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Abstract

Objectives

The R102G variant in complement 3 (C3) results in two allotypic variants: C3 fast (C3F) and

C3 slow (C3S). C3F presents at increased frequency in patients with chronic kidney disease

(CKD), our aim is to explore its role in CKD progression and mortality.

Methods

Delta (Δ) eGFR for 2038 patients in the Salford Kidney Study (SKS) was calculated by linear

regression; those with�-3ml/min/1.73m2/yr were defined as rapid progressors (RP) and

those with ΔeGFR between -0.5 and +1ml/min/1.73m2/yr, labelled stable CKD patients

(SP).A group of 454 volunteers was used as a control group. In addition, all biopsy-proven

glomerulonephritis (GN) patients were studied regardless of their ΔeGFR. R102G was ana-

lysed by real-time PCR, and genotypic and allelic frequencies were compared between RP

and SP along with the healthy control group.

Results

There were 255 SP and 259 RP in the final cohort. Median ΔeGFR was 0.07 vs. -4.7 ml/min/

1.73m2/yr in SP vs. RP. C3F allele frequency was found to be significantly higher in our

CKD cohort (25.7%) compared with the healthy control group (20.6%); p = 0.008.However,

there was no significant difference in C3F allele frequency between the RP and SP groups.

In a subgroup analysis of 37 patients with IgA nephropathy in the CKD cohort (21 RP and 16

SP), there was a significantly higher frequency of C3F in RP 40.5% vs. 9.4% in SP; p =
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0.003. In the GN group, Cox regression showed an association between C3F and progres-

sion only in those with IgA nephropathy (n = 114);HR = 1.9 (95% CI 1.1–3.1; p = 0.018) for

individuals heterozygous for the C3F variant, increased further for individuals homozygous

for the variant, HR = 2.8 (95% CI 1.2–6.2; p = 0.014).

Conclusion

The C3 variant R102G is associated with progression of CKD in patients with IgA

nephropathy.

Introduction

Chronic kidney disease (CKD) is a worldwide health concern due to the high morbidity and

mortality associated with CKD progression and end stage renal disease (ESRD) [1,2]. Multiple

risk factors play a role in CKD progression [3,4]. Better predictive tools to characterise patient-

s‘future risk of progression could help in delivering targeted treatment to high-risk patients.

Therefore, there has been increased attention in elucidating the genetic determinants of CKD

progression given patients with the same phenotypic risk profile progress at different rates.

Several genome-wide association studies (GWAS) identified numerous genetic loci associ-

ated with CKD [5–8]. Unfortunately, the lack of clinical and biochemical characteristics of the

populations involved in these large GWAS and the absence of longitudinal data makes it diffi-

cult to determine if these genetic loci are associated with CKD progression or specific causes of

CKD. These important issues can be addressed by targeted studies considering a limited num-

ber of genetic polymorphisms, but in a well-known CKD cohort with sufficient period of fol-

low-up [9,10].

Although the complement system has an important role in our innate immune system, it is

involved in the pathogenesis of most glomerular and tubular kidney diseases [11].The third

human complement component, C3, plays a pivotal role in the complement system cascade,

such that a polymorphism in its genetic coding can affect the activity of the complement sys-

tem resulting in more activation, inflammation and tissue destruction [12,13].An extensively

studied variant inC3 is R102G (rs2230199), with three polymorphic variants: homozygote

C3SS (slow), homozygote C3FF (fast), and heterozygote C3FS. The fast and slow description

for C3 activity was known even before the discovery of this single nucleotide polymorphism

(SNP); the fast or slow labelling refers to the speed of movement of C3 on the agarose gel dur-

ing protein electrophoresis [14].The R102G polymorphism is determined by a change in one

nucleotide where cytosine is replaced by guanine at position 364 in the exon 3 of the β chain in

the C3 gene on chromosome 19.This results in the replacement of a positively charged arginine

amino acid in the C3S allele by a neutral glycine amino acid in the C3F allele [15]. The neutral

glycine amino acid in the C3F allele decreases its ability to bind to complement factor H, an

important complement regulator protein, leading to less regulation and more activation of the

complement system [12].The frequency of the C3F allele differs in different ethnicities; it is

20% in Caucasian, 5% in blacks and 1% in Asian populations [16].

The C3F variant has been associated with an increased risk for age related macular degener-

ation [17],rheumatoid arthritis and Crohn’s disease[18].In kidney diseases, C3F has been

found to be more prevalent in CKD[19] especially in glomerulonephritis (GN), such as; mem-

branoproliferative GN type II (MPGN II) [20], IgA nephropathy (IgAN)[21] and systemic vas-

culitis[22].Hence we have designed our study, aiming to investigate the association between
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the C3 variant R102G and CKD progression and all-cause mortality in all-cause CKD, as well

as in different specific CKD causes, in a large, well characterised non-dialysis CKD cohort

(stages 3–5) with a long period of follow-up.

Materials and methods

Study population

Patients were ascertained through the Salford Kidney Study (SKS), a large non-dialysis CKD

cohort that has recruited and followed-up CKD patients referred to Salford renal service pro-

spectively since 2002 [23–25].The participants are� 18 years with estimated glomerular filtra-

tion rate (eGFR) <60 ml/min/1.73m2 and have not started renal replacement therapy (RRT).

Data recorded at baseline includes demographics (age, sex, weight, height, CKD aetiology,

smoking status, alcohol history and functional status), comorbid conditions, medications and

laboratory results. Blood samples including whole blood, serum and plasma are collected and

stored at -80˚C for future research, with most recruited patients having extracted DNA that is

also stored. All patients are followed up annually until reaching an SKS endpoint which

includes: a) RRT commencement b) death c) lost to follow-up or discharge from clinic and d)

unable to participate, or withdrawal of consent. The study complies with the declaration of

Helsinki and ethical approval has been obtained from the regional ethical committee (current

REC reference 15/NW/0818).

