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[HE] BE HF5SAMA R ST b a4 76 B JR 7% 1 9% (diabetic kidney disease, DKD) & 2 Ifil 3% SR ¥ B9 K F L IF:
Sy BT 5 DKD I PR R BEARAE S R A e e . F7ik B EORS M R 2250 — Bt I e 20 ' 2 0% 46 UE 52 DKD £R
& (DKD 21 )50 4], % R 9 (diabetes mellitus, DM ) JE 5 41 3 B35 (DM 41 ) K fdt B B AR A (e xof B 2H) 4% 50 48], R )
i EEK 0 28 W 6 75 (enzyme-linked immunosorbent assay, ELISA ) X 1fiL 3% K bR & b 5 # #MA % 43 (H A F B B 7 P
T .Clq.C5a) K P47 T2 o R COX LR 5] JRUBS: T8 U 455 780 4 47 52 i B I 6 )5 199 8 S 6 BRI 28, 942 il ROC i
LM B I F K Coa Bl IEBUS M (E. 258 DKD B E MK hAMA B A7 (P R F . Clq K C5a 3y i & v T i
FREXT HR 2H &% DM 4H (P<<0.05) , H A 7% T et B Xk B8 4H (P=0.03) & DM 41 (P<C0.001) . JRAMA B KT P A T & C5a
49 4 2 R T B X R ZH S DM 2 (P<<0.05) , H Rl 741 T 4 HE X B ZH (P<<0.001) K¢ DM 20 (P=0.008) , 3 41 )Rk C1q 7K
TR ES ., SEEEEAHETHETF BHEF PHET C5akT5&E A RBEE BF I 6E L 4200 kA 2
. £ E Cox KUK H B o , JRAMA B 7 (HR=2.63,95% C1:1.377~5.023, P<<0.001) & JR #MA C5a(HR
=1.33,95%CI:1.06~1.668,P=0.014) & 5 Wi B L Bl j5 A9 At 7 fa s 3R . 8518 76 DKD (835 1, #MA % B & 42 AN [7]
FRPE GG , B 5 DKD (5 8 A IR 5 41200 3 AR 48 25 1 B IE T/ A DG o T AR 28 B3R AR R IR T F Clq K F
5 DKD 1) % 4 & J'é J T J 76 B G AH OG 1
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Alternative and classical complement pathway activation in patients
with diabetic kidney disease
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[ Abstract] Objective To analyze the levels of components in complement system, in plasma and
urine of diabetic kidney disease (DKD) patients, and their correlation with clinical, pathological features
and prognosis. Methods The plasma and urine samples of 50 biopsy-diagnosed DKD patients (DKD
group) and 50 cases of diabetic patients without no renal injury (DM group) and 50 cases of normal control
groups were collected. Five complement components (factor H, factor B, factor P, Clq and C5a) were
measured by enzyme-linked immunosorbent assay (ELISA).COX proportional hazard regression model
was used to analyze the independent risk factors affecting renal prognosis, and ROC curve was drawn to

analyze the value of factor B and C5a in predicting renal prognosis. Results In DKD patients, plasma
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levels of complement factor B, factor P, C1q and C5a were significantly higher than those in DM group
and normal control subjects (P<C0.05) , factor H was lower than the healthy control group (P=0.03) and
the DM group (P<C0.001).Urine complement factor B, P factor and C5a were significantly higher than the
healthy control group and the DM group (P<C0.05), and factor H was lower than the healthy control group
(P<C0.001) and the DM group (P=0.008). There was no significant difference in the level of urinary C1q
among the three groups. The levels of factor H, factor B, factor P and C5a were related to proteinuria,
renal function and pathological changes of renal tissue. Multivariate Cox analysis showed that both urinary
complement factor B (HR=2.63, 95% CI:1.377-5.023, P<(0.001) and C5a (HR=1.33, 95%CI: 1.06—
1.668, P=0.014) were independent risk factors for renal prognosis. Conclusion In DKD patients, the
alternative complement pathway is activated to varying degrees and is associated with proteinuria, renal
histopathological changes, and poor renal prognosis. There was no significant correlation between the
levels of classical complement pathway initiation factor Clq and the occurrence, development and
prognosis of DKD.
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(diabetic kidney disease , DKD) #3697 J7 =4 o 7 L
FHIEREZ5 W B 3R - A8 5 5K 3R - [ A2 1A 55 47 71
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AME R GLE R & IR R B TR R
AR 3P IR WE o UAE S T AME R G2 7E DKD 1
MR KEZEPHERERER LT, TR, HLR
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SR PR A AR 55 iR A B 3 P HO L OE
] 9495 N5 B A P T, 2 g AR iR N Clg
DL RAMATE AL 2R 728 C 5a 197K P 40 B H 5 il
IR B4R bR N B IE TS 19 G &, DKD 236 42
T R AR A IR

