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Summary

South Asian immigrants in western societies exhibit a high burden of diabetes
and subsequent vascular complications. Diabetic vascular complications
are associated with vascular inflammation. We hypothesize that enhanced
complement activation is involved. Therefore, levels of complement C3 and
SC5b-9 —the soluble end product of complement activation —in a group of 200
South Asians were compared with an age- and sex-matched control group of
native Caucasians. In addition, the association between complement levels and
albuminuria, an indicator of renal damage and a cardiovascular risk marker,
was assessed in the diabetic South Asian group. Compared with native Cauca-
sians, South Asians had significantly higher levels of both serum C3 and plasma
SC5b-9, even when only non-diabetic South Asians were considered. Diabetic
South Asians had significantly higher C3 levels compared with non-diabetic
South Asians. In diabetic South Asians, higher levels of SC5b-9 were associated
with an increased prevalence of albuminuria (odds ratio 5-4, 95% confidence
interval 1-8-15-8). These results suggest that enhanced complement activation
is part of the unfavourable cardiovascular risk profile in South Asians.
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Introduction

South Asian immigrants in western societies have a high
burden of ischaemic heart disease, stroke and diabetes [1,2],
and South Asians with diabetes have a 40-fold increased risk
of developing end-stage renal disease because of diabetic
nephropathy compared with native Caucasians [3]. Tradi-
tional cardiovascular risk factors do not explain completely
the increased incidence of cardiovascular disease in South
Asians [4]. Hence other, genetically determined, factors are
likely to be involved.

Atherosclerosis, the pathological substrate of macrovascu-
lar disease, is recognized to be an inflammatory process
[5-7]. Microvascular disease such as diabetic nephropathy
has also been linked to inflammatory markers [8,9]. As a key
player in the inflammatory response, the complement
system has been implicated in this vascular inflammation
[10-12]. Deposition of complement components has been
demonstrated in atherosclerotic plaques and in retinae and
kidneys of diabetic subjects [13-15].

We hypothesized that in South Asians a highly active
innate immune and complement system contributes to the
increased susceptibility for vascular disease. We therefore
examined complement, as judged by the level of the main

component C3 and the level of the final activation product
SC5b-9, in South Asian subjects with and without type
2 diabetes living in the Netherlands, and compared
these with complement levels in an age- and sex-matched
group of native Caucasian volunteers without diabetes.
To investigate whether complement levels (C3) and activa-
tion (SC5b-9) are involved in cardiovascular disease, we
studied the association of these parameters with albumin-
uria. The presence of albuminuria not only indicates renal
damage but also is a risk marker for cardiovascular disease
[16,17].

Our results indicate that South Asians have increased
complement activation and that albuminuria is associated
with increased complement activation. These data support
the hypothesis that enhanced complement activation is part
of the unfavourable cardiovascular risk profile in South
Asians.

Materials and methods

Two hundred South Asians living in the Hague, the Nether-
lands were studied. They were participants in a previously
conducted study [18]. Subjects were recruited from the
general practitioner’s population, as described earlier. From
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the original study population, a sample of 100 diabetic
and 100 non-diabetic subjects was selected randomly. The
study was approved by the Institutional Medical Ethics
Committee.

The study protocol has been published previously in
detail [18]. Briefly, morning urine and fasting blood
samples were taken from all subjects and put immediately
into ice. Ethylenediamine tetraacetic acid plasma was
obtained after centrifugation (10 min at 550 g at 4°C) and
the samples were stored in aliquots at —80°C within 1h
after collection. Serum was prepared by coagulation at
room temperature, and after centrifugation the samples
were stored at — 80°C. All study participants, except known
diabetic subjects, were subjected to an oral glucose toler-
ance test (75-g glucose load). Diabetes was diagnosed based
on the American Diabetes Association 2003 criteria. A brief
physical examination (blood pressure, length, weight, hip
and waist circumference) was performed. Clinical informa-
tion concerning medical history, medication and lifestyle
was obtained from a questionnaire. Laboratory measure-
ments comprised renal function, fasting lipid profile, gly-
cosylated haemaglobin (HbAlc), C-reactive protein (CRP)
and urinary albumin : creatinine ratio. Albuminuria was
defined as a urinary albumin : creatinine ratio > 25 mg/
mmol in men and > 3-5 mg/mmol in women.

