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[BE] B8 - Wit Lz Kbz K4 2 M KEE 38 (ubiquitin-specific peptidase 38, USP38) 7 15 i FP i FIB4HAE . I R
Jii B S HAR g8 o AL, I S8 58 TR Ui O B 0 S R A R 45 A& JE B 11 14 (RNA-binding motif protein 14, RBMI14)
Tk - WA SO BITE 1 A0 R TR 2 B R 55— AN R EE B B W /MR 32 F ARG 7 1 B 98 i 1 g S g s dl 8, I
S22 6 2 B PCR FIEE [ J B b 15 56 UE USP38 78 B 9% A (9 235, FF 0 Fm i JE K 4 K13%  (The Cancer Genome Atlas,
TCGA) MIE:H FIRZEAEIEE (Gene Expression Omnibus, GEO) 43#7 B i B & I IRAFAE 5 USP38 33K /K A AH 4k
WL N B M (Gene Set Enrichment Analysis, GSEA) . JERA{AIE (Gene Ontology, GO) K A #RILIN 5 HLHH &
#t44 (Kyoto Encyclopedia of Genes and Genomes, KEGG) il USP38 #1255l . 45 G SCHikHILiE 5 Pearson AH 51443
Hrah B0 08 USP38 BV LR Y . R A8 &8 (cell counting kit-8, CCK-8). 5-Z BIE-2-Ii4 R 1T (5-ethynyl-2-
deoxyuridine, EdU) i{H & . solEIE s % %I S8 3EAL USP38 X AGS . HGC-27 15 48 41l 3o Al AT RS 1 520 ;. A1 P06 7
AR B 7] USP38 1Y% & Fe A% W% ER  (short hairpin RNA, shRNA) A4 & @ iAok, Fiid heeml#h (rescue) 52
B30 IF USP38-RBM 14 W FEf I AE W2 T, Z5R - TCGABURIE M /R, USP3STE B a1 41 B mikis (P<0.001),
HFBKT 58 F BB MAEAE R (Logrank P<0.001, HR=1.36) KHFiHL/HI (P=0.017) RIFAIE, GSEA T &M
USP38 R A 418 # 5 T G2M I AE s . R 2 [NF (early 2 factor, E2F) 5 . BT K DNA it 2 4m (98
HEJ5 PHIN<0.001), HAIk USP3SHEHS T JRISTE S M AR MR35 . DIRE SR SE sifIk USP38 W] i 354 i 5 98 4 M 1d 7
5% (iéJP<o 05) . Pearson A 1/ B B7n . USP38 5 HIEE 45 & E 11 RBM14 [R5 2 B # X (R=0.22, P<
0.001). #—EWFRI, MR USP3STTREARRBM14 21K, T AR 1G4 H50) S 2k - (cycloheximide, CHX) S
%i‘%ﬂﬁl USP38 7E& 15 Ml e /K F-Ha e RBM14. I lal%l\%%um , 1 FRIK RBM14 0] FR 53K E USP38 AR 15 6 0 i i)
PN, UESE USP38 il i 2 RBM 14 8 [T R FEAE I VE . 4518 - USP38/E Wi i Rk H 5 BB AR WU, mifk
USP38 R ] 5 58 40 B3 58 AT £ . USP38 Al i #E RBM 14 :IEHTEJ‘& S R il e
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Deubiquitinase USP38 promotes gastric cancer progression by stabilizing RBM14

Chen Yunqi, Nadina Paerhati, Zhang Pengshan®, Huang Chen*
Department of Gastrointestinal Surgery, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080,
China