Study 1 included 514 CKD patients (255 stable CKD patients and 259 rapid progressors)

from patients recruited into the Salford kidney study (SKS) and 454 ethnically matched indi-

viduals from a bank of anonymized, healthy, unrelated individuals through the regional molec-

ular genetics laboratory of Manchester Royal Infirmary hospital.

As most of the literature has emphasized the role of the complement system in GN[26] and

because an increase of the C3F allele frequency has been found in various GN types[20–22],

we designed the second part of the study in order to increase the number of GN patients.

Hence, study 2 included 269 GN patients recruited into the SKS.

Patient selection. Study 1:the total number of patients who were recruited into SKS from

October 2002 to December 2016 was 3115.The eGFR was calculated, for patients who had a

complete data set, from creatinine values obtained during outpatient’s visits by the CKD Epi-

demiology Collaboration (CKD-EPI) formula[27]. To ensure an adequate follow-up period to

enable determination of the rate of CKD progression, all patients with <2 years follow-up or

<4 available eGFR values were excluded. The delta (Δ) eGFR (±ml/min/1.73m2/yr) was calcu-

lated for remaining patients by linear regression. We defined rapid progressors (RP) as

patients with ΔeGFR�-3ml/min/1.73m2/yr and stable CKD patients (SP)as patients with

ΔeGFR between -0.5 and +1ml/min/1.73m2/yr. As it is well-known that acute kidney injury

(AKI) episodes can leave some irreversible effects and can contribute to CKD progression

[28,29], it was also important to exclude the patients who had AKI during their follow-up

period. The resultant cohort of RP and SP was further refined by two independent researchers

reviewing patients‘eGFR-time graphs in the hospital electronic records such that those with

AKI episodes contribute to the fast decline in eGFR or treatment effects contribute to improv-

ing or stability of eGFR were excluded. The final cohort was then derived from the above

patients who had available DNA samples for analysis (Fig 1).

Study 2: All biopsy proven GN patients in the SKS, regardless of their ΔeGFR, and with

available DNA samples totalled 269 GN patients. These included 114 IgAN, 50 focal segmental

glomerulosclerosis (FSGS), 59 membranous nephropathy, and 46 other types of GN including

minimal change disease, post streptococcus GN, MPGN. (Fig 2)
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Fig 1. Flowchart of patient recruitment to study 1.

https://doi.org/10.1371/journal.pone.0228101.g001
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Data gathering and study outcomes

Demographic data and laboratory results were collected from electronic patient records (EPR)

and the SKS data base at baseline. Two main outcomes were studied:

1. CKD progression: As competing risks can lead to inaccurate survival analysis with Cox

regression, we used composite end point [30]. CKD progression was defined as ESRD

(reaching RRT or eGFR<10 ml/min/1.73m2) or�40% eGFR decline. This is a validated

end point for CKD progression used in many trials [31–33].

2. All-cause mortality.

Fig 2. Flowchart of patient recruitment to study 2.

https://doi.org/10.1371/journal.pone.0228101.g002
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Genotyping of the R102G SNP
The participants were genotyped for the R102G C3 polymorphism (rs2230199) by a validated

TaqMan SNP Genotyping Assay. SNP genotyping was performed by the Applied Biosystem

Step OneTM Real-Time PCR system according to the manufacturer’s recommendations

(Thermo Fisher Scientific). The assay mix (including unlabelled PCR primers, and FAM and

VIC dye-labelled TaqMan MGB probes) was designed by Thermo Fisher Scientific. The reac-

tion system utilised 20 ng of genomic DNA, 5 μl of TaqMan Universal PCR Master Mix, and

0.5 μl 20× Assay Mix and was adjusted with water for a total volume of 10 μl in each well.

Alleles were scored using Applied Biosystem Step OneTM Real-Time PCR software (version

2.1).

Statistical analysis

Continuous data are expressed as the median and interquartile range (IQR), and categorical

data as frequency and percentage. Comparisons between groups were undertaken with the

Mann-Whitney U test, chi-squared test,Monte-Carlo test, or Fisher-Exact test as appropriate.

The relationship between the C3 SNP and the incidence rate of renal events or death was inves-

tigated by univariate and multivariate Cox regression analyses and Kaplan–Meier survival

curves. All risk factors for renal progression including: age, gender, smoking, diabetes, hyper-

tension, albumin, haemoglobin, urinary protein:creatinine ratio, and baseline eGFR were

tested in the univariate and multivariate Cox regression. The same factors were included in the

univariate model for mortality with the addition of other risk factors including history of can-

cer, myocardial infarction, congestive cardiac failure (CCF) and C-reactive protein level (CRP)

and those variables that showed significant association in the univariate model were included

in the multivariate one. In the second part of the study, when the relationship between the C3
SNP and renal progression in different GN groups was investigated, active treatment with cor-

ticosteroids or immunosuppressive therapies was included in the univariate and multivariate

Cox regression analyses.A p-value <0.05 was considered statistically significant throughout

the analyses. All statistical analyses were performed using SPSS(Version 23) (IBM SPSS, Chi-

cago, IL) licensed to the University of Manchester.

Results

Study 1 (CKD cohort)

Baseline characteristics. Baseline characteristics of the entire CKD cohort and compari-

son between RP and SP patients are summarized in Tables 1 and 2.

