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WE . BB ST 25 RASHIE Y 2 (RAS-like activator 2,
RASAL2) 7E % 18f 40 3¢ 18 Wi 1 1T 48 (metabolic dysfunction-
associated steatohepatitis, MASH) o1 f/E F & HAL I .
& N AR 24 JE 2 MASH/NERABL T . qRT-PCR £
U T 0 2H 2R 4 0 PR - PR R o 3 e 4 R A A ) e £
P25 A LR IR 0 o R B/ B R R D 2 L (bone
marrow-derived macrophages, BMDM) , /R #h 8% 35 31 L) g £ 4l
WML . qRT-PCR KT BMDM A% £k A7 75 3 I (Nos2
1L1b 116 . Tnf, Argl ,CD206 ,1110) % 3% . Western blot £l p-
IkBa. IkBa., p-IKKB . IKKB . p-P65 . P65 ik, R S5
5 7B /N ERUAH L, RASAL2 R /0N BT 2H 20 4 JiE 40 6 32 1 i
A ILTb 16 Trf HE K IR U0 1110 LK K N3G hn . I
A 3T 7% RASAL2 RIS /) Bl I T £ 92 40 352 11 sk
> MY I 440 e B 81 sk /b o AR Ah B 3R 19 /N B BMDM,
RASAL2 M 4 M1 BB AL bR i3 HE P (Nos2 (116 116 . Tnf) 3
TRV 11 M2 B A AR S 3L K (Arg 1 . CD206 1110) F23k¥4
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i P BF R (non-alcoholic steatohepatitis, NASH) , J&
& A8 OC B W5 P JF 9% (metabolic dysfunction-
associated fatty liver disease, MAFLD) f*) i Ji& By Bz,
SRR A RN B Ak 1 5 5, H e T R SR R
fEE: Z AN . AFST 78 MAFLD 43R B4 R
R R 32, 4%, Hoth 29 20% i ' Sl MASH!'™ .
MASH 3% 1 29 1% 18 15 4F 1 % A IR AL, 3T 7%
FE 6. 54 HEJE R IR . MASH B 28 Bl & A 3
HFG B I, (EXF T MASH B3AT7 FBR M B =
# 2 HAl, {UH Resmetirom 5 7] SE 4% & K15 36 [
FDA b FHF iR MASH. TR APEf# MASH & It
il TR A 24 W R R A BB IR R
H A iR A i DR A B TR

