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Abstract: Objective Construct an immune complex-induced renal injury model in BALB/c mice, explore early, simple, sensitive
detection methods and candidate biomarkers for detecting such renal injury, and provide references for renal injury detection of
biopharmaceuticals in toxicity studies during nonclinical safety evaluation. Methods BALB/c mice were randomly divided into
solvent control group and C-BSA low, medium, and high dose modeling groups, with 10 mice in each group. During induction
immunization, the animals of model groups were administrated with an emulsion made of a mixture of 2 mg-mL™" C-BSA and equal
volume of Freund's incomplete adjuvant via subcutaneous injection, while the animals of vehicle control group were given an
emulsion made of a mixture of PBS buffer and equal volume of Freund's incomplete adjuvant. Once a week, twice in total. During
booster immunization, all animals in each group were administered with 0, 2.5, 5.0, and 10.0 mg-kg”' C-BSA via intravenous
injection through tail vein for the vehicle control group and the low, medium, and high dose groups of C-BSA, respectively. Once
every three days, five times in total. At the end of the modeling period, 24-hour urine protein content of mice were detected.
Coagulation indicators were also detected, including prothrombin time (PT), activated partial thromboplastin time (APPT), and
fibrinogen (Fbg). Blood urea nitrogen (BUN), serum creatinine (SCr), and triglyceride (TG) levels were detected. The main organs
were weighed and calculated the mass, organ weight to body weight ratio and organ weight to brain weight ratio. Slides of kidneys
prepared with HE staining and special staining [periodic acid Schiff (PAS) staining, Masson trichrome staining, and periodic acid
silver methenamine (PASM) staining], the morphological changes of renal tissue were examined under an optical microscope.
Immunohistochemical examination of renal complement component 3 (C3), immunoglobulin G (IgG), and desmin levels and
immunofluorescence examination of renal C3 levels were carried out. Transmission electron microscopy (TEM) was used to observe
the changes in the glomerular basement membrane and foot process of podocytes of the kidneys, as well as the presence of electron
dense deposits under capillary endothelial cells. Results The animals in each modeling group showed varying degrees of allergic
reaction symptoms such as lethargy, decreased activity, skin redness, and short breath after administration of C-BSA via intravenous
injection, whereas the animals in the solvent control group showed no significant abnormalities after the administration. After two
weeks of booster immunization, compared with the vehicle control group, the animals in the low, medium, and high dose modeling
group showed significant slow body mass growth (P < 0.05). The low, medium, and high dose modeling groups of C-BSA showed
positive urine protein. Compared with the solvent control group, there were no regular changes in BUN, SCr, and TG in the animals
of modeling groups. Only the animals of high dose modeling group showed an increase in BUN and a decrease in TG. PT of animals
in the medium and high dose modeling groups was significantly reduced (P < 0.05), APPT of animals in the low and medium dose
modeling groups was significantly reduced (P < 0.05), and the Fbg of animals in the low, medium, and high dose modeling groups
was significantly reduced (P < 0.001). The organ weight to body weight ratio of the kidneys in the low, medium, and high dose
modeling groups was significantly increased (P < 0.01), and the absolute mass and organ weight to body weight ratio of the spleen in
the low, medium, and high dose modeling groups were also significantly increased (P < 0.05, 0.01). Histopathological examination
of kidneys showed that the increased mesangial matrix and thickened basement membrane of animals in the middle and high dose
modeling groups. The immunohistochemical examination results showed that compared with the vehicle control group, the
expression levels of C3, IgG, and desmin in the low, medium, and high dose modeling groups were significantly increased (P <
0.001), while the IgG levels in the high dose modeling group were significantly higher than those in the low and medium dose
modeling groups (P < 0.05). The immunofluorescence examination results showed that compared with the vehicle control group, the
high dose modeling group had a significant increase in C3 levels (P < 0.001). The TEM results showed that animals in the low,
medium, and high dose modeling groups had thickened glomerular basement membrane and partially fused foot processes of
podocytes. A small amount of electron dense material was observed in the glomerular basement membrane of animals in the medium
and high dose modeling groups. Conclusion An immune complex-induced renal injury model, as well as early, simple and sensitive
detection methods were successfully established. C3, IgG and desmin might be candidate biomarkers for detecting immune complex-
induced renal injury in the toxicity studies during nonclinical safety evaluation of biopharmaceuticals.
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1 ERE (rts)

Table 1 Body weight (x+s)

i/ ) AR g
AH (mgo MG G| IR
ke T 5 Jl
MR — 10 23.4+1.17  24.4+1.11 27.5+1.11
C-BSA 25 10 23.6£0.69 24.8+0.87 26.2+1.25°
50 9 234+1.17 24.7+138 262+1.16°
10.0 10 23.1£1.91 24.7+0.95 26.4+121°