[Abstract] Objective*To investigate the expression characteristics and clinical prognostic value of the deubiquitinating enzyme
ubiquitin-specific peptidase 38 (USP38) in gastric cancer, as well as its pro-oncogenic molecular mechanism, and to identify the
downstream key target RNA-binding motif protein 14 (RBM14). Methods* Tumor and adjacent non-tumor tissue specimens were
collected from 50 patients with gastric cancer who underwent surgical treatment at the Department of Gastrointestinal Surgery,
Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine. Quantitative real-time PCR and Western blotting
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were used to verify the expression of USP38 in gastric cancer, and data from The Cancer Genome Atlas (TCGA) and Gene
Expression Omnibus (GEO) were used to analyze the correlation between the clinical characteristics of patients with gastric cancer
and USP38 expression levels. Gene Set Enrichment Analysis (GSEA), Gene Ontology (GO), and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses were performed to predict USP38-related signaling pathways. Potential substrates of USP38 were
screened by combining published literature with the results of Pearson correlation analysis. The effects of USP38 on the
proliferation and migration of AGS and HGC-27 gastric cancer cells were assessed using the cell counting kit-8 (CCK-8),
S-ethynyl-2"-deoxyuridine (EdU) assay, colony formation assay, and wound healing assay. A stable knockdown cell line was
constructed using lentiviral vectors carrying short hairpin RNA (shRNA) targeting USP38, and functional rescue experiments were
performed to validate the biological function of the USP38-RBM14 regulatory axis. Results: TCGA data analysis showed that
USP38 was significantly highly expressed in gastric cancer tissues (P<0.001), and its expression level was positively correlated with
shorter overall survival (log-rank P<0.001, /R=1.36) and pathological stage (P=0.017). GSEA analysis revealed that the high-
USP38-expression group was significantly enriched in the G2/M checkpoint, early 2 factor (E2F) targets, nuclear speckles, and DNA
damage repair pathways (all adjusted P value<0.001), and knockdown of USP38 downregulated the expression of proliferation- and
mesenchymal-related markers. Functional experiments confirmed that USP38 knockdown significantly inhibited the proliferation
and migration of gastric cancer cells (P<0.05). Pearson correlation analysis revealed that the expression levels of USP38 and its
potential binding protein RBM 14 were significantly positively correlated (R=0.22, P<0.001). Further studies revealed that USP38
knockdown decreased RBM14 protein levels, and experiments with a proteasome inhibitor and cycloheximide (CHX) indicated that
USP38 stabilized RBM 14 at the post-translational level. Functional rescue experiments showed that RBM14 overexpression partially
reversed the inhibitory effect of USP38 knockdown on gastric cancer cells, confirming that USP38 promoted gastric cancer
progression by stabilizing RBM 14 protein. Conclusion-USP38 is highly expressed in gastric cancer and is associated with poor
patient prognosis; knocking down USP38 can inhibit the proliferation and migration of gastric cancer cells. USP38 exerts an
oncogenic effect by stabilizing the RBM14 protein.
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HWEREAE . Hit, WRABER BEEENS T
N EAELINRE X E0 )21, EARRE
Al 2 UK o)) B R R Y AL, iz R - A
Mtk R GeAE Horp KA D EEE R . 2512 RALRE N
ARG EEPANHEF, Kz R EE IR R
R ETE 5 ThaE @ ifge Y RM, Rz ZILEE
SRR IR A0 M R ZEEL . ATk S R )
FHOG . B0 2507 ZAREGC A BT e 25 Wt & 16 37 2%
Jrla)

17 B 5 K8 38 (ubiquitin-specific peptidase
38, USP38) & USPEWiEZ RN EZ M IL, &
HIRSF B A FR & (cysteine box, Cys-box) Fl4H
Z MR & (histidine box, His-box) fiEfbZityil, AEHS
Wi EEIREAREN, |22 5 DNATIBE .
BRI | R RAE SO SE ad A O SEAE R
g8 0 R H, USP38 A Fk K FL I MEAE GE R |
O MR . FPERIE . BRI S BRIk e vh e
I ZHTE . AR F K b, USP38 AU 4% 2¢
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2 RFE SR SR RS S, AT
1 H2B 19 572 BB 0 U R i vk
Ak, USP38 MY INIRAZ B 241 L s . T
it 2 B RNA 45 7 PEEE (adenosine deaminase acting on
RNA, ADAR) i iz s RNA % 48 481 07 U i A
SRz RACGERRE Ak 1, I L R R R 14
(methyltransferase-like 14, METTL14) 4S5/ N°-H
HARF (N°-methyladenosine, m°A) &1 W 7E 5% S K
52 i LA [ % R (messenger ribonucleic acid,
mRNA) R 1, USP38 75 A [fl i g v 5L B3
RS M. EE . A EE D R EMEIER, A
i B g v ) e g i T gy
75 7 USP38 16 B h iy e s VE T, ik S Hom ok A2
E R AHA 2 (murine double minute 2, MDM2) K
VA g 4 FH p53  (tumor protein p53, p53) 15 S il ,
HEMTP I ERIC T IAL HE g e T8 . SR, B e 0 ek
RN ZHR . ZEBEIESRE R Al . R
§ USP38 5 p53 Ml A G C 9wl AL BB, (HIZRE DR I
A 2k A A I 20k R R ThRE, HAT v k= &
Gt oe .