H RAS 159 2(RAS-like activator 2, RASAL2)
FEHE AT N V5 P R K 1q24-25, Gt ™= Wy &%
11392 BEW2 o AR oy Jt o 2k AT RAS 119 £ 3 42 ]
T, RASAL2 Z 5 2L i (45 B TR A des &
Z g i kAR R TR R AR R BF AT WOR
RASAL2 i6 2 5 5| 4 G e 5 IR B ARt 2. 2017
4F Zhu %514 % P8 RASALL Rl 938 1 42 785 RAS 2B (A7
PR N8 195 T8 B, 1 T ST RE Bk 9 & 2 O HLs
o R AR 3R 175 5 0 TR U AL 25 | U /b M2 AL I 4
MO o A PREZH T 5T & I RASAL2 il bR 38 1o
P& E MTTP A5 1 i B iz, BH 308 0 I I g s 7
PE U8 40 g B DCRLS . RASALR J& 75 iff—
2 5 MASH By B 9 I 5 i 460 473 38 A, v oA DL 4
16 . AS WIS o A K R A 1 5 A MASH /) BB
R 55 G U A i 2 AR BOR DL T RASALR 78
MASH JHIE 4 4 453 43 H 4 I B R
1 ##
1.1 Z#  SPF %% RASAL2 JE [ 5 4 FVB /) il
H R FER R YRR A BRA R AR VR AT R
5 SCXK (%) 2022-0029., 1] 7% T & # & Bl K 2%
SPF 2 52 5 sl 9y v o, W 20 °C ~25 °C L B
45% ~ 55% , JCHE 12 h, SRS 12 he HEH4 ~ 5 A b AfE
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PE CRASAL i M [a] 53 B A U/ B AT S 0, A
5% AR AT 22 U B R 2= 5296 3 W 18 P25 B 24t
(No LLSC20230268) .
1.2 RF SRR (BT . D12492) AKAE XS #E 4R
B(F2S . D12450B) 14 H 3% [E Research Diets 23 ] o
M-CSF (%35 :315-02) 14y [ 35 ¥ Peprotech 23 A . fig
Z B (lipopolysaccharide, LPS) (5747 :S1732) (ZL 4
A (575 : C3702) 1 H B3 = K3 H] . Fix-
able Viability (£55:65-0865-14) L) 244K CD11b( 47
45 :25-0112-82) .CD8 (%5 : 35-0081-82) Il [ 3 [
Thermo Scientific A F) . ¥ /& CD16/32 (1§ 5 :
156603) .CD45 (55 :103138) .CD3 (%5 :100219) .
CD4 (%5 :100437) . F4/80 (25 : 157308) . CD206
245 :141708) .CD11c (475 :117329) Ly6G (555 :
127618) | Ly6C ( 9% %5 : 128016) . B220 ( 9% %5 :
103205) \NK1. 1 (585 : 156505) 14 [ 3 [E Biolegend
Nl P p-P65 (525 :3033) P65 (575 :6956) .p-
IkBa (345 :2859) 1 [ 3 [E CST A wl . HLik p-IKKB
185 :ab194519) 14 [ HE [F Abcam 23 F] o HLIA IxBo
%5 . 10268-1-AP) . IKKB ( 1% 5 : 15649-1-AP) .
GAPDH (1% %5 : 60004-1-Ig) 1 H 27X Proteintech 2y
A, Percoll ($25:40501ES60) W4 [ I 12 %A= MRk
HARAA . G407 . RPMI 1640 K535 DMEM
FrFR A A 221 Gibeo A .
1.3 {428 qRT-PCRXL (IS : Mx3000P, 5 [H
R A R R s EPS-300 HL UK AY (1 i K RERME
AT ; DMIL RS S B 505 (T8 E Leica /A H] )
BD LSRFortessa HTS Jit 24 H74% ( Z£ [E Becton Dick-
inson A H) ) o
2 AE
2.1 MASH/NRERIRESL SHCHTES R
FH R NE AR 35 24 J& 23 57 MASH /)N BUSERY | %o B 2H LA
X R A 5 . SEER S R ET /N RAR Bt D10
g L7 8G T b 22 b s S R, STHE 58 v Ak B/
SR, WS 20 2 T o X 40 BV HE B 8 qRT-

PCR .Western blot £&70 .

2.2 REURBARI  IOHTEE TR 2 A R A
JHLE . TR IR D )BT B B0 R, 400 g B0
5min, £ FIEWR . JH40% Percoll F 241, 400 g =
025 ming /N0 BIEWR, A 12T 40 i 246 W
RN TIE , 240% 2 min. HIIA PBSVA M ,400 g &5
L5 ming 25 B, A PBS I, 400 g #5005
min PR 1K . FH 10% 6 2F L7 B9 RPMI 1640 15
FREE BB M ER . A CD16/32 Hiik vk -
B 10 mino JITA G 40 MRy SR DO PR bRIC 4l
Me vk _E% 5 30 min, PBS PR 5 N AGE 2 PBS &
Y. EMLAT IR A ARSI, FlowJo 10. 8. 0 R {1l
WE i

