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Role of Fgl2 in macrophage polarization during acute Kidney injury in mice
ZHU Lin', XU Guilian®, XIE Pan', PENG Kanfu' 'Department of Nephrology, First Affiliated Hospital ;

*Department of Immunology, College of Basic Medical Sciences, Army Medical University ( Third Military Medical
University ) , Chongging, 400038, China

[ Abstract | Objective To investigate the role of fibrinogen-like protein 2 ( Fgl2) in macrophage
polarization during cisplatin ( Cis) -induced acute kidney injury ( Cis-AKI). Methods Twelve male wild-
type (Fgl2"*) mice and 12 Fgl2 gene knockout (Fng_/_) mice, aged 8~10 weeks and weighing 20~25 g,
were selected, and then after being administered with a single intraperitoneal injection of either saline or Cis
for 3 d, they were randomly divided into 4 groups (n=6): Fgl2"" Saline group, Fgl2"" Cis group, Fngi/i
Saline group and F ngi/i Cis group. Kidney function indicators such as serum creatinine ( Scr) and blood urea
nitrogen (BUN) levels were measured 3 d later, and kidney injury was assessed by HE staining. Western blot

analysis was performed to evaluate the expression of Fgl2 and kidney injury molecule 1 (Kim-1) in the renal

tissues. RT-qPCR was conducted to assess the expression levels of Fgl2, Kim-1, neutrophil gelatinase-associated
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lipocalin (NGAL), IL-6, 1L-12p40, IL-1B, inducible nitric oxide synthase (iNOS) and TNF-a in the renal
tissues. Immunohistochemical assay was employed to detect the expression of Fgl2 and macrophages (F4/807)
in the kidneys. Immunofluorescence staining was utilized to examine the expression of macrophages (F4/80")
and M1-type macrophages (F4/807CD86") in the renal tissues. Flow cytometry was employed to analyze the
expression of macrophages ( F4/80%) as well as Ml-type macrophages ( F4/80"MHC 11 ") and M2-type
macrophages (F4/80°CD206") in the renal tissues. Results Compared with the Fgl2”* Saline group, the
Fgl2** Cis group exhibited a significant decline in renal function (P <0. 05), a notable increase in

pathological score of renal tubular injury (P <0.05), and an obvious upregulation of renal tissue Fgl2

expression ( P<0.05). Compared with the Fgl2** Cis group, the Fng_/_ Cis group demonstrated a significant
decline in renal function (P<0.05), an elevation in the expression of renal injury-associated molecules Kim-1
and NGAL (P<0.05), an increase in pathological score of renal tubular injury ( P<0.05), increase in
macrophage infiltration ( P<0.05), and an upregulation in the expression of M1-type macrophage-related
molecules 1L-6, IL-18, TNF-a and iNOS (P<0.05), as well as obviously increase in the percentage of
M1-type macrophages as indicated by flow cytometry ( P<0.05) , while there was no significant change in the
percentage of M2-type macrophages, and the proportion of M1-type macrophages was significantly higher than
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that of M2-type macrophages (P<0.05). Conclusion

Fgl2 gene knockout exacerbates Cis-AKI by

promoting macrophage polarization towards the M1 phenotype.
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cisplatin; acute kidney injury; fibrinogen-like protein 2; macrophage
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I Abclonal 237, 5145t b A= TAW)6 B AESE
KHRIHUARA : Fel2 (p[E Novus 4] ), F4/80 (3£ [
CST /A #]) ,CD86 ., CD206 ( < [E Abcam 2\ #] ) , Percp-
CD45, PE/Cy7-antimouse CDI11b, PE-
antimouse F4/80 . Brilliant violet-antimouse MHC I .
APC-antimouse CD206( € [E Biolegend /A #] ) , Western
blot { 2% H 22 [ Bio-Rad 2% w5 HL ik BEAL IR & HY
VRV B IR A W R ISEGE IR Wl 5 A2 R OB R AX
Wy B 2 E LI-COR /7] ; PCR Y% B 3£ [E Bio-Rad /v
7] s LAY (FACS Canto 1) 26/ BD 24 H],
1.3 R ERBERMEL 5

