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[ Abstract ] Background and objective A lack of effective treatment for lung squamous cell carcinoma (LUSC)
makes it an important factor restricting the S-year survival rate of non-small cell lung cancer (NSCLC). Long non-coding RNA
00668 (LINC00668) was reported to play crucial regulatory roles in the tumorigenesis and progression of various cancers;
however, its role in LUSC is unclear. The aim of this study was to investigate the prognosis value and biological function of
LINCO00668 in NSCLC, especially in LUSC. Methods The expression pattern of LINC00668 and its relationship with clinical
characteristics and prognosis of patients were investigated in the NSCLC especially LUSC based on The Cancer Genome Altas
(TCGA) database. Its function in LUSC cells was explored in vitro. Results LINC00668 expression was significantly up-regu-
lated in LUSC patients and high expression level of LINC00668 was associated with advanced tumor-node-metastasis (TMN)
stage. Moreover, the expression of LINC00668 significantly increased in smoking patients, and was a prognostic indicator for
overall survival (OS) of smoking patients with LUSC. In vitro experiments showed that LINC00668 has significantly higher
expression level in LUSC cell lines and tissues compared to normal bronchial epithelial cell and para-tumor tissues; meanwhile,
functional assay indicated knockdown of LINC00668 effectively inhibited the migration and invasion of LUSC cells. Conclu-
sion LINCO00668 might closely relate to the development of LUSC, and inhibition of LINC00668 may reduce the metastasis
of LUSC.
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IR Z—, MR 3 AR Bh 2 BB ST, 20204F 4l
A 180 N (18% ) FET M. 7EFTA Iy Mias i (5 v
/N iE ( non-small cell lung cancer, NSCLC ) (1 L]
AL80%. HFIfAH WHINSCLCW AU FE iR (lung
adenocarcinoma, LUAD ) I R 2 g ( lung squamous
cell carcinoma, LUSC ) , 4353140 5 B 5 NSCLCHH #5111140%
F25%-30%2, LUSCH 1 B AL (overall survival,
0S) WHIMMKINSCLCIE R B # A, — 7 et T2
IR E AR R NG R A R, ST,
LUAD{RYT I Al £ AR 2 /N 48 ) 25 A EE . H AT
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RIS B SE T AN EGR S 4007, N I ZINSCLC S4F
AR EE R R, B, WA JHFELUSCHY
B B R AR SCHIL I IR A T EE XT38, X b R 9
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KR IBRNA ( long non-coding RNA, LncRNAs )
SEARH WA HAT 9 i 2R 1 BTN BERY —2KRRNA, HF 41
K200 MZIFIR . FEH X LocRNAs Y22 ) fiE
FERIARWIRA , & BT DI ad 2 MBI | 7 % S it
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LncRNA 00668 ( LINC00668 ) J&— 4K J# 411,751 bp
BIAE g ASRNA, EA T Y iA18p11.31. LINC00668H]
FFEAE — LE g o & B0 280 R, 6 5 8 1 5 i 4
JHE0 5 3 A ) 9 Ak A SRR A L R A
FRANML RIS, R A i HAR R R R D30 An SR E
FRLINCO006687ENSCLCH YKL fE T, HAZNILUAD
IR RS AL RS2 2% 5 JRTMT, LUADMILUSCERTEN
RS A DT TS [R) A1, A I B A TR Y 3R
ARG . SRS LR A& WA E I R 2, A
I, A AEELELUAD FILUSC I FIINSCLCE Y v 43 il A 58
LINC00668 14 1l J55 4 (. Sz A ¥y 2 T REDS)

TE A UWE 58 v, FRATT A g 0 Bk A 20 P 3
( The Cancer Genome Altas, TCGA ) ZUHEE 304 T
LINCO006687ELUAD FILUSCH i) 2 ik 15 100 S H 5 1R 4 1l
IRFHIEFITIUS B9 OCFR , 2 78 1A SN i 8 200 i 25 v i

fIRLINC006684% 2% HoAE 4 it Fp i) A= 27 Sh e
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1.1 AW B2 EEE S3SHILUAD K S9fi| 1F & 4141
S02BILUSC K 491 1 4121 A % S 4L RN AT 15 JB. S AH
IV 4 S00 B LUAD 5 % F1490 1| LUSC & & 1l R BTk} T 3%
HTCGA%HEE (https://gdc-portal.ncinih.gov/ ) o IR
TERMEAFEYER] . AEWS . bR s A k- L 45 - RS (tumor-
node-metastasis, TNM ) 738 . WARTE & . A AE A
AREFH BT RIP . Kaplan-Meier Plotter ( Kmplot )
W% (https://kmplot.com/analysis/ ) A PAPFAR 4045 fifi
TE N B2 1R EAE R P 54,0008 5 [ ( mRNA, miRNA,
LincRNA ) XA A7 2105200