The median age of the total cohort was 62.8 years(IQR50.5–73.7) with more males (62.2%)

and Caucasian ethnicity (96%).The RP patients were significantly younger in age (median 56;

IQR45.6–69.3 years) than SP (median68.4; IQR 57.4–76.5 years); p-value<0.001 and included

fewer males (52.1%) than SP (73.3%). Diabetes mellitus was the commonest cause of CKD in

the total cohort (19.6%), while membranous nephropathy was the least (2.3%). Autosomal

dominant polycystic kidney disease constituted the commonest cause in the RP group

(21.2%). Median ΔeGFR was 0.07; (IQR -0.25 to 0.49)ml/min/1.73m2/yrin SP vs. -4.7(IQR-6.4

to -3.7)ml/min/1.73m2/yrin RP. Baseline eGFR was significantly higher in RP (median 31.4,

IQR 23.1–41.4ml/min/1.73m2/yr) than that in SP (median 24.7, IQR 18.2–33.1ml/min/

1.73m2/yr).

The R102G C3 polymorphism (rs2230199). The distribution of the polymorphism fre-

quencies in both the CKD cohort and the controls were consistent with the Hardy-Weinberg

equation (S1 Table). There were significant differences between the CKD group in genotypic
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frequencies(FF 9.3%, FS 32.7%, SS 58%) and allele frequencies (F 25.7%, S 74.3%) compared

with the control group which had genotype variants (FF 5.7%, FS 29.7%, SS 64.6%) and allele

frequencies(F 20.6%, S 79.4%), with p-value = 0.039 and 0.008, respectively (Table 3). Compar-

ison of clinical and biochemical characteristics between CKD patients with the rare genotype

(C3FF) and the commoner genotypes (C3FS and C3SS) is summarized in S2 Table.

The difference between the RP genotype variants (FF 11.2%, FS 31.7%, SS 57.1%) and allele

frequencies (F 27%, S 73%), and the SP genotype variants (FF 7.5%, FS 33.7%, SS 58.8%) and

allele frequencies (F 24.3%, S 75.7%) was not significant with p-value 0.34 and 0.32, respec-

tively (Table 3). However, in the subgroup analysis of patients stratified by CKD cause, the

IgAN group showed a significant difference between RP (n = 21) allele frequencies (F 40.5%, S
59.5%), and SP (n = 16) allele frequencies (F 9.4%, S 90.6%), p-value = 0.003, with odds

ratio = 6.6 (S3 Table). The comparison of the clinical and biochemical characteristics between

IgAN patients with either RP or SP is summarized in S4 Table.

Table 1. Baseline clinical characteristics of the CKD cohort and comparison between rapid progressors and stable CKD patients.

Total CKD (n = 514) Stable patients (n = 255) Rapid progressors (n = 259) p-Value

Age (years) 62.8(50.5–73.7) 68.4 (57.4–76.5) 56 (45.6–69.3) <0.001

Gender (male), n (%) 322 (62.6%) 187 (73.3%) 135 (52.1%) <0.001

Ethnicity (Caucasian), n (%) 494 (96%) 250 (98%) 244 (94.2%) 0.025

Smoking, n (%) 323 (62.8%) 161 (63.1%) 162 (62.5%) 0.89

HTN, n (%) 495 (96.3%) 245 (96.1%) 250 (96.5%) 0.78

Systolic BP (mmHg) 138 (125–150) 136 (124–150) 138 (127–152) 0.11

Diastolic BP (mmHg) 76 (70–82) 75 (66–80) 78 (70–84) <0.001

DM, n (%) 158 (30.7%) 91 (35.7%) 67 (25.9%) 0.016

MI, n (%) 46 (8.9%) 33 (12.9%) 13 (5%) 0.002

CCF, n (%) 21 (4%) 11 (4.3%) 10 (3.9%) 0.80

PVD, n (%) 32 (6.2%) 19 (7.5%) 13 (5%) 0.25

CVA, n (%) 20 (3.9%) 9 (3.5%) 11 (4.2%) 0.67

Tumor, n (%) 52 (10.1%) 34 (13.4%) 18 (6.9%) 0.016

CKD cause, n (%)

DM 101 (19.6%) 51 (20%) 50 (19.3%) 0.84

HTN 55 (10.7%) 34 (13.3%) 21 (8.1%) 0.06

RVD 32 (6.2%) 20 (7.8%) 12 (4.6%) 0.13

IgA nephropathy 37 (7.2%) 16 (6.3%) 21 (8.1%) 0.34

FSGS 16 (3.1%) 5 (2%) 11 (4.2%) 0.14

Membranous GN 12 (2.3%) 5 (2%) 7 (2.7%) 0.58

Other GN &vasculitis 33 (6.4%) 17 (6.7%) 16 (6.2%) 0.68

ADPKD 57 (11.1%) 2 (0.8%) 55 (21.2%) <0.001�

Pyelonephritis and interstitial nephritis 67 (13%) 42 (16.5%) 25 (9.7%) 0.021

Unknown 60 (11.6%) 38 (14.9%) 22 (8.5%) 0.023

Others 44 (8.5%) 25 (9.8%) 19 (7.3%) 0.28

HTN-hypertension, BP-blood pressure, mmHg-millimeter of mercury, DM-diabetes mellitus, MI-myocardial infarction, CCF-congestive cardiac failure, PVD-

peripheral vascular disease, CVA-cerebrovascular accident, CKD-chronic kidney disease, RVD-renovascular disease, FSGS- focal segmental glomerular sclerosis, GN-

glomerulonephritis, ADPKD-autosomal dominant polycystic kidney disease.

Continuous variables are expressed as median (interquartile range) and p-Value by Man-Whitney U test.

Categorical variables are expressed as number (%) and p-Value by Chi-Square test.

