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ABSTRACT
Aims/Introduction: The aim of the present study was to obtain a full view of the
changes of urinary complement activation products in the development of diabetic
nephropathy and explore their possible significance in the disease process.
Materials and methods: A total of 62 patients at different stages of diabetic
nephropathy, 20 diabetes patients without nephropathy and 20 healthy persons were
enrolled. Urinary complement activation products, including C3a, C5a and C5b-9, were
measured, and their associations with the progression of the disease were analyzed.
Results: The urinary complement activation products increased markedly since the pro-
teinuria stage, and were parallel with the progression of diabetic nephropathy. More sev-
ere renal tubular damage was observed in patients with higher levels of urinary
complement activation products. The urinary complement activation products levels corre-
lated closely with renal tubulointerstitial injury score and relative tubular interstitial volume.
Multivariate regression analysis showed that elevated urinary complement activation prod-
ucts were independent risk factors for tubular injury in diabetic nephropathy patients.
Conclusions: Urinary complement activation might have a role in renal tubular intersti-
tial injury in patients with diabetic nephropathy, especially in patients at a later stage of
the disease.

INTRODUCTION
Diabetic nephropathy (DN) is the leading cause of end-stage
renal disease worldwide, affecting approximately 25–30% of
those with diabetes1,2. Despite extensive efforts, the pathogenic
mechanism of DN has not been completely understood. No
satisfactory therapeutic option is now available to treat this
insidious disease2–4.
The pathogenesis of DN is multifactorial. Recent studies sug-

gested that complement might be involved in the progression
of DN5. However, the exact significance and underlying mecha-
nism are far from clear. Increased urinary complement activa-
tion products (CAPs) have been reported in proteinuric kidney
diseases including DN6–12. However, the exact significance of
urinary CAPs in DN is still unclear. Of note, previous studies
examined urinary CAPs mainly in DN patients at an advanced
stage of the disease. No observation of urinary CAPs in the ear-
lier stages of the disease has been made. As DN is a highly

heterogeneous disease13, the extent and significance of urinary
complement activation might differ among patients in different
conditions; for example, patients of different pathological types
and patients at different stages of the disease.
To obtain a full view of the changes of urinary CAPs in the

development of DN and explore their possible pathological sig-
nificance, in the present study, we investigated the changes of
urinary CAPs, including C3a, C5a and C5b-9, in patients at dif-
ferent stages of DN and associated them with renal tubular
damage.

METHODS
Study population
Studies were carried out in 62 biopsy-proven type 2 DN
patients, 20 type 2 diabetes mellitus patients who had normal
findings in urinary examinations and renal function tests (9
men and 11 women with a mean age of 48 – 8 years, a mean
urinary albumin excreting ratio of 10.5 – 3.4 mg/24 h and
mean estimated glomerular filtration rate [eGFR] ofReceived 9 May 2018; revised 30 August 2018; accepted 17 September 2018
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100 – 14 mL/min/1.73 m2, served as diabetes mellitus control
group) and 20 healthy individuals (10 men and 10 women with
a mean age of 41 – 11 years, a mean urinary albumin excreting
ratio of 11.6 – 5.8 mg/24 h and mean eGFR of 108 – 16 mL/
min/1.73 m2, served as the normal control group). The 62 DN
patients were the same as those in the previous study, and were
divided into the microalbuminuria stage group (MG; n = 11),
proteinuria stage group (PG; n = 17) and renal insufficiency
stage group (RIG; n = 34), just as what has been reported in a
previous study14. All the patients in the present study met the
criteria for diabetes (namely: [i] symptoms of diabetes plus
casual plasma glucose ≥11.1 mmol/L; and/or [ii] fasting blood
glucose ≥7.0 mmol/L; and/or [iii] 2-h postload glucose concen-
tration ≥11.1 mmol/L), and were inconsistent with the defini-
tion for type 2 diabetes15. Patients with other types of diabetes
mellitus, such as maturity onset diabetes of the young, gesta-
tional diabetes mellitus and type 1 diabetes mellitus, and
patients with other infective or inflammatory diseases, were
excluded. The final diagnosis of DN was made on the basis of
clinical and histological features. Patients with renal biopsy
inconsistent with DN or with concomitant other renal diseases
were carefully ruled out. Here, healthy individuals were defined
as persons who had: (i) normal findings in physical examina-
tions (including chest radiography, electrocardiography, hema-
tology, blood biochemistry, hepatic function, renal function and
urine analysis); (ii) negative findings on HIV, and hepatitis B
and C viral testing; (iii) no history of hypertension, diabetes,
renal disease or vascular disease; and (iv) no inflammatory or
infective diseases at least 4 weeks before the time when urine
and blood samples were taken. Ethical approval for the present
study was obtained from the ethics committee of Jingling
Hospital (approval number: 2013GJJ-100). All research work
with human participants was in accordance with the ethical
standards of the responsible committee on human experimenta-
tion and with the Declaration of Helsinki. Informed consent
was obtained from every participant.

