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SnoRNA SCARNA4 as an independent prognostic factor drives tumor progression
by promoting lung adenocarcinoma cell proliferation, migration and invasion and

predicts poor prognosis: a functional validation and clinical cohort study

PENG Qingyun'”, XIE Weijia’, XIA Tingting’, SHAN Yifan’, XIANG Ying’, WU Na’, LI Chengying’, WU Long’,
YU Zubing’, BAI Li‘, YANG Jingyuan', LI Yafei’ 'School of Public Health, Key Laboratory of Environmental
Pollution Monitoring and Disease Control of Ministry of Education, Guizhou Medical University, Guiyang, Guizhou;
2Department of Epidemiology, College of Military Preventive Medicine, Army Medical University (Third Military
Medical University) , Chongqing; 3Department of Thoracic Surgery; “Institute of Respiratory Diseases, Key Laboratory
of Respiratory Diseases, Second Affiliated Hospital, Army Medical University (Third Military Medical University) ,
Chongqing, China

[Abstract] Objective To analyze the differential expression profiles of small nucleolar RNAs
(snoRNAs) in lung adenocarcinoma and their association with prognosis, screen and validate lung
adenocarcinoma-related snoRNAs, and explore their roles in tumorigenesis and progression.
Methods Differentially expressed snoRNAs between lung adenocarcinoma and normal tissues were
screened using Arraystar Small RNA expression microarrays. The obtained candidates were validated through
the GEO database (GSE261702), followed by selecting snoRNAs that passed molecular cloning experiments,
and finally RT-qPCR. By constructing SCARNA4 overexpression models (Vector group and SCARNA4 group)
and knockdown models (siNC group and siSCARNA4 group), proliferation, migration and invasion assays were
carried out to assess the biological functions of SCARNA4 in lung adenocarcinoma cells. Based on tumor
tissues from 108 lung adenocarcinoma patients (Second Affiliated Hospital of Army Medical University,
between February 2013 and May 2015), the expression level of SCARNA4 was detected by RT-qPCR. Using
X-tile software to determine the optimal cut-off value (3. 48), the patients were accordingly stratified into
high (57 cases) and low SCARNA4 expression (51 cases) groups. Kaplan-Meier survival curves and Cox
proportional hazards regression models were constructed to analyze the impact of SCARNA4 expression on
prognosis. Results Small RNA microarray identified 62 up-regulated and 4 down-regulated snoRNAs in
lung adenocarcinoma tissues. Integration with GEO database and molecular cloning yielded 8 candidate
snoRNAs. RT-qPCR results revealed significantly elevated SCARNA4 expression in lung adenocarcinoma
tissues than normal tissues (P=0. 042 7). Overexpression of SCARNA4 significantly promoted the proliferative,
migrative, and invasive capacities in A549 cells (P<0. 01), whereas its knockdown obviously inhibited these
functions (P<0. 01). Kaplan-Meier survival analysis demonstrated significantly shorter overall survival in the
high-expression group when compared with the low-expression group (P=0.034). Univariate Cox regression
analysis further confirmed that high SCARNA4 expression was significantly associated with poor prognosis
(HR=2.285, 95%CI: 1. 040 to 5. 020, P=0. 039). Multivariate Cox regression analysis confirmed that, after
adjusting for relevant covariates, the expression level of SCARNA4 was an independent risk factor of overall
survival of lung adenocarcinoma patients, and its high expression was notably associated with shortened overall
survival of patients (HR=3. 038, 95%CI:1. 261 to 7. 323, P=0. 013). Conclusion SCARNA4 is up-regulated
in lung adenocarcinoma tissues and associated with poor prognosis. It may be involved in the tumorigenesis
and development of lung adenocarcinoma by regulating cell proliferation, migration, and invasion. The
molecule might hold promise as a novel therapeutic target and prognostic biomarker for lung adenocarcinoma.