1.2 HEUEE FRATTM20184F3 7 -20194F3 7 i LIl 4 Tk
12T VU LSS R4 [ s BE B (1 10 LUS C A8 3 1) Ve
LIS X105 h A s B, FATAFF Iy
SRV 42 30 KR 50 — R s B A B 23 D S L v )
o 10f 8 E AL T TR [ A

1.3 AR FR ALY Il RdEs A0 R AS49 . H1299F1 ififisk
FEAN A H2170 . H226. HS20LL X N IE# 525 |
AL R HBEAH MG T rh E R B 405 BT ( B,
B o B AR5 T 547 10916 4 I35 A 19 1) 5 8 %
N5 %5 ZHYRPMI-1640 ( Gibeo, ) MUREIRIEF . T
AUMIAE7 CIHIE . S%CO, TR TR A P T . FR4l
AR K X T o fLAGHFA T8 Y . LINCO0668 ) “%i A&
J&”RNA ( short hairpin RNA, shRNA ) H_F 7 BILA A%
P15, HLipofectamine 2000 ( Invitrogen, [ ) #F474%
e, Eegag him, FMIRERS R RIHE-3, BESTE RN
BE T LS I AR G ) 28 I W% e 8% . shRNA
AT HI 2.,

1.4 SERFE i i Sk A I E 0 ( quantitative real-
time polymerase chain reaction, QRT-PCR ) Z{Z!RNA
FIZH I RN A%Y 1 F Fast 1000 Fll Fast20042 B . FLRNAFH
PrimerScrip™ RTIRX /£ ( TAKARA, BIO INC ) S &% 5%
JcDNA, &5 e Rl % 7 10 B 247 qQRT-PCRZ I o
LINC00668 & GAPDHI 5| W) [¥ 4 4n3R3 78 . HE K AH
Xf e 3h B 2200 7R el

1.5 CCK-84MIIEFE I W £ 2H A0 I HeFh 3 96 FL AR
Hh, BEFLZ9100 pL . 3x10*A0M . 23 SIFER B 524 h, 48 b,
72 h P AL A 37 B TR 109% Y C CK- 81 MR #E A 152
¥, BNEEFLINA 10 uLAYCCR-8TE . A TAERUR Kr96
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FLEE TR BT T°37 °C. $%CO, MR FRAT N AR BB 5%
2940 min, AR AE450 n K ALK 96 FLIE F-AR 45
LAYMOLEEIODIE, Il LI R .

1.6 WPYRSEE Fy s i L Anal Toflih, fRdniks
FE100%ME )T, FH10 WL IRRIIE . 85 FRARIm
Bigedk Croefia A=y ) AU e ik, 1E0h, 24 hill
48 har S EE CEARE RIS . i Image JEAF ( version
1.52) HE R,

1.7 TranswellF BB R78 5000 WOAER YL R 4nit, 114k,
4x 10V H21704 L A200 wLAS 35 B 4 I 375 114 35 37 L4 0
22 1 R R £ L R e B R B 5 8 2 4 P 8

Tab 1 Clinical information of LUAD and LUSC patients in TCGA
database

Clinical factors LUSC LUAD
Vital status
Alive 282 318
Dead 212 182
Age (yr)
<65 189 237
>65 300 253
Unknown 5 10
Gender
Female 128 270
Male 366 230
Stage
I 242 268
Il 158 119
/v 90 105
Unknown 4 8
T stage
T1 14 167
T2 287 267
T3-T4 93 63
Unknown 0 3
N stage
0 316 324
1 127 94
2 40 69
3 5 2
Unknown 6 1
Smoking status
Non or ever 344 363
Current 133 119
Unknown 17 18

TCGA: The Cancer Genome Altas; LUAD: lung adenocarcinoma; LUSC:

lung squamous cell carcinoma.