5RO ik
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Ko 1 BH DR AR S O A (18 1) o L HoBE JR
(diabetes mellitus, DM ) Fl DKD 2 Wi 47 # 43 1 AR
Pt 5% [ 0% RS P 2 o A AR A 2010 4 92 [ DE
g B2 s e AR E . DR 2 4 B N H A R
AT W . HEBRARUE . (1) B IF &5 R, 2
07 AR T HBOE AT (2) B AR B A7 A ] il I
T AN ALY B, R T L 28 RO O T R
2 4 M4 B R JE (systemic lupus erythematosus,
SLE) I sl 145 ; (3) & I S 2 R e P i i s i 35
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receptor, eGFR) N K& B B3 4 A 20 25 1 B 1 72 A
N CO) AL BT 9] PN B AR 2= 0 3 U L
P 7K SF- 5 (2) Jir A I 3 UL BT 4G 00 40 A 3 B¢ E A7, LA
IRE WD TR 2R . B AR IR A 50 B
DKD B # , 3 T B s A Y RRE M JRbRA . [F] i
W 45 ) i 3 3 B 12 00 R 5 O B 08 PR S

(DM 41 ) Je fat B A A6 3 (f B X HRUZH ) IfiL L PR A A4S 4%
50 Bl . 50 i DM 4 & 3 FR (& F /L (urinary
albumin creatinine ratio, UACR) <<30 mg/g, eGFR
=60 mL-min+1.73 m?, ZHF 5 C KA MK — K
BE 18 HH 22 5% 23 it o (At 15 £ 2022-KY-0030) , 42 &R
WFIE X G 1 28 8 NG Rl 2 4

766 patients with T2DM and biopsy-proven
DKD from 2018 to 2021 at the First Affiliated
Hospital of Zhengzhou University

188 DKD patients

Exclusion criteria
(1) Patients with early stage of infectious diseases,
malignant tumors, acute tissue injury and patients after

A

transplantation, etc.
(2) Factors that can reduce serum complement, such

as: patients with chronic liver disease, AR, SLE, etc.
(3) Other immune system disorders
(4) Other primary or secondary kidney diseases

Inclusion crteria
(1) Patients who measured eGFR at least three times

per year
(2) All tests were performed at the First Affiliated
Hospital of Zhengzhou University

A

50 Eligible patients
analyzed

E1 NAZEBEREE

Fig 1

G RE B E  WesE DKD 41 DM 41 J fe JE %f
HECZEL 1 I R Rk R S 6 = K 06 i A, AL AR S M
BB PR R B AL E T A E A R
VR L/ PRIUEF 24 h REE (it i ILEF &5 . B 3~
61> A BT 1Y, B 7 il 8 DA 3R

ME B FRERE SRR A Y T Y
KGR MR T MR I /Y i #F il BT
EDTA 4 I, 1 000X g & 0> 30 min, Y4 L35 T
EP & W o [ i e £ 38 B T2 5 s 1) 1 Do R o e gk
BEVRKG & i SR 45 50 . LR BEAR Y BT -80 Ck
FEHAT o R ELTISA 300 5E ifin 3% e JR W v #h
WBHEF . PHF HHEF . Clqf CsakF. LK™
& e BRI 8 U I 3 AT