2.3 /NER B BRI E % 28 i (bone marrow-
derived macrophages, BMDM ) B2 BX . = 5F 5iF
SR IE/NEUG 5B e FUR B B TR
i, % 10°1U- L' 75 55 R Fl 100 mg- L' 5 % 2 1)
DMEM 15 5% 5 vp Y 15, AR B, 1 000 remin™ 25
L5 min, 35 W, A 12T 40 i 24/ T 24 % 10
min, B0 5 5 FIH R, PBS YR 2 WK, A& 10% Jif
A1 10 TU- L' 8 2 100 mg- L' 558 % .10 pg-
LW 4 B 4 7% ) 3% R 79 DMEM 15 57 3%, 5%
C0,.37 “CHi 3%, b H#e3 1k, — J&J5 LA 100 pg-L!
LPS HIl #4755 M1 404k, 24 h G WCEE RNA DL .
2.4 qRT-PCR TRIzol ¥ 42 B RNA, i 5% 5% Ny
cDNA. qRT-PCR#"34, L GAPDH NS5 , %
2Afer i AR R A X Rk 22 5 . BT B F
51 Il Tab 1.

2.5 Western blot Y20 Z1FE i, il A RIPA 2§
2 0, 203 5 VK - Z44#% 30 min, 12 000 r*min™ 25
O 15 min J O B WL A B AR . HUFRED
B LUK S RS B PVDF B b 5% 4 1035 1 2R
F1 5 PVDF JEERE S TR, TBST Pk %, Kk i —
PUREE B P E K. ECLIARI & B
WE. [ Tmage] SXPEXT UL S5 B UE AT 2 40T -

Tab 1 Primer sequences for qRT-PCR

Gene Forward primer (5'—3") Reverse primer (5'—3")

Nos2 ACATCGACCCGTCCACAGTAT CAGAGGGGTAGGCTTGTCTC
11b GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
16 TCTATACCACTTCACAAGTCGGA GAATTGCCATTGCACAACTCTTT
110 CTTACTGACTGGCATGAGGATCA GCAGCTCTAGGAGCATGTGG
Tnf CAGGCGGTGCCTATGTCTC CGATCACCCCGAAGTTCAGTAG
Arg TGTCCCTAATGACAGCTCCTT GCATCCACCCAAATGACACAT
CD206 CTCTGTTCAGCTATTGGACGC CGGAATTTCTGGGATTCAGCTTC

Gapdh AACTCCCACTCTTCCACCTTCG

TCCACCACCCTGTTGCTGTAG
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2.6 HEZf IERIFIEHLEE T 4% Z R T
i RS V) R AT HE e, K B B 5 L
HERTAR B o (DG B WS I IR AT
2.7 ZEitFEHE R SPSS 16. 0 R AF T B
Gt b o S5 F UL ws o 5 AL 1) L 38R o K
55 . KrgnsKifE a=0. 05,

3 #£R

3.1 RASAL2EBRBZEMASH/NRIFHRE 5
1E % & (normal control diet, NCD)ZHAH EE , = 81K
1 (high-fat diet, HFD) ZH /)™ BUFFIE 3 8K 58 5 =
WREERAS A0 HES 25, W) LA 2 S AE 4 M V=T
5 B R (wild type, WT)/NERAH LG, RASAL2 & bR
(knockout, KO) /N5 IE RS By A8 14 72 B B W sl 5%
XE5RMZATM PR —3%" . 5 WT-HFD /) R AH
[t , KO-HFD /)y B9 JH JUE 48 AE 248 B 4= 3 ) b o 2>
(Fig 1A) o qRT-PCR A& & 7 ¥ 42 4% 3 (5] 116
Tnf 116 3K W B, BT R B 1110 236 W] W1
(Fig 1B) .