i 5 LRIV TE S 20 mg/kg Cis 4R FE 72 h Fg i
Cis-AKI /]NEUBEAY , A BIEER 7K (Saline ) 28 W 7E [7] 45 2% 1
TS AR FRIC A AR B AR K # B LT R R R
I3 4 20 (n=6), Cis-AKI # I 2H : Fgl2"" Cis £,
Fgl2™™ Cis 2, % B4 : Fgl2”* Saline #1 . Fgl2”" Saline
. Cis IWRILEC B, #F Cis W ARE T Jo i Az B ER 7K
TR TR 5,45 CoRIE B h A 20 min , {1 58 73 ¥
FR AR E D 1 mg/mL TR B (L AR
L4 i ARERLE

52 3 d JEUNBUIR BRI, EWR T & 1 h 5
4 CYkFEE R, &0 T 1 000xg B0 10 min, B F ¥,
T IS B SRRl . Fr A7/ BB , 2RI, 57 B
SHEREF AL SE , 175 BOSUIN B IFE 2 BR A S, — 873 2H 21
FET 4% Z W T A L2800, I — &840
AR IR G AT —80 CukAf o
L5 FHhaesn

/I BRI 7 226 28 Pl 5 4 B R 2 — B I B e ik
B2 K0 Ift LET ( serum creatinine , Scr) | JR 2 % ( blood
urea nitrogen , BUN) K-, th A= 1k B 3l 73 #r i (AR
#r AU5400) 58 5 o

antimouse

1.6 Zke7ik
1.6.1 HE 0 P EZH 2 LI R K, 4

il AT IR AS G B L RUD R 4 wm S,
ZIK, IRAKEYAD 30 s, BRI BPYE 10 min, 1%EER- £
WA 3 s, A RAK WP UL i 10 min, JHLLGE (M 25 s,
DI g se i, 2B AL 3, e R AR £ A, BB T
TARIFPEIY . 2 LA & IS R A1E B i
B T SN B 7, SR T XU ¥R 20 5 /NE L Bz 4R i
it BAE LT S8 AINVERPRE & /MVE Y 5K R
TR B AR AE R MEA IR o B AR AS R
KUE FELIER 5 A~ LS (400) XF 5 /N _F B2 41 g4
Uie R AT EALIFPE 2> (0 73 IEH 5 1 502 >0% ~
10% ;2 43 :>10% ~25% ;3 432 >25% ~45% ;4 43+ >45% ~
75% 35 43 :>75% ~100%) .,

1.6.2 b et S sdotie K alEy)
F ISR TR ER (pH B 6) 5 EDTA #ipJ5iE
S (pH (B Ry 9) Hr, R B 3 min, 5 % P Ik
15 min HFATHUITER 3% 5 F AL PHMT 10 min 5% 4
MFEEEZERE A 1 h, 404 CREF LR, PBS %
A4 WGERS min, ZHUEEF 1 h,OGET DAB A,
ARG YA 30 s, ZHREY] G h R AR E ho e
PG BRIEA R |, 1 W0 B 96 T, Hoechst
et 10 min J5 , HUIOGHEKE 7B .

1.6.3 BRI AN 0B S AR 8
B 4140R T DMEM B 523694, 35 225 1 mm® [ R,
AV B i i 37 °C 4K 30 min, 70 wm 240 57 B 25
o A9y M 25 2% J5, i 21 2 SR A R vk b 2R i 40 A i
5 min, ff] Percoll #£17RLEE B>, /2K 40% Percoll %
W, FJEH 80% Percoll 7EK ,4 °C .800xg B5.0» 30 min,
DTGB WY RIS 5L T r ) 12 1) A4 B B Sy
NP R RIELML . 1 mL iR 2R I 5 99 mL PBS %
WIR A O A (5 2% v ik, DR B0 1 162 400 i
DivE AR E &, BN M A 1 pLl anti-mouse
CD16/32 £ W, vk F 3514 15 min J5 , AN PR E H
A & i/ BT AR IR & M (Percp-CD45  PE/Cy7-
CD11b, PE-F4/80. Brilliant violet-MHC 1[I ., APC-
CD206) , 7K b3 G E 30 min J5PEE B>, 400 pl i
Y 7 i B B S B LA TR .