Collection of urine and plasma samples
On the day when renal biopsy would be carried out, 10 mL of
freshly voided morning urine was collected and centrifuged
immediately at 750 g for 10 min. The supernatant was ali-
quoted into 1 mL/tube and stored in -70°C until use. Plasma
specimens were taken from blood samples drawn in ethylenedi-
aminetetraacetic acid at the time of urine collection. Plasma
samples were also stored at -70°C until measurement. All the
work from collecting to storing the samples was finished
within 1 h.

Histology
At Jingling Hospital, Nanjing, China, the indications for renal
biopsy included the sustained presence of albuminuria
(>30 mg/24 h) and/or proteinuria (>0.4 g/24 h) and/or hema-
turia and/or renal insufficiency, with or without coexisting sys-
temic disease. The renal biopsies were carried out by a group

of clinicians and were examined by experienced nephrologists
using techniques, such as light microscopy, immune staining
and electron microscopy. Kidney lesions in the glomerulus,
tubulointerstitial area and blood vessels were recorded and
scored according to the reported criteria.13 According to the
morphological characteristics of the cells on hematoxylin–eosin
staining, the inflammatory cells in the tubulointerstitial area
were identified and the number of each inflammatory cell was
counted. Through dividing the number of inflammatory cells
by the area of the regions involved, the density of inflammatory
cells was calculated. According to the methods described by
Okon et al.16, the relative interstitial volume (RIV) was mea-
sured. At least 10 randomly selected cortical regions in each
section were measured, and the average value was obtained.

Measurement of urinary CAPs
Complement activation products; that is, C3a, C5a and C5b-9,
were measured in the urine and plasma samples using enzyme-
linked immunosorbent assay kits (BD Biosciences, San Diego,
CA, USA) according to the manufacturer’s instructions. To
minimize the variations from urine collection, urinary crea-
tinine was used for correcting the urinary C3a, C5a and C5b-9,
and their level was expressed as nanogram per milligram
creatinine.

Statistical analysis
All data were analyzed using SPSS 17.0 (SPSS Inc., Chicago, IL,
USA). Because the data about the levels of urinary CAPs (in-
cluding C3a, C5a and C5b-9) were determined to be non-nor-
mal, multigroup comparison was carried out using the
Kruskal–Wallis test. The difference between two groups was
compared with a non-parametric Wilcoxon rank sum test. To
explore the correlation of urinary CAPs with clinical or renal
pathological indices, the Spearman correlation analysis was
used. Univariate and multivariate logistic regression was carried
out to gain deeper insight into the relationship between urinary
CAPs and tubular injury. Model A, crude; model B, adjusted
for 24 h urine protein level and eGFR, two important factors
associated with tubular injury. All statistical tests were two-
tailed, and P values <0.05 were considered significant.