L ik 12 HRiE, USP38 T HES RNA 254 3L %
#1114 (RNA-binding motif protein 14, RBM14) #H
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HZ5E . RBMI4AAURZBE S O H RS, 8
TERE SR BIBATS . RNA 8982 ) DNA #5145 b 24 Hh &k %
FEAEH] Y, KT USP38 By £ Z ik S RBM14
FE 4 L A7 S Dy e b A, R USP38 &
T3 2 F2E RBM14 kA3 B R0 v e BT dE 2L
Bl S ik, ARWFFE IR UE USP38 X F J 41 il
HOFH AR RS B sE M, BRI USP38 & 5 By A ¢ 7 13l
B, I AT I AE T IS RBM14 g JH 44
B TSR B RS R . R R IR T O 2
PEAEHB AR

1 HBE5ERE

L1 IR RFEA 5 SRk 15 3%

WA I 1 A8 3 R 2 B A e B I o — A IR R e '
SR 3Z SMREF AR TT Y 50 11 B i H 3 A0 P ge e
FHBWRA, S ARIR G A T-80 °CUkHl, T
JF 4 RNA $2H1

SEHG AT ARG B 408 (HEK-293T) . Ak 4k
BRI LA (GES-1) KAIK AN HE4ifi R (AGS.
HGC-27. MKN-45, SNU-1, MKN-28, KATO-3.
MGC-803) ¥k 52 5 = {& fF . HEK-293T #fi s 1]
DMEM &R SR 5L (5 10% JIA 20 1 3E & 1% 15 55 % -
BEFEZERPL) HidF. GES-1 1 H ¥ 408l RPMI-1640
Bk (55 10% R4 i S 1% WHt) B3k, Frd dn
MY E T 37 °C. & 5% A AL 4B S48

1.2 B LAY

USP38 £ v FiiR (17767-1-AP) | A AR A&
Y Ki-67 RZTTREVUA (27309-1-AP) . p53 R 7k
PiAk (10442-1-AP) . 3EFHANAEAZ S (proliferating
cell nuclear antigen, PCNA) £ 5w EHLIA (10205-
2-AP) . N-45%i % H (N-cadherin) 1 £ 78 [& i &
(22018-1-AP) . JIEH A (vimentin) %2 v pEHLIA
(10366-1-AP) 0 H R I =AY HARBIRA A,
RBM14 %t £ 50 B Pk (A13159) K B-WL3h & H
(B-actin) A TTHEPIIA (AC026) HM F 2 I0E T
B AEYRHEARA T, B SR bR IC i L
i —dt (G-21234) W A 3% [E Invitrogen, RPMI-
1640 577 5 . DMEM K32 56 . IR 4= 1L . Trizol ik
5. AHRE T EGF] & -8 (cell counting kit-8, CCK-8)
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R SEsRA RGN R A v R AR IR R A
FRZSF] . Bl (cycloheximide, CHX) . #E H i
RINFIFIMG132, Dpn 1 BRI N VIR A i
BRI W), KOD PLUS B4R H H A
TOYOBO, JFi b/ it il #8370 65 0 1 95 N A ik 2% 3l
YR BR A R, SR RSO ) & B 5- 2 Bk -2
WA R (5-ethynyl-2- deoxyuridine, EdU) &7 &
¥ A AR RAEYEAR R A RAF . RO
et e i A I AR AR BRA F . R A
BN (PCR) 5|4 F1 p)CDH-RBM 14 J5i 47 i 75 MM
S ER AE R A FRA R A .