3.2 RASAL2EFR/NRBTBE £Z AR E R E g
AR M1 ARALR D 0 Fig 2 /R, 5 WT-HFD /) i
AL, KO-HFD /Iy BRI 22 B 502 20 i 3 10 (b bz
A PARZ AN CDA'T 20 i | 5 40 i ) 359 B o ik
A Horb DL 0 A A /D fe R I B R R
JEESE 5 2 it ( Kupffer cell, KC )55 BAAZ 20 it St Y e
21 ifd (monocyte-derived macrophages, MoMF ) 4] Hf] i}
W/ (P <0.01) o 3F— 2 X 5 0 20 A AR IR 25 0045
K43 4T , 45 5 5878 KO-HFD /)N B M 120 95 200 i L
1% WT-HFD /)N B 2 982 (P <0. 05) o DA 4523
F W] RASAL2 i 55 AT LA B dob 9 2 JHF U 9 3% 240 i 122
119, I H AR GS 4 i w4 A M1 AR Ak

3.3 RASAL2ZE#4E BMDM @ M1k F—
AR BUN B BEAN I, 0 AN MR E M N A S

A WT KO

NCD

AT d, AT WLEE BMDM 5L 005 BE AR K 41 fitg 5
AHL BRI (Fig 3A) o LA LPS il 24 hif5 5 M1
WAk, qRT-PCR I M1 5 AL H7 35 Nos2 (1116 (116 . Tnf
DL M2 H AL bR 5 Argl .CD206 1110 R k1 1,
g5 B RASALR @i BR 240 BMDM M1 4% fb b i 5 [
235 B i AV T M2 Wi A A i R 3 8 B A 1
(Fig 3B) o LA I 45 5 32 B RASAL2 i [ ml LA ]
LPSi7% 549 BMDM [i] M1 # Ak .
3.4 RASAL2 &Y B # %l NF-xB {5 5 & % i&
NF-kB {5 538 4 A2 8 455 5 W03 41 e AR Ak 1 S AL
FATHE— X} LPS fil384 () BMDM 40 Jfd P (1) NF-kB {5
53 I RSP TRI . A0 Fig 4 B, 5 WT X
HRZH AH [, RASAL2 i B 2H p-IKKB/IKKB . p-IkBo/
IkBa, p-P65/P65 LU AE 34 W] b B AR, DL 1 45 2R 3R B
RASAL i[5 ] LA BH A NF-xB {5 538 % 115 1k
4 itig

RASAL2 5 H 3R J& F RasGAP K% , & A PH.,
C2.GAP 3/ &5 F3, Horp PH 45 M 380 C2 4544 38 1)
LI R 5¢ AW, 11 GAP 45 Fy 1mT UL GTP /K
fiffe T 45 % RAS 16 1 1) Sk R AR BRAE
KT RasGAP 5T 22 8505 Il g AH DG | 3T 47 >k 14
5% 4 7R RasGAP 5 S e A ¥ % VI A ¢ . 58 & L
RASAL3 i b /N BUNKT 41 it %5 & B sk 2>, I L
NKT 4 ffd IL-4 F1 TFN-y (1477 4= 98 /b 5 LA, RASAL3
Bl B 2k T MR 4R, # Bk RASAL3 S5 Hh
PR AR A I B G AE S T, Ying SR B RASAL
1 miR-223 (3L 2 55 PPA Ry 42 (1) W3 240 i
M2 ¥z A1 e o Carnevale 2512 % B RASA2 /2 T 4 A
(5 5 Ko 5, RASA2 mill bR BB WS 1 5% i 5 P J 22 14
T 28 B P 200 PR PR PR o A Dy ] — B I BT
RASAL2 .9 & B AT LASE Wil Jig 1D 25 23 M2 2 |5 I 240
JLdE e AHIFSY & IR RASALR 4% /0 BRI 48 i

B
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Fig 1 RASAL2 knockout ameliorated liver inflammation in HFD-induced MASH mice (x+s,n = 6)

A: Representative images of liver sections stained by HE staining (X 200) ; B: Expressions of inflammatory genes in the livers of each group.