�P-Value by Fisher-Exact test.

https://doi.org/10.1371/journal.pone.0228101.t001
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Study outcomes

1. CKD progression: median follow-up for the CKD patients was 56(IQR 36–83) months with

significantly longer follow-up in SP (median 71; IQR 47–104 months) than RP (median 43;

IQR 30–62 months), p< 0.001;238 (91.9%) of the RP and 23 (9%) of the SP patients

reached the progression end-point during the study follow-up period.

2. Mortality: median follow-up for the CKD patients was 57(IQR38-84) months, with signifi-

cantly longer follow-up in SP (median 71; IQR 47–104 months) than RP (median 48; IQR

Table 2. Base line biochemical characteristics of the CKD cohort and comparison between rapid progressors and stable CKD patients.

Total CKD (n = 514) Stable patients (n = 255) Rapid progressors (n = 259) p-Value

Creatinine (umol/L) 190 (150–242) 206 (160–262) 176 (142–223) <0.001

eGFR(CKD-EPI) (ml/min/1.73m2) 28 (19.7–37.5) 24.7 (18.2–33.1) 31.4 (23.1–41.4) <0.001

Delta eGFR (ml/min/1.73m2/year) -3 (-4.6 to 0.06) 0.07 (-0.25 to 0.49) -4.7 (-6.4 to -3.7) <0.001

Urea (mmol/L) 13.2(10.3–17.4) 14 (10.7–18.4) 12.4 (10.1–16.3) 0.003

Albumin (g/L) 43 (40–45) 44 (42–45) 42 (39–44) <0.001

Corrected calcium (mmol/L) 2.29 (2.2–2.3) 2.29 (2.2–2.36) 2.3 (2.2–2.37) 0.16

Phosphorus (mmol/L) 1.1 (0.9–1.27) 1.07 (0.94–1.24) 1.16 (1.02–1.28) 0.001

PTH (pmol/L) 6.8 (4.1–11.2) 6.7 (3.8–11) 6.9 (4.46–11.3) 0.33

Vitamin Da (nmol/L) 35.9(19.9–55) 38.9 (23.5–60) 30.6 (17.3–50) 0.004

CRP (mg/L) 2.7 (1.2–5.7) 2.4 (1.1–5.3) 3.1 (1.3–6) 0.06

uPCR (mg/mmol) 34.2 (14–135) 20 (10–44) 85 (25–223) <0.001

Urateb(mmol/L) 0.44(0.38–0.53) 0.44 (0.38–0.54) 0.44 (0.38–0.51) 0.53

Cholesterol(mmol/L) 4.5 (3.7–5.4) 4.3 (3.6–5.1) 4.7 (4–5.6) <0.001

Haemoglobin (g/L) 124 (114–136) 125 (116–137) 122 (113.5–134.5) 0.035

HbA1cc(mmol/mol) 40.7 (36–48) 41 (37–49) 40 (36–45.4) 0.09

eGFR-estimated glomerular filtration rate calculated using CKD-EPI equation, PTH-parathyroid hormone, CRP- C-reactive protein, uPCR-urine protein:creatinine

ratio, HbA1c-haemoglobin A1c.

Variables are expressed as median (interquartile range) and p-Value by Man-Whitney U test.

a- Vitamin D results were only available in142 (55.7%) of slow progressors and 143 (55.2%) of rapid progressors.

b- Urate results were only available in 199 (78%) of slow progressors and 202 (78%) of rapid progressors.

c- HbA1C were only available in 201(78.8%) of slow progressors and 214(82.6%) of rapid progressors.

https://doi.org/10.1371/journal.pone.0228101.t002

Table 3. Comparison of genotype variant and allele frequency between CKD and control group, and between RP and SP patients.

CKD Controls (n = 454) p-Value

Total (n = 514) Stable patients (n = 255) Rapid progressors (n = 259) p-Value

Complement 3 (rs2230199)
FF 48 (9.3%) 19 (7.5%) 29 (11.2%) 26 (5.7%)

FS 168 (32.7%) 86 (33.7%) 82 (31.7%) 0.34 135 (29.7%) 0.039

SS 298 (58%) 150 (58.8%) 148 (57.1%) 293 (64.6%)

Allele frequency
F 264 (25.7%) 124 (24.3%) 140 (27%) 0.32 187(20.6%) 0.008

S 764 (74.3%) 386 (75.7%) 378 (73%) 721(79.4%)

p-Value by Chi-square test.

FF-homozygous complement 3 fast, FS-heterozygous complement 3, SS-homozygous complement 3 slow.

https://doi.org/10.1371/journal.pone.0228101.t003
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32.5–64.5 months), p< 0.001;36 (13.9%) of the RP and 58 (22.7%) of the SP had died dur-

ing the study follow-up period.

C3 polymorphism and CKD progression. There was no significant association between

C3 polymorphism and CKD progression by Cox regression analysis, hazard ratio (HR) = 1.1

(95% confidence interval (CI) 0.75–1.6; p = 0.59)for C3FF, HR = 1.0(CI 0.8–1.3; p = 0.78) for

C3FS and HR = 0.95(CI 0.74–1.2; p = 0.70) for C3SS. The factors which showed significant

association with progression in our CKD cohort in multivariate Cox regression analysis were

age, gender, smoking, haemoglobin, baseline eGFR, and urinary protein:creatinine ratio (S5

Table).

C3 polymorphism and mortality. There was a significant association between C3 homo-

zygous variant (C3FF) polymorphism and mortality in univariate regression analysis with

HR = 1.8(CI 1.4–3.1; p = 0.037). This association remained significant after adjustment for

other risk factors (model 1), but lost significance after adjustment for C-reactive protein (CRP)

in model 2 with HR = 1.6 (CI 0.9–2.8; p = 0.14). The factors which showed significant associa-

tion with mortality in our CKD cohort in the multivariate Cox regression were age, CCF, hae-

moglobin and CRP (Table 4).