SR IR LT P<<0.05

P < 0.05 vs vehicle control group

®2 4hREAHHE
Table 2 Change of 24 h urine protein

71| &/ . » .
2H 3] Lo /R IR BERT N e 2 A
(mg-kg™
TR HE — 10 — —
C-BSA 25 10 — +1
5.0 9 — +1
10.0 10 — +1

—RF0~300mgL™": +1RFIREAKTH9300~1 000 mgL™

- represents 0—300 mg-L™';+ 1 represents a urine protein level of
300—1 000 mg-L™
T R AH L8, C-BSA #4124 BUN.SCr. TG ¥k
AR T AR, AN s 7 B 4L 3 0 B BUN T &7, TG B
Ko BEMIIREIEFR ANR 4 P77, SV B0 B TE
5, C-BSA v\ = i) & A 3 W) PT & 35 P& AR (P<

0.05) , X « H 5f & 4 3h ¥ APPT & 2% PR (P<
0.05) ik« = 7l 2 30 W) Fbg & &2 i 3% PRk (P<
0.001).
35 HFERELER

WK 5~7 Fion , C-BSA K« H Al & 7l &= 4 20 4
B 248 5o o R G B R TE S 2 22 L (BARAE
TrEi . FR R, 5 GO0 A T4, C-BSA
K« H R R 7 B 4 B 0 O O b 3 T e (P<
0.01), H C-BSA{IK - H M vy 751 2 2H 2 490 1) B 466 %of
Jo7 B AN A EL R 2 3 7 7 (P<<0.05.0.01)
3.6 BHAAREFHEMFHRLBREER

TR B4R C-BSA K 2 41 304 B iE HE 4
g R 1, B NERFN B /N 68 W R WL 5 1T C-
BSA H 5 71 5 4 50 0 I 2H 20 HE 2 AR A T L
ANER B A I BE AR T R L 2R 4 PR R R o 3 % DL
K V) J5R 98 A 41 PR3 9]

PAS Gt m] 4 26 25 o (1 0 Ji G ook 21 €8, G 1]
2 iR, AT R B /INER U E SR R I 2 20 /N BR
FREEL MR . 1 Masson = 0 (R 415 Yufh
B /N RO RIS B, A i R B 2
240, i 3 s . PAS e i Fl Masson — {8 Je i &5
BRI, C-BSA H i 751 2 41 3h 4 B /N ER &R R
SR J5 RN I A R BT 41 R R SR ) T £ L BROR
(ERNCENE Vsl EAIE I SN

PASM Z& 8 ] 15 /)N Bk 66 JiC S % RO B 8, T
Bl 4 R, 7T T 5 /N BRI IS L1 J5 | 7 24 R0 XU AE

%3 MBEWIERR (xts, n=4)

Table 3 Clinical chemistry results (x+s, n=4)

153 7 &/(mg-kg™ BUN/(mmol-L™) SCr/C(pmol-L™) TG/(mmol-L™)
TR — 6.94+0.99 8.4+0.54 0.67+0.05
C-BSA 2.5 6.12+0.94 6.8+1.92 0.66+0.13
5.0 5.92+0.82 5.8+0.83 0.81+0.26
10.0 7.09+1.66 7.4+2.00 0.52+0.09
F4 HMINEEBIRHIEE (xts, n=5)
Table 4 Change of coagulation parameters (;rd:s, n=5)
Ml 7/ (mg-kg™ PT/s APPT/s Fbg/(g-L™)
TR R — 7.06+0.37 26.9+1.31 2.56+0.40
C-BSA 25 6.88+0.08 23.9+1.78° 1.93+0.15™
5.0 6.70+0.14" 23.941.46° 1.86+0.16™"
10.0 6.66+0.20" 25.6+2.05 1.89+0.27""