P <0. 01 vs WT-HFD group.
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A B IR A AR 9 FE IR 116 Tnf T11b F2 3R , Bt
RIEPH 1110 FB 380 5 3 40 M o3 B 7 wp R 4
i FRAZ AL CD4T 41 Y | 5 W5 200 A = Ve 44 B I ik
s T W RASAL2 AT DUYe JH I G2 A 7
G 8 A VR R MASH ) SCBEERAE . M40 i
S O A 2 ) S E A M, 24 o5 IR T A 400 e
) 10% ~ 20% , N\ A& 4> B B g 40 i 5 & 19 80% ~
90%. | W20 M IR & MASH & J& iy B ik, 9t
H 55055 HE ARG o ARl AS [R] S 5% 15 s 240 it ]
0 R N 2 €20 W S e 7 e N Y A )
M1 B E AN, = 22815 2 I — AL AL A 1, B
IL-1.1L-6 \ TNF-o S5 % K 5, {2 #F RAE & & 5 7 1L-
4 TL-13 25303 R Ak R M2 78 [ I 40 i, v 3 ik
R EE-1.CD206 ., YM-1, 73 WA IL-10 S8 hr & K+, H
Ay REALSUEE MFER™ . B gL ] L

A B AN T AR | e b i A5 At 2R A 20
i DR e A SR A R B AR ST E R S
MASH R AE 10533 B 5 LL A1, B 200 6 43 0 79 116
TGEF-BAE A I B AR At 55 AL 2 48 B 0 3% PR 5
P& 37 MASH JF&F 4 b 1) A R . AR WFo% & 3R
RASAL2 #5570y B HIE 5 10 20 it 32 iy /b, M1 AU
Wk 210 B LU 91 P AR , 2 B BMDM 3 LA LPS Hill 34 5 & 0
B RASAL2 B S 41 il M1 #) Ak ; W RASAL2 7] )
A W A A A Ak, At R RASAL2 3 i< 410 ] 15 s 4
E@rﬁlﬁf* M1 I AL RS MASH JIFIIE S 4E .

Wk 48 AR A IR 2 AL 52 2%, 5 I 2 5
% %%l%&%@m AL E A ; W miR-125 .miR-155
A 55 M1 A AK AR 56, T miR-147 .miR-187 25 5 M2 #%
FEAH S5 P B 0 8 4 3 85 AL 15 NF-xB 3 i JAK-
STAT iifi # . TGF-B/Smads i {# . PPARy il {# . Notch
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0 Nos2 Tnf 16 1lIb  Argl CD206 1110
Fig3 Effect of RASAL2 knockout on
BMDM polarization (x+s,n =3)
A': Representative microscopic images of BMDM differentiation at
100 X magnification; B: The gene expression of M1 and M2 macro-

phage markers in LPS-stimulated BMDM. “P <0. 05, ~P <0. 01 vs WT

group.
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Fig4 RASAL2 knockout inhibited NF-kB pathway
activation in LPS-stimulated BMDM (x+s,n = 3)
A: Western blot detection of NF- kB pathway-related proteins;
B: Quantification analysis of Western blot results. “P <0.05, P <
0. 01 vs WT group.

{55, Horh NF-«B 3l 5 2 v 20t b A 9 42 1) o e
= 5H U NF-xB B RelA (P65) . RelB. c-Rel .

P100/P52 1 P105/P50 F. /™ Z % i 51 H 14 7 A4~ ] U3
o SR R AR, Hod PS0/P6S SR IR IR R
L NF-xB 5 53 B A% DG SR 77 NF-xB 52
2| L5y IKK 5 1B A /™ 4% 4% . TKK B P AP L
it (IKK o IKKPB) LA Kz — il -1 3P 35 (TK Ky ) 2H ik, 38
T 1) Wi 32 A B ST R Ak DS TKK B, 22F 1 % /2 1k
IxB, f# B TcB X NF-xB [0l , i P50/P65 5 i — %
TRBEHOIT 5 o 2 20 M A i, 5 805 W 4 i 1) ML A
PR LA T K A FE R 3k AHIFSE e BAE LPS Al
B BMDM 40 il v, RASAL2 @ 4 B 5 31 ) IKK 5
IxB Wi R Ak , P65 B I £k BH I Jak /L, 26 B RASAL2 i}
Bk BE A% 410 ] NF-xB i #% 75 1k , $2 78 RASAL2 7] gl
1 NF-xB {5 518 8 ¥ 5 w2 a4k

