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[HE] T2E580: NEERIRAIMYE (oral squamous cell carcinoma, OSCC ) J2& 3k FHEBHEIR 20 M s rh e iks ) Y, L
KIFHLE M ATEE . {8 H8 (nucleolar protein 8, NOLS ) /- WRNAZE S ( RNA-binding protein, RBP) , 7EZFhi
JRIMEA . RIRTEEEEA, AILAEOSCCHMERMATERE, AU B ABIINOLSAEOSCCHI IR ILKT-, FHHF5R
HXFoSCCa sy . T8 . 1=Z8H0 [ -0 Fu %4k (epithelial-mesenchymal transition, EMT ) AU, FFik: FIFHREHA
FIRTEAZH /32 (gene expression profiling interactive analysis 2, GEPIA2 ) . MR feE il %84 ( tumor immune estimation
resource, TIMER ) | Bl B SR A 1T BH 8 4 RS 24 /AT (the University of Alabama at Birmingham cancer data analysis
portal, UALCAN ) KMRNAMEAEHEHEZE ( the encyclopedia of RNA interactomes, ENCORI ) 7R/ HTNOLSTE 3k £k 2H
PRy RS ZOGE B R A EHEE Y (real-time fluorescence quantitative polymerase chain reaction, RTFQ-PCR ) #5;
JIINOLSEOSCCHAMIHF YmRNAK LK. FIHIsiRNATHHA N IMNOLSECAL- 274 ik, JEMINOLSRRA (si-
NOLS8-1, si-NOL8-2) K BIPEXTRRZ s 5 iod 12 7 4 e H AR IR L CAL-27 S  HNO A i 1 2 IANOLS, JE HINOLS o ik 2H 12 ]
PEXTRRZ . A 538 AN 0 -8 (cell counting kit-8, CCK-8) 35, RJRANA 5 M transwel S IR A MINOLS #2 ik 7K
ARG XTOSCCHETE . iFRE AR 28/ s SR AR I BTEN I ( Western blot ) A5lINOL8ZE 1K /K-8 5 XFEMTAH G
FERE-E5% 81 (E-cadherin) | JJEE T (vimentin ) FIN-F5Z5E 1 ( N-cadherin ) F2ikM52m, AR T BRI ALY
PRITNOLSTE I XTOSCCHANMIIE S A5 . 455 : GEPIA2, TIMER, UALCANXENCORIZEZ /MM Bon, 53k Siiim iy
FEo7 IR AU EL , NOLSTE L #iffie 4l 4Uh # ik THH ;. RTFQ-PCREGH /R, S5I1EH X IE4IAH L, NOLS{EOSCCA i
FHIMRNAFIL B E . #Ysi-NOLS-1 K si-NOLS-2[J CAL-2 741l NOLS M AR R} e 1k 15t 1 5 (IC T B PE T BRAL 5wk
NOL8FKikJF, CCK-85:4 . RIIRM AL K transwel SZ 025 R 7R, CAL-2740MEIGSRE ST . ANMEAT RS R AN 40 A= 22 44
BFFR. NOL8IFRIKHICAL-27 Se HNOAH M HNOLS A AT e ik I 25 T X IR ;. NOL8id k41 CAL-27 L HN6 A g 1%
FHAEST . AT RS R AN AR 2250 3 = TR XS B4 . Western blotZ5 3 /R, FECAL-2740AEH, Safiix) lB41AH L,
% flENOLS8J5 E-cadherin# 5Tt 5, N-cadherinfllvimenting& ik &M ; 7ECAL-27XHNoANI, Hid kst MM, 3%k
NOLS8J5 E-cadherin#is F %, N-cadherinfllvimenting ik FH . #f B T RSALR A S0 56 2 PR, EiNOLSXTﬁﬁéE*HH:, NOLS
RIS TR A B E T . 4518 NOLS7EOSCCH Rk, nIEHEOSCCHNMIIYIGSH . LR IZZE, ZAE ]
AESEMTid FEAT G,
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[ Abstract ]| Background and purpose: Oral squamous cell carcinoma (OSCC) is the most common subtype of head and neck
squamous cell carcinoma (HNSCC), and its pathogenesis is unclear. Nucleolar protein 8§ (NOLS), as one of the RNA-binding
protein (RBP), plays a key role in the occurrence and development of many kinds of tumors, however its role in OSCC is not clear.
This study aimed to investigate the expression level of NOL8 in OSCC and its effects on the proliferation, migration, invasion and
epithelial-mesenchymal transition (EMT) of OSCC. Methods: The expression of NOL8 in HNSCC was analyzed online by gene
expression profiling interactive analysis 2 (GEPIA2), tumor immune estimation resource (TIMER), the University of Alabama at
Birmingham cancer data analysis portal (UALCAN) and the encyclopedia of RNA interactomes (ENCORI). The mRNA expression
level of NOLS8 in OSCC cells was detected by real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR). siRNA