Sy B L " P<<0.05 TTP<<0.001
P <0.05 7P <0.001 vs vehicle control group
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xS EHBEXTHRE (a+s)
Table S Absolute organ weights (x+s)
T3 5 /g
2H 51 FE/(mg-kg™) /A - — - -
g B i LfE B I
TR0 R — 10 0.407+0.032 0.443+0.027 0.160+0.021 0.087+0.010 1.224+0.073
C-BSA 2.5 10 0.464+0.032 0.442+0.027 0.178+0.028 0.137+0.042" 1.2494+0.129
5.0 9 0.433+0.057 0.451+0.018 0.171£0.022 0.17140.022™ 1.189+0.096
10.0 10 0.439+0.039 0.440+0.017 0.170+0.029 0.110+0.022° 1.166+0.128
S A L # T P<<0.05  “P<<0.01
"P<0.05 P <0.01 vs vehicle control group
#6 AL (as)
Table 6 Organ weight/body weight (x+s)
. e/ (g-g™
AH R/ (mgkeg) /A ; — — g8 - -
5 ik lin O JIE J A JHE
TR R — 10 1.479+0.116 1.607+0.074 0.582+0.074 0.31620.340 4.445+0.179
C-BSA 2.5 10 1.767+0.080™ 1.687+0.155 0.625+0.142 0.523+0.179" 4.760+0.566
5.0 9 1.648+0.198" 1.7204+0.078 0.653+0.091 0.653+0.091"" 4.530+0.271
10.0 10 1.658+0.129™ 1.665+0.061 0.642+0.106 0.416+0.078™ 4.399+0.433
S IR b " P<<0.05 TP<<0.01
“P<0.05 P <0.01 vs vehicle control group
F®7 HERNLE (r+s)
Table 7 Organ weight/brain weight (x+s)
WMt/ (g-g™
ZH 51 FE/(mgkeg) /A
s U ol M A
VA KT R — 10 0.362+0.046 0.197+0.035 2.768+0.114 0.362+0.046
C-BSA 2.5 10 0.403+0.060 0.311+0.106 2.828+0.256 0.403+0.060
5.0 9 0.380+0.045 0.380+0.045 2.637+0.181 0.380+0.045
10.0 10 0.386:+0.059 0.250+0.045 2.644+0.242 0.386+0.059
(R K6 7 45, ASHIT 98 PASM 4 {6, 45 5L % 3l C-BSA 1. F T B C3 Rk 7K P32 7+ 5 (P<0.001),

e 7 2H B T N ER R E%i‘F
37 BIESBEFEMBERELS

B I 325 S PR T R B A 4 %ﬁu@lsﬁﬁ%,iﬁ
GRET R ZH ) 1 /0 3K R A2 SR B 0 A 3 5
R IFLE . C-BSAMK H @& & AT W E
/INER B G B 0 5 2 RSP BT R, A il G
H C-BSA 1 @& 71 &= 4 3 4 vl 0L /N Bk i D
H TSP .
38 BiifEARMEERARESER

Wik 6 A , C3 Fe s ALK 25 45 - ] Il C-BSA
I ) 2 B B D B R A I A B T
C3 2R S50 FE PH PR et , 75 R I i Wz%ﬁm%%
JRUTRR, Vi ST R A S0 I e o 2 . 8 & 0y
Mrét SR, 5 E A L, C-BSA K EP e

C-BSAf&H = FIEAS W2 AT 8% Z 5

Wi 7 s 1gG a9 2H A 25 45 2 1T L C-BSA
I Hh s R A B P N R A I RE TG
6 588 5 P réﬂbé,aa%ﬁ*w(%bﬁm R 1TV TR AR
HANEM GO 2. CEMERER, 5%
BT A L, C-BSA IR EP = 7t B A B Y 1gG
Lk KF B E T E (P<0.01.0.001) ; C-BSA /&
FlEASI Y AKTFREZES T F A EHI)
) (P<0.05).

SEON R EHALRE A SR K-
75 C-BSA AR H iy 771 B AH Bl 40 ' O B /N 3R R I 4
B 55 B PR Gt T G R A B I S B
JE BT A RN, S A LL AL, C-BSA K
b s T B I 4 B B R IE KA B T A (P<
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A-EEOEE B. Co D-C-BSAMK. Al B EETk-H/NREAHI
EEERTONE, RIRANABETE 2, W k- A B S AR
A-vehicle control; B, C, D-C-BSA low, medium, and high doses; Black
arrow-slight thickening of glomerular capillary wall, increase of mesan-
gial cells and matrix; Blue arrow-interstitial inflammatory cell infiltration
1 BRANREFRELR

Fig. 1 Histopathological examination results of kidneys
VAN ABTR/SDIT L KD BETRENRA 7\ |

A-EIEREB.CD-C-BS A MG, APl ; k- I Nk S L ST AT
MERESTA AL A 2
A-vehicle control; B, C, D-C-BSA low, medium, and high doses;
Arrow-increased pink material near renal glomerular mesangial matrix

and vascular wall
E2 BEPASHEER
Fig.2 PAS staining results of kidneys

0.01) , 1Ml C-BSA & v Al & H 3h ) 2 [A) O & 3%
5o

C3 g FOtR & 45 R w8 9 fir 7, C-BSA i 7
=AY E N N ERE A I BE AT L C3 2 S g
JE£ TS A UK AR 2 D, Vs 56 B 4 R C-BSA IS L o 7
EASNYENEC3 ERME. PR AEE E RS R
TR, SRR 2H H A, C-BSA mifl & 4 C3 /K-F
BFEIEP<0.001D).
4 g