1.6.4 B JJE mRNA 2t 5 RT-qPCR £ i) fi 7l
RNA SRR (B IUZEGE IR 22 7)) DB IR ZH 2 b RO
mRNA, FF i H] 73 0 0% B2 3F U & mRNA ¥ B2, >k
cDNA S %% 5338050 &2 (IR Abclonal 23] ) 52 4% 546 A
¢DNA,RT-qPCR JZ i {KZ: 8147 1 pL,cDNA 1 L, T
RNA 57K 3 uL,SYBR 5 pL, BURFR 10 pL. J2 R 4
. AR 95 °C L3 min, 3L 40 PMEFR .95 C 55,58 C
15,72 °C 30 s, 132 AFESY 3G WA CLiE, R
F 27 M R A R BIYIFSILE 1,

1.6.5 Western blot £ By 30 mg "B 4021 T Wb
JE O R, R RE A A BIF Y
(Servicebio ,KZ-1lI-F) #1, L1 60 Hz B4 b B 30 s, i
W2 WIR OB S A5 K 2 1.5 mL FRidds
(s 0, vk B 24#% 30 min, 15 000xg .4 C & .0
15 min, B_E35 AR GG RETHR I A v B, #ic R 401
B EE B 0 A loading buffer, 100 °C 2% 4 10 min, H
40 wg ISR DY ot g 58 e vh 2B AT HL UK, 150 mA
1 h %% % PVDF JB, 354041 30 min, 47 4 CHFF R
0.1% TBST JE% 5 A HRP Aric — 4t (1 E 40t
A 1:3 000, tL=FE-HT/NRPTAR 1:3 000) , ZEEBEE 1 h;
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0. 1% TBST k)5 ECL fb2% & 67 i £, LI-COR %
TS AR A

*x1 5[9F5
B2 1| FHI(5'—3")
i iE A : GTGCTATGTTGCTCTAGACTICG
J% i : ATGCCACAGGATTCCATACC
o 1EJi] : GGTGCTCAAAGAAGTGCGGA
[l : GTTCCTGGACTCTACTGTCCTC
e il : ACAGAAGGAGTGGCTAAGGA
) J% ] : AGGCATAACGCACTAGGTTT
1EJi] : TGGTTTGCCATCGTTTTGCTG
11-12P40
%I : ACAGGTGAGGTTCACTGTTTCT
i 1E T4 : GAAATGCCACCTTTTGACAGTG
-8 J% 4] : TGGATGCTCTCATCAGGACAG
o 1EJi] : GGTGCCTATGTCTCAGCCTCTT
“ J% ] : GCCATAGAACTGATGAGAGGGAG
1E T8 : ACATCGACCCGTCCACAGTAT
iNOS

J2 18] : CAGAGGGGTAGGCTTGTCTC

Fgl2* Saline 4

Fgl2* Cis 41

Fgl2(50x10°)—

GAPDH(36x10°)—

Fgl2 B AR 2kt

1.7 %itF o

Image J #1443 HT Western blot | 5338 41 1k Y (4}
PENYeaLER  Flow Jo 10. 8. 1 AT Fi a4l i AR 25
o SEHEAE R GraphPad Prism 9. 5. 1 B AF#EAT 3
BrAZe 8 R ORI L R FE71%, 19 AR Al B %o
o K, 2240 R) BL R FH AR R 5 2240 H, P {HE 48 1SD
G TRE, P<0. 05 %SG G258 L,

&R

Fgl2 f& Cis-AKI s 8K BE ¥ 64 % 34 EiR

WS Fgl2 76 AKL i/ A 38 4 B0k i s v
Cis #4 7 Cis-AKI /) B2, 25 5 B 7R, 5 Fgl2"”
Saline 41 H#¢, Fel2 ™" Cis 41/NEUB 4141 Fel2 (192 11
F1I mRNA 7K 8 35 715 (P<0. 05, P<0. 001, K] 1A B) ;
SRR S5 R R Fel2 76 B A b i ik W] i
B, HFZEA T R B i B /N b R A B ()
Hi /D5 RIE (P<0.001, 8 1C) , $2R Fel2 Al RES:
5 Cis-AKI {2 K &8 o