interference technique was used to knock down the expression of NOL8 in CAL-27 cells to form NOLS8 knockdown group (si-
NOLS-1, si-NOLS8-2) and negative control group. CAL-27 and HNG6 cells were overexpressed with NOLS by lentivirus transfection
technique to form NOLS overexpression group and negative control group. Cell counting kit-8 (CCK-8) assay, scratch healing assay
and transwell assay were used to detect the effect of NOLS expression on the proliferation, migration and invasion of OSCC cells.
Western blot assay was used to detect the effect of NOL8 on the expression of EMT-related genes including E-cadherin, vimentin
and N-cadherin. The effect of NOLS on the proliferation of OSCC cells in vivo was examed by xenograft formation assays. Results:
The online analysis of GEPIA2, TIMER, UALCAN and ENCORI showed that the expression of NOL8 was higher in HNSCC than
in normal tissues, and the expression of NOLS in OSCC was significantly higher than in normal control cells. The relative expression
of NOLS8 in CAL-27 cells transfected with si-NOL8-1 and si-NOLS8-2 was significantly lower compared with the negative control
group. The results of CCK-8 assay, scratch healing assay and transwell assay showed that the proliferative ability, cell migration rate
and invasion number of CAL-27 cells were significantly decreased after knockdown of NOLS expression. The relative expression of
NOLS in CAL-27 and HN6 cells transfected with NOL8 was significantly higher compared with the control group. The proliferative
ability, cell migration rate and invasion number of CAL-27 and HN6 cells in the overexpression NOL8 group were significantly
higher compared with the negative control group. The results of Western blot showed that in CAL-27 cells, the expression of E-cadherin
increased and the expressions of N-cadherin and vimentin decreased after NOL8 knockdown, while in CAL-27 and HN6 cells, the
expression of E-cadherin decreased and the expressions of N-cadherin and vimentin increased after NOL8 overexpression. The
xenograft formation assays showed that the weight of tumor was significantly higher in NOL8 overexpression group than in NOL8
control group. Conclusion: NOLS is highly expressed in OSCC and can promote the proliferation, migration and invasion of OSCC,
which may be related to the process of EMT.
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F= TDMEMmHER FR ik, 5 10%R4F 1075 . 2%
THR-FHR, MHET37 C. COMBMEH
5% . FXMU AR B R R T 5 . DMEM &
WG IR AL . R . 95 R R R R AUA IR
YN B T B A M R BR DT A
0.25% WD 1R ( ethylenediaminetetraacetic
acid, EDTA) JBEE FIBHA WG A 75 M8 38 L 24
YR A R A], TRIzoliAF I B B H R
PR A BR A F] s RO SRR & SEm PO
FAMHER Y. ( real-time fluorescence quantitative
polymerase chain reaction, RTFQ-PCR ) {ifll &
I H 7 TaKaRaZy &, Lipo8000™ 4% Yeid 7 Iy
H EE = RAEDHEARARA G, BT %1
I M EADFHL A RA R, matrigel 56 5T E
5 H 3& E Corning/A R, 40 THEGAT &-8 (cell
counting kit-8, CCK-8) I H H AR S4t[E
25T, 20 T/ ( bicinchoninic acid,
BCA ) & e B 50 & . NOL8II [ 3¢
[ Thermo Fisher Scientific/ANH], WEliRZE rhEhis
7 ( phosphate-buffered saline, PBS) . & At
-20 = O WERE R whER W ( tris-buffered saline
with Tween-20, TBST) ¥y F b5t &3 FHE
ARAF, Ki-67, E-E5%5HH (E-cadherin ) |
N-#5%i % H ( N-cadherin ) M B-actinPr &4
HY¥E AbcamA &, WIEHEE (vimentin)
HRP Goat Anti-Rabbit IgG —Fi Il [ 2% E Cell
Signaling Technology A\ AJ

