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HEFR K S 0E AN MR E . B IE CD86. M IASE R T (TNF) -a. HATMEAZE (IL) -6, iBSE — A LA 5
(iNOS) J IL-1B {5 {# RNA (mRNA ) K FE¥FHE; SEmAaret, FmaEe 4/l RIRT G B IER/MEE |
BN A N B TR LA TR . NS TSR AR . B IUE o-SMA I T B JFAR (i 2k |
F4/80 F1 CD86 [ iA U/ . B E CD45 K EX 41 ifd F1 CD11b* F4/80" L Wi 41 fitd f %% & 2936k 2 . CD11b* F4/80"Fil
CDS86" F IWE AN M AE T 5 20 21 iRt i /b . B A SRS B e AR R BE 45 5% . P AIE CD86. TNF-or, IL-6. iNOS J% IL-
1B ) mRNA KPR, RSN LPS+HFN-y 1755 M1 54 B A & I BEILEE-3-0E (PIBK) . & F
P B (Akt) . #ZETF (NF) «xB 8RR KT T8, i il BTK J&5 H#5 iR oK P2 BEAL, 2B iR
BTK 7] g 38 1 7 #ill PI3K/Akt F1 NF-«xB #HIC RAE(S T B, M5 LPS+IFN-y 75519 M1 78 5 5240 i 42 4 1
M. &% F0E e gt il PI3K/Ake Fl NF-xB AHIC AT (G50, s> M1 28 B W5 40 i 32 1 RAH 5 40
Ak, MIMiEEE RIRT G B EF4ifk, I RN A T i AR .
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Zanubrutinib inhibits macrophage infiltration to ameliorate renal fibrosis after renal ischemia-reperfusion injury  Liu Oi",
Zhang Yannan, Sun Qiquan. “School of Medicine, South China University of Technology, Guangzhou 510641, China
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[ Abstract] Objective To explore the action mechanism of Bruton's tyrosine kinase (BTK) inhibitor zanubrutinib
on renal fibrosis after renal ischemia-reperfusion injury (RIRI). Methods C57BL/6 mice were randomly divided into
sham operation group, modeling group and modeling + zanubrutinib treatment group (zanubrutinib group), with 5 mice in
each group. The groups underwent sham operation, RIRI modeling and RIRI modeling + zanubrutinib (5 mg/kg)
treatment, respectively. Tissues were collected after 21 days. The morphological changes of the kidneys, histopathological
changes, levels of M1 macrophages in the kidneys, inflammatory responses in the kidneys, and the expression of related
inflammatory signaling pathways of macrophages induced by lipopolysaccharide(LPS) + interferon(IFN)-y in vitro after
lentivirus transfection were observed. Results Compared with the sham operation group, the kidneys of the modeling
group mice shrank, the ratio of unilateral kidney weight to mouse body weight decreased, renal tubular interstitial fibrosis
worsened, and the expression of a-smooth muscle actin (a-SMA) and type I collagen in the kidneys increased. The
expression of F4/80 and CDS86 in the kidneys increased, the lumen of the renal proximal convoluted tubules was
significantly dilated, cellular debris accumulated in the lumen and inflammatory cell infiltration occurred, and the
messenger RNA (mRNA) levels of CD86, tumor necrosis factor (TNF)-a, interleukin (IL)-6, inducible nitric oxide
synthase (iNOS) and IL-1 in the kidneys increased. Compared with the modeling group, the kidneys of the zanubrutinib
group mice enlarged after RIRI, the ratio of unilateral kidney weight to mouse body weight increased, renal tubular
interstitial fibrosis was alleviated, and the expression of a-SMA and type I collagen in the kidneys decreased. The
expression of F4/80 and CD86 in the kidneys decreased, the number of CD45" lymphocytes and CD11b" F4/80"
macrophages in the kidneys decreased, the infiltration of CD11b" F4/80" and CD86" macrophages in the damaged tissue
decreased, the degree of renal inflammatory pathological changes was milder, and the mRNA levels of CD86, TNF-a, IL-
6, iNOS and IL-1f in the kidneys decreased. In vitro experiments using LPS+IFN-y to induce M1-type macrophages found
that the phosphorylation levels of phosphatidylinositol-3-kinase (PI3K), protein kinase B (Akt), and nuclear factor (NF)-
kB increased, while the phosphorylation levels decreased after BTK knockdown, indicating that BTK knockdown may
inhibit the PI3K/Akt and NF-kB related inflammatory signaling pathways, thereby reducing the pro-inflammatory effects
of LPS+IFN-y induced M1-type macrophages. Conclusions Zanubrutinib may alleviate renal fibrosis after RIRI by
inhibiting the PI3K/Akt and NF-kB related inflammatory signaling pathways, reducing the infiltration of M1 macrophages
and the expression of related inflammatory factors, providing potential evidence for its clinical application.

