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(Kyoto Encyclopedia of Genes and Genomes, KEGG) il [ & 4£ 7 Hr )¢ & [ 4E & 42 70 #F  (Gene Set Enrichment Analysis,
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Effects and mechanisms of KRAS4A%* and KRAS4B¢*° in the proliferation and
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[Abstract] Objective:To explore how the two splice variants of oncogenic mutant KRAS?, KRAS4A"*“ and KRAS4B"*C,
promote the proliferation and migration of human pulmonary epithelial bronchial BEAS-2B cells. Methods:The two splice
variants of oncogenic mutant KRAS?*°, KRAS4A%"*“ and KRAS4B“"*°, were stably overexpressed in human normal pulmonary
epithelial bronchial BEAS-2B cells by lentivirus packaging and infection system. Western blotting was used to verify whether the
model was constructed successfully. Cell morphology was investigated by inverted phase-contrast microscopy. Cell proliferation
was observed by the Incucyte Live Cell Analysis System. Cell migration was characterized by scratch wound assay and transwell
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assay. To investigate the mechanisms, RNA-sequencing (RNA-seq) was used to provide insight into the transcriptome of the
indicated cells, Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Set Enrichment Analysis (GSEA) were performed
to identify differential genes and signaling pathways enriched in ranked gene lists, and quantitative real-time PCR (qPCR) was used
to further verify different genes. Student’s ¢ test (¢ test) was used for comparison between the two groups. Statistical significance
was accepted at a value of P<0.05. Results-Both overexpression of KRAS4A“* and KRAS4B“"*“ induced morphological
changes, including increased invasive pseudopodia structures and cell junctions of BEAS-2B cells. Compared with BEAS-2B cells,
the cell proliferation was significantly enhanced in BEAS-2B KRAS4A%"*° and BEAS-2B KRAS4B%"“ cells. In addition,
overexpression of KRAS4B%"*¢ effectively promoted wound healing of BEAS-2B cells (P=0.000) and BEAS-2B KRAS4A°"*C cells
(P=0.006), as scratch wound assay characterized. And overexpression of KRAS4B®"*“ effectively promoted cell migration of
BEAS-2B cells (P=0.033) and BEAS-2B KRAS4A "¢ cells (P=0.048), as transwell assay characterized. Mechanically, compared
with BEAS-2B KRAS4A°"C cells, cell adhesion molecules gene set was enriched and the mRNA levels of claudin 1 (CLDNI) (P=
0.000) and cell adhesion molecule 3 (CADM3) (P=0.000) were up-regulated in BEAS-2B KRAS4B*® cells. Conclusion - This
research first reports the differences between KRAS4A°”C and KRAS4B““ in promoting BEAS-2B cells proliferation and
migration, and the underlying mechanism. The oncogenic mutant KRAS4B®"*C drives cell migration more significantly than
KRAS4A°"* does, which may be related to the expression level of CLDNI and CADM3. Our study provides insights for the design

of KRAS-specific targeting inhibitors and individualized therapy for non-small cell lung carcinoma patients harboring

KRAS4A“"*“ and KRAS4B“'*“.
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112 FBEGH 0.25% BREE F . R 2% vh RV
7 (phosphate buffered saline, PBS). 7 % % -5 %
2 OB WA AR A E R A
BE8 Wy A BR >\, Takara RNA $2 Ui 5 & .
PrimeScript™ RT Master Mix (Perfect Real Time) i
M & H H A Takara 23 m), % Y& P0G 5 97 55
DMEM i Hi; 573 . BCA R A il & . W&
143 7 & marker. Lipofectamine 3000 X 7| . P3000
7 S ECL & (53 19 36 [§] Thermo Fisher Scientific
Aw], A LIS H £ E Gemini A R, Ku86 Hi A&l
F 2 [# Santa Cruz Biotechnology 7\ &, Tubulin $1 {4
4 A 3% [ Proteintech A A, RAS HUik . HAR i &k
Py br i 1t 2E T 5 1gG Kbt/ B 1gG Il [ 35 [ Cell
Signaling Technology 7% 7, RIPA ZLf# & . Western
blotting —HT i B S R H AR A HOE R OR
NG

1.1.83  FEAULE ALt Co,HMMiiRMmm
H 3% [# Thermo Fisher Scientific 24 Al , il vkALIE H 3%
Scotsman 2\ F) , £ LUK M FEED R g8 . T
Z U RERE R F 55 [ Bio-Rad A W, SE5G H 4tk
R4 A 3 [F Millipore 23 7], Incucyte 1% 4 fifd 20 245 58
Af AR AN [ 5 [ Essen 2 7], Odyssey W8 Z1 M il
R RS0 F 35 B LI-COR A R, 5] EAH 22 W s i A
H 4 Nikon 2\ w6l , 4 J1 fiF 45 W B 12 [ IKA 2 H
ey . RIE S E B O LG A 2 E Eppendorf A ] .

