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Results: During a median follow-up of 23.0 (12.0, 39.0) months, 100/213 (46.9%)
patients progressed to ESRD. C3c and Clq deposition were observed in 133/213
(62.4%) and 45/213 (21.1%) patients, respectively. Kaplan-Meier analysis revealed
patients with C3c or C1q deposition had significantly worse renal outcomes com-
pared with those without C3c or Clq deposition (p = .001 and p < .001, respec-
tively). Univariate and multivariate Cox regression analysis demonstrated
proteinuria (per 1 g/24 h increase, hazard ratio [HR] 1.134, 95% confidence inter-
val [CI] [1.079, 1.191], p < .001), interstitial fibrosis and tubular atrophy score
(score 2 and 3 vs. 0 and 1, HR 3.925, 95% CI [1.855, 8.304], p < .001), and C3c
deposition (per 1+ increase, HR 1.299, 95% CI [1.073, 1.573], p = .007) were inde-
pendent predictors for ESRD in DKD patients with T2DM.
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1 | INTRODUCTION

The global prevalence of diabetes mellitus (DM) increased
rapidly over the last decades, especially type 2 diabetes
mellitus (T2DM).! Diabetic kidney disease (DKD) occurred in
20-40% of patients with DM** and has become the leading
cause of end-stage renal disease (ESRD).>> In China, DKD
has replaced glomerulonephritis and became the most com-
mon cause of chronic kidney disease both in the general pop-
ulation and hospitalized urban population.® Despite extensive
efforts to identify reliable biomarkers for renal outcomes,
there are still only a limited number of valuable predictive
factors for DKD progression, including macroalbuminuria’
and the severity of glomerular and interstitial lesions.®’

Emerging experimental and clinical evidence reported
the crucial role of renal inflammation in the pathogenesis
and progression of DKD.'*"? The complement system, as
an essential component of human immune system, was
proved to participate in the development of DKD."*'®
Targeting complement overactivation can improve renal
function and ameliorate renal fibrosis in animal models
of DKD.'**!

C3 is the central component of the complement
system. All the three complement pathways, that is, the
mannose-binding lectin (MBL) pathway, the classic path-
way, and the alternative pathway,** converge at the for-
mation of C3 convertase, which initiates the cleavage of
C3 leading to the generation of C3a and C3b.** C3b is fur-
ther degraded to iC3b, C3c, and C3d.** C1q binding with
immune complex is the initial step of the classic pathway.
Our previous study proved that DKD patients with renal
C3c or Clq deposition were associated with more severe
renal lesions.*® Therefore, the present study aimed to fur-
ther investigate the association between clinicopathologi-
cal parameters and renal outcomes in DKD patients with
T2DM, especially the predictive value of complements
deposition.

Conclusions: C3c deposition in the kidney was associated with worse renal
outcomes and was an independent predictor for ESRD in DKD patients

C3, complement, diabetic kidney disease, prognosis, renal pathology

1. C3c deposition in the kidney was associated with worse renal outcomes
and was an independent predictor for ESRD in DKD patients with T2DM.

2. C3c deposition in the kidney might be a novel biomarker indicating DKD
progression in T2DM.

2 | MATERIALS AND METHODS

2.1 | Subjects

A total of 371 patients with biopsy-proven DKD at
Renal Division of Peking University First Hospital
between 1 January 2015 and 31 December 2019 were
retrospectively recruited in this study. All patients met
the criteria for the diagnosis of DM proposed by the
American Diabetes Association.>® The pathological diag-
nosis of DKD was confirmed by renal pathologists
according to the criteria proposed by the Renal Pathol-
ogy Society in 2010.>” A total of 148 patients with
concomitant nondiabetic kidney disease were excluded.
Ten patients with type 1 diabetes mellitus were not
enrolled. Finally, 213 patients with T2DM were included
in analysis (Figure 1). The investigation was conduc-
ted according to the Declaration of Helsinki and was
approved by the Ethics Committee of Peking University
First Hospital (2017-1280). Written informed consent
was obtained from each participant.