[Key words | small nucleolar RNA ; SCARNA4; adenocarcinoma of lung; carcinogenesis; prognosis
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it g T 2 e T e 2K s 38 g L AR5 — 1
PERPIE o 2024 4T, [EI GRAE HH 078 [ SR AE D 2 AR
(The Journal of the National Cancer Center, JNCC) [/
At 1 T4 [ e 50 S BE D7 IR 1Y 2022 4
L0 e e e TR PR S o 2022 4F A AR s 1] 4
482,47 J7 N, Horh il 3% 106. 06 7 A, H & %A
FETHAM BN 75. 13/10 JTHI51. 94/10 77,

/NI AT (non-small cell lung cancer, NSCLC)
SRR VLIRSS , o5 AT I 1 80%~85% . 3L
rp il i 98 (lung adenocarcinoma, LUAD ) Ay fififis v B
LA SU R o T H A2 40% . LRI, B
TS AT 2 — A [R), J  E  B E E A E
Jrd . PRI R 3 s SO B R R AE M hR AR, Ry
it s L2 W SRR I T AR S A TR AT B A IR
R AR TR R VAT SRS R A A AR

/IMZ A7 RNA (small nucleolar RNA, snoRNA ) J&—
29 % i RNA (non-coding RNA, ncRNA) , 2% 5E fif
T RO 0 A0 % P9 K B h 60~300 1% 1
M2, 16 22 Ff RNA BN T 5 18 i o 7 v 2 4% G B A
7 AR S5 4 5 T BESRAE , snoRNA AT 43 7 BoxC/D
F I BoxH/ACA F % /N FEHL /K4 RNA (small Cajal
RNA, scaRNA) A 9K JL #Y snoRNA (orphan snoRNA) 4
KL IEAESR K ARBFSTIESZ snoRNA 5 2 ft i f£ 5
o S S IR PR i 1) A R AR AR G

FEREIE T, ZF snoRNA 55 £k, HERBK
-5 A 2 T I PR 9] R B R RS B A, OF
TR L T R P i S A (. BN, SNORD113-1
VE R gss B, AT B o 22 2 05 A0 2 B0 (mitogen-
activated protein kinase, MAPK)/4H }d #M = 8 717 {84 1
(extracellular signal-regulated kinase , EPK) Fl#% fb A4 4
[AF-B (transforming growth factor-B, TGF-B ) i 1 il
T 98 4 3 HepG2 il Huh7 B 2 K5 45 BF 98 % B
SNORA42 £ Fip 8| i Fa 2H AU R 4R 15, I HL T AR i
I REE A DU 145 R PC3 (345 A% A T g% -[0] i
’ﬂﬁ(epithrlial—mesenchymal transition, EM'I')“OJ =]
Hh R 22 35 19 SNORD105b 7T 3 i 18 47 i3 (aldolase A,
ALDOA )/ 2 Ji 2 2 56 A2 9 25 938 22 DR [R] U0 (cellular
myelocytomatosis viral oncogene homolog, C-Myc) i %
1A ALt e R

C A W 5T 48, snoRNA 7 fili i & A= & v A
FH RT3 3 e 40 P G A0 R A A AR e R R
A SV T (R X SR ST 1 Ak T AR
F B, snoRNA 1E il & A % e b iV F K 23 L

il W AN B . PRI, ASBIFSE AL — 2P R snoRNA 2
55 i g i A R A% Aok R AL AR, O 20 D il i 8
AH 2 snoRNA, 73BT snoRNA 75 fifi Jlit g o 1 22 % 323k,
PRI A g v 1 4 L 2 W AR T, D SR A A%
(i i g8 12 WibR X ) AR P REAR SR BRI R