F L=, RIGTEFZEHIA600 uLi% 10% i 4 MLiE 1Y 15
Fedk. g4 nE, MEZRWEEEE A, T2
. B/NE RIS RR, WA T TRV T T 4
JHI %5

1.8 Gt FrA St A HrfESPSS 19.0r i, 5
IRAE A SR EZE (MeantSD ) FR. THEVORER A
MSTREAR G, THEVORER A S . R Kaplan-Meier
BiAh5E0S, IFMHLog-rankk 3o 47 ILEL . P<0.05 K25 57 H
e -8

2.1 LINCO06687E fili i Al i e v Fe ik & Thm AT
Feo M T TCGARE 1 H S35 ILUAD K S99 1F & £H 21 A1l
S02BILUSC K 4911 # 44 HH LINCO0668 1 # ik i, 2%
B8R HAELUAD M LUSCH LI iy Rk w3 &
(P<0.05) (A, E1B) .

Bifi 5 Fe /i1 WIAELUSC M LUAD W itk — 4 0 T
LINCO00668[/ B # STNMM I R . 450 ER, 17E
LUSCH?, LINCO00668 13 iA 5 Al W 2 UIAH G, AH
PR (), HERA R EPRE ) (1-1vil ) Lusc
rrA R THE (1.7740.13 vs 2.1620.15, P<0.05 ) (E1C) ;
[, AH#TT1-T2, LINCOO0668/ET M HAMH (T3-T4)
FILUSCH KAt B ZE FH 5 (1.88+0.10 vs 2.38+0.28,
P<0.05) (KI1D) . BARILFRIB AN N FH K rp
WA LUSCH W] i 22 7, (R Bl g a3 i /R HAEN
AR (N1-N3) BF ek s (1.8540.12 vs 2.23+
0.18, P=0.07) ([K1E) . FELUADH, LINCO00668/)3 ik
SR TNM E B OCR (EIF-EI1H) .

ROk, AT RiEE I FHLUSCEE

43 NLINCO00668 5 # ik sk LR IXA, A HHERILE &
HAEWS . PES] . TNMO R RS SR OC R, AR
/i, LINCO00668 iAW n] T 55k . 0 1 K W A i
(%£4) .
2.2 LINCO00668 5 W A % Y1 AH 3¢ H 52 i LUS CWEAH £
S RATR A TCGARHE Eh OsE it — PR R T
LINCOO0668IRIKFELFM KR, SR BN, LIRTE
LUSCHE{LUAD ', LINCO00668/1# ik 5 HH& OSIEH
B (P>0.05) ([E2A, K2B) .
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Tab 2 Short hairpin RNA (shRNA) sequence
ID Sequence
LINC00668-RNAi-1-a 5" -GATCCCCCACTCCCATCCACTGTAGTGTAAACTCG
AGTTTACACTACAGTGGATGGGAGTGGTTTTTGGAT-3’
5 -AGCTATCCAAAAACCACTCCCATCCACTGTAGTGT
AAACTCGAGTTTACACTACAGTGGATGGGAGTGGG-3’
5" -GATCCCGAATCTTGGGCGGTCTGAAATCTGACTCG
AGTCAGATTTCAGACCGCCCAAGATTCTTTTTGGAT-3'
5" -AGCTATCCAAAAAGAATCTTGGGCGGTCTGAAATC
TGACTCGAGTCAGATTTCAGACCGCCCAAGATTCGG-3'

LINC00668-RNAi-1-b

LINC00668-RNAi-2-a

LINC00668-RNAi-2-b

R 3 IMEBFERREHEXRNEIMFT]
Tab 3 Primer sequence of qRT-PCR

ID Sequence

LINC00668 Fwd: 5" -GGGTCCAAGGGATCTGCAAG-3’
Rev: 5" -CCGCCCAAGATTCCTCTAGC-3’

GADPH Fwd: 5" -ATGGGGAAGGTGAAGGTCGG-3’

Rev: 5" -GACGGTGCCATGGAATTTGC-3’

gRT-PCR: quantitative real-time polymerase chain reaction.

R 4 TCGAHIEEHLINC006685% % 2F KA HRILUSCEE I R4FE
[n(%)]

Tab 4 Clinical characteristics of LUSC patients with high or low

LUADH', LINCO006687E W M8 £ & Y 3 ik i ¥ B 2. 7+
& (LUSC: 1.84+0.12 vs 2.46+0.23; LUAD: 0.1620.02 vs