FHEE Sun S5 P RiERE B4 T 0.4 mg C-BSA, &
B2 REA 251 IR, FL45 25 5 U Wu 254 & H 30 )
25T 3 mgkg! C-BSA, B[ 2 REZ5 11K, 452459
R AW FE C-BSAAK « 11 771 &2 41 40 9l K FH 45 24 i

AR B.C.D-C-BS A HAT sl ; 5 S-S /NER R IR TN
MAEREITRER TG %
A-vehicle control; B, C, D-C-BSA low, medium, and high doses;
Arrow-increased light green material near renal glomerular mesangial
matrix and vascular wall

3 BfEMasson=BRELER
Masson trichrome staining

results of kidneys

5.

Fig. 3

AAIHEBCD-C-BS A TR i B R
A-vehicle control; B, C, D-C-BSA low, medium, and high doses;
Arrow-renal glomerular basement membrane thickening

E4 'SHPASM i ELER
Fig. 4 PASM staining results of kidneys

A-IFIEX I B C D-C-BSA Ik« H R 77 B 5 T (0 k- /N ER B IR
A Rl J5, o SRR Y B R B i s AL € k- AN BRI SR B /D
BT BT
A-vehicle control; B, C, D-C-BSA low, medium, and high doses; Blue
arrow-slight thickening of glomerular basement membrane, flat or ab-
sent foot mutation, partial fusion; Red arrow-deposition of small amounts
of electron dense material in the glomerular basement membrane

5 BHEHEFRERERESR

Fig.5 Transmission electron microscopy results of kidneys
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A-vehicle control; B, C, D-C-BSA low, medium, and high doses; E- quantitative analysis; Arrow-Granular material deposition in mesangial matrix;

ok

P < 0.01 vs vehicle control group

6 ZEAHYEH C3RBANER (rts, n=3)

Fig. 6 Immunohistochemical results of C3 of kidney of animals of different groups (xr+s, n=3)

E
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8
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0- T
WHE 25 50 100
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AR ;BLC.D-C-BS A R AN s B-RE T s k- B A B/ NER B AN A BE [ G S BRREIRIBR TR 5 1 e IR A1 He e - " P<<0.01 ™" P<
0.001; 5 C-BSA SR :"P<0.05

A-vehicle control; B, C, D-C-BSA low, medium, and high doses; E- quantitative analysis; Arrow-Granular deposition of IgG in capillary wall of

Hkx

renal glomeruli; P < 0.01

P < 0.01 vs vehicle control group; “P < 0.05 vs C-BSA high-dose group

7 HEAHMERIgGC RBANER (xts, n=3)

Fig. 7 Immunohistochemical results of IgG of kidney in animals of different groups (x+s, n=3)

B4 0.25.0.50. 1.00 mg-mL™", 45 254K #1354 Ky
10 mL kg™, C-BSA & 1 - & 771 &= 4 3 ) 45 24 751 =
38 2.5.5.0.10 mg-kg! s B3 RAH 1R, ey 2
SR AW AR 240 74 03 B 1 o5 kAT R R RN O
HARABNY) C-BSA 45 24 & , A By T 1R ) i
B8 Ji5 2 AT T A ) R AR R R o A AT R IR
C-BSA K« H 771 2 41 sh ) 75 0 it 25 245 i HH B
PR BE V& B9800 R S e A 0 UR R RS, H
X C-BSA 24 1 RBNWITE LS 255 78 b R 1 2k
W Y R B ML T, H AL S R WAET .
g5 R A TG B B 1S B, S T AR
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A-vehicle control; B, C, D-C-BSA low, medium, and high doses; E- quantitative analysis; Arrow-kidney glomerular mesangial desmoprotein shows

weak positive staining; “P < 0.01 vs vehicle control group
B8 JRAHMEMEEAREBEALER

Fig. 8 Immunohistochemical results of desmin of kidney of animals of different groups
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A-vehicle control; B, C, D-C-BSA low, medium, and high doses; E-quantitative analysis; Arrow-C3 exhibits moderate intensity positive granular

fluorescence;

P < 0.01 vs vehicle control group

H9 BHEFMBEECIRBRAMELER

Fig. 9 Immunofluorescence examination results of C3 of kidney of animals of different groups
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