) 7055,
FERI30 dJ (sh-NC K sh-PLKAAHERL, Kirk s
RAF, K& WGNET AT, o B3R 45 i i
PRI FEAET B O . AR P AR A 4 A
JRME . L. LA, Ok sh-NC K sh-PLK 44
2 AR AAG 0T ) |, X U T s e
HCZ NPT IR AE, RIEIE AT AP, FREE A
Fte, AR ICREE, SR05 H10% MR/ Sk
XA ERHEAT [ . A IR RS U B, Xt
FTH-EQL 0 )5 B T W idss FUigs . FbLiEEEs I
PRSI HATIC R . MRS B b i AR
T, A~ sE g R i ot 4 ok HBEPLEC T
FEEBENLO R AT A BB R R, SR
HE R EE . © hYait: BroRsEstF
PR L BANANG 3 @ SRS sh B
BRI TR XS I DA 5 B S5 H1FAG K%L
PE AT . XTSI A S A T IEAS R A BT BRI R
ST
1.4 SitEahiE

FIT AT S ¥ Sr A 3R LI A R B
T Nx s, EHEIERFAIESAG, Wi s g it
fr2di st b, BRI 258 (ANOVA ) 17
ZA X, #H—2E P LR LS D- 1K 56 -
HRIEAFFAIES A, WK A Kruskal-Wallis
atMann-Whitney i 45 . H4fEPLK4F A& 17
H, ¥ TCGA-HNSCHEHE /> NPLKA R Kk
FIPLKAILER AL, FREAFlimmatd fiii ik M2 2
[B]f) 22 5% 2 A, LIBenjamini-Hochberg ( BH ) i
TR IEE P <0.05AAnfEEAT L. (AR
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“clusterProfiler” , “enrichplot” 1 “ggplot2”
Xt 2% ¢ BE R HEATKEGG I Rg & % 4 i, il ad
RStudiofX AT AT AL . P<0.050 25 54 4tit
225 X, F|HSPSS 16.0F1Graphpad Prism 10.1.2
BT S g A5 R i H R AR

2 g R

2.1 PLKA47EOSCCALA KM RPHRIZER
FARFTPLKAEOSCCLH L P iy ki,
AW i GEPIA2 FIUALCANTE £ 5540 43 #r
SEHB AT MWGEPIA2F- & th iy 3 14 i3
HFEEPEHNSC, Jf-%i APLK4 ( Ensembl ID:
ENSG00000142731.10) , Z5HR /R, MK TIE
WL (n=44) , PLK4TEFHNSCAZ (n=519)
R EKE R ERE (P<0.01) . WM
UALCAN-F-& H 3 5F0 il h £ HHNSC,
I APLK4, 53R EB/R, M TIE®HAH
(n=44) , PLK4YEHNSCZ 4! (n=520) H

A

Log2 (TPM+1)

FIRAK TR ERE (P<0.01) . LI IFg5HEE
W], PLK4T]REFEOSCCALIh Fik FHm (&
1A~D) .

AN, A5 3 RTFQ-PCR il Western blot
SIS XFOSCCAN AL £ FPPLK 4R mRNAFIZE [ i 5
SEFF 53T . RTFQ-PCREZEG 45 B /R, PLK4
TEOSCCHI Ml Z P I mRNAA XN R BB & T
IEFYE (IEH 400E°50.2804+0.043, HN6Z
40.6501+0.044, Cal-2741A°50.840+0.087,
SCC-94i i ~0.759+0.040, SCC-254jifi N
0.5334+0.067, SCC-44i}fg>50.718+0.101, K
1E) ; Western blotZ5 R EM, & IEH AT,
PLK47EOSCCHI M & h i ik (1E % 4 g
450.185+0.071, HN64H/IE40.8244+0.076,
Cal-2740/0 1.373+0.141, SCC-941 1N
0.967+0.096, SCC-2541ffi°40.3524+0.106,
SCC-440i°~1.310+0.157, EIF. G) . VI I4E
R, PLKATEOSCCAN I Hh 3K [RIBE S8 vy 6

6r Expression of PLK4 across TCGA cancers (with tumor and normal samples)
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TCGA samples