LINC00668 expression level in TCGA database [n(%)] 0.29+0.07 ) , REASGIFE Y (P<0.05) (K2C,
Clinical factors TCGA dataset - LUSC P K2D) .
Low group High group Kaplan-Meier Plotter ( Kmplot ) WG #ERE T CaBIG
Age (yr) 0.106 ] ” "
65 86 (35.1) 103 42.2) *( http://cablg.calicer.gov/ ) ‘%[;}EE?\\ TiGA%ﬁTEJ/fF&GEO
65 159 (64.9) 141 (57.8) BOE IR A BE AT LAY KRR A o g o Al L R
Gender 0.024 Eﬁiﬁﬂg%%o ﬁ@ﬂg%, ELUSCEP s LINCOO6689/‘J%%
Female 75 (30.4) 53(21.5) SRR S BREROS I B AL (P>0.05) (FER2E) ;
Male 172 (69.6) 194 (78.5) SR, LINCO006681) 21k e H) 5 AHLUSCE # 1 OS i
Stage 0.039 A, LINCO0668 =% 1 At W KR it i 3 18 25 118 A= A 301
! 127(52.0) 115(46.7) BAR TR MM AR R [ HR: 2.74 (1.09-6.85), P<0.05 |
Il 66 (27.0) 92 (37.4) (FE2E )
v 51 (21.0) 39 (15.9) ’ - .
— 013 LINCO006681%) 3¢ 1A i S5 LUSC L H Il R 2 A 5% 5
T 54(21.9) 60 (24.3) AFELUSCHY R fE N 52—, LINC006687% 15 B AE A
p) 146 (59.1) 141 (57.1) HAEPREAE, HSBRMHLUSCEEROSE EH ML,
T3-T4 47 (19.0) 46 (18.6) L Eg5 7R, SLUADAI L, LINCO00668'5LUSCIH &
N stage 0.583 Ejm%ﬂg]o
0 163 (66.8) 153 (62.7) 2.3 LINCO06687ELUSCHI i R M4l 4h ik mFtm
; 5271‘;3;’ 71"9‘(2;7)’ TIAETRATHORS A, T 1K T LINCO0668TE IF 5 XX
] 30 '2) 20 '8) 8% |z} ZFPLUADSS LUSCAH il A P 32k . M T
' ' S Akl = 4
Smoking status 0.003 1EH A F R A HBE, LINC00668T£*¥H§LUSC,HEIH@
Non or ever 187 (78.2) 157 (66.0) AH2170, H226. HS20RIARI LI, 225 HATSE
Current 52 (21.8) 81 (34.0) ERE L (P<0.05) 5 (HiE, HAELUADZIME RAS49F1
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B 1 LINCO06687ELUSCHEFIZEABTESEETNMA AR EHE K., A: TCGAIEEFLINCO06687ELUADA LR EH HLARRIFIETENR; B: TCGAHIEES
LINC006687ELUSCR£AFN IE & B AR IXIE MR, C: TCGAHIEEHLINCO06687E R EIME A HILUSCEE HEARMEIXIE R, D: TCGAKHEEHLINC00668
ERRTHELUSCEREARRIRIEFERL, E: TCGAKIEEHLINC00668ERRFINSHILUSCEE BAFRRILENR, F: TCGAKHEEHLINCO06687E 7 [E A
AHILUADEEALAPRFRIEER; G: TCGAKIBEFLINCO0668ERETHHILUADEE HLAFHMRIEE R, H: TCGAKIEEFLINCO0668ZEAREINSYHILUAD
BEHEBAARHIFRIEFEI. *P<0.05, **P<0.01, ****P<0.000,1, ns: TFHITEE X,

Fig 1 LINC00668 expression was up-regulated in LUSC patients and was correlated to advanced TNM stage. A: The expression level of LINC00668
in LUAD and normal tissues based on TCGA database; B: The expression level of LINC00668 in LUSC and normal tissues based on TCGA database; C:
The expression level of LINC00668 in LUSC samples with different tumor stages based on TCGA database; D: The expression level of LINC00668 in
LUSC samples with different T stages based on TCGA database; E: The expression level of LINC00668 in LUSC samples with different N stages based
on TCGA database; F: The expression level of LINC00668 in LUAD samples with different tumor stages based on TCGA database; G: The expression
level of LINC0O0668 in LUAD samples with different T stages based on TCGA database; H: The expression level of LINC0O0668 in LUAD samples with
different N stages based on TCGA database. *P<0.05, ¥*P<0.01, ****P<0.000,1, ns: not significant. TNM: tumor-node-metastasis.