Study 2 (biopsy-proven GN)

Baseline characteristics. The GN group was mainly Caucasian (99.3%), hypertensive

(92.2%), predominantly male (72.5%), with a median age of 59.9(IQR 47.9–68.5)years.The

median baseline eGFR was 33.5(IQR 21.3–46.6)ml/min/1.73m2/yr and median ΔeGFR was-

1.6(IQR -4.2 to 0.06)ml/min/1.73m2/yr. Clinical and biochemical baseline characteristics of

this group are summarized in S6 Table.

Table 4. Cox regression analysis (death) univariate and multivariate models (CKD cohort n = 514, events n = 94).

Factor Univariate model HR (95% CI) p-Value Multivariate model 1� HR (95% CI) p-Value Multivariate model 2� HR (95% CI) p-Value

Complement 3 FF 1.8 (1.04–3.1) 0.037 1.9 (1.1–3.4) 0.033 1.6 (0.9–2.8) 0.14

Complement 3 FS 0.82 (0.52–1.3) 0.41

Complement 3SS 0.9 (0.59–1.4) 0.62

Age 1.1 (1.06–1.1) <0.001 1.1 (1.05–1.09) <0.001 1.1 (1.04–1.09) <0.001

Gender (female) 0.84 (0.54–1.3) 0.43

Smoking 1.68 (1.06–2.6) 0.027 1.5 (0.91–2.4) 0.12 1.4 (0.85–2.3) 0.18

HTN 1.2 (0.4–3.7) 0.81

DM 2.0 (1.35–3.07) 0.001 1.1 (0.71–1.7) 0.68 1.1 (0.71–1.7) 0.70

Tumor 1.8 (1.05–3.0) 0.034 1.5 (0.86–2.7) 0.15 1.5 (0.85–2.6) 0.17

MI 2.6 (1.5–4.3) <0.001 1.4 (0.83–2.5) 0.19 1.4 (0.83–2.5) 0.19

CCF 4.0 (2.1–7.7) <0.001 2.5 (1.3–5.0) 0.009 2.5 (1.3–5.1) 0.008

eGFR (CKD-EPI) 0.97 (0.95–0.98) 0.001 0.99 (0.97–1.0) 0.52 0.99 (0.97–1.0) 0.32

Albumin (g/L) 0.96 (0.92–1.0) 0.05

Haemoglobin (g/L) 0.97 (0.96–0.99) <0.001 0.97 (0.96–0.99) 0.002 0.98 (0.96–0.99) 0.005

UPCR (g/mol) 0.99 (0.97–1.0) 0.17

CRP (mg/L) 1.07 (1.04–1.1) <0.001 1.1 (1.02–1.09) <0.001

�Multivariate model 1 included variables that showed significant association in univariate model except CRP, model 2 after addition of CRP to model 1.FF-homozygous

complement 3 fast, FS-heterozygous complement 3,SS homozygous complement 3 slow, HTN-hypertension, DM-diabetes mellitus, MI-myocardial infarction, CCF-

congestive cardiac failure, eGFR-estimated glomerular filtration rate calculated using CKD-EPI equation, CRP-C-reactive protein

https://doi.org/10.1371/journal.pone.0228101.t004
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The R102G C3 polymorphism (rs2230199). The genotype variants were (FF 8.6%, FS
29.7%, SS 61.7%) and allele frequencies were (F 23.4%, S 76.6%) in total GN. The highest C3F

frequency was in FSGS (26%) and IgAN (25.5%) and the lowest in membranous nephropathy

(16%), (Table 5).

C3 polymorphism and progression in IgAN patients. IgAN group was the only GN

group to show an association between C3 polymorphism and progression. 59 (51.8%) of the

IgAN patients reached the progression endpoint during the study follow-up period, with

median follow-up of 44 (IQR 25–82) months. Cox regression showed a significant association

between C3 polymorphism and CKD progression in the IgAN group with HR = 1.9 (95% CI

1.1–3.1; p = 0.018) for heterozygous C3FS, increasing further for homozygous C3FF to

HR = 2.8 (95% CI 1.2–6.2; p = 0.014). C3SS showed a protective benefit for progression with

HR = 0.41 (95% CI 0.24–0.68; p = 0.001).These associations remained significant after adjust-

ment for several progression risk factors including treatment with immunosuppressive therapy

(Table 6).In a Kaplan–Meier analysis, the incidence rate of renal outcomes was significantly

Table 5. Genotype variant and allele frequency of the different GN groups.

Total GN (n = 269) IgA nephropathy (n = 114) FSGS (n = 50) Membranous nephropathy (n = 59) Other GN (n = 46)

Complement 3 (rs2230199)
FF 23(8.6%) 9 (7.9%) 5 (10%) 5 (8.5%) 4 (8.7%)

FS 80(29.7%) 40 (35%) 16 (32%) 9 (15.3%) 15 (32.6%)

SS 166(61.7%) 65 (57%) 29 (58%) 45 (76.3%) 27 (58.7%)

Allele frequency
F 126(23.4%) 58 (25.5%) 26 (26%) 19 (16%) 23 (25%)

S 412(76.6%) 170 (74.5%) 74 (74%) 99 (84%) 69 (75%)

FF-homozygous complement 3 fast, FS-heterozygous complement 3, SS-homozygous complement 3 slow

https://doi.org/10.1371/journal.pone.0228101.t005

Table 6. Coxregression analysis (progression) univariate and multivariate models in IgA nephropathy group (patients n = 114, events n = 59).