1.2 WF5Jiik

1.2 4HdE R M AR A% ECl DMEM bl 58 4 5 57
BO(E 1% BRABEM . 1% ST . 10% JIE 4 1
). PBSIHVEANM, 37 °CHIAK 0.25% I & 11 il
(£ 0.038% EDTA) W1k 1~2 min, 5 ff 5¢ 4= 8% 5% 3
Lk, 1 34BN, FREOW AR AN IR .
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1.2.2 Kyt # ik KRAS4AC Fil KRAS4BC" 4 jity
F R L e FH SIS 5 3% 5K . Lipo 3000
7] . P3000 Enhancer Reagent. f%% ki . H Ay
PR R R A W) 5% e 293FT 40 i . Wi #E 24 h A1 48 hJi
o & 12 B 95 ORN Polybrene Ji 2% BEAS-2B 41
ML, 1 wg/mLBEMSEE R L, ¥ 3. fRA N5 2
SH
1.2.3 FEABEIERI BB TTL (Western
blotting) A AR A ke 3 . HCHl 10% SDS-PAGE i,
HL Pk 2~3 hy il BE9S fk PVDF i, 4 °CHf i 4% i
2~3 h; S%BIRTI M E IR B 1~2h; — PR EWT
W CHUEREME L h; ECL B AR B,
1.2.4  RPESCEAHT BOSHEUE K40 (20 0004~/
fL) R, FRAIIC G B IR B 95% B, T R X
IR, PBS W Uk 2 Uk, # R fE 8 SR AL A
Incycute 1% 4 il 0 25 52 Ik AR BT 23 A Bl
1.2.5 Transwell L0 A7 F L2 /NE PR 40
i, 50 000 4~/4L, E2/NERITIR/NE 5500 LAk
BRI SE G R, WEE 20 he PBSIHWE2 K,
4% Z R [ 5E 25 min, 25 At . FZE
R LEAM, PBSTEVE2 K, TRMETW
BRI . REWOIRZE & J5 FH 10% VK R A5 B,
595 nm YA T AN BE (B AT 0 153 AT
1.2.6 RNA-seq kil  $2HRNA FE 5 5 2% 2 i AR
R KR A R wl R
127 HERETESNT RHEHRETEHT
(Gene Set Enrichment Analysis, GSEA) X} RNA-seq
BRI AT AT R, ELRR 1AL R ISk 2 Hep
s AL & % 18 4 (normalized enrichment score,
NES) 4XHE KT 1, normal P<0.05 fiY 38 # T iYL A
G EAE X,
1.2.8 RNA$EHU} qPCR K] 2 B Takara RNA #
BOR A &6 15 B RNA, 240 0 24 f#% . DNAE
Br. RNAZifk . PEME. DNARGH L . Vel Ze 4 e
#| 50 wL RNA . 1 J1] Nanodrop £ Il RNA ¥ 5 (4 R
K g o el i G SRR R 4 pL 1.5xPrimeScript RT
Master Mix+RNA 1 000 ng+JC RNA filf/k . 2 B4 %5
WISk FE T, CHEP TR 37 °C 15 min, 85°C 5 s,
qPCR JZ Wi & ALl . 6.4 pL JC RNA i /K +10
wL SYBR Premix Ex Taq II +0.8 pL PCR [ #7514
(10 pmol/L) +0.8 wL PCR Fi#514) (10 wmol/L) +
2 wL cDNA. TiAEME 254 95 °C /1 30 s5 73 4%
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Tab 1 Sequences of primers for gPCR

Gene Primer sequence(5—3")

F: TCTTGCAGGTCTGGCTATTTTA

CLDN1
R:TTGGGTAAGAGGTTGTTTTTCG
CADM3 F: AGAGTGCCCTGATCTTCCCTTTCC
R: GTGGTAGGTGCTGGAGGAGGAG
. F: CGGGAAATCGTGCGTGAC
B-actin

R: TGGAAGGTGGACAGCGAGG
Note: CLDNI—claudin 1; CADM3—cell adhesion molecule 3.

1.3 Sl Pk

{8 H] GraphPad Prism 8 B4 %F $ic 4l i 47 48 1170 B
MAEE . & g5 R ] xxs R, il student’s ¢ 45
W AT U H . P<0.05 RoR 22 5 BA G 8 L.