Patients with biopsy-proven DKD from January
2015 to December 2019 (n=371)

Exclusion criteria:

* coexistence with nondiabetic
kidney disease (n=148)

* TI1DM (n=10)

DKD with T2DM (n=213)

FIGURE 1 Flow chart of patient recruitment. DKD, diabetic
kidney disease; T1DM, type 1 diabetes mellitus; T2DM, type 2
diabetes mellitus



LI ET AL.

Journal of Diabetes

2.2 | Clinical data

Clinical data were collected at the time of renal biopsy,
including sex, age, duration of diabetes, presence of diabetic
retinopathy (DR), 24-h proteinuria, hematuria (defined as
>5 RBC/HP on urinary sediment), serum creatinine, hemo-
globin Alc (HbAlc), triglyceride, low-density lipoprotein,
high-density lipoprotein, erythrocyte sedimentation rate,
C-reactive protein, and serum C3. Estimated glomerular fil-
tration rate (eGFR) was calculated by the Chronic Kidney
Disease Epidemiology Collaboration equation.”®

2.3 | Renal histopathology

Light microscopy, direct immunofluorescence, and electron
microscopy were routinely performed for each renal biopsy
specimen. The biopsy specimens were independently
reviewed and scored by two experienced renal pathologists.
Light microscopic sections were stained with hematoxylin
eosin, periodic acid-Schiff, Masson trichrome, and periodic
acid methenamine silver stain. Glomerular lesions were clas-
sified into class I, II, I, or IV based on glomerular basement
membrane thickening, degree of mesangial expansion, pres-
ence of nodular sclerosis (Kimmelstiel-Wilson lesions), and

TABLE 1 General data of DKD patients
Total

Variables patients (n = 213)
Age, years 51.3+11.6
Male, n (%) 163 (76.5)
Duration of DM, months 120 (60, 186)
Proteinuria, g/24 h (0-0.15) 3.8(2.0,7.3)
Hematuria, n (%) 122 (57.3)
Serum albumin, g/L (40-55) 334 + 6.1

Serum creatinine, pmol/L (44-133)

eGFR, mL/min/1.73 m?

180.5 (108.9, 310.4)
35.6 (19.2, 60.3)

Renal insufficiency, n (%) 160 (75.1)
HbAlc, % (4-6) 71+ 1.7

DR, n (%) 148 (69.5)

TG, mmol/L (3.4-5.2) 1.77 (1.27, 2.74)
LDL, mmol/L (2.1-3.1) 2.89 + 1.17
HDL, mmol/L (0.9-1.4) 0.98 + 0.28
ESR, mm/1 h (0-15) 50.3 + 31.7
CRP, mg/L (0-8) 1.76 (0.78, 4.09)
Serum C3, g/L (0.6-1.5) 0.89 + 0.17

Abbreviations: CRP, C-reactive protein; DKD, diabetic kidney disease; DM,
diabetes mellitus; DR, diabetic retinopathy; eGFR, estimated glomerular
filtration rate; ESR, erythrocyte sedimentation rate; HbAlc, hemoglobin Alc;

HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride.

advanced diabetic glomerulosclerosis. On the basis of the
affected proportion of the tubulointerstitial compartment,
interstitial fibrosis and tubular atrophy (IFTA) were semi-
quantitatively scored as 0, 1, 2, or 3 (0, absent; 1, <25%;
2, 25-50%; 3, >50%). Interstitial inflammation was graded
according to the infiltrated area (0, absent; 1, infiltration only
in areas related to IFTA; 2, infiltration in areas without
IFTA). Vascular changes were evaluated based on arteriolar
hyalinosis and large vessel arteriosclerosis (0, absent; 1, at
least one arteriolar hyalinosis or large vessel arteriosclerosis
is present). The stainings of IgG, IgA, IgM, C3c, Clq,
fibrinogen-fibrin related antigen, and albumin were per-
formed on frozen tissue using specific fluorescein-conjugated
antibodies and were evaluated under a fluorescence micro-
scope. The intensity of staining was semiquantitatively
graded on a scale of 0-4+. Repeated review of any scoring
difference between the two pathologists was performed until
a consensus was achieved. Electron microscopy was per-
formed to exclude some renal morphologic lesions