RESULTS
Level of urinary CAPs increased with the development of DN
A total of 62 DN patients were measured for urinary C3a, C5a
and C5b-9. As has been reported14, indices reflecting renal
injury, such as 24 h urine protein and the glomerular, tubuloin-
terstitial and renal blood vessel injury score, increased from the
MG to the PG and RIG. Also, significant changes in indices
reflecting renal function injury, such as serum creatinine, serum
urea nitrogen and eGFR level, were observed in the RIG14. All
these showed the progression of the disease. In parallel with the
progression of DN, as shown in Figure 1, the urinary C3a, C5a
and C5b-9 level increased. The urinary CAPs were found to
increase significantly as the proteinuria stage increased further
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in the renal insufficiency stage. There were strong positive cor-
relations between urinary levels of C3a, C5a and C5b-9 in DN
patients(r = 0.861, P < 0.001 between C3a and C5a; r = 0.857,
P < 0.001 between C3a and C5b-9; and r = 0.816, P < 0.001
between C5a and C5b-9). No significant change in the levels of
urinary CAPs was found in the diabetes mellitus control group
and MG compared with the normal control group.

No significant change in the levels of plasma CAPs was
observed during the development of DN
Previously, we measured the level of plasma C5b-9 in the 62
DN patients and no significant change in the level of C5b-9
was found between the normal control group, MG, PG and
RIG14. Here, we further examined the levels of plasma C3a and
C5a in these DN patients. Also, we examined the levels of
plasma C3a, C5a and C5b-9 in 20 type 2 diabetes mellitus
patients without nephropathy. No significant changes in the
plasma level of C3a, C5a and C5b-9 were observed in DN
patients when compared with normal controls. Also, we did
not observe significant change in urinary CAPs levels in type 2
diabetes mellitus patients without nephropathy. Also, the levels

of urinary CAPs did not correlate significantly with those of
plasma CAPs.

Association of the levels of urinary CAPs with renal tubule
damage
To explore the pathological significance of urinary complement
activation in the development of DN, we first examined the
association of the levels of urinary CAPs with clinical indices
reflecting renal damage. As shown in Table 1, the levels of uri-
nary CAPs were found to correlate with indices reflecting renal
function damage, such as eGFR, serum creatinine and 24 h
urine protein level. No significant associations of urinary CAPs
with the age, sex, duration of diabetes mellitus, systolic and
diastolic blood pressure, body mass index, fasting blood glucose,
postprandial blood glucose, serum glycated hemoglobin, and
serum triglyceride level were found.
To gain a deeper insight into the relationship between uri-

nary complement activation and tubular damage, all the DN
patients were further divided into three groups according to the
level of urinary C3a: group 1 patients with the urinary C3a
level within the first third (<9.2 ng/mg�Cr), group 2 patients
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Figure 1 | Urinary levels of C3a, C5a and C5b-9 in patients at different clinical stages of diabetic nephropathy. As the data about the levels of
urinary complement activation products (including C3a, C5a and C5b-9) were determined to be non-normal, multigroup comparison was carried
out using the Kruskal–Wallis test. The difference between the two groups was compared with a non-parametric Wilcoxon rank sum test. (a) Urinary
levels of C3a in different groups. (b) Urinary levels of C5a in different groups. (c) Urinary levels of C5b-9 in different groups. Thick black line shows
the median. **P < 0.01. DMG, diabetes mellitus group (without nephropathy); MG, microalbuminuria stage group; NG, normal control group; PG,
proteinuria stage group; RIG, renal insufficiency stage group.