Levels of complement C3, which plays a pivotal role in
complement activation, and SC5b-9, the soluble end product
of complement activation, were measured and compared
with levels in an age- and sex-matched group of native Cau-
casians without diabetes, recruited from healthy personnel
from the dialysis ward and laboratory (n = 60). Complement
levels in diabetic South Asians with albuminuria were com-
pared with complement levels in diabetic South Asians
without albuminuria, and South Asians with diabetes were
compared with South Asians without diabetes.

Quantification of SC5b-9

The SC5b-9 levels were assessed by sandwich enzyme-linked
immunosorbent assay (ELISA). In brief, 96-well ELISA
plates were coated with the monoclonal antibody aFE11
(mouse IgG2a anti-C5b-9 3 mg/ml), described in detail pre-
viously [19]. Plasma samples were diluted 1/5 and 1/20 and
incubated in the coated wells. Bound SC5b-9 was detected
with a biotin-labelled monoclonal anti-Cé6 antibody pro-
duced in our laboratory (9C4), followed by detection
with streptavidin—poly horseradish peroxidase (Sanquin,
Amsterdam, the Netherlands). Enzyme activity was detec-
ted using 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid) (Sigma Chemical Co., St Louis, MO, USA). All assays
were performed on ice. The optical density was measured at
415 nm using a microplate biokinetics reader (EL312e;
Biotek Instruments, Winooski, VT, USA). A calibration line
was produced using zymosan-activated serum with a known
concentration of SC5b-9 of 1000 U/ml.
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Quantification of C3

Serum C3 was quantified using radial immunodiffusion
according to Mancini, using a polyclonal rabbit anti-human
C3 anti-serum as described earlier [20].

Statistics

Normally distributed variables are expressed as mean *
standard deviation and skewed distributed variables as
median with interquartile range. Differences between groups
were assessed with the independent-samples -test or Mann—
Whitney U-test as appropriate. Correlations between
normally and skewed distributed variables were calculated
with Pearson’s correlation and Spearman’s correlation
respectively. Associations between complement levels and
the presence of albuminuria were assessed with logistic
regression. All tests were two-sided and the level of signifi-
cance was set at 0-05. All analyses were performed using
spss Statistical Software Package version 15-0 (SPSS Inc.,
Chicago, IL, USA).

Results

Two hundred South Asians aged 30-75 years were studied.
Of the 100 diabetic subjects, 77 were already known with
diabetes at the time of the study, and 23 subjects were newly
diagnosed with diabetes based on oral glucose tolerance
testing. In the diabetes group 28 subjects had albuminuria,
and in the non-diabetes group two subjects had
albuminuria. Age (mean age in South Asians 48 * 9 years
versus 46 = 8 years in Caucasians, P = 0-245) and sex (43%
male in the South Asian group versus 45% in the Caucasian
group, P = 0-879) were not different between the South Asian
and Caucasian group. Characteristics of the South Asian
study population are shown in Table 1.

Complement levels in South Asians compared with
native Caucasians

To test our hypothesis, complement levels in South Asians
were compared with native Caucasians.

South Asians had significantly higher levels of serum C3
compared with native Caucasians (895 * 153 pug/ml versus
580 * 128 ug/ml, P<0-001) (Fig. la). When considering
only non-diabetic South Asians, they still had higher C3
levels than native Caucasians (854 * 139 pug/ml versus
580 * 128 pug/ml, P < 0-001).

In addition to C3 levels, South Asians also had sig-
nificantly higher plasma levels of SC5b-9, the soluble
end product of complement activation (mean 0-376 =
0-13 U/ml versus 0-149 * 0-07 U/ml, P <0-001) (Fig. 1b).
This was also the case when considering only non-diabetic
South Asians (0-362 * 0-13 U/ml versus 0-149 = 0-07 U/ml,
P<0-001).
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Table 1. Baseline characteristics of the study population.