TABLE 2 Pathological characteristics of DKD patients

Total

patients (n = 213)
Light microscopy
Glomerular class, n (%)

class I/class II/class III/class IV 8(3.8)/57 (26.8)/122

(57.3) /26 (12.2)
IFTA, n (%)
0/1/2/3 0 (0)/61 (28.6)/83
(39.0)/69 (32.4)
Interstitial inflammation, »n (%)
0/1/2 0 (0)/82 (38.5)/131 (61.5)
Vascular lesions
0/1 1(0.5)/212 (99.5)
Immunofluorescence
IgG deposition, n (%) 174 (81.7)
Scale 0/14/2+4/34/4+ 39/88/70/16/0
IgM deposition, n (%) 129 (60.6)
Scale 0/1+/2+/3+/4+ 84/46/50/32/1
IgA deposition, n (%) 57 (26.8)
Scale 0/14-/2+/3+/4+ 156/50/7/0/0
C3c deposition, n (%) 133 (62.4)
Scale 0/1+/2+/3+/4+ 80/45/37/47/4
C1q deposition, n (%) 45 (21.1)
Scale 0/14/2+4/34/4+ 168/24/13/8/0
Albumin deposition, n (%) 172 (80.8)
Scale 0/14/2+4/34/4+ 41/78/75/19/0

Abbreviations: DKD, diabetic kidney disease; IFTA, interstitial fibrosis and
tubular atrophy.



MW] LE Y— Journal of Diabetes

LI ET AL.

TABLE 3 Potential prognostic factors for renal outcomes determined by univariate and multivariate Cox regression analysis in DKD

patients

Variable

sex (male)

Age > 60 years (yes vs. no)
Proteinuria (g/24 h)
Hematuria (yes vs. no)
eGFR<60 mL/min/1.73m? (yes vs. no)
HbAlc (%)

DR (yes vs. no)

TG, mmol/L

LDL, mmol/L

HDL, mmol/L

ESR > 15 mm/1h (yes vs. no)
CRP > 8 mg/L (yes vs. no)
Serum C3 (g/L)

Glomerular class (IIT and IV vs. I and II)

IFTA (score 2 and 3 vs. 0 and 1)

Interstitial inflammation (score 2 vs. 0 and 1)

IgG deposition (per +)
IgM deposition (per +)
IgA deposition (per +)
C3c deposition (per +)
C1q deposition (per +)
Albumin deposition (per +)

Note: Bold values indicates the p values less than .05 were considered statistically significant.

Univariate analysis

HR (95% CI)

1.161 (0.722, 1.865)
1.059 (0.652, 1.720)
1.171 (1.126, 1.218)
1.508 (0.991, 2.295)
5.569 (2.795, 11.096)
0.828 (0.707, 0.970)
2.280 (1.380, 3.766)
0.989 (0.869, 1.127)
1.208 (1.015, 1.438)
0.710 (0.347, 1.453)
3.122 (1.433, 6.800)
1.327 (0.679, 2.592)
0.309 (0.091, 1.054)
3.196 (1.843, 5.543)
4.906 (2.676, 8.994)
2.894 (1.823, 4.595)
1.184 (0.937, 1.496)
1.181 (0.990, 1.407)
0.803 (0.529, 1.219)
1.452 (1.234, 1.708)
1.417 (1.156, 1.738)
1.218 (0.970, 1.528)

p value
.538
.816

<.001
.055

<.001
.019
.001
.873
.033
.349
.004
408
.061
<.001
<.001
<.001
157
.064
.302
<.001
.001
.089

Multivariate analysis

HR (95% CI)

1.134 (1.079, 1.191)

3.925 (1.855, 8.304)

1.299 (1.073, 1.573)

p value

<.001

<.001

.007

Abbreviations: CI, confidence interval; CRP, C-reactive protein; DKD, diabetic kidney disease; DR, diabetic retinopathy; eGFR, estimated glomerular filtration
rate; ESR, erythrocyte sedimentation rate; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; HR, hazard ratio; IFTA, interstitial fibrosis and tubular

atrophy; LDL, low-density lipoprotein; TG, triglyceride.

reminiscent of DKD,* such as light-chain deposition disease,
amyloidosis, and membranoproliferative glomerulonephritis.