Table 1 | Correlation of urinary complement activation products level with clinical and renal pathological indices

Indices Urinary C3a level Urinary C5a level Urinary C5b-9 level

r P r P r P

eGFR -0.706 <0.001 -0.630 <0.001 -0.562 <0.001
Serum creatinine 0.727 <0.001 0.633 <0.001 0.614 <0.001
24-h urine protein 0.848 <0.001 0.838 <0.001 0.885 <0.001
Tubular and interstitial lesion score 0.632 <0.001 0.634 <0.001 0.636 <0.001
Relative tubular interstitial volume 0.742 <0.001 0.700 <0.001 0.658 <0.001
Density of tubulointerstitial inflammatory cells 0.617 <0.001 0.569 <0.001 0.487 <0.001

The relationship of variables was determined by using Spearman correlation coefficients. eGFR, estimated glomerular filtration rate.
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with the urinary C3a level within the second third (≥9.2 and
<893 ng/mg�Cr) and group 3 patients with the urinary C3a
level within the last third (≥893 ng/mg�Cr). We observed that
patients with a higher urinary CAPs level usually had more
severe renal tubular damage, as observed with a higher propor-
tion of atrophic tubules, larger tubular interstitial area, more
severe degree of brush border loss and more tubular epithelial
cells detached from the tubular basement membrane in their
renal biopsies (Figure 2). Also, the levels of urinary CAPs were

found to correlate closely with renal tubular and interstitial
injury score, RIV and the density of interstitial infiltration cells
(Table 1).

Regression analysis of the association of urinary CAPs with
tubular injury markers
So far, the present data supported the idea that increased uri-
nary CAPs might contribute to tubular damage in DN patients,
especially in patients with later stages of the disease. To further
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Figure 2 | More severe renal tubular damage, such as a higher proportion of atrophic tubules, larger tubular interstitial area, more severe degree
of brush border loss and more tubular epithelial cells detached from the tubular basement membrane (shown by black arrow), was observed in
the renal biopsies of patients with higher levels of urinary complement activation products. According to the level of urinary C3a, all the patients
were divided into three groups: group 1, patients with the urinary C3a level within the first third (<9.2 ng/mg�Cr); group 2, patients with the
urinary C3a level within the second third (≥9.2 and <893 ng/mg�Cr); group 3, patients with a urinary C3a level within the last third (≥893 ng/
mg�Cr). As the data about tubular interstitial injury score and relative interstitial volume were determined to be non-normal, multigroup
comparison was carried out using the Kruskal–Wallis test. The difference between the two groups was compared with a non-parametric Wilcoxon
rank sum test. (a) A representative picture of periodic acid–Schiff staining from a patient in group 1. (b) A representative picture of periodic acid–
Schiff staining from a patient in group 2. (c) A representative picture of periodic acid–Schiff staining from a patient in group 3. (d) The relative
tubular interstitial volume in different groups. (e) The tubular interstitial injury score in different groups. (a1,b1,c1) Partial enlargement of (a–c),
respectively. Scale bars (a–c, a1–c1), 50 μM. Thick black line in (d) and (e) shows the median.*P < 0.05; **P < 0.01.
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evaluate the role of urinary CAPs in tubular injury, a multivari-
ate regression analysis was carried out. In the unadjusted model
(model A), an above-median level of urinary CAPs was signifi-
cantly associated with higher renal tubular and interstitial injury
score and RIV level. The association between urinary CAPs
and renal tubular and interstitial injury score and RIV still
remained significant (model B) after adjustment for possible
confounding factors (24-h urine protein and eGFR level;
Table 2).

DISCUSSION
By using the renal biopsy specimen and the urine samples from
patients with different stages of DN, the present study investi-
gated the pathological significance of urinary complement acti-
vation in the development of DN. Increased urinary CAPs
have been reported in some renal diseases including DN10–12.
In 1991, Ogrodowski et al.11 first reported increased urinary
C5b-9 in patients with renal diseases. Six DN patients were
included in the study. In 2000, Morita et al.10 reported
increased urinary iC3b, Bb and MAC in proteinuric patients,
and 17 DN patients were included. Because of the small num-
ber of DN patients included in these studies, association analy-
sis of urinary CAPs with the progression of the disease is
impossible. Furthermore, most of the patients included in these
studies had severe renal insufficiency, leaving the change of uri-
nary CAPs in DN patients at microalbuminuria and proteinuria
stages unknown. In addition, although the diagnosis of most of
the DN patients included in the above-mentioned studies was
based only on clinical observation, it is unable to associate uri-
nary complement activation with kidney damage directly. Quite
different from the studies carried out by Ogrodowski et al. and
Morita et al., in a recently published study, Li et al.12 reported
urinary CAP levels in 50 biopsy-proven DN patients. However,