B C A D
] y%u 2or Expression of PLK4 in HNSC based
5p ’g 307 on sample types
B 5
41 ;/ 25 ':é 15}F —
2 20} 5
3r g | S 10f
5 157 a |
i —
2 2 10f 2
= s 5r R
= = H 1
i 5 5| ¢ | -
g ’ ! i
il £ ol Normal Primary tumor
HNSC A2 » (n=44) (n=520)
[ (num(T)=519; num(N)=44 | QIS TCGA samples
E F G
= 1.2 o 2.0
g - sk g - .
‘7 0.9 = S 1.5F sokk
TR FE: S H o x
- N -
& Eoe = T FI LS SR0f o |2
o X PLK4¥| - — ¢|109 kDa o s
2 & o03f B~ 05p
= GAPDH[|------|36 kDa =
Lﬁo.o\b(\g%b MO-Oﬁ\"bkqs
> WV P ARSI
N N
& FHg S & FFY S

El1 PLK4ZEHNSCROSCCHALAR MR R ERIE
Fig. 1 PLK4 was highly expressed in HNSC and OSCC tissues and cell lines

A-D: The expression of PLK4 in OSCC was analyzed in GEPIA2 and UALCAN. The blue color in A and B indicated normal tissue, and the red color
indicated tumor tissue; E: The PLK4 mRNA in OSCC and normal cells; F-G: Protein expression of PLK4 in OSCC and normal cells; *: P<<0.05,
compared with normal; **: P<<0.01, compared with normal; ***: P<<0.001, compared with normal; ****: P<<0.000 1, compared with normal.

Normal: Normal oral mucosal epithelial cells.
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2.2 RUEPLK4FREHIE Cal-2740 ftEE 2
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0.93340.089, P<<0.01; D, fH: 0.75440.059 vs
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B Cal-27 40 i 3458 o 45 50 o, A% Trsh-NC

A B 2
< 201 <+ <[ Hx
N —_— M
— — seoksk *
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& 0.0 . . . & 0.0 . .
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Fig.2 Knockdown of PLK4 expression inhibited the proliferation and invasion of Cal-27 cells and promoted apoptosis

A: Western blot test was used to detect the protein expression of PLK4 in OSCC cells; B: RTFQ-PCR was used to detect the mRNA expression of
PLK4 in OSCC cells; C: Effect of PLK4 knockdown on OSCC cell apoptosis; D: Effect of PLK4 knockdown on the proliferation of OSCC cells; E:
Effect of PLK4 knockdown on OSCC cell proliferation cycle; F-G: Effect of PLK4 knockdown on OSCC cell invasion. Compared with sh-NC group;
*: P<<0.05, compared with each other; **: P<<0.01, compared with each other; ***: P<<0.001, compared with each other. ns: No significance.
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Fig.3 Overexpression of PLK4 up-regulated the proliferation and invasion of SCC-25 cells and inhibited apoptosis

A: Western blot assay was used to detect the protein expression of PLK4 in OSCC cells with overexpression; B: The PLK4 mRNA in OSCC cells with
overexpression was analyzed via RTFQ-PCR; C: Effect of PLK4 overexpression on the apoptosis of OSCC cells; D: Effect of PLK4 overexpression
on the proliferation of OSCC cells; E: Effect of PLK4 overexpression on the proliferation cycle of OSCC cells; F: Effect of PLK4 overexpression on
OSCC cell invasion. *: P<<0.05, compared with each other; **: P<{0.01, compared with each other; ***: P<<0.001, compared with each other; ****:

P<<0.000 1, compared with each other.
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Fig. 4 Inhibitory and promoting effects of knockdown or overexpression of PLK4 on PI3K/AKT pathway and cyclin-related protein expression
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A-B: The differentially expressed genes in the PLK4 high and PLK4 low differential groups led to the enrichment of PI3K/AKT. C-D: Western blot
assay was used to find the expression of PI3K/AKT signaling pathway proteins. Compared with sh-NC or vector group, *: P<<0.05; **: P<<0.01; ***:
P<<0.001; ****: P<<(0.000 1.
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Fig. 5 Knockdown of PLK4 expression inhibited subcutaneous tumor formation in nude mice

A: Effect of PLK4 knockdown on subcutaneous tumor formation in nude mice; B: Effects of PLK4 knockdown on body weight, tumor weight and
volume of nude mice; C: H-E staining was used to analyze the tumor tissues of sh-NC and sh-PLK4 groups. D: Tumor volume. Compared with sh-NC
group, *: P<<0.05; **: P<<0.01; ***: P<<(0.001; ****: P<<0.000 1.
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