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Abstract Objective To investigate the expression level of signal transducer and activator of
transcription 4 (STAT4) in lung adenocarcinoma(LUAD), and to analyze its impact on the
proliferation, invasion, and migration abilities of LUAD cells. Methods Gene expression omnibus
data base (GEO) , human protein atlas (HPA) and Kaplan-Meier Plotter databases were used
to explore the expression of STAT4 in LUAD and its effect on the survival of patients with LUAD.
Stable LUAD cell lines with STAT4 knockdown were constructed using lentiviral packaging
technology, and the knockdown efficiency of STAT4 was assessed via RT-gPCR. The effects of
STAT4 on LUAD cell proliferation were evaluated using CCK-8 assays and colony formation
assays, while the impacts on cell migration and invasion were assessed through wound healing
assays and Transwell assays. Results STAT4 was lowly expressed in LUAD, and its low
expression was unfavorable to the survival of LUAD patients. After STAT4 was knocked down in
LUAD, the proliferation, invasion and migration abilities of lung adenocarcinoma cells were
enhanced. Conclusion STAT4 is a prognostic marker in LUAD which significantly inhibits the
proliferation, invasion, and migration abilities of LUAD cells. STAT4 is expected to become a
new therapeutic target for LUAD.
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TORIfE3G . STATA EEH AR (interleukin, IL) ~12 #3&, 7E Thl LM 4L pE %
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1 MEETE

L 1A i difE (A549. PCO) « AREIAE (293T) W H mPE i 28 4 fr RHECA TR
Aw]; RS E R ENUEV R G IR AR SR IR Rk, R ERIWEH
HEABEDREA R A RNA S B LA BRHE ARG R A ] R
W YT (Agel. EcoRD # H AL 5t 22 A AR A R A =] 20 M8 5 S 75 A A 0 77 &
CCK-8 g HJ MERF VMR WA E : ARG FR/N %0 B 75N Bk AV EARA R A
B-actin A B ERIN = EAEWHAFBR/AF) (66009-1-1g) : STAT4 Hifk iy 5 < E Med Chem
Express /A& (HY-P80903) ; RT-qPCR 510 H & A FRAEME R AR . 5175 W& 1.
®1 5IUBEFF

Tab.1  Sequences of primers

Gene name Primer sequences (5'-3")
F: CAACTGCTTAGCACCCCTGG
GAPDH
R: GTCAAAGGTGGAGGAGTGGG
STAT4 F: AATGGGCTCGACCAGCTTC
R: AGGTGACTCTTTCTAGCATGTGA
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1. 2. 1 Kaplan-Meier Plotter $(#&E 17 2 -H L4 B X & (Kaplan-Meier Plotter) & —/
BB AAE AT TH, FI TP R R Rk 5 B AR R 2 AR R e B HIAE A2k
ASHIF FE A FZ 50 2 40 AT STATA X LUAD H3 AR A7 [R5

1.2.2 BEERERFZHIEE (gene expression omnibus data base, GEO) GEO J& 2% [

SEAEWIE ARAS EoR (National Center for Biotechnology Information, NCBI) 1% 447 i) 3k



DR s B8 26 o 5t P AR 1) Bl R R B R B R R A 255 & 41 (gene expression omnibus
series, GSE) ¥l 5. HNKILLAFEA (gene expression omnibus sample, GSM) #4545
T APFriE GSE103512 1 GSE21933 H )7 #r, R 5T STAT4 £E LUAD Hr )ik K
1.2.3 ANREAREREEIEE (human protein atlas, HPA)  HPA i e 4> N4, 247,
TREL =AY, A AER T E AN, B SRR AL R R RIA L, g B s
NGO RN . AT S AL B RV T2 8000 T