with the mean eGFR being 44.28 mL/min/1.73 m2

(44.28 – 26.79 mL/min/1.73 m2) and mean proteinuria being
6.33 g/24 h (6.33 – 4.35 g/24 h)12, most of the patients
included in the study by Li et al. still belonged to the advanced
stage of DN. Thus, Li et al. did not analyze the urinary CAP
levels in patients at earlier stages of the disease. In contrast to
the study carried out by Li et al., the present study included 62
biopsy-proven DN patients, consisting of 11 patients at the
microalbuminuria stage, 17 at the proteinuria stage and 34 at
the renal insufficiency stage, almost covering all the stages of
DN. Thus, the present study might have given us a more com-
prehensive understanding of urinary CAPs in DN patients.
Given the heterogeneity of DN13, it is of importance.
In the present study, we showed that the urinary C3a, C5a

and C5b-9 level increased with the progression of DN. This
was likely to result from renal local complement activation
rather than circulating complement activation, given that the
plasma levels of CAPs were comparable between patients with
DN and controls, and there was no association between plasma
and urinary CAPs. The consistency of the elevation of urinary
CAPs with the worsening of the disease suggests the involve-
ment of urinary complement activation in the disease. Indeed,
in the present study, we observed that the levels of urinary
CAPs were not only associated with the indices reflecting renal
function damage, but were also associated closely with indices
reflecting renal tubular interstitial injury. Also, we observed that
patients with higher levels of CAPs usually had severe renal
tubular interstitial damage in their renal biopsies. The results of
multivariate logistic regression analysis showed that the urinary
CAP level is the independent risk factor for renal tubular injury
in DN patients.
Can increased urinary complement activation contribute to

the progression of DN through aggravating renal tubular inter-
stitial damage? Activation of complement might exert detrimen-
tal effects on the host tissue through direct attack of C5b-9 to
the cell surface or activation of complement receptors and their
downstream signals by complement fragments17,18. Deposition
of C5b-9 can lead to formation of transmembrane channels,
followed by disruption of target cell membrane and cell lysis.
In addition, complement fragments, such as C3a and C5a, can
bind to their receptors and activate downstream signal path-
ways, such as the extracellular signal-regulated kinases 1/2 path-
way, phosphatidylinositol-4,5-bisphosphate 3-kinase pathway,
transforming growth factor-b pathway and nuclear factor-jB
pathway19. Through activation of these downstream signals,
complement fragments C3a and C5a can induce both immune
and non-immune roles, and contribute to tissue injury20,21.
Specifically, C3a and C5a have been reported to be able to
induce renal injury (especially renal tubular injury) in some
pathological conditions through activation of C3aR and C5aR,
respectively22,23. For example, C3a has been reported to be able
to induce the production of inflammatory cytokines and epithe-
lial-to-mesenchymal transdifferentiation in tubular epithelial
cells through activation of C3aR22,23. Based on these, we

Table 2 | Association of urinary complement activation products level
with the markers of tubular injury before and after adjustment for
confounders

Tubular
injury
markers

Urinary
CAPs

Model A Model B

OR (95% CI) P OR (95% CI) P

TIS C3a 14.3 (4.2–48.7) <0.001 6.5 (1.6–26.6) 0.009
C5a 21.7 (5.9–80.1) <0.001 11.1 (2.6–48.2) 0.001
C5b-9 14.3 (4.2–48.7) <0.001 8.2 (2.0–34.3) 0.004