25 iR, RASALR il 5% BB 8% Ukl 5 i 1 532 175
S MASH /)N BRUFFE S RE R 497 , 9D b PR 28 i 2
A0 L | W AT 45 22 o 4 R 40 B IR Vi BEL AR W
20 i M AR Ak, FEAIL R PT RE 5 B0 NF-«B 5 538 %
A Ko ARG K A RASAL2 Xt MASH JFJIE 4 E
)55 M A0 A5 ) T LT REMLA , W 9E 45 54 Bl
TRALXT MASH &3 LT B9 IA R, 4 RASAL2 /K
MASH V& AE T FUHE i S 4 T Be RS . 2
2 BT BB 5T X AL BR /N BRA B /DN BRUR U 1
BMDM, i 58 45 18 J2& 15 v LAHE) 1) 28 0 A6 42 o
Ak, RASAL2 45 NF-«B 15 5l % i ELAK 23 T 4L
il W A BB . NF-xB {55538 & 75 & RASAL2 45
F v 20 A B Ak 0 i — BIL 7 W AN i 2
RASAL2 J# 4% MASH [ ME— 2500 2 g 7 3 46 [n] f8 1
T e SL T it — R
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RASAL2 knockout alleviates metabolic dysfunction-associated steatohepatitis

by modulating macrophage polarization via NF-kB signaling pathway

FAN Wen-jie', HU Cui>’, WANG Bing-bing’?, MEI Qiao>*, ZHANG Wei-ping”’, DING Hao*"*
(1. Dept of Radiation Oncology , the First Affiliated Hospital of Anhui Medical University , 2. Dept of Gastroenterology , the First
Affiliated Hospital of Anhui Medical University , 3. Key Laboratory of Digestive Diseases of Anhui Province, Hefei 230022, China)

Abstract: Aim To investigate the role of RAS-like
activator 2 (RASAL2) in metabolic dysfunction-
associated steatohepatitis (MASH) and its underlying
mechanism. Methods A murine MASH model was
established by feeding a high-fat diet for 24 weeks.
Hepatic inflammatory gene expression levels were
quantified by qRT-PCR. Hepatic immune cell infiltra-
tion was assessed by flow cytometry. Bone marrow-
derived macrophages (BMDMs) were isolated and cul-
tured in vitro, followed by stimulation with lipopolysac-
charide to induce M1 polarization. The expression lev-
els of M1 polarization markers (Nos2, IL1b, 116, Tnf,
Argl, CD206, I110) were measured by qRT-PCR.
The protein expressions of p-IkBa, IkxBa, p-IKKp,
IKKB, p-P65, and P65 were determined by Western
blot. Results
RASAL2-knockout mice exhibited markedly decreased

Compared with wild-type littermates,

hepatic inflammatory cell infiltration, reduced hepatic
mRNA levels of 111b, 116, and Tnf, and increased 1110
expression. Flow cytometry revealed a reduction in he-
patic immune cells infiltration and a decrease in M1
macrophages in RASAL2-knockout mice. In vitro ex-
periments showed that RASAL2 knockout reduced the
expression of M1 polarization marker genes (Nos2,
IlIb, 116, Tnf) , increased the expression of M2 polar-
ization marker genes (Arg], CD206, 1110) , and in-
hibited the activation of NF- B pathway. Conclu-
sions RASAL2 knockout attenuates hepatic inflam-
matory injury in MASH and inhibits M1 macrophage
polarization. Its mechanism may be related to the sup-
pression of the NF-kB signaling pathway.

Key words: MASH; RASAL2; macrophage; BMDM;
M1 polarization; NF-xB