1 #R57E*®

1.1 @mpeh 4R A
L1 RBIMA  ABFSER A A SR A ok
H 201342 A % 2015 4F 5 H B 42425 K225 — s
B B M S BB R FR A . b, Small RNA 0 7 i A
SR 4 X} fili g B HLTC 6T TE 41 SUbR AR Ol BRE592 W
Sy It i 98, S ek e 2 2 3L S SR 34 Ay g A L i =
60% ) ; RT-qPCR %6 UE S35 5% FH 30 XoJ il i i S e xof 1
HBBRA A A7 53 BT R F 108 1] £ 35 O it A is 41 42
Yy AFRAE ARG WHO bRifE L 400 BL2A 012 R
Ji R it B ) S HEBR AR I - O A 500
R S5 LA P , A I LA R QR B &
PE VRS S A RGP o A B B R [F)
B AW T 5 CAR R4 A 8 R A5 M e s B s
“EAR PR B2 vE (2022-HF58 102-01)
112 HMORIEMASRRARESRAE AS494
ORI [ ERRABE 40 A 200 5 r 4B 2
A bR A 38 T 5 TR EL I R % S AT A 0T B
FRITHTAREL . AR P DI R I R (R FRZY 1 em?)
FEF BRI >S5 em B 328 st il S 5D BB X 1E 41
ZUEN XTI FRA B BRI 208 AW R R g B S
it 2 -80 “CRARIR VKAR KR AE -
1.1.3 HBURHEEREE BB A T U E
25200 mg 204, 22 OCT (5 il 45 5 wm JE VKL F
TTHARE- LT Yeta . AcHE WHO il B 23 Jhm i A
2B Ik BT B A 2R 500 = VA R
AR L A R A0 L L 1> 60% BAAR AR A A i
S 2L T MR 0 AL O L5 A8 1E R B X I F A 4R
X HEA
L4 JAThe JmIR R R RIS et
AR HEAL ) , R GECEET T G BN T 2245 40E 4
FEAEWS PR A s A L T [R5 sk e D v
(G RI2IT s B S 85080
115 BlEY  ARWFSRE S IS G 2h B BRI
EEFNAEAREGEE . FURGH oy EETFA
H YR, K H 5 E R 2024 4F 12 A 30 H 8B #5E
oo EEMELSE bR N A (overall survival, 0S),
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OS 72 SR A FAR H 2 B0 T AR Yk B 7 1 Bsf 1] 11 B
[ i S AR B B AR AR AT AET sl i .
1.2 A -F Small RNA % R 2 4% i & snoRNA
1.2.1 ] H Small RNA &% J 4 AR 9 2 i £ snoRNA
TEAMEFE H , USCEE 4 15 i B 98 F8 35 10 I A A B Xof
IO TE B 20 4, JF J8% Small RNA B F G o XoF B 26
[ — 5B SR PR TE B4 20 . Small RNA S8 H 461 52
e, A Agilent Feature Extraction AR BN B 5
SBCHE , M snoRNA /Y 26 38 5 | AR 98 Small
RNA SE Fr A 45 S 22 i RIS AU B 9 %60 i
SEE H AT 22 R R IR 0T . B T B (E D 22
SEAEEL (fold change , FC) =1. 5 H.P<0. 05, 14 26 35
1525 F 3R IR snoRNA
1.2.2 BUEFEESAE i ad 3 N R IR LR A B R
(Gene Expression Omnibus, GEO) H' GSE261702 %4 i
£E 19 A549 Small RNA-seq B4 £ 48 B A snoRNA [
FER IR IGO0, MG L IR e i — 2P Bk 25 S 3Rk
¥ snoRNA .
1.2.3 518 LERUE K LIRS RN A
5 Y snoRNA J i oligo7 531514 , I3 14 1 va b
SR UE S R R . A T RS R AR AR
@ & % RN : B S HE A N AR &[5 wL 2xRapid
Ligation Buffer, T4 DNA Ligase; 1 pL pGEM®-T oy, -T
Easy Vector (50 ng) ;x pLZifL ) PCR =% ;1 L T4
DNA Ligase (3 Weiss units/pL) ; (3-x) L. DEPC 7K |, 12
SRR R G 4 CHE R . QX5 I % Ui
P EC i LB [ 44 (40 /L) 5 AA (25 o/L) $5 5758, = Ik
KEEERHE . BRRFREERRITMAZ T ERE R,
AT MLEEE 5 4 CORAE s ARG SR BRI HI S 4 °C#%
. QAL 5% B2 wWLiE$77 1 5 50 wL vk I il
b 1) IR AZ A5 A IR 5, VKA 20 min J5 42 ‘CHA 47 s,
LUK 2 min, fIA 950 wL % i SOC H5 97 3,37 “C.
150 r/min (JRHH 26 mm) I35 1.5 he EF AN HER
9 LB A b A6 X-Gal #1IPTG, B 100 pL 4 04 Ai ,
37 CEIE SRR RIS . @R IEY 3.
PRI SRR VR B2 T 5 2N & R M 5 mL LB K
RrigRdr 37 °C.270 v/min(PRIF 26 mm) 55557 12 he
B2 mLFE: 2 A N E /AR T b e R,
JFLAE R T A O B 95 3k R bk Rk AT R 9% . O U
b AR TE R, B H & (Buffer EV/E2/E3) 1T 247 5
HHHL, B0 B3, 22 Buffer EP4 Zb P 3 4. ARIK
H Buffer ES Fll Buffer PW2 114 [ , 25 B J5 il DEPC
IRPEE , FAS TR, ©@Sanger 7 : 5% FH Sanger XU 4
SR XU BORE DN A #4720 i) e 1 0 7