BAARBBFITES 500 DKD HFH B %64
SUE AT G B R PEDOC R R A . e o

Flow chart of study participant recruitment

S KB ALY e AMAR C3 9 Je (o5 B A7 8
WO, 3% 0~4+47 9% . B3 0 31 43 25 Fn 41 202 3T
g3 B A5 2010 4 B WEAE B 2% 2% 25 (Renal Pathology
Society, RPS) [ 45 " i1 W6 057 ' JUE 95 B 2% R b AT
PEAR  PPAG SRR A R . TR 1.
Gt (A SPSS 26.0 F M4 58 BT A 4
Bro IR0 8 B B ] o £ 5 R, 4 1) L AR
JH e 5 50 55 R 7 2253 0T MU(Po,, Poy) #iR HE IE
A3 AR 1) E B R | 4 18] HE R T Wilcoxon B FLES:
55 s AR S 8RR RR B . 43 2SR i DA EOR A ) L
(Y0) 2o, L 1A) He A i 1 o7 4 56 5 Fisher 5 U7 % %2
o WERIES oM A E MM SR
Pearson A J¢ 40 A1, ANl 2 1E 2 4347 19 AH 5C M 40 A %
I Spearman A 5¢ 70 B o Cox Fb 9] XU S (1] 5 55 7Y of
B 1y 58 75 KUBS: B (hazard ratio, HR) ¥EA7 3 F Al , 43
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Tab 1 Renal pathological semi-quantitative grading standards

1 Mild or nonspecific LM changes and EM-proven GBM thickening

| Mesangial expansion, Il a:Mild, Il b:Severe

It Nodular sclerosis (Kimmelstiel-Wilson lesion)

v Advanced diabetic glomerulosclerosis, Global glomerular sclerosis in=>50% of glomeruli

Interstitial lesions (IFTA)

0 No IFTA

1 IFTA<25%

2 25 % <IFTA<50%
3 IFTA>50%

Interstitial inflammation

T lymphocytes and macrophages

Interstitial fibrosis and tubular atrophy

0 Absent
1 Infiltration only in relation to IFTA
2 infiltration in areas without IFTA

Arteriolar hyalinosis

0 Absent
1 At least one area of arteriolar hyalinosis
2 More than one area of arteriolar hyalinosis

Arteriosclerosis Score worst artery

0 No intimal thickening
1 Intimal thickening less than thickness of media
2 Intimal thickening greater than thickness of media

IFTA: Interstitial fibrosis and tubular atrophy ; LM : Light microscopy; GBM: Glomerular basement membrane.

A B S RE DR U JR A U DY RS2 ROC i 48, 73
e 25 46 bn BN B DI RE BUS B9 B . P<<0.05 N 25 5%
ALt

4k R

e PRARERFFAE  7E 130 H WP AL RE Ui ], 50 41
DKD % eGFR B 4FE R IR 7.58 mL+min™+1.73 m™
(IQR:-12.66~-1.09) , H v 24 5] i 25 B JJE 45 3 iF
J'& , TEFE Ui 1 1] e GFR FEAIK 40 % 3 ESRD, 26 ]
HE N E R R R eGFRAE T AL 5N
18.60 mL min™+1.73 m~” (IQR:-26.88~-8.66) , |Fil J&
H eGFR 4 T & i 5t H 1.68 mL-min'+1.73 m™
(IQR: -2.80~1.88) , 22 7 A 4t it ¥ & XL (P<
0.001) , 3xX 2 [ % (1 I il I PR 5 28 404 10 A 7
Fofi,

DKD #H .DM 48 | {& FE 3 BB 40 I % R FR & b 1k
EFKFLEE DKDEHF MK S 4MAB K+ P
T Clq M C5a ¥ 55 F DM 41 Je fd FiE 4 BE 41 (P<<

0.05) , H B 7 K T DM 2 (P=0.03 ) J fdt )3 xF Fe £
(P<<0.001)(#3), DKD B #H R #MEBHF P
- C5a 7K T i 3 & F DM 41 J fi e X B 4 (P<<
0.05) , #MA& H H /K F & 2 KT DM 41 (P=0.031)
Ko At B R A1 (P<<0.001) ,3 41 Clq /K F o] 22
F(F4),

DKD 2E SHRMETMAAKE #Ef HEk
JEE TR A B, 33 4 (66 %6 ) H 3 1 B L 2 7 4
AMA C3PTRR, #e G 58 B 8 o = 1P 40 A o I
M ALE eGFR VE /NR B3 9 IFTA PF47
) J5T A4 VP43 5 CIUTFRFR BE i FH A G (R 5) .