HI1299 KRBT R E TR (P>0.05) (K3A) .
qRT-PCRES AL {i /IR LINCO0668 7 [T 4 41 v 1) 3 3k
S T HARN S, 2RAASIT¥E S
(P<0.05) (K3B) .
2.4 R fIRLINCO0668 /5 i i i fe 210 B (1 3 4, EL ) L
RS2 TRATIEPELINC006687% 15 fE it i ULUSC AN £
H217047 N — LI RE LI AR E . L5 9Ot T K
AR YR >70% ([El4A) o qRT-PCRZE L i /R i e
JFRLshRNA1FIshRNA2 [ H21704H ifd 6 A LINC00668 [

BB RRAL, 25 EA51%E L (P<0.05) (E4B) .
K, ZEH2170240 M 2 s A 2 T 45 2L LINCO00668 i
AT,

T HRZELINCO006687EH2 17041 g 34 48 H i /E FH
BATIEAT T CCR-85L 5, 4l fedfiti /524 hy 48 hlk72 h
Rl 7 =AM RO EEE, SR WOR, —4IF W]
BER (E4C) o DULEZEREIR, EH217040 8 H @ik
LINCO00668 A5 M 241 i A H4 78

J T HRRLINC00668 X H217040 g i 412 28 (1) 52
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2 LINC006685 MR 1A% 114H% B &N LUSCIRIE BERITE. A: Kaplan-Meier =M%k B /RTCGABIIEEHRLUSCEELINCO0668FZERMAA (L
LINCO0668HfikikE A5 KB ER (overall survival, 0S) BIIER; B: Kaplan-Meier 75 1% B RTCGAZIHREFPLUADEELINCO0668 KA 2 RMA
(KALINCO0668H fi ik 2 A ) BIOSHITE R, C: TCGAKHEEFLINCO06687ELUSCIRMRFN K IR MA B & LR EE R, D: TCGAZIEFEHLINCO06687E
LUADIR (R AN K IR MA 28 & R 2R p A R IE 1B, E: KmplotHLUSCEELINC00668%% % EFKFAOSHITESR; F: KmplotHLINCO06687E M IALUSCEE hRiE
E5EAHEOSHIIE R, *P<0.05, **P<0.01,
Fig 2 LINC00668 expression is strongly associated with smoking and has impact on the prognosis of patients with smoking history. A:
Kaplan-Meier survival curve of overall survival (OS) among LUSC patients with low or high expression of LINC00668 (median expression of
LINC00668 as cut-off) based on TCGA database; B: Kaplan-Meier survival curve of OS among LUAD patients with low or high expression of
LINC00668 (median expression of LINC00668 as cut-off) based on TCGA database; C: The expression level of LINC00668 in LUSC patients according
to their different smoking status based on TCGA database; D: The expression level of LINC0O0668 in LUAD patients according to their different
smoking status based on TCGA database; E: Kaplan-Meier survival curve of OS among LUSC patients with low or high expression of LINC00668 in
Kmplot; F: Kaplan-Meier survival curve of OS among LUSC smokers with low or high expression of LINC00668 in Kmplot. *P<0.05, **P<0.01.

& 3 LINCOO6687E B RINALFRIERFAS. A:
qRT-PCR#& M LINCO0668 7 A~ [=) i AR 42 1 A & 2% 248 By & o
HIREERL SHARRIREINMESTL: B: qRT-PCRIEM
LINCO06687E 107 i R 4H LA ik B AA AP BIRIZE .

A ° *P<0.05, SAZREFIR.
s 57 . § 37 . Fig 3 LINC00668 expression was increased in LUSC cell
2 41 = g 54 lines and tissues. A: The expression level of LINC00668
% 37 * % in different LUAD and LUSC cell lines according to qRT-
< 2 - % 1 - PCR assay, each cell line has three duplicates; B: The
% 1 4 - - é expression level of LINCO0668 in LUSC tissues and
0 -! T T ‘.— 0 N corresponding adjacent non-tumor tissues according to
Q‘\é" Q@\’\Q ij}‘? \g,’l«g g)@@f\?)q :@@é «06‘0 qRT-PCR assay. *P<0.05, each experiment repeated three

$o° times.
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Fig 4 Downregulation of LINC00668 in LUSC cell line H2170 suppressed cell migration and invasion. A: Fluorescence microscopy showed the
transfection efficiency of H2170 cells; B: qRT-PCR showed that the expression of LINC00668 in H2170 cells was significantly reduced after
transfection with shRNAs; C: CCK-8 assay showed knockdown of LINC00668 in H2170 cells does not affect cell proliferation; D: Wound-healing
assay showed knockdown of LINC00668 in H2170 cells inhibited cell migration; E: Quantification of wound area in wound-healing assay
(normalized by the area of 0 h); F: Transwell assay showed knockdown of LINC00668 in H2170 cells suppressed cell invasion; G: Quantification of
the number of cells invaded into down chambers. *P<0.05, ***P<0.001, each experiment repeated three times.
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