1.3 RT-qPCR# ] snoRNA F & 7K -F

ZH 21 B RNA PO HRECR FH Trizol 15 [ Trizol i 57 1 A
F[H TaKaRa A F) ; @05 (=& T ke) S INEE LKL
B0 AR AR B RE A ) ], BE JS {8 PrimeSeript ™ RT
reagent Kit with gDNA Eraser i 5] & ( 3£ [ TaKaRa 2%
Al ) ¥ 4T ¢DNA & B ; RT-qPCR ] 4% B8 2xUniversal
SYBR Green Fast qPCR Mix i 7| & (27 Abclonal 2y
F)) BERE LA TR, UL U6 FL R NS LA, T4
8~ snoRNA A IK 7K. RT-qPCR JZ WK % (20 pl.)
2 B 41 F : 2xUniversal SYBR Green Fast qPCR Mix
10 wL, 10 wmol/L (Y 1E A1 51 #1451 L, cDNA FE 4
1 L, HA AR H ddH,0 #ME (51914 s A T
INHEISCRE)

1.4 ] A CCK-8 i # M SCARNA4 3 A549 #m it 3% 74
AR A

K VEAl SCARNA4 #E 240 ML 345 vh B D BE L 43 3284 7
T SCARNA4 i A% 52 % Il SCARNA4 i 32 315 5L 86
SCARNA4 i 1% 52 56 4 240 B 53 A < B X B (negative
control, NC) 2 5 % ¢ siRNA ) SCARNA4 & 1% 41 .
SCARNA4 32} & 15 S KK 240 B 43 A « T Yo 2 38R 1 B
Xt B8 (Vector) 21 5 %% Y& pGPU6/GFP/Neo [ SCARNA4
SO SuY

AS549 4R AY R 7R 58 b IR 4 % e e IR Ak
DL RPMI-1640 15 37 3 ( 36 [ Gibeo 28 7] ) hy FE il 15 57
B A 10%FBS(ZE [ Gibeo 23 1] ) Fl 1% 75 8 2 55 55
RIFW (R R RN A S BRI N
37 ‘C.5%CO0. HHYLHT 1 d¥s A549 i M HE AP T 6 FLAR
o RE SR 1R A0 95 B 3K 3 709%~80% H. 43 A #4575 i
7o ge G Yead FE B 28 2 K Lipo8000™ a7 £ ( L 1fF
A RAAD) UL 547 . AL pGPU6/GFP/Neo FlI
siRNA 895 %t 752 GenePharma 2 ) 7 ¥ o