DKD 2EMBTRRBAIEEFKEERELIG
KIEHRIEX M DKDEH MK PHF5 UACRG=
0.631, P<C0.001) M 24 h JX & H & (r=0.310, P=
0.014) F IEAHOG , 3K AMA H K+ B A .Clq &
Csa 51l IR 48 b5 T W] W A G PE . DKD B # R B A
F . P F .C5a 5 UACR (r=0.391, P=0.002; r=
0.397,P=0.004; r=0.453,P=0.001) & 24 h R H &
(r=0.370, P=0.003; r=0.568, P< 0.001; r=0.579,
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Tab 2 Clinical and pathological parameters in DKD patients [Z+so0or M(P,,P,,) ]
Clinical parameters
Gender (Male,n) 18 11 0.685 0.490
Age (y) 56.40 + 12.05 52+ 8.09 1.355 0.184
BMI (kg/m*) 25.79 £ 4.19 24.87 £ 3.80 0.690 0.495
Duration of diabetes (y) 8.86 + 4.43 12.44 +7.41 1.796 0.081
HbA1c (%) 8.37+2.12 8.63+1.73 2.768 0.009
FPG (mmol/L) 6.31+2.52 5.92+2.19 11.460 <0.001
T-CHO (mmol/L) 5.15+ 1.69 5.67+1.11 1.166 0.252
TC (mmol/L) 2.07+1.23 1.70 + 0.69 7.509 <0.001
HDL-C (mmol/L) 1.35+0.54 1.27 +0.27 0.835 0.411
LDL-C (mmol/L) 3.09+1.56 3.88+1.00 1.895 0.067
Serum albumin(g/1.) 33.2+6.33 31.9+6.43 0.507 0.618
CRP (g/L) 1.48 (0.53,2.99) 2.31 (1.30,3.60) 0.429 0.414
C3 (mg/dL) 1.19 (1.06,1.29) 1.12 (1.01,1.26) 3.576 0.001
C4 (mg/dL) 0.30+0.08 0.31£0.07 0.691 0.401
Scr (mmol/L.) 125 (84.50,208.80) 167.50 (102.50,456.30) 2.051 0.030
UACR (mg/g) 335 (82.50,455.50) 325 (203.80,1651) 10.688 <0.001
24-h proteinuria (g) 4.71%4.20 5.26 £ 3.56 5.011 <0.001
eGFR (mL-min '+1.73m *) 54.85 + 30.77 25.53 +20.97 3.493 0.001
Pathological parameters
RPS-classification ( I /Ila/ b/ 1/ ,2) 7/8/7/7/0 0/0/2/7/12 11.110 <0.001
IFTA (0/1/2/3,n) 2/17/7/3 0/6/3/12 3.716 <0.001
Interstitial inflammation (0/1/2,7) 2/16/11 0/13/8 0.452 0.653
Arteriolar hyalinosis (0/1/2,n) 18/8/3 12/5/4 0.469 0.642
Arteriosclerosis (not seen/0/1/2,n) 8/9/5/4 6/6/2/10 1.692 0.100

BMI: Body mass index; FPG: Fasting plasma glucose; CRP: C-reactive protein; TCH: Total cholesterol; TG: Triglyceride; HDL : High-
density lipoprotein; LDL: Low-density lipoprotein; eGFR : Estimated glomerular filtration rate; HbA1lc: Hemoglobin Alc; UACR: Urine albumin-
to-creatinine ratio; RPS:Renal Pathology Society; IF TA : Interstitial fibrosis and tubular atrophy.