Factor Univariate model HR (95% CI) p-Value Multivariate Model 1 HR (95% CI) p-Value Multivariate Model 2 HR (95% CI) p-Value

Complement 3 FF 2.8 (1.2–6.2) 0.014 7.8 (3.0–20.2) <0.001

Complement 3 FS 1.9 (1.1–3.1) 0.018 3.5 (1.9–6.4) <0.001

Complement 3 SS 0.41 (0.24–0.68) 0.001 0.25 (0.14–0.45) <0.001

Age 0.99 (0.97–1.0) 0.15

Gender (female) 0.99 (0.49–1.9) 0.95

Smoking 0.96 (0.57–1.6) 0.86

HTN 1.1 (0.3–4.4) 0.93

DM 1.2 (0.51–2.8) 0.69

eGFR (CKD-EPI) 0.94 (0.92–0.96) <0.001 0.94 (0.92–0.97) <0.001 0.94 (0.92–0.97) <0.001

Albumin (g/L) 0.91 (0.85–0.97) 0.005 1.1 (9.7–1.2) 0.16 1.05 (0.96–1.1) 0.27

Haemoglobin (g/L) 0.97 (0.95–0.98) <0.001 0.97 (0.95–0.99) 0.005 0.98 (0.95–0.99) 0.011

UPCR (g/mol) 1.02 (1.01–1.02) 0.001 1.02 (1.00–1.03) 0.009 1.01 (1.00–1.03) 0.027

CRP (mg/L) 1.01 (0.97–1.05) 0.63

Treatment� 0.58 (0.36–0.95) 0.031 0.84 (0.49–1.4) 0.53 0.84 (0.49–1.4) 0.53

Multivariate model 1 included the variables that showed significance in univariate model with C3FF/FS. Multivariate model 2 included the variables that showed

significance in univariate model with C3SS.

FF-homozygous complement 3 fast, FS-heterozygous complement 3, HTN-hypertension, DM-diabetes mellitus, eGFR-estimated glomerular filtration rate calculated

using CKD-EPI equation, UPCR-urine protein:creatinine ratio, CRP- C-reactive protein.

.�Treatment with corticosteroids and or immunosuppressive therapy.

https://doi.org/10.1371/journal.pone.0228101.t006
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higher in IgAN patients with C3FF and C3FS genotypes compared with patients with the C3SS
genotype (Fig 3).

C3 deposition in the renal biopsies of the GN patients. Information regarding C3 depo-

sition assessed by immunoflourescence or immunoperoxidase in the non-sclerosed glomeruli

of the renal biopsies was available in 180 of the 269 GN patients. In the all-cause GN group, C3

deposition was positive in 71% of patients with the C3FF genotype, 75% of those with C3FS
genotype and 55% of those with the C3SS genotype. In the subgroup analysis by GN type only

the IgAN patients (n = 82) showed significant difference in the C3 deposition between patients

with different genotypes: 100% of patients with the C3FF genotype, 97% of those withC3FS
genotype and 64% of those with the C3SS genotype had C3 deposition in their biopsies,

p = 0.002 (Table 7).

Discussion

Our study has provided insights into the association of the C3 variant R102G with CKD pro-

gression and mortality in a large non-dialysis CKD cohort.

We observed that the C3F allele had a significantly increased frequency in CKD patients

than the normal healthy controls. This observation replicates the finding of a previous study

undertaken in a Caucasian cohort from Madrid[19]. However, that study reported a C3F allele

frequency of 40%, much higher than that observed in our CKD cohort (25.7%). Nevertheless,

Fig 3. Kaplan–Meier survival curve for progression in IgAN. (Patients n = 114, event n = 59); Log Rank 14.8, p-value 0.001.

https://doi.org/10.1371/journal.pone.0228101.g003
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our results include a larger number of CKD patients compared to the Madrid cohort (514 vs.

20). In our healthy controls the C3F frequency was 20.7% which is similar to reports in the lit-

erature for Caucasian populations[16].

C3F allele frequencies in CKD patients with rapid or slow CKD progression have not been

reported in previous studies. We found that the C3F allele was more common in RP (27%) than

in SP (24.3%) but this difference was not significant. Despite the C3F allele frequency being

higher in RP than in healthy controls (20.7%), we cannot conclude that an association between

C3F allele frequency and progression of all cause CKD exists as the difference may simply be

due to the fact that C3F allele frequency is greater in CKD patients than healthy people. This

point was also confirmed by the Cox regression analysis that showed no significant association

between C3F homozygous or heterozygous status and CKD progression in our CKD cohort.

Most of the GWAS that have been conducted in CKD patients have tested the association

between different SNPs and the prevalence of CKD [5–8], There are only 2 studies that have

searched for the genetic factors that are associated with progression rather than prevalence of

CKD: Boger CA et al [34] and Parsa A et al [35].Boger et al‘s study tested only 16 SNPs and

found that 11 of them associated with incident CKD. Our targeted SNP, the R102G, was not one

of the 16 tested SNPs in this candidate gene association study. Parsa et al‘s GWAS tested a mil-

lion SNPs in a large CKD cohort with 5 years follow up and found 12 SNPs associated with time

to ESRD in black patients and 6 SNPs in white patients; the R102G SNP was not one of the latter

6 SNPs. This agrees with our finding that the R102G was not associated with progression in all-

cause CKD. However in Parsa et al‘s study the specific causes of CKD in their cohort were not

defined and so they could not relate primary renal disease-specific progression to specific SNPs.

To the best of our knowledge our study is the first to explore the association between C3
polymorphism and mortality. We found that there was a significant association of C3FF and

mortality in the entire CKD cohort, but this became non-significant after adjustment for the

CRP levels. It is well-known that higher CRP level is associated with all-cause mortality in the

general population as well as in CKD patients[36,37]. In our study, CKD patients with the

Table 7. C3 deposition in biopsies of the GN patients.