Diabetic SA Non-diabetic SA P-value
Age (years) 49-8 £ 10-1 46:0 £ 73 0-003
Sex (% male) 40-0 45-0 0-477
Current or former smoker (%) 42-4 320 0-142
Total cholesterol (mmol/l) 506 * 0-97 5:31 = 097 0-067
HDL-cholesterol (mmol/l) 125 £ 0-34 1:36 = 0-40 0-033
Fasting triglycerides (mmol/l)’ 1-52 (1:19-2:23) 1-21 (0-83-1-89) <0:001
Systolic blood pressure (mm Hg) 1354 + 283 127-6 * 167 0-018
Diastolic blood pressure (mm Hg) 81:9 + 14-4 80-9 + 95 0-545
Waist to hip ratio 0-98 = 0-074 0-93 = 0-079 <0-001
Body mass index 281 = 46 26-0 = 4-0 0-001
Cockroft clearance (ml/min/1.73 m?) 888 + 256 854 +12.7 0-233
C-reactive protein (mg/1)" 5-0 (2:0-8-5) 2:0 (0-1-7-0) 0-001
Albuminuria (%) 280 2:0 <0-001
Serum C3 (ug/ml) 934 + 156 854 + 139 <0-001
Plasma SC5b-9 (U/ml) 0-390 = 0-13 0:362 * 0-13 0-132

Normally distributed variables are expressed as means = 1 standard deviation, skewed distributed parameters (") expressed as median (interquartile

range in brackets). HDL, high density lipoprotein; SA, South Asians.

In South Asians, serum C3 levels correlated with CRP,
SC5b-9, fasting triglycerides, lipoprotein(a), body mass
index, hip circumference and waist circumference (Table 2).
C3 levels also correlated with renal function. However, when
diabetic and non-diabetic subjects were analysed separately,
the correlation was apparent only in diabetic subjects (Spear-
man’s r=0-288, P=0-004), even after adjusting for blood
pressure and CRP (Spearman’s r = 0-280, P = 0-006).

Diabetic versus non-diabetic South Asians

To assess the influence of diabetes on complement levels,
diabetic South Asians were compared with non-diabetic
South Asians.

Diabetic South Asians had significantly higher C3
levels than non-diabetic South Asians (934 * 156 versus
854 * 139, P < 0-001, Fig. 1). SC5b-9 levels were also higher
in diabetic South Asians compared with non-diabetic South
Asians, although this difference did not reach statistical
significance (0-390 % 0-13 U/ml versus 0-362 % 0-13 U/ml,
P=0-132).

Complement levels and albuminuria in diabetic
South Asians

To investigate whether increased complement levels might
be associated with renal damage and cardiovascular risk,
complement levels in diabetic South Asians with albumin-
uria were compared with diabetic South Asians without
albuminuria. In this analysis, only diabetic South Asians
were included, because in the non-diabetic group only two
subjects had albuminuria.

The C3 levels were not different between diabetic South
Asians with albuminuria and diabetic South Asians without
albuminuria (929 = 106 ug/ml versus 936 = 172 ug/ml,

P =0-232), whereas the mean level of SC5b-9 was signifi-
cantly higher in diabetic South Asians with albuminuria
(0:42 = 0-14 U/ml  wversus 0-37 = 0-12 U/ml, P =0-045).
SC5b-9 levels and log transformed albumin : creatinine ratio
correlated positively (r=0-217, P=0:030). A SC5b-9 level
above the median (0-36 U/l) was associated with a 5-4-fold
increased risk for the presence of albuminuria (odds ratio
5-4, 95% confidence interval 1-8-15-8).

Discussion

In a group of South Asians living in a western society we
found significantly higher levels of complement C3 and
SC5b-9, the soluble end product of complement activation,
compared with native Caucasians. In addition, in diabetic
South Asians higher levels of SC5b-9 were associated with
the presence of albuminuria, which is — besides being an

Table 2. C3 level and its correlations (Spearman’s p).

P-value
Plasma CRP 0-253 < 0-001
Plasma SC5b-9 0-160 0-024
Total cholesterol 0-103 0-149
Fasting HDL cholesterol 0-034 0-634
Fasting triglycerides 0-155 0-030
Lipoprotein (a) 0-174" 0-015
Body mass index 0-234 0-001
Waist circumference 0-229 0-001
Hip circumference 0-253 <0-001
Waist : hip ratio 0-108 0-133
Cockroft clearance/1.73 m 0-168" 0-018
Systolic blood pressure 0-165" 0-021
Diastolic blood pressure 0-170" 0-017