[ Key words] Zanubrutinib; Macrophage; Renal ischemia-reperfusion injury; Renal fibrosis; Bruton's tyrosine

kinase; Acute kidney injury; Lipopolysaccharide; Fibroblast
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B Bl 1fiy P 1 #1405 ( renal ischemia-reperfusion
injury, RIRI) J&WEAEIEZ B . Ko . B
FE A B SRR N Z5 A A A5 BRAB 5 T ) B A
W B RSRE AR A ) RIRT AJ50R 2 AR A I e il xR
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L, 2R RT3 Y B ) AR AR C ., B2

S22 RIRI 955 2 A B R R il #2171, #F RIRI &
R, O Y B A R e B — P 4 4
B0, BRI SERE A BORNE M R W] LA S 4
JHTS . WBERIAAE RN, 2 ECE AL BRI fig
BREfR 0, ARSI ER T, ] I W A L ) 5
A7 IR 1] HE RCA IR YY RIRT AV AE SR g PRk,
L0 240 i 32 3 7K 7 X F RIRT Y 45 Jm) #1 A ple 58 ¢
B,

i & i % 4 R 4 B8 ( Bruton's tyrosine kinase,
BTK ) & —F25 B 41 M52 /K 15530 i 1) sl
BTK A] LAt HAb S e 4 f i 31k, JF 5B HE 40 i iy
PV MIIREA &, BTK AFAE T B WE4 i,
Z 5 HE A AR Z A E S B, 0 Toll #3214
BEfLR, R R EEAEHT, KWk,
BTK AJ GE 42 4 19 B Wik 20 A b Ak i) — > B 1 4
Ko VAR e 02 35 [ A i 5 2 ol B A TRy L v 1Y
BTK A ALl 10, 17 #R5 BTK il 5l A %
JETE EL 20 HAH 5C A E i % 5 RIRL 53500 B £F 4k
IR, ABEFEF AT Je /2 —Fh RIRI 5 5 45
HALPIPLRIGIT 2, B /DR RIRI AR, 5
PHEAM R JEXT RIRL G B4R 4e L e RMLE,, BN
VEATRY JE AR RIRT A1 R A FH AR AL B 224540
1 MHEF*

1.1 EWshy5EERF

HEdE 6~8 JA I C57BL/6 /NEL (1A 20~23 g)
W VLA AL 2 A R e A PR AL, BT /IR
TETCREE R PRI i35 . ARBFRSFAH) ARAE A
R BEsh ) L e FE s S 2> R Bt (dit5: KY-N-
2021-065-5) .

FAiE e . IRZ B (lipopolysaccharide, LPS) .