1.3 ik

1.3.1 ZHHREIR A549. PCO FI 293T ¥ 10%fi24F ML 1) DMEM sk 77 56T 37 C. 5%
CO, Hi 5748

1. 3.2 W STAT4 BRI RIABE MR SLI0 T E, EF pLKO.1 #fk, H Agel. EcoRlI
W UIEE XU Y) pLKO.1 8. RIE 51t JZ st 519, BRKERAIHK A B. 5815
i) pLKO.1 #ifkRg i, 93] pLKO.1-STAT4 shRNA [H#ik. pLVX #fk{diH EcoRI A1)
BT pLVX otk o ARIE 51 R 514, PCR 1351 H 1 F B, SEEVIE F pLVX
BARFIJRELH, 193] pLVX-STATA HIEk 1k

1.3.3 STAT4 BREREREHMIBRHE WHA 1.5 mL B0, 78 AEHBE. A
B R 5 pg WKL, 2.5 ug R IR AR (VSV-G) UKL 5 pg f) P8.9 UL A £
400 pL Opti-MEM H13f9E%5). B4 : ¥ 37.5 pL #4715 2 Wz (polyethyleneimine,
PED) JIAZ 400 uL Opti-MEM # & 5 min, A. B &IR))E=EFE 15 min. R A
)M 293T A, JRNEEFRFIEE 16 h 54 7000 T 4% 48, 72 h J5H 0.45 pm F)JE
PRI UE 203 T 75 75 LB B WACHE P95 B3R 4 ABAQ 211 i AT PCO 4, 3T 12 h J5 I\ 2 pg/mL
WENS TR R, ik 48 h ST S R4 MISEES . AR SEIG T, mUIR4E T NonT shRNA 4 st
HEZH, STAT4 shRNA 4Hfa N SEiea s iid R s 4+ Control 40 X REZH, pLVX STAT4 41
f g2 .

1.3.4 RT-qPCR SE&& YSAEAHM, A H RNA FERGAF SR I MLS RNA, 5% cDNA
JEHHATSER POk E B PCR 748 (B8R 1 .

1.3.5 CCK-8 SE5 1EAmUfICH STATA 401, % B4R 2 80%~90% M HAL4i. FHIC ik
B R BN AN M B T B IR AR 2>0° NI A ) SR AN A B . A LI 100 pl HAH MR,



3L —IRE S . AN B oK 1 97 55 R1 CCK-8 L 10 & 1 I ELBITR &, &L 100 pL
WA, WE 15h )5, FHEEFRECRI 450 nm BRI, SELALEES d.

1. 3.6 TRRRTEERSEH T HUAl (52560 IR [ CCK-8 S2it, HY 50 uL #4if2i, 4T 6 fLIR
Hr, B 3 R¥—UGR, H59% 14 do W 6 FLBRH PBS iE T 3 Ik, £ R PEEM E 10 min, 45
A S5 10 min S5 AR
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1 DMEM k823577, 4 5625 Akt TR 12 h RE—RRIRE T, Image J #4-5#-F
BRRTERE, IRt E R E A . RIREE %= (0h MYRTEEZ —72 h QIR S ) /0 h IR 5
X100% .

1. 3.8 Transwell 2% AT RATI : 75 6 FLAR ' H 10935 135 7R FE 55 TR i, AR K
2 80%~90% I VHALARL . T I B TR FoR A ] B AT 2 THRE TR 4 =< 10° M) B
PR, NEN IR, DEIRE N e IR, HANEE THFRMA PRI 140,
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T GUAIRZEAI e/ N E AN 100 pl FEFRAS, 1 h S FRIDNAMETR, HAR Seue b ok
[ 40 L S A% SR

1.4 GEik2EAb3 AR K SO 4 BT AU/ B4 GraphPad Prism 8.0.2 HEAT B4,
PR IR FLI R & IEAS A0 A ISR R t A5G, AFF & IEA M i ARG S, 220 0 %L
BRI E T 200 HT, P<0.05 N2 R A Gt %7 3.