1.5

2

2.1

1.0

Fgl2 mRNA %}

ikl A 285 B

i=n

Fel2 TR

1 2

25 G

1:Fgl2”* Saline 8;2:Fgl2”* Cis 48;a:P<0.05,b;P<0.001,% Fgl2"* Saline 48 }k#x
A ;Western blot #| Fel2 & & & ik KT &R F & 25 47;B:RT-qPCR #] Fgl2 mRNA K-F;C; Z iz AL & 2+

K

2

W Fgl2 o K B P E R T

1 Fgl2 7£ Cis-AKI /MNR 'S RE P R IE
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2.2 Fel2 #98:k hnE ) R Cis-AKI

R KB, 5 Fel2”" Cis 4l Fel2™”
Cis ZH/NEUMLIE H Ser . BUN 7KV 58 25 7 &5, I it 5 1y
BFETRE(P<0.001, 18 2A) , B AL U B i 403 4H 5G4y
T B T 1 (kidney injury molecule 1, Kim-1) &
F1 5 mRNA K25 5825 BT, o 40 i B 5 6 A G
g Bt iz 3 tH B ( neutrophil gelatinase-associated
lipocalin, NGAL) mRNA 7K~ % | F+(P<0.001,P<
0.05, 2B.C), HE Yt iR, 5 Fal2”" Saline 4 It
B, Fgl2" Cis Z1/NEUB /NG T R 40 i ik Rtk
ZRIH R AN BLIE I EIRFE i 7% B i B
5K B /NER R BT A B B T s 5 Fel2™ Cis 41

15 10-
_ a, 8-
~ ~
= 10 ¥ = .
E : v
= b & 4-
oo
B ,]
Lo o :
12 3 4 12 3
) 415

Fgl2* Cis 41

Fgl2™ Cis 41

3, kg2 Cis 41/NRUBIE b 36 PR 5600 (83 (P<
0.05,& 2D) . LA E45 R KW, Fel2 He PR iR X} Cis-
AKI /)& i e e
2.3 Fgl2 girkest Cis-AKI )y &K IR B v 21 03 3
FIRGE Fel2 mrfe i Cis-AKT i 4E FIBLH , A6
A2/ IE B R A A iR T O . e AL 5
TP L R L B, 5 Fgl2™" Cis 4L H#E, Fel2™ Cis
ZH /N BV T 92 1 1 L A i (4807 ) Bl B &
(P<0.001, & 3A.C) . WAAMALEFIR, 5 Fel2"
Cis ZH [, Fel2 ™™ Cis 2H /)N BB SR8 40 ffd v F4/80°
A E 2 B R TR (P<0.05, 181 3B) , DL R 45 2R3RH]
Fl2 FlRAesE Cis-AKI /)N BB I H L Mgt A e i

Bractin(42x107)— | M. S — S ——

15 5 d
| |
i
4 £ 4-
ff 104 " =
= 3 -
= B
- <
z 2 2=
gg 54 g .
— j 1
£ )
Q =
0- 0-
3 4 3 4
A il 51 B
1.5+ .
i)
K
1.0 4
=Y
=
Kini
¥ 0.5 -
&
pZ)

I;Fng” Saline é’ﬂ;Z;Fng’/f Saline éﬂ;?);Fglf” Cis é}l;4;Fg127/7 Cis #8;a.P<0.01,b:P<0.001, 5 Fg12+/+ Saline

28635 ;0. P<0.05,d: P<0. 001,55 Fgl2™" Cis 48 13k

A A &40 & Ser . BUN 7K -F; B: RT-qPCR #2#] Kim-1 ,NGAL mRNA 7K-F; C:Western blot # Kim-1 & & 7K

FBEFFHHDHE P EBENE RGBS

2 Fgl2 EFERKR Cis-AKI #3500
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JE K FA/80" ta i & B it 45 R
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2.4 Fgl2 gkttt Cis-AKIL s R BBk B o4 40 i dg M1
A AAL

HRE— AR Fel2 X AKT A5 T B 200 i 1 Ak
PR , A6 25 2H /) U 2H 2R v I 20 T AR A 156 O
RT-qPCR 455 % 8. 5 Fgl2”* Cis 41 Fb#5, Fel27 Cis
A1/ MRS 2 B A 5C A AE I TL-1B8 1L-6
1755 A —4H 4k & A B (inducible nitric oxide synthase,
iNOS) | TNF-au 1 3 ik 7K F 2 & 3% T+ & (P<0.05,
K 4A) IL-12P40 ik 22 R GE 17 B Lo ialE R

