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Abstract

Objective: Investigating the expression characteristics of RAB31 in hypertrophic scar (HS) tissue and its impact
on the biological functions of human dermal fibroblasts (HDFs) via regulation of the TGF-8/Smad signaling
pathway. Methods: Differential gene screening was performed based on HS-related transcriptomic datasets
(GSE158395, GSE188952) from the GEO database, and the results were intersected with TGF-f pathway genes.
Clinical HS and normal skin tissue samples were collected, and RAB31 expression was validated using qPCR
and Western Blot. An siRNA interference system was constructed to knock down RAB31 in HDFs. Cell prolifer-
ation was assessed by CCK-8 assay, apoptosis was analyzed by flow cytometry, and cell migration capacity was
evaluated using the Transwell assay. Furthermore, Western Blot was employed to detect changes in the ex-
pression of fibrosis markers (Collagen I, a-SMA) and key proteins of the TGF-£/Smad pathway (Smad2/3, p-
Smad2/3). Results: RAB31 was significantly upregulated at both mRNA and protein levels in HS tissues (P <
0.05, P < 0.001). Knockdown of RAB31 significantly inhibited TGF-f#1-induced proliferation and migration of
HDFs (P < 0.01), promoted cell apoptosis (P < 0.001), and downregulated the expression of Collagen I, a-SMA,
and p-Smad2/3 proteins (P < 0.05), while showing no significant effect on total Smad2/3 protein levels. Con-
clusion: RAB31 is aberrantly highly expressed in hypertrophic scars and promotes fibroblast proliferation,
migration, fibrosis-related protein synthesis, and inhibits apoptosis by activating the TGF-/Smad pathway.
This suggests that RAB31 may serve as a potential therapeutic target for HS.
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1. 53|

B NARE s i) AR e, HES MRS mEA AR, TR, T
B A KRR AP IR, X IR IR AL, K R BRI 1] [2] o VRS B SRS 5 AR R B A
WIR(HS)[H 2 2 AR (W ML AR 2R, B IE R R A S 55 A 5, g R, K
2 AP PR L PR RN DG B RS, B K ML 5 T £ T A T R IR R GTR VL [3] [4]- MR ER Y F vl T A 21,
HS 1A SCHE HE R A2 B R 2 AT SR A G 58 S 0 o DR T S2 e, ] R 2 R A/ I R R B8 i L 91 1
45 1 20 K 11 YRR SR £ ik FE VAR HLAHES 3R AL[S]-[7], FESX NI B, 15 A i AT 4 40 iR i L 2
e, EIEUAERIREE, HAREY a-SMA B AR B, ek 21 U 45 FI 4 4R 40 R R [5)-
[8].

FER R BRI R 22 Rl Sl 5 T, TGF-g 15 Sl BRSO E N, BiEKET B
HBFIEI TGF-pL 4y, ER AWM BARSCHE, & REMGSRK RS ECM BT IMAE R, #0548 & A
FE(MMPs) )35, 753 AT 440 B AR BV AT 44t i, A1l ECM §38 22 [9]-[11]. TGF-p #1124, | 2
I I S AR 5 3 i W | TR A2 AR, (675 R ¥ Smad2/Smad3 BBk, ®EERILJE ) Smad2/3 Al Smad4 R4
TERRE G YFEA AL R REE, AR AR A 5w 21 A AR DGR B (R Rk [12]-[15], 4TI TGF-
pISmad {5 5B B EFE R, SHEZR HS K HLEIRTEE & 1A 7 #E S CE K.

R4 TGF-pISmad 42 KR AR ZEM 15 225 SR, (HEL B2 2 RS B 1, 52 S2 A
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(IR A RV IR IR0, 2 A2 AR IRFURI AT Hb AT , RAB S/ GTP BEAE 40 A P 36 3 4 (1) 1 4 4%
DR, ESEMRNEMT[16] [17], RAB3L J&T Ras HILE BRI, F EREM F/REAR T
WIN R RTEE, EEZAREANAN GRS, R, FIERABRRIRE, RS2 46 S EBE
PEF A P (] [18] i SEE3RAFIE S, WEFR R I RAB & A RENT TGF-A SZ AR AE K 1 ¥ 52 7 5 Fa s 72
FEREAT VAT, AR5, RAB3L WY TGF-B 241 N B A FRAEFA S A% , BEAIGIZ IR 15 5 1% T 206E,
CAFFEF4EAL. IR S By icd:, CIESR R Y], RAB3L 2 511 A TGF-B 155 MK I AEYI RN,
TE R AR A0 AT 52 B0 H 4R 0 189 26 MEUR , RAB31 HIFRIA & 75 K, L R 75 48 (i TGF-g/Smad
GBS R AT 4R A M T e, H AT R SR AR WSS A5 [19]-[21]