2 GiR

2.1 STAT4 #E LUAD HERIE, HIERZAFFT LUAD BEREF  NIRF STATA X
LUAD H#& AE1E 500, %925 18 ] Kaplan-Meier Plotter ¥4 FEBEATAEAE 0 M. 45 R BR,
STATA (RARIAN BFH AWM, STATA mRik e B A (K 1A) ; #Eid GEO
H¥fa 2 b GSE103512. GSE21933 %4l 7y 7% STATA 1R IEH 42N LUAD HZr i3RIk
EHEAT T, oK STATA /£ LUAD AU R3RIA (B 1B) ; [RIIR X HPA ##fa 2 v STAT4 4
FEANBARRAT 4, SR BN, STAT4 £ LUAD A4 FIFRIEACHR T 1E % fiZH 24 (K
1C); @it RT-gPCR (] 1D) Al Western blot 52545 (] 1E) , 28] T STAT4 7& LUAD 4iifis &2+
S



Bl 1 STATA FENfilEHERE LS BEEHFHEEMR
Fig.1 STAT4 expression levels were lower and positively correlated with patient survival in LUAD

A: Survival analysis of STAT4 was performed using the Kaplan-Meier Plotter database; B: The expression
levels of STAT4 were analyzed in the GSE103512 and GSE21933 datasets; C: The HPA database was used to
detect STAT4 expression in normal tissues and LUAD tissues >4; D:RT-gPCR results showed the low
expression of STAT4 in LUAD; E: Western blot results showed the low expression of STAT4 in LUAD

*P<0.05,***P<0.001, ****P<0.000 1 VS Normal group.

2.2 STAT4 shRNA #AME R SLL H ik e 22k pLKO.1 (K 2A) . A1 Agel.
EcoRI E#Y] pLKO.1 #fA (& 2B), #i4E d1H i 51 iR K 51521 B i fy By, FHBEYI S ) pLKO.1
AR H A BEERE, W )5 45 B EEXT 228 pLKO.1-STAT4 shRNA # A M) & I (& 2C) .



Bl 2 STAT4shRNA itz
Fig.2  Construction of STAT4 shRNA vector
A: Schematic diagram of the pLKO.1 vector; B: Agarose gel electrophoresis image of the pLKO.1 vector

digested by Agel and EcoRI enzymes; C: Sequencing result alignment map of the pLKO.1-STAT4 shRNA vector.

2.3 Kl STATA ZE LUAD HIIRIMRARE  Jv I U0k STATA shRNA FIRRALE, skt
17T RT-gPCR F1 Western blot 5256 . Z558 27, & LUAD 4fijfd 5 STAT4 shRNA ZH 41 g
STAT4 ] mRNA FIE [ RIEK KT NonT shRNA 41 (& 3A. 3B) , &/~ STAT4 I

A AR AT o



B3 STAT4 & LUAD RRAME
Fig.3 Establishment of STAT4-knockdown stable LUAD cell lines
A: RT-gPCR results showed the successful knockdown of STAT4 in LUAD cells at mRNA level; B: Western

blot results showed the knockdown of STAT4 in LUAD cells at protein level; ***P<0.001 vS NonT shRNA group.

2.4 W& STATA {23 LUAD ZRffIFIIETERE ) 9iR ST STATA X LUAD HSHRIFEM, 1%HT
FEHEAT CCK-8 5286, 4R E/R, mifk STAT4 J5 LUAD 4l )34 5E B 7134 3% (K] 4A. 4B)
R SRS A T AU S B AR A . S5 EOR, R STATA RS2 I 5040 1
JaRE )1, HE—IDIRIAE STATA X LUAD 41 f 3t 58 (4 /£ H (K] 4C. 4D) .

B4 R STATA{E3 T LUAD ¥
Fig.4 The knockdown of STAT4 promoted the proliferation of LUAD cells
A, B: CCK-8 assay was used to detect cell proliferation ability; C, D: Cell colony formation assay was used to

detect the proliferation ability of single cell; **P<0.01, ****P<0.000 1 vS NonT shRNA group.