T #t £ ( interferon, IFN) -y¥ g H 3%
MedChemExpress 24 7 ; 5% bt . SYBR Green gPCR

Master Mix, 77 K ZE -4 ( hematoxylin-eosin, HE )
Jeilfl g . KRB YA & . Masson 4 (43
R ARG RAE YR A BR A F] 5 RIPA 2
FfVR . R BERR WA R . BEER BRI EIR . A E e
i BCA il &8 B _Ei38 = RAEYH AR A A R
Al o-FIE LS (a-smooth muscle actin, o-
SMA) . T M. BTK, F4/80, CD86. fliHE
HLEE-3-18 1 ( phosphatidylinositol-3-kinase, PI3K) .
p-PI3K. FEF#E B (protein kinase B, Akt) . p-Akt,
#%HF (nuclear factor, NF) -xB. p-NF-xB Z4i{A1y
W FI 951 CST 47 52464 (brilliant violet, BV ) 421-
CD45. SHiF R E ( fluorescein isothiocyanate,
FITC ) -CD86, #: 5% (allophycocyanin, APC) -
F4/80, Z R -4 5 -EH /T 7 (peridinin-
chlorophyll-protein/cyanine7, PerCP/Cy7) -CD11b %
AR S T & ¥4 B 32 [E BD Biosciences 2y
Al; RNA $2BGAR &0 A 7 MG RS D RHE A R
/53 PrimeScript 1T First-Strand cDNA & i 5] & 1)
H HZ TaKaRa A5 MR EEEAAN B I IR B
PR AR A A R EE R W H SE [ Invitrogen
NI
12 EWoESREENT

¥ C57BL/6 /NERBEAL Tl 34 TR &
B, EHRAEMERAAH RMEed) , B4
SHL AT F R | RIRI#E A, RIRT 6 A5+
FAEE (5 mg/kg) H2RYT . FIHILIE RIRI A3
BEJTIEIS, 7E 37 °C RN -, FH R Ui TR
BT 28 B, TS A8 JeJe A 5 3 30 min, W
S B AR . B REAEIAE A S 1 min NASTR,
BERIEFIE2 10 s NIRE IEF B, BRTFEARA/NR
EZMFENFAR, HEARRMAEF . AR ITA Y
5 2450 B ) A TE DR 24 5 e T R AR T 110
fill L ZH MR A 25 BT e 1Y o B A
JEVE T I, IR ERZE i ( phosphate
buffer saline, PBS) #iB. RIRI AT 45/ ERUIE 3 5
5 mg/kg MG, PR MERIL 5755
oK, S 21 d R
13 HRABS5FHE
13.1 mmEFRE BB IEWEIEEYE/E, 7
BRI 4% 2R EETEE 24 h, HBELHAA K
FE Ol Rk gy . ZHRE A USRS
A WS R, ) R HLAE A Y 2H )
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5 um FHER . R R0 E HEWI R 34T HE . R
B Z1FD Masson B 8, A 5 2H U4k 4 e AR D o-
SMA. [ BURJFE . F4/80. CD86.

132 ARk HH/NREE, & TR
PBS 1, KRR LS FEIRNR DT MZE 4R 2L . e/l
F BT 2 1 mmei R, 37 CKIRRIRTH AL
60 min, fiiZH LU 5 IH LI Ao e . THALSEINUR
W 4 PR VR 2ok 40 (9% 4 6L 7 3 00 R B0
Ficoll B§.LrJa 2 LW, WOHR F 2 S 2 40 i O
PREANMAR I, B ORAE MR B3 B 5 X H AR 2 T
PRic A R e A SR IC A B 2SN A0 7
W, 96 hRic Pk BV421-CD45 . FITC-CDS6 .
APC-F4/80 ., PerCP/Cy7-CD11b KB M1 % F i
A

133 ZoRAZEREHmAE S (] RNA HEH
R B DA/ IS BV 2H 2 B A L P AR BB RNA
H PrimeScript 11 First-Strand cDNA & i i 7 & ¥
RNA %55 % ¢cDNA. f#iH SYBR Green qPCR Master
Mix 55 e B 55 I 580 8 7 R G W 5% S ( real-time
fluorescent quantitative polymerase chain reaction, RT-
qPCR) WA RIR &), HATY 1, IHEAEE
RNA ( messenger RNA, mRNA) #Xf k&, &
DU AH 5 48 E A F B9 mRNA K, 5181740 3k 1
iANe