CCK-8: 5% 24 h Ji5 1) 41 B LA BE£L 2 000 /4~ 2 AL 1)
WA 96 fLM , BRI B 3B AL A B E 4
J3524 h. 48 h.72 h.96 h. 120 h J7 , BE e FL P 1% 55 4t
FEEFL 100 pL g2 35585 10 pL CCK-8 X7 (H Pk
BOCAEY AT RS W, 37 CHFE 2 b, e 6%
JE[0D(450) [MH.

1.5 Transwell 55 &4 M SCARNA4 *F A549 %m feL it #%
BAZ B Re ) 6%

Transwell 5256 43 2H [F] 21 Jg #8458 92 56 . 0T %
SEEIG 7R R A e Cie e v R S B SE 58 ) 24 h s 4
JHL AREAL 1X 0% 1) %6 B e i 1 i 7 24 FLAR /N
Y, ZINEE NI A TG I 37 5% % 2 e 1) 40 2, /s
ZEAMUAIA 500 WL & L35 19 58 R 35 3 ; e85 740
WEE 24~36 h 5, X /NE R Z RS Al i AT [ 45
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XIFEA Wilcoxon £ Bk AL 35 o XU P<0. 05 B 7R
2R HEAGIERE L
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FEABSE B0 7 K 285 5 7E A549 Small RNA-seq Zi4
AL FR IR, o 14 4% snoRNA 56 3F 8 , 359 4 76 Jili i 98
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A: Cluster diagram of snoRNA expression in tumor versus normal tissues; B: Volcano plot of differentially expressed snoRNAs

between tumor and normal tissues. T: Tumor; N: Normal
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Figure 1 Expression profiles of snoRNAs in lung adenocarcinoma versus normal tissues by small RNA microarray
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Figure 2 Expression of snoRNAs in lung adenocarcinoma tissues and paired normal adjacent tissues (n=30)
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A: Overexpression efficiency of SCARNA4 in A549 cells transfected with the pGPU6/GFP/Neo plasmid; B: Growth curves of
A549 cells with SCARNA4 overexpression versus vector control; C: Migration of A549 cells with SCARNA4 overexpression

versus vector control; D: Invasion of A549 cells with SCARNA4 overexpression versus vector control. a: P<0.05, b: P<0.01,

c: P<0.001, compared with the Vector group
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Figure 3 Validation of the biological functions of SCARNA4 overexpression in A549 cells
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A': Knockdown efficiency of SCARNA4 in A549 cells transfected with siRNA; B: Growth curves of A549 cells with SCARNA4
knockdown versus negative control. a: P<0.05, b: P<0.01, c¢: P<0.001, compared with the NC group
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Figure 4 Validation of the biological functions of SCARNA4 knockdown in A549 cells
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Figure 4(continued) Validation of the biological functions of SCARNA4 knockdown in A549 cells
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Table 1 Demographic and clinical characteristics of 108

patients with lung adenocarcinoma [ (%) ]

Variable Sample size

Agelyears

<50 35(32.4)

51~<60 34(31.5)

>60 39(36. 1)
Sex

Male 66(61. 1)

Female 42(38.9)
Stage

I 63(58.3)

I 27(25.0)

Mm+1V 18(16.7)
Smoking

Yes 53(49.1)

No 39(36. 1)

Missing 16(14.8)

Strata ~~ SCARNA4 Low = SCARNA4 High
1.007

e
-
o

P=0.034

Survival probability
o
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Kaplan-Meier i &
Figure 5 Kaplan-Meier curve for overall survival (OS) in
lung adenocarcinoma patients with high versus low
SCARNA4 expression
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Table 2 Cox proportional hazards regression analysis of overall survival (OS) in 108 patients with lung adenocarcinoma