GN type C3 deposition C3FF C3FS C3SS p-Value

IgAN (n = 82) 6 31 45

Yes 6 (100%) 30 (97%) 29 (64%) 0.002

No 0 (0.00%) 1 (3%) 16 (36%)

FSGS (n = 30) 4 10 16

Yes 2 (50%) 3 (30%) 6 (37.5%) 0.88

No 2 (50%) 7 (70%) 10 (62.5%)

MN (n = 34) 1 6 27

Yes 0 (0.00%) 6 (100%) 20 (74%) 0.89

No 1 (100%) 0 (0.00%) 7 (26%)

Others (n = 34) 3 13 18

Yes 2 (67%) 6 (47%) 3 (17%) 0.11

No 1 (33%) 7 (53%) 15 (83%)

Total (n = 180) 14 60 106

Yes 10 (71%) 45 (75%) 58 (55%) 0.03

No 4 (29%) 15 (25%) 48 (45%)

GN glomerulonephritis, IgANimunoglobulin A nephropathy, FSGS focal and segmental glomerulosclerosis, MN membranous nephropathy, C3 complement 3, C3FF

fast homozygous complement 3, C3FS heterozygous, C3SS slow homozygous complement 3. Categorical variables are expressed as number (%) and p-Value by Monte-

Carlo test.

https://doi.org/10.1371/journal.pone.0228101.t007
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C3FF status had a significantly higher level of CRP than those with C3FS and C3SS. This may

explain the significant association between C3FF and mortality that was found in univariate

Cox regression, but which was lost after adjustment for CRP levels in the multivariate analysis.

In the second study, the IgAN was in keeping with the published literature showed strong

link between C3F and IgAN[20]. In our group of 114 IgAN patients we found a C3F allele fre-

quency of 25.5%, which was higher than in normal healthy controls (20.7%).This finding

agrees with the previous studies, except for one study that has been conducted in a group of

Chinese IgAN patients in which no difference in C3F allele frequency between the IgAN and

control group was reported[38]. This can be explained by the rarity of this SNP in the Asian

population in general (1%) [16] and points to the difference in the genetic background of the

IgAN in different ethnicities.

IgAN is considered the commonest GN worldwide. However, the role of the complement

system in the pathogenesis of IgAN is still unclear; mesangial deposits of some complement

components including C3, complement factor H (CFH) and complement factor H related pro-

tein 5 (CFHR5) are found in the renal biopsies from IgAN patients[39]. Whether galactose-

deficient IgA1 containing immune complexes can activate the complement system in IgAN

patients while circulating in plasma or after their deposition in the kidney still needs to be elu-

cidated [40]. We found a significant difference between the three C3 genotypes with regards

the deposition of C3 in the renal biopsies of IgAN patients with significantly more deposition

in patients with C3FF and C3FS genotypes than in those with the C3SS genotype. This may

indicate a difference in the affinity of complement binding to the galactose-deficient IgA1 con-

taining immune complexes in IgAN patients according to their C3 genotype, but this is specu-

lative and requires further investigation.

The previous study that found increased C3F frequency in IgAN patients also reported that

this increase was particularly noted in those with renal impairment or hypertension[20]. In

subgroup analysis of the first part of our study we found that C3F allelefrequency was signifi-

cantly higher in RP IgAN patients than SP with more than six-fold increased risk. Also, in the

Cox regression analysis we found a strong association between C3F homozygous and heterozy-

gous status and CKD progression in 114 IgAN patients. We have thus provided novel data

highlighting that IgAN patients who are carriers of the C3F allele are at increased risk for rapid

progression, while the C3SS status confers a protective benefit against progression.

Although our study is limited by a sample size, it benefits from a robust methodology used

to select the RP and the SP patient status resulting in exclusion of a significant number of

potentially confounding data from other patients. Beside the robust methodology our study is

also strengthened by the data being derived from an advanced CKD cohort (stages 3–5 not on

dialysis) with a long follow-up period (average of 4 years) which therefore included a large

number of events that strengthened the determination of genetic associations.

Conclusion

C3 SNP (R102G) is associated with rapid CKD progression in IgAN patients but not in other

causes of CKD. Further research is required to replicate the association and fully elucidate the

pathophysiological mechanism of this association, which could help unravel novel targets for

treatments.
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plex provides insights into the activation and regulation of the complement alternative pathway conver-

tase. Proc NatlAcadSci USA. 2009; 106(3):882–7.

18. Delanghe JR, speeckaert R, speeckaert MM. Complement C3 and its polymorphism: biological and clin-

ical consequences.Pathology. 2014; 46(1):1–10 https://doi.org/10.1097/PAT.0000000000000042

PMID: 24300728

19. Regueiro JR, Arnaiz-Villena A. C3 polymorphism, HLA and chronic renal failure in Spaniards. Hum

Genet. 1984; 67:437–40. https://doi.org/10.1007/bf00291406 PMID: 6490009

20. Finn JE, Mathieson PW. Molecular analysis of C3 allotypes in patients with nephritic factor. ClinExpIm-

munol. 1993; 91:410–4.

21. Rambausek M, van den Wall Bake AW, Schumacher-Ach R, Spitzenberg R, Rother U, van Es LA, et al.

Genetic polymorphism of C3 and Bf in IgA nephropathy. Nephrol Dial Transplant. 1987; 2:208–11.