Mateo FL % {8] & 5% ¢ W i 5% (Leica, fH[E),
PCR " #44% . NanoDrop 43 Y6 B 11 . QuantStudio 6
AU S B %€ ' 7 B PCR X (Thermo Fisher Scientific,
EHE), @AM GG (Ll REERH A R
wal), ZIGeRIRL (Molecular Devices, J2[H ).

1.3 EHERENE L

WCARAHML, i A 8 Bl A T 0] %) T S e T E
2 W (radioimmunoprecipitation assay lysis buffer,
RIPA 24f#), VK -24#% 30 min, 12 000xg &[> 10 min
B W —Fnl THRE (bicinchoninic acid assay,
BCA ) WMEHEHWE S, A 5> RS i &
10 min 281, MU 30 pg FE 148 10% T Zhe S i R 4l - 2%
W BE e BE R R UK
polyacrylamide gel electrophoresis, SDS-PAGE) 43 &
(WA 80V, 4rEIIE 120 V), 1855 (300 mA fH
W, 90 min) FE R M R LML (polyvinylidene
fluoride membrane, PVDF %) . F & it -20 i Tris
% R /K (Tris-buffered saline with Tween-20,
TBST) HE il 5% Bifig 2 Wi = i E M 1 h, A —4t
4 °CWH F it % (USP38. Ki-67. p53. PCNA. N-
cadherin ., vimentin %2 5w FEHUA RIFRBELL 51 1:3 000,
RBM14 R Z salEdiiA . B-actin S bf s BEHUAT B LU 5]
1:3000), TBSTHEMR 3 Ui ABMRS ALY RICH)
PR =t (FRELLB1: 5000), FEMF 1 h,
TBST ¥ I Jm LL 3 3 {6 % % )t % (enhanced
chemiluminescence, ECL) il % 14575 .

(sodium dodecyl sulfate-

1.4 RNA $EBU 526 & 4t PCR
K Trizol IEHEINAH 2ol 40 i B RNA . A =&
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e 26 UG B30 (12 000%g, 15 min), HUKAHIA
SENBEULRE, FIRBI B 75% i Bk 2 ok, T
JA W T AR — Rk (diethyl pyrocarbonate water,
DEPC /K ) o fdi JH 43006 BE 1146 I RNA 4l i, 25K
A260/A280 ML TE 1.8~2.0 Z [i], HU1 pg B RNA, ffi
FH 2 e st 3 30 62 76 42 °C 2 B 60 min, 70 °C K 1%
5 min, A W H A B4 B B A% B2 (complementary
deoxyribonucleic acid, ¢cDNA).

ST 9¢ G % 7 PCR  (quantitative real-time PCR,
qPCR) X W & & (20 uL) : SYBR Green i IR ¥
(SYBR Green Master Mix) 10 uL. I T 51 ¥ %
0.5 uL (¥ i 250 nmol/L) . cDNA AL 2 uL (#)
100 ng) . TCAZMERZIR G K 42 20 uL. DL B-actin AN
2, KM SYBR Green {5 7E qPCRAY EdEATRG I . 2
RS 95 °CCHUZSPE 3 min; 40 MEH (95 °C7E 1
10s, 60 °CiRA/MEMI30s), BEAFESIEE 3 DMEAL,
R 278 H LR A G Rk B 51T )
A . USP38 Liif51%), 5“TGTGAGACCTGGTGCTCT
TGCA-3"; USP38 Tili51¥), 5-GGCTGTACTTGAAG
GCAGACCA-3; B-actin ['li#5[4), 5-CACCATTGGC
AATGAGCGGTTC-3"; P-actin FiiF514), 5-AGGTCT
TTGCGGATGTCCACGT-3,