2.5 W& STATA {2k LUAD ERBARRHIBES Ty iR TTRUK STATA X4 i #% AR 22 1)
SO, AZSEIRHEAT MRS . S5 R TR, WU STATA J5, RIJRMI L A 240 i e SE PR [7)
HA LA (K 5A. 5B), RV4HMUEHREJHG9R; B )5 HE1T Transwell SE46, EoRm{k STAT4
JE S /NE I EE 2, PRI IR STATA BESS R LUAD ({222 FIiT s (K 5C.

5D) .



Bl 5 M STATA Rt duiRa. T8
Fig.5 The knockdown of STAT4 enhanced the invasion and migration of LUAD cells
A, B: Wound-healing assay was used to detect changes in cell migratory ability >4; C, D: Transwell assay
was used to detect changes in cell migration and invasion abilities >20; *P<0.05, ***P<0.001, ****P<0.000 1

VS NonT shRNA group.

2.6 STAT4 SREBMARME  HRIESCL H RS HAR pLvX (K 6A) . F EcoRI 1)
pLVX #Hfk (F 6B) , MRAERITFHIGIY PCR 52 H A B, BEYIEH) pLVX #iik 5 H
() A BRI, 45 B EE o R pLVX-STAT4 # ik i@ kzh (B 6C) .



Bl 6 pLVX-STAT4 #ikHize
Fig.6 Construction of the pLVX-STAT4 vector
A: Schematic diagram of the pLVX vector; B: Agarose gel electrophoresis image of the pLVX vector digested

by EcoRI enzyme; C: Sequencing result alignment map of the pLVX-STAT4 vector.

2.7 Bl STAT4 £ LUAD HHEREMZE RT-gPCR Hl Western blot sL4045 /R, 1E
LUAD 4iiJfii % pLVX-STAT4 4411+ STATA £ mRNA (] 7A) FIEF (B 7B) FikK
P T Control 41, #2715 STATA Kyid ik fa R4 2 Al -



Bl 7 STAT4dRiX LUAD Fa R
Fig.7 Establishment of STAT4-overexpressing stable LUAD cell lines
A: RT-gPCR results showed the successful overexpression of STAT4 in LUAD cells at mRNA level;

B: Western blot results showed the overexpression of STAT4 in LUAD cells at protein level; ***P<0.001,

****P<0.000 1 vS Control group.

2.8 TRik STATA #lifh] LUAD ZHffIFIBETERES) IR FT STATA Xf LUAD S4FEIKIFANA, 1%
SEYGHEAT CCK-8 SZ6. 45 G R, iT#Rik STAT4 J5 LUAD 4 (a5 At J1 % (K 8A.
8B): Yl TE St — A I 4H ML A K AR A . A5 IR ER, I RIA STATA RERS [ A 54
MF3ETERE S, P IGIE T STATA X LUAD 41 i 3458 i 4 /i (K 8C 8D) »

8 itFRI& STAT4 % LUAD 35 (5 m
Fig.8 The effects of STAT4 overexpression on LUAD cell proliferation
A, B: CCK-8 assay was used to detect cell proliferation ability; C, D: Cell colony formation assay was used to

assess the proliferation ability of single cell; *P<0.05, **P<0.01, ****P<0.000 1 VS Control group.

2.9 IRIX STAT4A #it] LUAD EBFURZEMIGES NIRRT RIL STATA 4L # Mz
ZB (1R, AR RIS 4 IR, 1 FIA STATA Ji5, RIJE 6 10 () 200 [y v et 8 o B 8 (1

9A. 9B), BNZHMUIERLEE 1095 . BHJGHE4T T Transwell 5236, BoRid#ik STATA J5, #Fid



/N SR B /D, PR R UE IS R IE STAT4 REFEAIK LUAD 48 i (1) 4= 22 FIiL # fig 77 (K] 9C.

D).

B9 idRik STAT4 Xt LUAD iR ZE. TRHEM
Fig.9 The effects of STAT4 overexpression on the migratory and invasive abilities of LUAD cells
A, B:Wound-healing assay was used to detect changes in cell migratory ability >4; C, D: Transwell assay

was used to assess cell migration and invasion abilities >20; *P<0.05, **P<0.01, ***P<0.001 vS Control group.
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