%3 DKDAHS DM HF B Xt IR 4H i 3 #ME B 7k F i
Tab 3 Comparison of plasma complement factor levels in DKD group, DM group and NC group [ +sor M(P,,,P,,) ]

CFB (mg/L) 10.18 + 1,19V 9.17+0.91 8.99 + .84
CFP (mg/L) 42.95+ 2548 20.9+ 4.08 16.56 + 6.09
CFH (pg/L) 296.7 (225,320.6) " 318.7 (297.5,344.5) 364.5 (379.6,354.7)
Csa (mg/L) 8.43 % 1.60'" 5.54+1.09 4.99 % 0.47
Clq (mg/L) 304.70 £ 11172 273.15+ 63.25 258 + 108.40

CFB: Complement factor B; CFP: Complement factor P; CFH: Complement factor H; NC: Normal control. M ys. NC group, P<Z 0.05; 2 s,
DM group, P<<0.05.

%4 DKDZ5 DM A R f B xt B 4R B #h kB F 7kt i
Tab4 Comparison of urine complement factor levels in DKD group, DM group and NC group [Z +sor M(P,,P,,) ]

CFB (mg/mol) 1.79 (1.05,5.3) (V@ 0.09 (0.03,0.25) 0.07 (0.03,0.09)
CFP (mg/mol) 1.02 (0.67,1.87) " 0.91 (0.14,0.99) 0.7 (0.16,0.97)
CFH (pg/mol) 78.52 (48.92,151)"? 238.3 (211.2,345.1) 181.1 (52.18,385.7)
C5a (mg/mol) 1.388 (0.94,2.22) '@ 0.32 (0.28,0.39) 0.32 (0.26,0.36)
C1q (mg/mmol) 11.5 (1.08, 26.6) 8.88 (2.26,18.98) 16.2 (0.98,27.2)

CFB: Complement factor B; CFP: Complement factor P; CFH: Complement factor H; NC: Normal control. " ws. NC group after Bonferroni
correction, P<<0.05; ?’ vs. DM group after Bonferroni correction, P<C0.05.
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Tab 5 Correlations between C3 deposition and clinical and

pathological characteristics

Serum albumin —-0.325 0.003
Serum creatine 0.400 0.002
UACR 0.035 (310,1013) 0.830
24h proteinuria 0.215 0.107
eGFR —-0.504 <<0.001
RPS-classification 0.271 0.032
IFTA 0.289 0.036
Interstitial inflammation 0.348 0.007
Arteriolar hyalinosis 0.143 0.321
Arteriosclerosis 0.121 0.532

IFTA: Interstitial fibrosis and tubular atrophy; UACR: Urine

albumin-to-creatinine ratio.

P<0.001) ¥ 2 IE 4 ¢, H B A F (r=-0.366, P=
0.004) K C5a(r=-0.396, P=0.002) 5 eGFR & 1 #i
XL LK 2,

DKD 2E MR KR GHMEEFKFESHFEE
FRIE XM DKD B # R AMA B H + 5 & /N Bk
> 2% (r=0.589, P<<0.001) . IFTA ¥4 (r=0.365,
P=0.009) J 8l ik i {1k 35 54 (r=0.588, P<<0.001) ¥ &
TEAHOC, 2 H 5 B /N sk #1539 (r=-0.352,

A
1.0
CFH A
0.5
CFBH
Clq-
-0.5
C5a-
T _10

T T
UACR  24h Proteinuria eGFR

P=0.012) K Hy 2K/ 3l bk 38 35+ 28 3F 3 (r=-0.398,
P=0.005) 2 A, P A+ 5 IFTA W5 2 EAHC
(r=0.390,P=0.006) ; J& C5a 5 & /NEK 5 B 43 2% (r=
0.592, P<<0.001) & IFTA ¥ 4) (r=0.365, P=0.009)
LIEAHE HELIE 3,

DKD EEZEMEFMKREF BEF.PEFXKClq
5&KRFYWCsa@ Xt DKDEF MK P
H ¥ 5 C5a(r=0.309, P=0.027) S IE A IR B
¥ (r=0.396, P=0.012) . P A F (r=0.553, P<<
0.001) 54K =¥y C5a ¥4 52 1EAH & 5 1l 3 S PR
Clq 5L K=Y C5a ¥ oI AR (F6) .