134 FZameridk RPGES, @ik, Bk,
WS LIRS, R4 (a-SMA ., | B AR
H. PI3K. p-PI3K. Akt, p-Akt, NF-xB, p- NF-«xB,
B-actin, GAPDH ) AR LM —EIA LT, 4C
R, BRSSO Bk B T % i T 30 min,

Bl AT A2 ARSI, A A DT HE Ak AN A (55
e S NI S Y
1.3.5 BTK % 5% & 45 & RAW264.7 tn j.  $ RAW
264.7 ( FURE WA R ) 40ELL 50%~70% B4
MR 6 fLtk, BT 10% 54 10 1Y Dulbecco
2 K B9 Bagle 55 5% 3£ ( Dulbecco's modified Eagle
medium, DMEM ) "5, #i BTK 12055 1Y
AP, LL MOI=50 (155 5 Il e ik B 55 YL 40 g
AR 16 h e, REG gy 5 B o 3 Ry e 5 R 0k, 4k
ZidiR 72 h, fHH] 4 pg/mL WENG R A PEA T O 0 I e
YLy 4L . RT-qPCR A [ 5 B 36 125 96 91 5% G &4
R, BTK SRR mBR i = T iaeesiss . Kl
YeRAMEXT BE 12 (shNC) FEMXTIE, shNC-MO A
WHTEAT AL B (shNC-MO) , f#H] 100 ng/mL LPS FI
50 ng/mL IFN-y 735l Ab BEAL UL shNC Fll BTK 512 9
# (shBTK ) A RAW 264.7 i 24 h, LIES M1 HE
WA AL (shNC-M1, shBTK-1-M1 . shBTK-2-M1) .
14 SitFEFHE

i FH Image J 305 & v k47 S AL AL B . i )
GraphPad Prism 9.0 2K AT G811 Al Ak . 45
HIERS AR POR S B bnifE 22 3R0R , P4
LR AN, FEAS ¢ K06, 224 IR) bR A R 7
Z03HT. P<0.05 NZERAFFRE L.

2 % X

2.1 EFHEBERAHWRE/NR RIRI ESHEXNELRE

SEFARLAMEL, &EA/N A SN Sig
BEHARLL, AR 4/ B RIRL S B ER/MS 24K
B (E1A) o S5BFRAMEL, @EFELL/N A

*1 S|HF5
Table 1 Primer sequences

FEH L5149 (5'—3") TUEs Y (5'—3")
B-actin® AGGCCAACCGTGAAAAGATG TGGCGTGAGGGAGAGCATAG
CD86 TGTTTCCGTGGAGACGCAAG TTGAGCCTTTGTAAATGGGCA
IL-1p? GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
iNOS® GTTCTCAGCCCAACAATACAAGA GTGGACGGGTCGATGTCAC
IL-6% TGCAAGAGACTTCCATCCAGT TAAGCCTCCGACTTGTGAAGT
TNF-0® GCCTCTTCTCATTCCTGCTTG GGGTCTGGGCCATAGAACTG
BTK CCAGAAAGACAGATTCCGAGGAG AATCCAGCGCTTTCTCAGCTC

I Op-actin WB-WIENHET; QIL-1pHALMIANZ-1p; GINOSKiFFH A A A ; @IL-64 141/ %-6; GTNF-a

HRREIRSEIN T -
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B Bt S/ BUA BT LU ERRAG; Sttt A
B Je 4/ RIRT S BB o o 5 /0 U o o L0
(K 1B) o DL ESERSR, M es2E e
—ERRE FIRE T /N RIRT S B A RN B B
22 FHhEBRAHRE/NR RIRI EBT4H