YBORE$02E 1 9 B HEK-293T 20 il 328 T 10 om 1%
FEIL, 540 MIC A BE IS 60%~T70% I gEATHRE g #E Y
KRR, +% PEIS Bk Fi i 1 3: 1068
I B 028 ORI & 0 A 1L 7 DMEM 8 35 3k v
FRIEE 15 min 551N 2 ARG FR AL T 185
B FORIR G Y ALHE . TR 10 pg. I3
Hi psPAX2 7.5 ng MlpMD2.G 2.5 pg. %48 Bk Ay #0L [i)
USP38 i) shRNA Jii ki pLKO1-shUSP38, 1% B4 % 18
(shNC) Jifi ki pLKO.1-shNC, B RBM14 iz 2% ik i ki
pLV3-RBM14. shNC J¥ %1k 5-TTCTCCGAACGTGT
CACGT-3", shUSP38 741} 5-ACAAGATTCTTGTT
AATAA-3', %57 6 h 5 B4 & 10% JIi 4 1 7% 1)
DMEM S & hi #2548 h 1 72 h 5 WA 2 1 1E WL,
0.45 pm JERRE S U8 . 9 FE MR 5 A0 M5 IR A 1 IR
TR B K3 1 R 4TI AGS FTHGC-27, 24 hm
W, 48 h5 A REMS 2 Rk 1~2 )8 . 3l 85 BB
ik (Western blotting) M qPCR B i gk Jusf %, 4
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SERSE MR USP38 Bidt 31k RBM14 1) 8 4N pk .

TERGSE R Ik USP38 11 AGS B, HGC-27 21 il v Bt
BEYt RBM14 3k 33K ki . AR T 6 fLAL, 70
A B 3K 70% W, ffi 1] PEI B+ RBM14 i 36 3K 5 ki
(pLV3-RBM14, 2 pg/fL) ey nf, [m)mf5s gess
RVE X, 6 h G B 58 e g g ik, Ak Zedh o
48 h. WM TR 2L s .

1.6 ALy fil 50 540 B Il e 52 45

4 Dy e S5 40 Hh ol F AR E RUIR USP38 19 AGS K&
HGC-27 41 i ¥k (shUSP38 #H ) F1 [ ¥ X 18 41 Jiy
(shNC 4 ). IREMIAM (rescue) ZEEG T, ¥f RBMI4
i F 3K Uk pCDH-RBM 14 55 Y« 22 shUSP38 2L 4 .
ST 4y 34 : shUSP38 41 . shNC+OE-RBM14 4
Fl shUSP38+OE-RBM 14 240 . Fir A7 4 e 1) 4 N 04 i 3%
e, JFidd qPCR AR 1 BT BRI 40 T RIAROR

CCK-8 8 5 STIKE R AN LA 2x 1034~/ 4L A 25 &
AT 96 fLAR, 439 F 0. 24, 48, 72 hfillA CCK-8
B, 37 °CHEF 2 h 5 T 450 nm P E WOLEEE . 52
BETE BLSE 6 DL 1< 1034 /HL ) % BE Rl T 6 FLA, T4k
FFR12d, 5 Ak 1R KIETE 4% 2 5 R [
TE L 0.1% 25 ST, RS SO A LA b Y Bk
B, EdU B4 58 5236 5% FH 10 pmol/L EAU FRiC 4012 h,
FH Apollo 567 44 {f,, Hoechst 33342 & YL 4t , 1E2¢
IR T AT ERBENL S LT, Imaged B MFIH EdU
IFI A 200 L L A8 IR S R 2 LT R3S 95% LA |
BF, FH 200 pL JC A Sk QIR , 25 R 2% o 4R 7 TR
(phosphate buffered saline, PBS) V&% & MIA T ML 7%
WA, TOhM24hfEF S WM THME, H
Image] PRI SR 56 BT HERS 2. A Sl
SR 3R,

1.7 PR E PEAS I : 35

SR USP38 X T i L 2 1 RBM 14 A2 1 1Y) 34
FEAEHT, 43 3R CHX 38 55 S5 56 R 8 14 kA4 10 7 5
MG132 4b BESZ 5 o B X B 20 (shNC 2H) il USP3S
KAl (shUSP3841) 1Y AGS & HGC-27 15 i 41 Jild
AT 6 fLMR, FRAHAEIC A BE Ik 80% W #E4T LR Ak
B, CHXSEZHH, JA 50 pg/mL CHX DA il 37 8
AR, 2970, 2. 4, 6 hidE4iiE, A&EA
Fit 0 ) 7] 1) RIPA 24 i R IOV 1, 3l 2o 2 11 o B
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RS I RBM14 2 1K F, DL B-actin H N2, it
AT E] R AR Ay H, Hed 2 41 RBM14 [
i R W . MGI32 525 v, il A 10 pmol/L
MG132 kb3 6 h LU il 2 1l A 0% 1, TR] B i
HI L7 (dimethyl sulfoxide, DMSO) &b ZH 75 Ky
B I AR R R s i, $RICE R, R
FI5T BRI 325 6 I RBM 14 2R 1K, ORIl Iz R kg
HiAs Ak