2. MR A%
2.1. EMERESH

M GEO ### P (https://www.ncbi.nlm.nih.gov/geo/) T & A Y538 A= 14 i IR 45 55 GSE158395 (& 4 1~ HS
FEAHN 6 N IEHFEA)HN GSE188952 (7 3 > HS FEAM 3 MEWFEA). il R £ “FactoMineR” F
“factoextra” BEAT LR M, PAEFEAR D ARE. KM “DESeq2” M7 2 FRIEMHT, THikbrnE N
[log2FoldChange| > 1 HAZ i) P fE(padj) < 0.05. M MSigDB %4 & 38 B TGF-p {5 ‘5 i@ i ik K AL (HALL-
MARK_TGF_BETA_SIGNALING, 3t 54 /NEEPK), 52 RERICesE, Jfhdid “ggplot2” gz F 3%
KA K. TGF-p il B € : I MSigDB % 4fs % (https://www.gsea-msigdb.org) T # TGF-8 {5 5
JHFE K “HALLMARK_TGF_BETA SIGNALING”, 3454 54 ANFEA . 1%L R 425 1) 5 GSE158395
H1 GSE188952 W45 4L 1) DEGs FI| R HACHE, DAL HILA 1), 55 TGF-p B AH G B AL A . A
“VennDiagram” 12| 55 B B /R 52 B 45 3

2.2. ImREEAE

AP FLE R B B Y ikt JFIRIURE FIG R SR AR IR (38 2R VE R A1 93 R AR IR
PR LA 3 B, SERNE TR s, B85 R8s 280 CB IR VK AR TRA7, FH T /542 RNA R B4R L

2.3. fHRAIEST S ALIE

N B A 4E 20 il (HDFs) B 77 T 10% i 4 L7 (Gibco, A3160802) 1 1%75 % % - %% % (Gibco,
15140122) ) 58 4= 55 7R F (%58, CM-H103), 7£ 37°C. 5% CO, £ 77 Ffrh & Mk 9% . 286 /r4H: Blank 41
(RALFR) . TGF-B1 41(10 ng/mL Ab38). siCtrl + TGF-B1 L (I PEXTIE siRNA #4LJ5 TGF-41 4bF). siRAB31
+ TGF-p1 41(RAB31 siRNA # 4t J5 TGF-p1 AbH).

2.4. sSiRNA 53

KA RAB31 ) = 2645 7% siRNA 7 41l (siRAB31-1/2/3) & [ 14: %t 8 siRNA (siCtrl), % Fif NanoTrans
40™ 4% Jui{77|(BIOMEOICAL, RK001002) 4% 15 B o iE AT #AE . # YL )i5 48 /N WA 4 M EAT J5 2 505 .

2.5. SERTEHEE PCR (QPCR)

i/ AG RNAex Pro i®X7l& (R F A4, AG21102)#RHE RNA, LB & Al g o ik
FERSiE . KA Evo M-MLV ik & CCRBR A9, AGL11705)4 & cDNA. {#H SYBR Green Pro
Taq HS PR AR & CCRN R A, AGL1702)7E qTOWER3SE I 2 € & PCR AX _EiEATY 38 . 51%)/7 1.
RAB31 it 5-CTCCCATGTACTATCGAGGCT-3’, T iif 5-GCTCCTTGACCCATTTCTTCA-3’; GAPDH
NS KFH 20-AACE T R R AR I &
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2.6. EBHRIEENEE(Western Blot)

1 FH & B B RIPA 2473 (Solarbio, ROO10)#2 B &, BCA JEIE & Ak E . &L L
30pg FH, £ 10% SDS-PAGE L VK 5 #: 2 PVDF i, Il 5% s Wiky 301 2 /AN 5, 55— 4°CH
B, —PiHE: RAB3L (affinity, #DF4401, 1:1000). Collagen | (Proteintech, 14695-1-AP, 1:2000). a-
SMA (Proteintech, 80008-1-RR, 1:8000). Smad2/3. p-Smad2/3 (Affinity, 1:1000) &2 GAPDH (Proteintech,
60004-1-1g, 1:10,000). ¥&i/a 540 HRP Frid —Hi(% 415, 1:10,000) %M & 1.5 /M, ECL AL AK06
LER, Image J B4 HT 451 AR -

2.7. YARATHRESCL

CCK-8 VLl A M 5 HePhdufe T 96 fLAk, 73l T-4b¥ )5 0. 24, 48, 72. 96 /M IIA CCK-8
R F(BIOMEOICAL, B1099), Fg#R{X il 450 nm WO . A JE il KA Annexin V-FITC/PI T
R £ (38 2 K, C1062S), it A FA 23 A 1 T2 3 o 40 S % 5246 - 481 Transwell /)y (Corning, 3450),
EEMALMIE MM AR, T2 N7 20% FBS HysFRdk, K3t 48 /IB G4 i e th, THEOTB A,

2.8. GIHFESH

KHI SPSS 22.0 BTG, BEEUAME + frlEERIR. AR EBCRHBRRTT 2047,
PIZLIAI LR t RS . P < 0.05 NN ZE R EA Gt & .