2 &R

2.1 KRAS4A“*“HIKRAS4B i 43k 5 &2 N EF il

SUE R AR &AL T 5 LIRS RE )
Western blotting 4% 5 i} 75 BEAS-2B KRAS4A%"*¢

Con 4A

26
iﬂag_ms
RAS
17

Con 4B

RAS

) E
17 -

Confluence/%

, KRAS4AS il KRAS4BE %t A I 1% 22K AE S /6 25 53 e Lmise. | 1019

FIBEAS-2B KRA S4B F2 7 12 3% 1A 20 i M) 2 L 1)
(1A, 1B) . Incucyte 5% iF VLI 41 g 8 58 25 1k, 45
BB 5EAMIL, BEAS-2B KRAS4A™ il BEAS-
2B KRAS4B i i3zt fig Sy Hgom (K11C) . H TR
7% KRAS4A° il KRAS4BC"“ iz % ik %t BEAS-2B 4
MBS R, T 0 PR AES (K1D):
BEAS-2B % f 41 20 ffd B (A S w151, 4 B dscdy, ~7
IAZEM) AR 5 . BEAS-2B KRAS4AS 4 ifd #4 1] A KL
WIJE AR A K, A 2 AR 45 42 B ; BEAS-2B
KRAS4AB Ul i sr AR S5 K W] i, TEARAZ R KR TE
RS 2, A RARGE AR il XSS R
KRAS4A FIKRAS4B*“ 1 F ik g i BEAS-2B 4 Jifg
W RIE ML

2.2 KRAS4B 5| & 40 JHlig 2 G Jy 184 o 2 HL i T
KRAS4A™
HE— 258 KRASTCR ] B A A L i 41 i
EERE IR . WR LI A R R 12 h )5, BEAS-
2B KRAS4BC 4l il 1l i X 58 4= /L &, 11 BEAS-2B
KRAS4A Yii i 5 5 A i fL R IX i R i, R W]
BEAS-2B KRAS4B il }fd iz 5l i /) i %3 T BEAS-

50 um v 25 pm

Note: A. Western blotting analysis of Flag-tagged KRAS4A“"*“ stably overexpressed in BEAS-2B cells. B. Western blotting analysis of KRAS4B“'* stably
overexpressed in BEAS-2B cells. C. Proliferation rate of BEAS-2B cells increased after stable overexpression of KRAS4A°"”C or KRAS4B¢"C,
D. Morphological changes of BEAS-2B cells. Ku86—Tubulin, as loading control; Con=BEAS-2B; 4A=BEAS-2B KRAS4A“"*‘; 4B=BEAS-2B KRAS4B“"*",

1 KRAS4ACHN KRAS4B i =i 3 Fil - 57 2 B T4 765 T2 S 78 ) 2 Wil

Fig 1 Effects of KRAS4A"*® or KRAS4B“"*® overexpression on pulmonary epithelial cells morphology and proliferation
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2B KRAS4A““ 4l Jifi (P=0.006) % BEAS-2B 3% A4 F BEAS-2BEA4AfI (P=0.033, K2C, 2D). X4k
il (P=0.000, ¥l2A. 2B). [AlkE, Transwell SCERZE 25 MU 31k KRAS4ABO 265 [ A i s2 S48 - Bz 40
RALUESE BEAS-2B KRASAB AU liT B AE /) &0k s shRE I amalURon T KRAS4ASC,

F BEAS-2B KRAS4A““4iififi (P=0.048), H &%

Con

£ 100 - —* BEAS-2B <100 R
} —o— 4A iy

g2 s = B 5 75+ ‘
] i) .

L=} 2 2.

S sof g 0=

S =

° 25t ERPLS

2 5

3 . . . z

Cell migration/%

Con 4A 4B

Note: A/B. Mobility increasing of BEAS-2B cells induced by stably overexpressed KRAS4A%*" or KRAS4B®"*" (real-time observation by Incucyte, scale
bar=300 wm). C/D. Migration increasing of BEAS-2B cells induced by stably overexpressed KRAS4A"*“ or KRAS4B“'"*“. Con=BEAS-2B; 4A= BEAS-2B
KRAS4A%"*; 4B=BEAS-2B KRAS4B%'*°. "P=0.000, compared with the control group; *P=0.006, compared with the 4A group; ®P=0.033, compared with
the control group; @p=0.048, compared with the 4A group.

B2 KRAS4A“"“FIKRAS4BC it ikt i _E K 4R A 30 A9 &0
Fig2 Effects of KRAS4AY"*C or KRAS4B“"*“ overexpression on pulmonary epithelial cells migration

2.3 KRAS4BCCif ik ik BEAS-2B AP HI  KRAS4AY i % 35 40 iy Al BEAS-2B KRAS4BC" i
KHEPH CLDNI Fi CADM3 43k T FEIR G0 B AT RNA-seq I 17>, J5 X1 5 45 R 647 5%

T R T Fk KRASABO fe g Afii |- #RIE P 5 A4 7T B4 (Kyoto Encyclopedia of
K4 M iz B W g F BL I, 3R AT X BEAS-2B Genes and Genomes, KEGG) i I & £ 4 M &
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(P=0.000, K 3A). GSEA 4 R BxR, 5
BEAS-2B KRAS4A®"*" i 5 ik 41 ffl #H [t , BEAS-2B
KRASABC 32 2 35 41 i v (%) 41 B 5 B 43 7 AH DG A5 5
WGk B E FIE (P=0.002, K3B). fii f] gPCR
XJ 24 1 288 B 53— 38 ¢ v G B 56 ) CLDN1 Fll CADM3