RIV C3a 17.4 (4.9–61.2) <0.001 8.3 (1.7–41.3) 0.009
C5a 27.0 (7.0–104.7) <0.001 17.3 (3.0–101.0) 0.002
C5b-9 17.4 (4.9–61.2) <0.001 13.2 (2.3–75.3) 0.004

Model A: no adjustments; model B: adjusted for estimated glomerular
filtration rate and 24-h urine protein. Here, the odds ratio (OR) value
means the fold of possibility that patients with higher (above median)
level of complement activation products (CAPs) have more severe renal
tubular interstitial injury (as represented by higher relative interstitial vol-
ume [RIV] or tubular and interstitial injury score [TIS]) than patients with
lower (below median) level of CAPs.
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believed that it is possible for urinary complement activation to
contribute to the tubular interstitial injury and thus promote
the progression of DN. However, further investigations are still
required to confirm our supposition.
In the present study, no significant elevation in the levels of

urinary CAPs was found in the type 2 diabetes mellitus patients
without nephropathy and DN patients at the microalbuminuria
stage. Increased urinary CAPs were observed since the protein-
uria stage. This phenomenon was in accordance with previous
explanations of the causes for intratubular complement activa-
tion10,24 – a certain level of complement components and pro-
duction of ammonium in the tubular lumen. Under normal
conditions, the glomerular filter membrane prevents the entry
of complement components, such as C3, a protein with a
molecular weight of approximately 200 kD, into the urinary
space. In the later stage of DN, the selectivity of the glomerular
barrier is impaired badly and larger amounts of complement
components are filtered into the urinary space with other pro-
teins. In the meantime, increased proteinuria, tubular injury,
renal insufficiency and metabolic acidosis induce the production
and secretion of ammonium into the tubular lumen10. Ammo-
nium might amidate urinary C3, and result in the formation of
the alternative pathway convertase (amidated C3) and initiation
of the complement activation cascade24.
It should be pointed out that the present finding of a close

correlation between urinary CAPs and renal tubular interstitial
injury is quite different from the results obtained by Li et al.12

For the present, we cannot explain the causes. Given the
heterogeneity of DN and the different indications for renal
biopsy in DN patients used in different institutions, perhaps a
difference in the study population is among them. The different
results observed by different studies (the present study and the
study by Li et al.) might have emphasized the need for more
investigations to show the nature of urinary CAPs in DN
patients.
There were still several limitations to the present study. First,

selection bias necessarily exists. To confirm all the patients
included had pure DN and for the purpose of analyzing the asso-
ciation of urinary CAPs with renal pathological changes, we only
included biopsy-proven DN patients in the present study, which
might cause selection bias. Second, as it was a biopsy-based study,
deviation caused by the limitation of biopsy studies might also
exist. Third, as it is just a cross-sectional observation, further
prospective studies are still required to prove our supposition.
Finally, the sample size was not very large, especially for the
microalbuminuria stage group and the proteinuria stage group.
The limited number of patients restricted our further analysis
and might also cause bias in the present results.
In summary, by including patients at different stages of DN,

the present study has provided a full view of the change of uri-
nary CAPs in DN patients. By taking advantage of renal biopsy
specimens of all patients included, we analyzed the association
of urinary complement activation with the kidney injury. The
present results support the idea that urinary complement

activation might have a role in renal tubular interstitial injury
in DN patients, especially for the patients at a later stage of the
disease. Given that urinary complement activation can be
enhanced by kidney damage, which would result in more com-
plement components filtrated through the injured glomerular
filter membrane and production of more ammonium in the
tubular lumen, and thus promote urinary complement activa-
tion, we speculated that there might be a vicious circle between
urinary complement activation and renal tubular injury in
patients at the later stage of DN, and blocking this vicious cir-
cle might be helpful for treatment of this disease. In addition,
as there is a close correlation of urinary CAPs with the severity
of DN, the urinary CAPs might be used as a marker for clini-
cians to evaluate the severity and progression of the disease,
especially for the injury of renal tubules.
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