1.8 B e A B bt

7 FJEERE KL R 2H 4% (The Cancer Genome Atlas,
TCGA) U ¥E & H If %% (stomach adenocarcinoma,
STAD) 44531 USP38 (1 Fe ik FFAE Ko Ho X 15 (1
WA A, JMRIERIET (v4.5.2) XF R4 B 51T
MEIE . ARifEAAL 3 J 22 S 3Rk o i, FLaiiik i 407 14]
TAREALFEENERE . EREFEEST (Gene
Set Enrichment Analysis, GSEA) . & [F A {K &
(Gene Ontology, GO) K mt#f 5K 5 A K H H B4
45 (Kyoto Encyclopedia of Genes and Genomes,
KEGG) #4if 1T clusterProfiler Fl enrichplot R # 4 £1 5¢
A NI T BEAH R £ org. Hs.eg.db; FE[R 4@
i msigdbr 38 B ;25 7 3k 40 A 48] limma 3 58 AL ;
n] YAk E JE {# F tidyverse . ggpubr Al patchwork 122
il 5 AH OGP R i corrplot 125 il . H Kaplan-
Meier Plotter 7£ £ 25 47 73 Bt T H % B PR 3R 8 25 6 40
/%2 (Gene Expression Omnibus, GEO) HAY B &
#E4T Kaplan-Meier A= 174347 15 DL USP38 # ik Y
Bk I SR BB R o e IRRIR 24, 2l
856 191 8 #7  AE AP W B AE i e, A B Log-rank K 5%
VRO 2H [B) B AR A 22 S i ge 14 L. FHH Pearson
FHIAE 73 M7 %5 %€ USP38 S IR . SR BERT AL 5
ST T ARISAN M. B, PAIR>0.3 H P<0.05
o b i 3 5 USP38 FIA A OCHY BRI, 43 B HEAT
GSEA. GO MIKEGG 70 #T, % USP38 HRENZ
5 B R A ST

1.9 HilFJiik

ffi Ff| GraphPad Prism 9.0, R 4.5.2 % F4b BRI
SER ORI Xk RN, 2 41IA LBCR L e K5, Z 4]
BRI R 722507 (One-way ANOVA) . A= 77
TR log-rank K 35, 53R AU . (HR) JE7R.
AHSEAE A3 HT R JH Pearson M 3C /0T, 45 3 LAAHSC R4
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(R) KIHPEFER, XT TCGA BHs B v 458 4l 7 5¢
R PR 1Y) B R 83, 40T USP38 3Rik/KF 5 &
e R PR AR A OCHR P A 1 BEREZH 1) AR
Wilcoxon K 55, % PE 5 REAL R Fb #8R H 2k 56 o
GSEA. GO M KEGG & ## #rk H M % 5 P {H
(adjusted P value, P,) #EATZERBAEEAIE, L
FHRBHAER, P<0.05 #nERBEAGI2EE L.

2 ER

2.1 USP38 1E W i vp o 4 ik H. 5 e 19 9 B 5y 18]

LIPS

il TCGA B #s e oy r kA B, B A2
USP38 mRNA JKF- 1 2 = T IEH 441 (P<0.001, K]
1A) . #E—27E 50 X} B I PRAFEA P 3 IE, qPCR AN
BB 15T B30 v 245 L {7 USP38 FEJi L 41 rh iy R ik i
WEE TR ESEHS (P<0.001, FI1B, C). 4
i, 5 NIE R E B L 40 & GES-1 4 L,
USP3RTEZ Fh B Al R b ¥y R m R ik, Hd U
AGS Ay Fife B3 (P=0.009, E11D). It4h,
>k FH Kaplan-Meier 7 X+ GEO 4 /4 (1) 856 14 5 Jaa H &
BEATAEAE 0, 455 RS USP38 7 ik 41 /5 1
AT M TR A 4] (Log-rank P<0.001, HR=
1.36, KI1E), &/~ USP38mRik s HHH NR M
JREYIMOG . ARG ERI], USP387E HH PR
ik BE, ATREVE NS TS Sk