PMID: 3118258

22. Persson U, Gullstrand B, Pettersson AG, Truedsson L, Segelmark MA. A candidate gene approach to

ANCA-associated vasculitis reveals links to the C3 and CTLA-4 genes but not to the IL1-Ra and Fcă-

RIIa genes. Kidney Blood Press Res. 2013; 37:641–8. https://doi.org/10.1159/000355744 PMID:

24356554

23. Ritchie J, Rainone F, Green D, Alderson H, Chiu D, Middleton R, et al. Extreme elevations in blood pres-

sure and all-cause mortality in a referred CKD population: results from the CRISIS study. Int J Hyper-

tens. 2013; 2013:1–8.

24. Alderson HV, Ritchie JP, Pagano S, Middleton RJ, Pruijm M, Vuilleumier N, et al. The associations of

blood kidney injury Molecule-1 and neutrophil gelatinase–associated lipocalin with progression from

CKD to ESRD. Clin J Am SocNephrol. 2016; 11:2141–9.

25. Ritchie JP, Alderson H, Green D, Chiu D, Sinha S, Middleton R, et al. Functional status and mortality in

chronic kidney disease: results from a prospective observational study. Nephron ClinPract. 2014;

128:22–8.

26. Łukawska E, Polcyn-Adamczak M, Niemir ZI. The role of the alternative pathway of complement activa-

tion in glomerular diseases. Clinical and Experimental Medicine. 2018; 18(3):297–318. https://doi.org/

10.1007/s10238-018-0491-8 PMID: 29450785

Complement 3 polymorphism and CKD progression

PLOS ONE | https://doi.org/10.1371/journal.pone.0228101 January 31, 2020 15 / 16

https://doi.org/10.1038/ng.568
https://doi.org/10.1038/ng.568
http://www.ncbi.nlm.nih.gov/pubmed/20383146
https://doi.org/10.1371/journal.pgen.1002584
http://www.ncbi.nlm.nih.gov/pubmed/22479191
https://doi.org/10.1038/ncomms10023
https://doi.org/10.1038/ncomms10023
http://www.ncbi.nlm.nih.gov/pubmed/26831199
https://doi.org/10.1126/science.1193032
https://doi.org/10.1126/science.1193032
http://www.ncbi.nlm.nih.gov/pubmed/20647424
https://doi.org/10.1053/j.ajkd.2014.06.035
http://www.ncbi.nlm.nih.gov/pubmed/25441433
https://doi.org/10.1038/nature05172
https://doi.org/10.1038/nature05172
http://www.ncbi.nlm.nih.gov/pubmed/17051160
https://doi.org/10.1038/2141042a0
http://www.ncbi.nlm.nih.gov/pubmed/6059034
https://doi.org/10.1007/s11033-012-1759-9
https://doi.org/10.1007/s11033-012-1759-9
http://www.ncbi.nlm.nih.gov/pubmed/22718507
https://doi.org/10.1097/PAT.0000000000000042
http://www.ncbi.nlm.nih.gov/pubmed/24300728
https://doi.org/10.1007/bf00291406
http://www.ncbi.nlm.nih.gov/pubmed/6490009
http://www.ncbi.nlm.nih.gov/pubmed/3118258
https://doi.org/10.1159/000355744
http://www.ncbi.nlm.nih.gov/pubmed/24356554
https://doi.org/10.1007/s10238-018-0491-8
https://doi.org/10.1007/s10238-018-0491-8
http://www.ncbi.nlm.nih.gov/pubmed/29450785
https://doi.org/10.1371/journal.pone.0228101


27. Levey AS, Stevens LA. Estimating GFR using the CKD epidemiology collaboration (CKD-EPI) creati-

nine equation: more accurate GFR estimates, lower CKD prevalence estimates, and better risk predic-

tions. Am J Kidney Dis. 2010; 55:622–7. https://doi.org/10.1053/j.ajkd.2010.02.337 PMID: 20338463

28. Onuigbo MA. Syndrome of rapid-onset end-stage renal disease: a new unrecognized pattern of CKD

progression to ESRD. Ren Fail. 2010; 32(8):954–8. https://doi.org/10.3109/0886022X.2010.502608

PMID: 20722563

29. Onuigbo MA, Onuigbo NT, Musso CG. Syndrome of rapid onset end stage renal disease in incident

Mayo Clinic chronic hemodialysis patient. Indian J Nephrol. 2014; 24(2):75–81. https://doi.org/10.4103/

0971-4065.127886 PMID: 24701038

30. Hsu JY, Roy JA, Xie D, Yang W, Shou H, Anderson AH, et al. Statistical Methods for Cohort Studies of

CKD: Survival Analysis in the Setting of Competing Risks. Clin J Am SocNephrol. 2017; 12(7):1181–9.

31. Levey AS, Inker LA, Matsushita K, Greene T, Willis K, Lewis E, et al. GFR decline as an end point for

clinical trials in CKD: a scientific workshop sponsored by the National Kidney Foundation and the US

Food and Drug Administration. Am J Kidney Dis. 2014; 64:821–35. https://doi.org/10.1053/j.ajkd.2014.

07.030 PMID: 25441437

32. Badve SV, Palmer SC, Hawley CM, Pascoe EM, Strippoli GF, Johnson DW. Glomerular filtration rate

decline as a surrogate end point in kidney disease progression trials. Nephrol Dial Transplant. 2016;

31:1425–36. https://doi.org/10.1093/ndt/gfv269 PMID: 26163881

33. Chang WX, Asakawa S, Toyoki D, Nemoto Y, Morimoto C, Tamura Y, et al. Predictors and the Subse-

quent Risk of End-Stage Renal Disease—Usefulness of 30% Decline in Estimated GFR over 2 Years.

PLoS One. 2015; 10:e0132927. https://doi.org/10.1371/journal.pone.0132927 PMID: 26177463
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