3. &R
3.1. £YEEFMFELE RAB3L K TGF-4 B XBEH

I 0T GEO s e Hh P AN 39 AR I R B S 1K 40, RS 23 HT (PCAY) s /s GSE158395 57— 3 ik
Z3(DIm1) TR R Ny 27.2%, 55— F4H(Dim2)Ny 18.0%; GSE188952 () Dim1 Tifik#ik 43.7%, Dim2 AN
17.8%. PINEIRAEN HS FEA S IE B R ATE 5 5 28 [ v 25 S 00 IH 2 7y i 34 (] 1(A)~(B)), RHAFEA
[AFELE R E S 2 . R RIB MLk H GSE158395 () 3752 4~ DEGs (2071 4~ i, 1681 4~
N F1 GSE188952 ] 2500 4~ DEGs (468 /1~ L], 2032 A~ Fifl). #iXLk DEGs 5 TGF-g {5 5l 4 1) 54
MEOHEF AL, KL RAB3L Al TGFBL M3L[F = R AR (K 1(C). #t—LoiiiExR, RAB3L fE
GSE158395 %44 11 1) log2FC 4y 2.51, 7f GSE188952 24 1.37, ¥J&.3 (P < 0.01) (& 1(D)~(E)).
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Figure 1. Bioinformatics screening and identification analysis results
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Figure 2. Expression of RAB3L1 in hypertrophic scar clinical tissues
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3.3. RAB31 EERUB R E

NBFSE RAB3L [IZhAE, AT T =245 51 siRNA HHTRORES . gPCR Kl &7k, 5 siCtrl 41
#HEL, siRAB31-1. siRAB31-2 Fl siRAB31-3 £ ) mRNA FIE 5P T 73% (***P < 0.001). 49% (**P
< 0.01)F1 46% (**P < 0.01) (/<] 3(A)). Western Blot 45 5lt—3, —2% siRNA #5823 4k RAB31 &
F IR (*P < 0.05), M1 siRAB31-1 (IR AR B by s 25, DR a2 ) T Ja 2R D g s 46 (4 3(B)~(C)).
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Figure 4. RAB31 affects the function of human dermal fibroblasts
& 4. RAB31 EZMI N BB Ak AT 4E4RARTHAE
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HAHLL, SiRAB31+TGF-A1 240G JI1E 72 /N BEAIC T 42% (P < 0.01) (14 4(A)). Transwell iT#% S5
W, siRAB31 + TGF-p1 4TS 40 ks TGF-p1 4is/> T 58% (P < 0.01) (] 4(B)~(C)). aN4HuA
AN IE TR, SIRAB3L + TGF-A1 M4 TR 4 TGF-p1 Hikm T 3.5 f5(***P < 0.001) (K
4(D)~(E)). HiHsE¥H, siCtrl+ TGF-p1 415 TGF-p1 AT % 2% (P > 0.05).
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Figure 5. RAB31 regulates the phenotype of human dermal fibroblasts through the TGF-4 pathway
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BRI Fe R0, B RAB31 535404 1 TGF-p/Smad BB ()35 1k . Western Blot 45 % &or, 5 siCtrl
+ TGF-p1 20 L, siRAB31 + TGF-$1 417 Collagen | A1 a-SMA 12 [ IA 43 7 P& 1K T 45% A1 52% (*P <
0.05) (/%] 5(A)~(B)). [}, p-Smad2 A1 p-Smad3 1) 1 7K1 2. 3 T B (53 0] B4 48%741 51%, *P < 0.05),
1M A Smad2 11 Smad3 £ [ 314 6 12 # 16(P > 0.05), % B RAB3L 4757 V5400 Smad &5 A I BEIR (LI 7%,
AN e 2 8 F 3R (14 5(C)~(D))»

4. ¥1ig

AU T B A A BT IGRFEAR IS UE RIS IhRESLES, B IR RS R T RAB3L 7EIGA:
PERR(HS) R AR I SGBEE T« SR I, HS 414 RAB3L 3 m#kik, Jlid % TGF-p/Smad 5
SR, RN AT 44 (HDFs) 1385 51T A%, HHI A T, RN R G E A RIA
RAB31 fE /)y GTP i Ras MR, 2N BRI HAE trafficking H)SCHERTER 1o AW FIE
5%, o RAB3L AERF R #IH| Smad2/3 IBERR Ik, T As2m AL Smad B H Ik, XK RAB31 1] fE
IR TGF-B ZAAR(TAR)Y I & 40 e A FRAB PR I FE SRR 4 R 4% RIS 5 .