Univariate Multivariate
Variable
HR(95%CI) P HR(95%CI) P

Agelyears

<50 Reference Reference

51~<60 1. 723(0. 656~4. 528) 0.270 3.163(1.007~9. 933) 0. 048

>60 1. 664(0. 655~4. 230) 0.285 3.249(1. 102~9. 580) 0.033
Sex

Female Reference Reference

Male 0.721(0. 348~1.495) 0.379 0. 694(0. 075~6. 441) 0.748
Stage

1 Reference Reference

II 0.959(0. 398~2.315) 0.927 1. 741(0. 664~4. 565) 0.259

+1v 1. 047(0. 386~2. 837) 0.929 1. 462(0. 449~4. 754) 0.528
Smoking

No Reference Reference

Yes 0.735(0.335~1.612) 0.442 1.106(0. 124~9. 846) 0.928
SCARNA4

Low Reference Reference

High 2.285(1. 040~5. 020) 0. 039 3.038(1.261~7.323) 0.013

snoRNA 7 1 Ay 98 9E A2 W) A 55 ) O 1o EL 4% 7 4 AR
T, AR BT SEIESE , snoRNA TR i
JiE 12 Wk WS PR A AR bR B . EAER R T
snoRNA 75 il H i 1 FH 32 87 22 21 56 13, A ifF 98 R ]
SNORD33 .SNORD66 } SNORD76 ] /E A NSCLC 1Y 78
TEAEYIRREY " SNORDSS ATV R Vs A 1) 30 il g 12
W i AR 12 AP A AR ST A B R
SNORDSSC TELHZ S Ml 3% v 1, {23 NSCLC FEM4 N
ShIETE RSB, FIRTISEERB, snoRNA B
AR AR RE A P br A P VAR N FH AL, 7Tk %40
B IE 71
3.2 SCARNA4 %y I B H 2 AR WP 69 AT SO IR
A 5T I Small RNA GBS K00 X6 4 45 il i 9 8
F B L X 1 B L AU T 22 5 R I8 ) snoRNA
ffive, LAFC=1. 5,P<0. 05 K B, J- 3351 Pyt
¥, e 3] 8 22 F R I8 B IHAY snoRNA , i f5 78 30 X
il Ji g 2L 2L AN EE X 1E R 2 AT qPCR B0 IE , & B
WA SCARNA4 2 5 2k HAR A p ik . & F
SCARNA4 TE g v B9 5T 8/, H I 1 A e 0L AE fi
FEh TR A . EA BFIE K B SCARNA4 AT R 3L

MR P T LE IS WA bR R (B HAE I R 1932
K UEPEAS TR AR AT SR RN, I H SCARNA4 7E fii i
Iig R R TR i AR W 2 T ae DA R AE FE ALt AT R TR
AW o T3 4h &R R BE A i IE 59 SNORD33
SNORDG66 . SNORD55 . SNORDSSC . SNORD76 % 5 >
snoRNA, A4S G A B S5 it 545 R A7 1 [l
iAr, T A5 975] Small RNA 78 F 6 10 B Be A 4
N 4 {5 it Ji 8 B 1) i AL 2R R B X AE R AL R
XA PR , 53 SNORD76 4% i it B AT 3 F ik 555
1M SNORD33 .SNORD66 .SNORD55 .SNORDSSC 1 A Mff
FERE M 25 TR IATH AR E(FC=1.5,P<0.05) F , )
KRIBFN P 22 7 RR BE , ORI 5 ZE5 5317 -
3.3 SCARNA4 %5 A% 5 9 #e 5 16 K TG A

RHERGE SCARNA4 FENT i vh i A= AR L A F
8B e EE T it % 3k SCARNA4 R A% SCARNA4 1
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