KRAS4ASCHIKRASABE X il I+ F A K Rz S fe s e L airse | 1021

) mRNA 7K °F i 17 & Wl , & # 5 BEAS-2B
KRAS4A it Rk A M AH L., BEAS-2B KRAS4B®"*
b 2% 35 4 MG v 26 B AR OC 36 ) CLDNT Fl CADM3 1)
mRNA /K8 % FFm (P=0.000, [&3C, 3D), Xt
45 J L 7R KRAS4BO i it 6 Bt AH G FE Kl CLDN1 F1l
CADM3 FiH, feit4ifEizz).

A B
Cytoki toki tor interacti P value
ytokine-cytokine receptor interaction - o 0 ] aifestoaalsss
0.5
Cell adhension molecules o 0.01
0.02
Type 1 diabetes mellitus |- NES=1.536
P=0.002
0.03 -0.2
Miin el Olvan iosmiiess . ML
Gene number i i
° 4
Other types of O-glycan biosynthesis | ° ° KRAS4B KRAS4A
: 9
Hypertrophic cardiomyopathy | 11
yp P yopathy . [} . o ;
0 0.04 0.08 0.12
Rich ratio
C D
g 2 gaor —2—
— e
2 200 F & 240 +
w "
) [0
<
<Zt 150 | Z 180 +
[~ =4
= =
= 100 - <120t
= q
<
S S0t S 60
3 0 5 0
4A o~ 4A 4B

Note: A/B. KEGG (A) and GSEA (B) analysis of the significantly differential genes between BEAS-2B KRAS4A“" " cells and BEAS-2B KRAS4B“"* cells.
C. mRNA levels of CLDNI in BEAS-2B KRAS4A%" cells and BEAS-2B KRAS4B®"*¢ cells. D. mRNA levels of CADM3 in BEAS-2B KRAS4A®"C cells
and BEAS-2B KRAS4B%'%C cells. 4A=BEAS-2B KRAS4A%'*; 4B=BEAS-2B KRAS4B%'*."P=0.000, compared with the 4A group; 2p=0.000, compared

with the 4A group.

3 KRAS4AC?“H KRAS4BC it =ik 3 Fibii 18 5 B E CLDN1 F1 CADM3 FRiLHIZ M
Fig3 Effects of KRAS4A%"* or KRAS4B“'"* overexpression on the mRNA levels of CLDNI and CADM3

3 idie

KRASVE R Z R fie vh (1) 2 BEBUR IR sh LK, 30
ZAF K — EHOA N R AR W] 2 R0 L AR R
KRASCC g S A 1 35 AMGS10 /) _E 17 45 KRAS
RASEIE R WO T A2 P, A KRAS JE K A [A] 5
A5 VAT BIR S 95 E 2 JR T 1) 43T AL LA B KRAS AN
[7i) 35 R 9 A8 25 R S0 40 T LA 22 o R A R T A,
BT KRAS 7 1 S AFF & (R e B o el A F 9 4 2
KRAS4A Fll KRASA4B 7 % Fft i iF 200 i bk v 35 )12 36
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ik, Mg R R 9 40 A L KRAS4B %36 3, i
45 i i 1 BB 0 25008 21 ) KRAS4A Fil KRAS4AB % 15
AOEA 1O R T HF ST KRASC A [ 5 4225 (R4 it
ili b R 40 i A K RG2Sl ) 25 S S CHHLD 3R AT
0 B B YL 7R IE W il S48 1 B 41 id BEAS-2B th
5 2 A4 7 KRAS4AC Fl KRAS4BC (2 Fh BT J2 44 )
Fo it IR MIBR , BT W5 & I KRAS4AC FI
KRAS4BC 1 ik 5 ke fili b fe A B 287284k, JF
Ha] D2 gE A Mg o . TR IR R R
ARG AL 28728 () KRAS4A " Fll KRA S4B 2 Fif 5 432
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PR fili L K 20 0 649 328 Bl RE 3 A7 (T2 7 R e o e

FEW 7 Bl R 40 Mz shRE 1 A8 Ak 1 43 T L
nfar?
KT i e X e R) B, e AT R RS2 AN

Transwell S BB LA I A I B 1 2, 25 R R
1 2K KRASABO 5| fiili_I- Bz 41 iz 2l g ) 3 5 %
Bk T oot 3k KRAS4AS™ ) o T gk — 4 8 5%
KRAS4BC ik iiti b K 40 ffi iz ) 1 o3 L, 3R]
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