TESZARZ T, TGF-B 52 A4 0 Ji i ik A% i A0 Bl ARl i P9 i A gk N 20 B P - FRAT T4 RAB3L
ARl SESLE A (0 GGAVMEAER, 51% TAR HENRRE I RIX 5, DT 5200 HL 2 e 5 P96 34 22 20
fIfE[20]. 24 RAB31 ik LifilS, WIAE(EH TAR FHIEFE, G FLAEgn B b i) = A E 1k, Mimsg
SR TGF-B 155 MfUEME . X5 Zhikun Yuan ZEHF FCAHRE N, AT 70 8 B2 SRR S 1
T A USP15 @it 2 5E TAR-1 K% TGF-pISmad2/3 15 5, USP15 [ kg 2 i Jal 40 i A 36 57 1 B A [21]
SR USP15 5 RAB3L fEFH 7 AR, (H = I8 M) TGF-p M fe @ tEE(E 5% S i O fr, $8R
RAB31 1] A il i FAUL A BB Ji L 52 TAR MR M 515 St .

EAS 55 S 20, AHEFIE SRR RAB3L 45 F k| 7 Smad2/3 FIBERR 1k . 1X 5 Ana Maria 257F
MBS TR IS — 8, B TR 8 120 Tl 2% (1 TGF-g/Smad) 1] LA 3 52 41 AT A I ZUE 5
#hJ5[22]. RAB3L 1] fgidid 4E ¢ TGF-B 32 /47E 5 B N /41 SAR (Smad Anchor for Receptor Activation) 515
S VEIX E R IR, A Smad B A R RFSEBERR AR AL R ROA BT

Mo FAE 516 SAEE, SRR WARIE RAB3L REZEFE I FHWT Smad2/3 #ifg ik, H AL & Smad &
H#ik, RAB3L A gl I 4% TGF-B 52k 5 AW P44 e A7 se e SO E L, TGF-B 52 M4 Bk 75 40 M
R, BN SHAME ST, ERMANEYS SAR X EH4LIES), RAB3L Al fEY TGF-p ZIAERES
X I B R], 4ERE Smad 2 ISR LIRAS, BT RETA T SAR & [ S HAh S 488 (7R B oy A, [l
# Smad B 15U 5 S A 2 11 .

RSy 2T, A TR IRk RAB3L 23 F#{K 1 Collagen | 1 a-SMA HJKiA. a-SMA 2Lk
YR bR SR T, HRIAEEZ Smad AWk . 17 Collagen | A BANMY 52 5% /K P
i, W] RE A2 B 43 i R d 1 FE S M o (B 154 RV A2, Sihang Feng 25 (R 78 3 BH, JLeF4E46 25 Tranilast
ALIE N NOP2, #liii] COL1AL mRNA (1) m5C H AL AX 1M, Mk i J5i & (3R, i HSFBs
(IMGTE . RZRATRE[23]. XA T AR R eI HENE . FEF] RAB3L 7E & R EAAR A A
TR ARG A% O ThRE, it Rk T Agimid (Lt Collagen | BT/ M i /R FE4AR [F) 40 M AR RIS S AN 203, 33— 25
TR ECM BIDTRR . X Ah 2 2 AR LE 75 RAB3L 7ELF4EALId FE R R 4“0 HITER .

UbAh, AL K I RAB3L X 4HMI A T R M. (£ TGF-AL RISk Nk RAB31 334 i
BT REZET . X5 RIE R CEZ TR (LNA-ASO)#E A CTGF MRSt KIS,  Ja & (e 4
IR A FI R, 3@ 4 TGF-B1/Smad A1 PISK/AKT/ERK il I 155 1 AT 44 R H 1-[24]. X EH,
B 748811 Smad JEE, RAB3L o] fgthidid A4 9E Smad S W1 MAPK 1 PISK/AKt K5 M 2 i 1) 47 i
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N3 B A B 2 A R, ARSI ST ) R IR B HS AR ML SR AL TR AR o 7E B R 1E B g AR,
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