2.4 | Outcomes

The primary end point was the progression to ESRD,
which was defined as a requirement of permanent renal
replacement therapies for >3 months. Participants were
followed until the presence of ESRD or the end of the
research (28 February 2021).

2.5 | Statistical analysis
For continuous variables, data with normal distribution

were expressed as mean + SD and data with non-normal
distribution were expressed as median (interquartile

range). Categorical variables were expressed as counts
and percentages. Kaplan-Meier analysis (log-rank test)
and univariate Cox regression were performed to explore
potential predictors of renal outcomes. Candidate vari-
ables (p < .05) were further investigated with stepwise
multivariate Cox regression analysis. Results were
expressed as hazard ratios (HRs) and 95% confidence
intervals (95% ClIs). p values less than .05 were consid-
ered statistically significant. All statistical analyses were
performed with SPSS 24.0.

3 | RESULTS
3.1 | General data

Among the 213 DKD patients, 163 were male and 50 were
female, with an average age of 51.3 + 11.6 years at the
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time of renal biopsy. The median duration of DM was
120 (60, 186) months. The median level of urinary protein
was 3.8 (2.0, 7.3) g/24 h and 122/213 (57.3%) patients had
hematuria. The serum albumin was 33.4 + 6.1 g/L. The
median serum creatinine was 180.5 (108.9, 310.4) pmol/L
and eGFR was 35.6 (19.2, 60.3) mL/min/1.73m? Of
213 patients, 160 (75.1%) showed renal insufficiency
(defined as eGFR <60 mL/min/1.73m?) at renal biopsy.
Of 213 patients, 148 (69.5%) had DR and the HbAlc was
7.1 + 1.7% (Table 1).

3.2 | Pathological characteristics

The detailed pathological characteristics of these DKD
patients are presented in Table 2. Light microscopic sec-
tions had average 32.3 + 14.2 glomeruli. Eight out of
213 (3.8%), 57/213 (26.8%), 122/213 (57.3%), and 26/213
(12.2%) patients were categorized as class I, II, III, and IV
of glomerular lesions, respectively. IFTA scores of 1, 2,
and 3 were had by 61/213 (28.6%), 83/213 (39.0%) and
69/213 (32.4%) patients, respectively. For interstitial
inflammation, 82/213 (38.5%) patients were scored 1 and
131/213 (61.5%) patients were scored 2. IgG, IgM, and
IgA deposition was observed in 174/213 (81.7%), 129/213
(60.6%), and 57/213 (26.8%) patients, respectively. As
shown in Table S1, IgG deposition was mainly found in
glomerular capillary walls (GCW) (164/174, 94.3%), tubu-
lar basement membrane (TBM) (155/174, 89.1%), and
Bowman's capsule (60/174, 34.5%). IgM deposition was
mainly found in GCW (61/129, 47.3%) and mesangium
(97/129, 75.2%), as IgA deposition was mainly found in
GCW and mesangium in 34/57 and 31/57 patients,
respectively. C3c and Clq deposition was found in
133/213 (62.4%) and 45/213 (21.1%) patients, respectively.
For C3c deposition in DKD patients, 54/133 (40.6%) were
observed in GCW and 98/133 (73.7%) were observed in
mesangium. For C1q deposition, 22/45 (48.9%) and 34/45
(75.6%) were detected in GCW and mesangium, respec-
tively. A total of 172/213 (80.8%) patients had albumin
deposition, which was mainly found in GCW (162/172,
94.2%), TBM (160/172, 93.0%), and Bowman's capsule
(64/172, 37.2%). With electron microscopy, little, if any,
electron-dense deposit was observed in each specimen.

3.3 | Risk factors for renal survival
During a median follow-up of 23.0 (12.0, 39.0) months,
100/213 (46.9%) patients progressed to ESRD. The estimated
median renal survival time was 39.0 months.