1.2 XWHE

121 BB HEAEESH

i 3R A 1558 B 730412 ( gene expression

profiling interactive analysis 2, GEPIA2)
( gepia2.cancer-pku.cn) "' R G ITAL ¥R
75 (tumor immune estimation resource, TIMER )
( https://cistrome.shinyapps.io/timer/ ) "'
By 37 B8 R A A I o o B RE KOs 20 A (the
University of Alabama at Birmingham cancer data
analysis portal, UALCAN ) ( http://ualcan.path.
uab.edu) " R RNAMEAEHEIEE (the

encyclopedia of RNA interactomes, ENCORI )
( http://starbase.sysu.edu.cn ) "' ZEZ /3 HTNOLS
ek IR B A A B R IK TG 0L . GEPIA2EL
PEERE A “Expression DIY” T “Box plot”
AR, WEZM N : O Gene: NOL8;
Cancer: HNSC. TIMERZUEZEMH “Diff Exp”
AR R, WEZMFA: O Gene Symbol:
NOLS; @ Cancer: HNSC. UALCANZ#:/FE
] “TCGA” #ATKE, WEFKMFN: O
Gene: NOLS; (2 Cancer: HNSC; (3 Analysis:
Expression, ENCORIZ#E i “Pan-Cancer”
T “Gene Differential Expression” 7K,
W &R @ Gene: NOL8; @ Cancer:
HNSC; (3 Chart type: Box plot; @ Data scale:
log2-scale,
1.2.2 RNA#ZEL, R4t FARTFQ-PCR %5

JHTRIzolVE S AR ) S RNA il ] S 5%
SR @ AT e sk . HIRTFQ-PCRIAH &
HEAT H BRGNS s SR (TR
LK) 95 °C 30 s; PCR (EHEL40UK ) -
95 °C 3's, 60 C 30 s. NOLSZIYIEmTHIN
5'-GTCAGCCCTCAGTCATGGATT-3', JZI)¥
§1°/5'-CACACGAAGGCAGTTTTTCATC-3';
B-actiniE 7] %1 A5 -CATGTACGTTGCTA
TCCAGGC-3', liJ#5 h5'-CTCCTTAATGT
CACGCACGAT-3',
123 fmiesk 3 Lk

HY T M B3 T2 W R B A BR 2 W Ak
NOL&/NTHERNA, 435 RS54l ( si-NOLS-1,
si-NOL8-2 ) FIBIMEXSHRZH , si-NOLS-1#8)¥ 51
5'-GCAACAGGCTGCACAAAAA-3", si-NOLS-2
L5145 -GGAGTGGATTTCCATATGA-3' . 4
MM T ofLAR T, A1 N 60%~80%, 24 h
J5 W Lipo8000 ™ I BL il e e iR R, IR G S
20 min, BFIHA6LLIRT, HT37 C. COLMk
BN S% 5 3240 TR G 9724 h)S, SRITIRTFQ-
PCRIFATRURACRALN , FFHEAT IR S50 50
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B (B ) ARARBGHE K
NOL8ME it Fih sk, 7 sk (NOLS)
FGT T BEEH o R 20 M ik T oL AR, 40 ML %
JER20% ~30%, 24 hg&fLIMA10 mg/mLE
BENEEATNOLS S RIA I T e e . T37 €,
COLMBIIECH 5% G FRAE H 772 hF B
10 pg/mLEEMSEE R B HE IR, k2 ~ 3UE ST
NOL8t F ik 18k B e 2k 1Y 40k
1.24 CCK-8%E

W5 Je O AR B DAL X 104 /L A 4%
JEHER T 96U, B3N E AL, ET37 C.
COLMTRITHON 5% Y IEFRA T, K E A
CCK-8ialil, & THFMPHIFR2 b, 2
DI RN E 450 nmAb WO REE (D) fH, &
SIS do
125 XRAESFEE

W AR T oLk b, B Y S 1 A P 2
BE00%)5, TRIREAE, I XPBSH)S, 1&
SAEE R 10, 245048 hIEIC SRR & A5 I
1.2.6 Transwell 5% 35

Frmatrigel 3 5 I ¥4 2] 4l Ftranswell W&
t, T A R RS s . AR LS, FHJCIE
DMEM S i FR AL A 14, TEtranswell |2
PERNS X 10*4411f2/200 uL, FZEPJITA600 uL
F10% G4 M ARG FRHE, A3 G CO, MM
TINS5 %GR SR 24~48 W, 4%Z W
MRS 2, 0.5%45 e, LRI
JL, FEALIEES SR B S SR
1.2.7 &G R¥PiEE ( Western blot ) 55