I R E LT F Masson 2 3 Efl /N RIRI 5B
INERIRET Yl , S5RER, SERFARAMEL, b
H/NRE/NVE RN ; 5S4, A0
B e /B RIRL 5 B /N80 (] T 41 4 ks 4% (& 2
A, B) . SEFARYMIL, EHL/NRERE a-SMA
Fr 1 BRI JEAR IR AN, SR,
BSR4/ RIRL S B IE a-SMA F1 T i J5 25 H 025
¥ (BI2C~E) o
2.3 EFHERAHED/NR RIRI FEEERERRHE

AP R R, SEFPARALE, b
ZH/INERUEIE F4/80 A1 CD86 FYFEIA RN ; Sl
Fodss, PEAR RS 41/ Bl RIRT J B JIE F4/80 F11 CD86
MZRBH (E 3 A) o ARG RE R, 5
R AL, FEA R e 41/ RIRL S B E CD45 ik
L4 AR AT CD11b" F4/80"E Mg 4 i i £k i ek /b, A

RFARM it Ffiged

—_—

oot

0.010
iz 0.008
=S b
£ 0.006 . ®
i 0.0047
= 0,002
0_
P S
W

TE: A& 4L/ BAR ST BGE B B IE; B I 4520
/N BB T S R B O . SRR A,
P<0.05; SIS LA, P<0.05,
B1 SHMNREREESFEEL
Figure 1 Morphological changes of kidneys in different

groups of mice
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FEAT R JE 41/ B RIRT S B 1) 9 A s R A A8 2 B ¢
% (K 4A) . FIH RT-qPCR XF /)N BLUE ML L W5 41 it
A SAE N T HEATRG I, 25 R W, ST R4
o, gL/ E CD86. IR AL R T (tumor
necrosis factor, TNF) -a. FZHM/ % (interleukin,
IL) -6. FHESH—E LA EBE (inducible nitric oxide
synthase, iNOS) J IL-1B [ mRNA /KT 5
WAL, AR e 4/ BL RIRT G B I CDS86 .,
TNF-a. IL-6, iNOS A IL-1B ) mRNA 7K -] [ A
(K4B) .
2.5 BYE BTK @i iM% PI3K/Akt 1 NF-xB HKIE(S
518 B% R 55 LPS+IFN-y % S 19 M1 2! B 1% 40 B 2 ¢
€A

VT BTK 7 B i M A D RE, RS0 52 56 4]
FHIS R T4 A g RAW 264.7 41 AR BTK, i
o B 1B BN R RT-qPCR Z3 SIS Y4 J5 BTK 25
AT mRNA 7K, 4550 B8, BTK %5254 YL 40 1)
RAW 264.7 4t BTK & FHF1 mRNA /K25 B
PEXTHRAL (5 AL B) , KW BTK SEK 5L s A
VEACE Lo A, Bk 7T e e s e A
Bk

SRR AT JE AR SN KA BTRAE T e L
i, ASHFFEXT LPS+HIFN-y 75 5 1Y L W5 48 i AH OC 5
55 W B HE AT R, F2 4% PI3K/Akt Al NF-xBU'*'™,
TR ENE LSS R 7R, LPSHFN-y 551 M1 B E
W40 LY PISK., Akt, NF-«B (R 1k K S48 TH i,
M w5 I BTK A& A 5 How R Ak 7K P BRIk (&1 5 C.
D) , RKUIRAL BTK 5K A G o 1 ] PI3K/Akt £
NF-«kB AH 3G RAE (5 i %, M55 LPS+IFN-y i7§
ST M1 R E AR R RVER

3 #

B 4EAL 2 RIRL 5 0L H = H A RE5 R, ™
W R R D) RE B AR A R RIRT S| &
BT A, — B ROy B ifl, B IEIE
WEHAGEPIR, B 4ERIRHLBUC, B
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Figure 2 Comparison of renal fibrosis indicators among different groups of mice
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Figure 3 Comparison of renal macrophage levels among different groups of mice
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Figure 4 Comparison of renal inflammatory responses among different groups of mice
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