In univariate analysis (Table 3), proteinuria (per
1 g/24 h increase, HR 1.171, 95% CI [1.126, 1.218], p < .001),
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FIGURE 2 Kaplan-Meier survival curve in DKD patients with

or without C3c deposition. DKD, diabetic kidney disease

eGFR < 60 mL/min/1.73m?> (HR 5.569, 95% CI [2.795,
11.096], p < .001), coexistence with DR (HR 2.280, 95% CI
[1.380, 3.766], p = .001), advanced glomerular lesions (Class
III and IV vs. I and II; HR 3.196, 95% CI [1.843, 5.543],
p < .001), higher IFTA score (Score 2 and 3 vs. 0 and 1; HR
4.906, 95% CI [2.676, 8.994], p < 0.001), higher grade of
interstitial inflammation (Score 2 vs. 0 and 1; HR 2.894, 95%
CI [1.823, 4.595], p < .001), higher intensity of C3c deposi-
tion (per 1+ increase, HR 1.452, 95% CI [1.234, 1.708],
p < .001), and higher intensity of C1q deposition (per 1+
increase, HR 1.417, 95% CI [1.156, 1.738], p = .001) were
potential risk factors for progressing to ESRD in DKD
patients. Kaplan-Meier analysis showed that patients with
C3c deposition had worse renal outcomes compared with
those without C3c deposition (log-rank test, p = .001,
Figure 2), as did C1q deposition (log-rank test, p < .001).

Multivariate Cox regression analysis showed that pro-
teinuria (per 1 g/24 h increase, HR 1.134, 95% CI [1.079,
1.191], p < .001), IFTA score (score 2 and 3 vs. 0 and
1, HR 3.925, 95% CI [1.855, 8.304], p < .001), and C3c
deposition (per 1+ increase, HR 1.299, 95% CI [1.073,
1.573], p = .007) were independent risk factors for
developing ESRD.

4 | DISCUSSION

Although antidiabetic treatments have brought great
improvement in various complications of diabetes,
patients with DKD progressing to ESRD still increased
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rapidly.*® Noninvasive predictors for progression of DKD
were eagerly needed. Increasing studies have confirmed
that immune inflammation, especially innate immunity,
plays a vital role in the pathogenesis of DKD, including
tumor necrosis factor receptor superfamily members,
interleukin-8-CXCR1/2 axis and immune-related mole-
cule B7-1."%'% As a central component of innate immu-
nity, the complement overactivation participates in DKD
progression.'**®

In our previous study, it was found that patients with
C3c deposition in the kidney had more severe renal
injury, including lower eGFR, and higher scores for
IFTA.* In the current study, we explored the association
between clinicopathological parameters and renal out-
comes in DKD patients with T2DM, and we found that
after adjusting various factors, C3c deposition was an
independent predictor for ESRD.

Renal complements depositions were not rare in
patients with DKD. In the current study, C3c deposition
was observed in 62.4% of the patients. C3c was a down-
stream product of C3 in the complement system. Trans-
criptome analysis showed a 6-fold increase in gene
expression of C3 in glomeruli tissue from DKD patients
compared with healthy people.®’ Upregulated expression
of C3 was detected in the kidney of OVE26 diabetic
mouse and was associated with severe albuminuria.** Our
previous study in mice showed that C3a receptor defi-
ciency could attenuate diabetic kidney disease through
suppressing inflammatory responses and T-cell adaptive
immunity.*> C3a receptor antagonists were proved to
ameliorate endothelial-myofibroblast transition and alle-
viate fibrosis of the kidney in streptozotocin-induced
DKD rat.”® Taken together, C3 and its activated fragments
are promising therapeutic targets for DKD.

In the current study, higher intensity of C1q deposi-
tion was associated with poor renal survival in the uni-
variate analysis. However, after adjusting for various
factors including C3c deposition, the predictive value of
Clq deposition was diminished. Because Clq is the key
component of the classic pathway, the results indicated
that the MBL pathway and alternative pathway might
play more important roles in the pathogenesis of DKD, as
compared with the classic pathway. The overactivated
MBL pathway and/or alternative pathway would lead to
the formation of C3 convertase, which might be the
upstream pathway of C3 participating in progression
of DKD.

The study was conducted in a single center, and mul-
ticentral studies with larger sample size are needed.

In conclusion, C3c deposition was an independent
predictor for ESRD in DKD patients with T2DM. It might
provide a biomarker indicating DKD progression and
potential therapeutic target.
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