M5 Y48 him, PBSHRYEAIME3R, S
N 4 20 M 2R o S AR L WA R RS T
105°C 4B E10 min, ffi FAIBCAIRH & E
AP, MR AR R R e B R A
RN BB UK ( sodium dodecylsulphate
polyacrylamide gel electrophoresis, SDS-PAGE )
EEEEZ M., REHETRKR, B,
10%SDS-PAGEHE 5. 5%t i 5 %3 1A )=
—3$t [ E-cadherin (1 :1 000) . N-cadherin
(1:1000) . vimentin (1:1000) ., B -actin

(1:1000) |4 CHEAFLIKR. 2K il
WA h, FaHBk2EA)E (electrochemical
luminescence, ECL ) HBUR CIAEEER LG RS0
LW, WEE HImage VRV T K EEAE 30T o
1.2.8 ARRE T BAHm A

PEHIBALB/c 454 R B Je N F% AE T 5
B o BICAENOL 81 3k b X HRALCAL-27 4
JE2X 10"~ /mL, THRELT BCA s 8 5 T 5t
100 pLARMER , B3 ~5 AR A K,
3G A5 RS I I B SR A8, B RE 0 4
FAROFFRE . oAb, PRI T 4% 2 P R R
hEE24 h, @WK AW Uk e T
H-E4L (0, JHH HKi-67HUIAR ST e e 2 414k 2%
( immunohistochemistry, THC ) 4ef{a, 7¢ B G5
TMETTHR
1.3 SitFaE

i FGraphPad Prism 8.0%CF Xt A5 £ da 264 7
giit, TPEERI LY s, PR FbBCR
WS FEA RGBS 5 2241 18] LU BCR FH A 28 7 2547
Br, P<0.05NZERAGI¥E X,

2z B

2.1 NOL87EOSCCHLAK A I RIXEMR

TIMER, GEPIA2, ENCORIJUALCAN#
WPEAEL AT s, e kSR, 5957
IEF LML, NOLSTE Sk £ 5B 4 41 21 h i1 5
SR I (E1A~1D) o RTFQ-PCRELH i
NOLSZEIFIAA R P RaA I, SIEH H SR
PN AR b, NOLSTEOSCCHNE ZHN6, CAL-
27 RS (EILE) o
2.2 FHIENOL8ZFR XX OSCCHH A1 5 AE 1 19
=AU

RTFQ-PCRAEGZ5 R B/, si-NOLS-1. si-
NOLS8-2 AR X & 35 5 B 1K F B4 % gl (&
2A) . CCK-8SLEfrZs R R, FUNOLS/)
THRNAJGCAL-274 Ml 345 fig 7 b Z AR (&
2B) .
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Ud < 5950 d i 8~J< SUG 28 U 58ad0U 8002808 ~8~0SSaE<_ Sy us
0580552702250 3  EEbEEgEySREYSdaYa05E858292822805<25d82 [ i (T)=519: num (N)=44 ]
IO RT EHNERS S AR YOz S S ECCETE S AEESS0%E <u§§m<<¥§[~<o:0mu‘3:: num (T) ; num (N)
mgmgégiUuaugomﬁ m:ﬁ%%zg EEMETHO02AR5 AfageBunZnEFEEEDS
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o< QY 7]
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C D E
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data source: starBase v3.0 project 3 5r
5 P=1.626e-12
e 30 T s
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- : == 2 st | :
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& ST | i
4 JR
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o oy
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Fig. 1 The relative expression of NOLS8 in OSCC tissues and cell lines

A: TIMER database showed the expression of NOLS in head and neck squamous cell carcinoma and adjacent normal tissues from green box. B:
Expression of NOL8 in HNSC shown in GEPIA2 database; T: Tumor; N: Nornal. C: NOLS8 expression in HNSC shown from ENCORI database. D:
UALCAN database showed the expression of NOL8 in HNSC. E: RTFQ-PCR assay was used to detect the expression of NOL8 in HN6, CAL-27 and

normal cell. *: P<<0.05; **: P<<0.01; ***: P<<0.001.
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Fig.2 Effect of knocking down NOLS expression on the cell
proliferation of OSCC

A: The relative expression of NOL8 in the CAL-27 cells was detected
by RTFQ-PCR after knocking down NOL8. B: CCK-8 assays were
used to detect the proliferation ability of CAL-27 cells after NOLS8
knockdown. **: P<<0.01, compared with NC; ****: P<<0.000 1,
compared with si-NOLS8-1 and si-NOLS-2.