DKD £ & M & KRG +NEE FKFEE5HERR
BRERRBMEHEZR L E Cox LM UK AR 7Y
R, R B B F B Csa B D gk Je i fa I [ &
(P<C0.001) . TEAZ IEMEAL L 2T 3 1 JE 4k eGFR B
INERIGHR 45, 22 R COX B f51) JRUR: 465 7% &8 7% R
# K Cs5a (HR=1.330, 95%CI: 1.06~1.668, P=
0.014) \JR #ME B A F (HR=2.63, 95 % C1: 1.377~
5.023, P<C0.001) 42 H B B IE 8 J 09 i 57 A8 B R &
(E13). M4ERBEF IR Csa B R 9 248 br 790
M DKD £ 3# 5 BE#US B ROC i 28 (&1 4) . JR B
F AR C5a 19 AUC KF eGFR .24 h JR & 1 J s #
S AUC,

UACR

24h Proteinuria  ¢GFR

A': Matrix of correlation coefficients between plasma complement proteins and baseline clinical parameters of DKD patients by Spearman’ s

correlation analysis. B:Matrix of correlation coefficients between urinary complement proteins and and baseline clinical parameters of DKD patients

by Spearman’s correlation analysis. Cell color indicates the strengths and directions of the correlation from blue (negative correlation) to white (no

correlation) to red (positive correlation). UACR: Urine albumin-to-creatinine ratio. eGFR: Estimated glomerular filtration rate; CFB:
Complement factor B; CFP:Complement factor P; CFH:Complement factor H.*: P<C0.05; **: P<0.01; ***: P<0.001.
B2 #HEXFEHERE(GKER)

Fig 2 Matrix of correlation coefficients ( clinical parameters)
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A Matrix of correlation coefficients between plasma complement proteins and pathological parameters of DKD patients by Spearman’s
correlation analysis. B: Matrix of correlation coefficients between urine complement proteins and pathological parameters of DKD patients by
Spearman’ s correlation analysis. Cell color indicates the strengths and directions of the correlation from blue (negative correlation) to white (no
correlation) to red (positive correlation). RPS: Renal Pathology Society; IFTA: Interstitial fibrosis and tubular atrophy; CFB: Complement
factor B; CFP: Complement factor P; CFH: Complement factor H. *: P<C0.05; **: P<C0.01; ***:P<C0.001.

3 HEXRBIERE(REER)

Fig3 Matrix of correlation coefficients ( pathological parameters)
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Tab 6 Relationship between the complement protein and risk of progression of renal disease in DKD patients

Plasma CFB 0.760 0.525-1.099 0.145 0.794 0.548-1.151 0.224
Plasma CFP 1.005 0.987-1.023 0.610 0.998 0.980—-1.017 0.836
Plasma CFH 0.996 0.987-1.005 0.401 1.006 0.992-1.020 0.389
Plasma C1q 1.000 0.995-1.006 0.868 0.980 0.994-1.007 0.980
Plasma C5a 0.992 0.778—1.266 0.950 0.944 0.694-1.285 0.715
Urinary CFB 1.463 1.230-1.741 <<0.001 1.330 1.06—1.668 0.014
Urinary CFP 0.916 0.651-1.291 0.617 0.923 0.558—-1.528 0.755
Urinary CFH 0.994 0.982-1.006 0.297 0.994 0.982—-1.006 0.411
Urinary Clq 1.000 0.995-1.006 0.863 1.000 0.994-1.007 0.980
Urinary C5a 2.627 1.648—-4.187 <<0.001 2.63 1.377-5.023 0.003

Multivariable Cox proportional hazards model included all proteins that were individually significantly associated with risk of progression of renal
disease in the Univariable model, Adjusted for baseline, HbAlc, eGFR and Renal Pathology Society glomerular classification. CFB:
Complement factor B; CFP: Complement factor P; CFH: Complement factor H.
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