Pearson’s correlation. CRP, C-reactive protein; HDL, high density
lipoprotein.
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Fig. 1. (a) Serum concentration of C3 in native Caucasians (1 = 60)
compared with South Asians (SA), the latter divided into non-diabetic
(n=100) and diabetic (n = 100) groups. The C3 concentration is sig-
nificantly higher in the non-diabetic SA group compared with the Cau-
casian group, and significantly higher in the diabetic SA than in the
non-diabetic SA group. (b) Plasma concentration of SC5b-9 in native
Caucasians (n = 60) compared with South Asian (SA) immigrants, the
latter divided into non-diabetic (n = 100) and diabetic (n = 100)
groups. The SC5b-9 concentration is significantly higher in the non-
diabetic SA group compared with the Caucasian group. There is no
statistically significant difference between the diabetic SA and non-
diabetic SA group.

indicator of renal damage — a risk marker for cardiovascular
disease [16,17].

Atherosclerosis, the pathological substrate of macrovascu-
lar disease, is considered to be a vascular inflammatory
process. The complement system has been implicated in this
vascular inflammation [10-12]. Activation of the comple-
ment cascade, via either the classical, alternative or lectin
pathway, results in activation of C3, and ultimately in the
formation of the terminal complement complex, C5b-9. The
soluble form of this complex, SC5b-9, can be measured in
plasma and its levels have been found to reflect in vivo
complement activation [21,22].

Our hypothesis — a highly active complement system
which contributes to the increased susceptibility for vascular
disease in South Asian immigrants — was tested by compar-
ing C3 and SC5-9 levels in South Asians with native
Caucasians. We found significantly higher serum C3 levels in

Increased complement levels in South Asians

South Asians compared with native Caucasians, which is in
line with the findings of Somani and Ajjan [23,24]. In addi-
tion, we found for the first time that SC5b-9 is also increased
in South Asians compared with native Caucasians, support-
ing our hypothesis that complement activation is increased
in South Asians.

It has been shown previously that high C3 levels cluster
with type 2 diabetes and the metabolic syndrome. However,
the pathophysiological mechanism linking C3 to type 2
diabetes is unknown. Because C3 is synthesized mainly by
the liver, increased C3 levels might be caused by increased
hepatic synthesis. As C3 levels correlate with hyperlipi-
daemia [25], increased hepatic C3 production may be
linked to an altered hepatic lipoprotein metabolism, which
is a well-known feature of the metabolic syndrome and
type 2 diabetes [26]. Alternatively, because C3 levels corre-
late with CRP levels, increased hepatic C3 synthesis might
be part of an acute phase response, as was suggested pre-
viously [27].

As well as being produced in the liver, C3 production by
adipocytes and macrophages in atherosclerotic plaques has
also been reported [28]. Because the metabolic syndrome
and type 2 diabetes are linked to visceral obesity, increased
C3 production by adipocytes is an appealing hypothesis.
However, this remains speculative, as the contribution of
adipocyte-derived C3 to the total serum C3 levels has not
been quantified.

An important question is, of course, whether increased
C3 levels, regardless of the underlying mechanism, have
any pathophysiological meaning or are merely an
epiphenomenon. In a study with hypertriglyceridaemic sub-
jects [29], C3 levels correlated positively with the activity of
the complement system as measured by the haemolytic
complement activity assay (CH50), indicating that increased
C3 levels indeed have functional significance.

In contrast to C3 levels, SC5b-9 levels were associated not
with diabetes but with albuminuria, the presence of which
indicates renal damage but also is a risk marker for cardio-
vascular disease. These data are in agreement with the
known role of complement in organ damage and cardiovas-
cular disease.

In addition to a high prevalence of diabetic nephropathy,
South Asians also have a high incidence of renal failure of
undetermined origin [30,31]. It is intriguing to speculate
that complement-related mechanisms are involved. In our
diabetic South Asians, C3 levels correlated with renal
function. Experimental data demonstrate an important role
for complement-mediated renal damage in both diabetic
and non-diabetic models [32,33]. As a central molecule in
the complement cascade, C3 has been found to play an
important role in tubulointerstitial damage and C3a has
been shown recently to mediate epithelial to mesenchymal
transition of renal tubular cells [34-36]. However, prospec-
tive human data concerning C3 levels and renal failure are
currently lacking.
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In conclusion, high C3 levels might render South Asians

more susceptible to complement activation. The increased

levels of SC5b-9, the end product of complement activation
and the association of SC5b-9 with albuminuria, both
suggest that enhanced complement activation is part of the

unfavourable cardiovascular risk profile in South Asians.
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