2.3 BH{ENOL8FRIAXTOSCCLAM T K 12
pal:pAl

KPR AL AE R /R, 48 hiffsi-NOLS-1,
si-NOLS8-2 5 BAMEXT HBH A i A 1t , A fIEKNOLS
Bk n] R CAL-2740 TR e 11 (KI3A) .
Transwell LI 25 k7, FIANOL8ZiA )5, CAL-
27 RS ME 2R RE T RIFERE A (EI3B) .
2.4 ERIENOLSITOSCCHREIILTE L 1 A 220

RTFQ-PCREEIGA R /R, 7ECAL-27HIHNG6
A, NOL8iIFRIkZH (NOLS ) FUAHXTFEIAE
B = FRAEXT 2 (E4A ) 3 CCK-8SZERAG N
ZER R, 3 FIANOLSZH Y CAL-27 FIHN64H it
WIFEBE ) W T X IR (K4B) .
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Fig.3 Effect of knocking down NOLS expression on cell migration and invasion of OSCC

A: Scratch healing assay showed that the migration ability of CAL-27 cells after NOL8 was inhibited. B: Transwell assay showed that the invasion
ability of CAL-27 cells after NOL8 was inhibited. **: P<<0.01, compared with NC; ****: P<<(0.0001, compared with NC; ***: P<<(0.001, compared

with NC.

A Il Control B
i ~oLs CAL-27  —e—Control HN6
t‘s 6 sk 2.0 Hokok —ge NOLS
=] Kdkok
.S 0 15 . o
% S 4 sk 'T; -73
i) £ 1.0 g
[ = =
0% 5 g g
2 Q05 Q
=
& 0 0.0
CAL-27 HN6 01 23456 01 23 456
t/d t/d

B4 3 FRENOL8IFOSCCHARTIEFE HE J1 KIS
Fig. 4 Effect of overexpression of NOLS on cell proliferation of OSCC

A: The relative expression of NOLS8 in the CAL-27 and HN6 cells was detected by RTFQ-PCR after over-expressing NOL8. B: CCK-8 assays were
used to detect the proliferation ability of CAL-27 and HN6 cell after NOL8 was overexpressed. **: P<<0.01, ****: P<0.000 1.
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QIR AT AL g 4 S R, 24 hiFCAL-27 K&
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FIANOLSJ5, CAL-27 S HN6AH (A M= 72 BE
Ji3tsw (ESB) o

2.6 NOL8FIAMZITOSCCLHAEMTHI T
Western blotSL 545 5 i 7n, FECAL-274i A
FEfIEANOLS ik )5, E-cadherinif [ )R 57K -
Tt , TMiN-cadherinfllvimentin H ) 35 7K F
F#A%; 1ECAL-27 XHNG64 I H i3 FANOLS
E-cadherinff [ #YZRIAKF MK, MIN-cadherinFl
vimentinff [ RIEKFFE (El6) o
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Fig.5 Effect of overexpression of NOLS on cell migration and invasion of OSCC

A: Scratch healing assay showed that the migration ability of CAL-27 and HN6 cells after overexpression of NOLS. B: Transwell assay showed that
the invasion ability of CAL-27 and HNG6 cells after overexpression of NOLS8. ***: P<<0.001, compared with control; ****: P<{0.000 1, compared
with control.

A B C D
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. ‘ £ 2.0 Osi-NOL8 £ 2.0p CINOLS = 2.5+ CINOLS ok
N-cadherin hi 2’ _ 3 - P 3 - 3250
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E-cadherin “ _—— u &2 1o &% 1o 87 150 =
. g E‘ ' w3k % g E ’ ek qé g 1.0
Vimentin [ Lol E5os 505 S5 05 A
. - ~ 0. ~ 0.0 ~ 0.0
Practn [ — & & & &S & &S
CAL-27 CAL-27 HN6 S &S & & & &
<~ <~ <~

El6 NOL8FRIA X CAL-27FIHNEAAIEMTHEE Z B %M
Fig. 6 Effect of the change of NOLS expression on EMT-related proteins in CAL-27 and HN6 cells

Western blot assay showed the protein level of N-cadherin, E-cadherin and vimentin after inhibition of NOL8 expression in CAL-27 cells and
overexpression of NOL8 in CAL-27 and HN6 cells. **: P<<0.01, compared with control; ***: P<<0.001, compared with NC or control; ****: P
<<0.000 1, compared with NC or control.
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Fig. 7 Effect of NOLS expression on the growth of subcutaneously xenograft tumor in nude mice

A: OSCC xenograft tumor formed by CAL-27 cells after overexpression of NOLS. B: The weight of OSCC xenograft tumor. C: H-E and Ki-67
staining of OSCC xenograft tumor tissue of CAL-27 cells after overexpression of NOLS. *: P<<0.05, compared with control.
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