R, 5 Fel2"" Cis 4 B He 48, Fel2 ™™ Cis 41/ BUS IE
SE AR, M RS W 40 i (F4/80°MHC 1T7) H 43
FE A S, T M2 78U B A i ( F4/807 CD206" ) ' 43
LG A8 4k, H M1 RIS W4 A 43 L 2 & T M2
A (P<0.001, 5 4B), WEAGEXNERE RS
Fgl2"" Cis 4 M4, Fal2”™ Cis 44/ BB E M1 7 I
YL (F4/80°CD86" ) iz 11H 1 & 3 2, 5 i U MR &5
5 (P<0.01,E5),

39 a ‘ 2.5+ 3
i - L C e b
X # 204 " X =
K iy . ®
= 27 =y =
= = 1.5 =
= ) =
= = 2 =
é 14 o [ ] e ~ 1.0 é
E i =
z o 0.5 =
z z =
0- 0-
1 2 1 2
2H 51 2415
2.0
o
i £ n
i K
s o
= Jrend
fanag S
= <
< Z.
= :
: 3
O
= &
=
2
A5 A
[ M1 %Y E AN A (F4/80°MHC 11+)
Fgl2* Cis 2 Fel2™ Cis 21 [ M2 B WA (F4/80°CD206° )
o1 a2 o1 Q2 = e de
277 524 S 227 853 0
10°+4 10° 4 = oo
3 5
2 2 104 %ﬁ 20
5 5 =
10°~ ﬁ
= 10 4
4 =
: 04 T
a3 404 o3 %
579 344 358 534 =
0
T T Lk BELELRLLL B M e e BELEVBRAAL BEEALLL EERELALLL AL
0 100 100 10° 0 10° 100 10° 1 2
MHC 11 MHC I Ep| B

1.Fgl2™" Cis 48.;2:Fgl2™" Cis 48 ;a:P<0. 05,b:P<0.01,c;P<0.001,55 Fgl2"* Cis 28}k 4k;d.P<0. 05,5 Fgl2""
Cis 289 M1 A E vt fm it & bb b3k ;e P<0. 001,55 Fgl2™” Cis 28 M2 & E v fm i b b pbdx
A:RT-qPCR A&m) /s BB IE M1 A B o 4a Al X X & | F (iNOS  TNF-o | IL-1B \IL-6 % IL-12p40) #9 mRNA 7k
P BoA R m AR BEm M1 A E e (F4/80"MHC [17) 3%, M2 A& E v 2w it ( F4/807CD206" ) &5 b % %

R

B4 Fel2 gikr>t Cis-AKI /NR 1§ EBE 0B AR L & M1 BUAE X REE F R iX
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AKI J&—41 DUE Dy RePLt T Rk 32 AR (1) 1 IR
LA, A E B RRREFICT R LA 170 71
NP BCAET s Hos R 2 2%, 5 Fh B e i/ P v i s
TEVEZGY) MR AT 2R ' Cis I PRI I 2,
PLE sEE o B EIE H BELAS T AR T R B L, &
ik 25%19 AKT 5 51l i s 254 4 Cis i 5 k27

ARG T Cis-AKT SR8y A qblilm IR F Cis T2k
0 BEPEVE T, Sl BF S AR FIRILAR] , Sl R Ty 56
J7 Cis BB FEPEAE IS8T B B HCHE ©