B 40 A TCGA Bl e v & SE il IR A 1Y 458 141
BB, LU USP38 3k K- i B0k 55 h s
IRERIRAL, 43 B USP38 3Rk K- i A% 5 I R s # 2
BOMI S, 855 (R 1) KW, USP38INFKILSH
FHAEA (P=0.005) KR EEA (P=0.017) &3 A1
Ko BRI, mabdl Lotk B i) 22 s TR
FIRAL, WA A0 25 5 MR DL g2 2 o 7R IR
FROET7 I, Rkl T (45.1% vs 33.8%) F1IV
W1 (11.8% vs 9.7%) [BE W LLEIA) & TARRIAA, i
RN T8 s TR Rihdl (40.7% vs
26.5%) ., 45 FFTR, USP38E#eik 5 B g b1 /%
YIAHSG, $R v RE S 5 M ik

2.2 USP38 ek ¥ andgsi 5 ic
ST USP38 XiF 1 i 41 it A W 2247 h W) 52 )

TE AGS L HGC-27 4 i Hh % Y shUSP38 ¥4 i USP38 &
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Note: A. Expression of USP38 mRNA in gastric cancer (n=375) and normal (n=32) tissues from the TCGA-stomach adenocarcinoma (STAD) database.
B. USP38 mRNA expression in 50 paired gastric cancer and adjacent normal tissues determined by qPCR. C. Detection of USP38 expression in gastric cancer
(n=4) and adjacent normal (n=4) tissues detected by Western blotting. The numbers indicate relative protein expression levels. D. qPCR analysis of USP38
mRNA expression in different gastric cancer cell lines, compared with human normal gastric mucosal cells. E. Kaplan-Meier survival curves of gastric cancer

patients (n=856) from GEO database according to USP38 expression.
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Fig1 Expression of USP38 in gastric cancer tissues and cells and its impact on prognosis
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Tab 1 Association between USP38 expression and clinicopathological characteristics of gastric cancer

Variable Overall (n =458)

Agelyear 67.5 (58.0, 74.0)
Gender/n(%)

Female 167 (36.5)

Male 291 (63.5)
Histologic grade/n(%)

Gl 13 (2.9)

G2 168 (37.8)

G3 264 (59.3)
Pathologic stage/n(%)

Stage [ 68 (16.2)

Stage 1I 142 (33.8)

Stage Il 165 (39.3)

Stage IV 45(10.7)
T stage/n(%)

Tl 25(5.7)

T2 104 (23.5)

T3 201 (45.5)

T4 112 (25.3)
N stage/n(%)

NO 141 (32.9)

N1 120 (28.0)

N2 88 (20.5)

N3 80 (18.6)
M stage/n(%)

MO 402 (93.3)

Ml 29 (6.7)

Low (n =229) High (n =229) P value
67.0 (58.0, 72.0) 68.0 (60.0, 75.0) 0.051
0.005
69 (30.1) 98 (42.8)
160 (69.9) 131 (57.2)
0.600
6(2.7) 7(3.1)
88 (40.0) 80 (35.6)
126 (57.3) 138 (61.3)
0.017
34 (15.7) 34 (16.7)
88 (40.7) 54 (26.5)
73 (33.8) 92 (45.1)
21(9.7) 24 (11.8)
0.066
12 (5.2) 13 (6.1)
49 (21.4) 55(25.8)
118 (51.5) 83 (39.0)
50 (21.8) 62 (29.1)
0.200
81 (37.0) 60 (28.6)
61(27.9) 59 (28.1)
38 (17.4) 50(23.8)
39(17.8) 41 (19.5)
0.800
200 (93.0) 202 (93.5)
15 (7.0) 14 (6.5)

Note: Subgroup totals may not sum to the overall total due to missing clinical information for some cases in TCGA database. Analyses were based on cases

with available data. Data are presented as median (first quartile, third quartile) for continuous variables and as number (percentage) for categorical variables.