5 Z PR S S N A2 AKT [ B BLRRAIE , A2 ) B
PR E SRR AR AR ], Fel2 B A i
B %) 18 S0 L i 5 S 2Pk B 40 4 ((rhabdomyolysis
induced acute kidney injury, RM-AKI) #4453 4E A n] g
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FLRLN AN, BT = A — R A HAE AN R AR S R 5%
SEREVE IO TR, SRR A 0 A K S Fgl2 HA
S RE R YE , T S B A EAE 2 S 2R
RATH T HHE SR, A XTAO 25 % BY Fl2 S
(14 S 25 308 3 5 Vi) 50 W 200 R AT i 2 S R
PEIFR 3R, HU 20 L3 Fel2 il it 5 TLR4 AHH.
e FE I B A TR A 7 A 48, 51 A 5 W 4 i 6 i -
FHRINEACH AL, HU % fBFEIESe T Fgl2 A]
A 3 9 A g A A e A T i A, o VR P R A
WA RS Fel2 I g 40 i AH B AR FAA 5 i SCik A
Fgl2 £ 25 25 B W A0 AL — AL X S REHH 5
PRI A R = AR R . DR A, Fgl2 Bl v
TP AKT o I 20 R Ak 5 T s i E R . A
FEFM , Fel2 R i 520 5 1 20 i i A A 5 5 27 44k
(0 52 LR 2 JB ) (B Fel2 X AKT HR 8 SV | 15 I 2 i
FIFEFH 9 S 35 4 o AR BiF 5% 38 2 #8577 R Cis-AKT A5
R, RIS Fel2 /N EL RS, Fgl2” /N B T RE T R,
' 2H 2 BRARA5 BH S n EE, L B R A G 4 T R ER
S TL R, B G R Y AN R I A £ | s g
TR Fgl2 FE PR R 30 1o 34 hin 5 s 240 i = 10, AR 0k ¢
JiE SN JINEE Cis-AKI,

EL W AN 7 TN T v B
e, PR SE R R GG M 2450 B
W 2 A AT e B S b AT AR RO i 28 TR
W Bt 2 B AN ] (g e B AN S REAR A 8 T A4k
R4 (M1 R B Wi s (M2 %) B A, X 9
Tl IV 20 22 6] 41 6 L 8L RAE 540 G B ad 72 1 1A
WA B Y . 7E AKL [ & A kR R
M1 A0 i A VR ] 2 o6 22, ] =2 (g R A A 1
(TNF-a IL-12 A1 1L-6) Fil— 4 AL & ( nitric oxide,NO) ,
NO 5 ROS # H.AF F 7= 4 ONOO™ 5| i jig i it 48 1k ;
TNF-o W5 52 A2 2 B 406405 J B /NS R T S Bl — 25
ANEARAG T ML TS AN A AT LS S BNE
AN A2 Y & miR-23a B AMMA B AR A% HE 56 23 T
7 (damage associated molecular patterns, DAMPs) ] 5.
VEFH 45 0 2 /9 M1 B S g 20 g, A2 5 el 5 %
E A BRFE R, 7E AKT & A Rl M1 Y g 40 i
FEOR AT 2% AKT (k2 S M il M1 7Y g 4 i
WAk AT/ RS AKL B EE 77k . AIFSE & BUAE Cis-
AKI 7 5 Fel2"" /N LR, Fel2 ™ /NS 2141
I I 200 ) 5 W S e, L ML R A A Ak
B B 1o, B Fgl2 JLPR bR & G0k T AKT 414
Hh MY I 2 A AR A

AW FEAIAEAE LR A AE AT Fel2 Fe R iR
B, A BE FH 0 02 Fgl2 FEP 4N B, T 5 F R IR

FAFVERR /N BUE W0 b Fgl2 BE R AL T, X
Cis-AKI g BT FE 52 . WEAEAF AT R B, vl b e
ALY Fgl2™ 5 Fgl2™ - 8 UM B W 40 il ( bone
marrow-derived macrophages, BMDMs ) 3% 33 | ¥E {4 4
B PV R E VR 0 v Fgl2 BRI DL, X 9%
o AT BEF AR BRI R Fel2 FEARTRG PR D5 P 42
FEPE IR o B, FE R SRR K L B
% B NE A S Fel2™ 5 Fgl2™™ BMDMs
B, PHETER SV R EL VR4 b Fel2 BRI 1 Ol
T, Cis-AKT g ey & A & g

L LR ABFFE I 1 Sr Cis-AKT /AL, %2
L Fl2 F A R w] ad o A 2 B 9 IR 7K F VB
W IR T 5 T A DL S M1 TR A A ik, 25
AKT g e o RN Fel2 YN AR AL T8 A
PEFIA IR R G YT AKT S48 137 A B AR IR
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