Comparisons between USP38 high- and low-expression groups were performed using the Wilcoxon rank sum test for continuous variables and Pearson’s 2 test

for categorical variables.
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regulator of chromatin, subfamily a, member 5,
SMARCAS) (R=0.76, P<0.001) . 5 5 % 1 184C
(transmembrane protein 184C, TMEMI84C) (R=
0.74, P<0.001) K OTU 593k 7z Z{L 4 (OTU
domain containing 4, OTUD4) (R=0.69, P<0.001)
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Note: A. Validation of USP38 knockdown efficiency in AGS and HGC-27 gastric cancer cells by qPCR. B-D. CCK-8 assay (B), colony formation assay (C),
and EdU assay (D) assessing the effect of USP38 knockdown on the proliferation of AGS and HGC-27 gastric cancer cells. E. Wound healing assay examining
the effect of USP38 knockdown on the migration of AGS and HGC-27 gastric cancer cells. Data are presented as mean+SD (unpaired -test, shUSP38 vs shNC).
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Fig2 Promotive effects of USP38 on proliferation and migration of gastric cancer cells
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Note: Color represents the Pearson correlation coefficient, with red indicating positive correlation and blue indicating negative correlation. SMARCAS5S—SWI/
SNF-related, matrix-associated, actin-dependent regulator of chromatin, subfamily A, member 5; TMEM184C—transmembrane protein 184C; OTUD4—OTU
domain containing 4; NAAI5—N-a-acetyltransferase 15 NatA auxiliary subunit; SMADI—SMAD family member 1; PRMT9—protein arginine
methyltransferase 9; ABCEI—ATP-binding cassette subfamily E member 1; SEC24B—SEC24 homolog B COP II coat complex component; DYNLRBI—
dynein light chain roadblock-type 1; MMP240S—MMP24 opposite strand; CST3—cystatin C; INOSOB—INOS0 complex subunit B; PPDPF—pancreatic
progenitor cell differentiation and proliferation factor; RTL8C—retrotransposon Gag-like 8C; ARFIPI—ADP-ribosylation factor interacting protein 1; LRBA—

lipopolysaccharide responsive beige-like anchor protein.
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Fig 3 Heatmap of genes correlated with USP38 expression
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Note: A. GSEA bubble plot (TCGA-STAD) showing the top 10 hallmark pathways activated in the USP38-high expression group. B—D. Enrichment analyses
of genes positively correlated with USP38: GO biological process (B), GO cellular component (C), and KEGG pathway (D). E/F. Enrichment analyses of genes
negatively correlated with USP38: GO biological process (E), and GO cellular component (F).
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Fig4 Pathway enrichment analysis of USP38-related genes in gastric cancer
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levels.
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Fig5 Expression analysis of USP38-associated biomarkers in gastric cancer
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Note: A. Correlation analysis showing a positive association between USP38 and RBM14 mRNA expression in the TCGA-STAD database. B. RBM14
expression in gastric cancer tissues (n=375) and normal tissues (n=32) in TCGA database. C. Kaplan-Meier survival curves associating high RBM14 expression
with poor prognosis in gastric cancer patients (n=631) in GEO database. D. Western blotting analysis of RBM14 protein levels following USP38 knockdown
with or without MG 132 treatment. Comparison of RBM 14 protein levels: shUSP38 vs shNC and shUSP38 vs shUSP38+MG132. E. CHX chase assay showing
accelerated RBM 14 protein degradation upon USP38 knockdown (shUSP38 vs shNC). Data are presented as mean+SD.
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Fig 6 Stabilizing effect of USP38 on RBM 14 protein
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Note: A. Validation of RBM14 overexpression efficiency in shUSP38 cells by Western blotting. B. qPCR analysis of the effect of USP38 knockdown on
RBM14 mRNA expression in gastric cancer cells. C. CCK-8 assay showing the rescue effect of RBM14 overexpression on the inhibition of cell proliferation
induced by USP38 knockdown. D. Colony formation assay assessing the rescue effect of RBM14 overexpression on the clonogenic capacity of shUSP38 cells.
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Fig 7 Promotive effect of USP38 on the proliferation and migration of gastric cancer cells via stabilizing RBM14 protein
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