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ABSTRACT

Several kidney diseases associated with complement activation. Complement activation occurs
in progressive chronic kidney disease and may contribute to the chronic inflammation that is
characteristically found in the kidney. This study was aimed to detect the level of complement system in
kidney failure patients. This study was included (30) patients with renal failure and (15) healthy donors
as control group. Serum samples separated from the whole blood of patients and healthy individuals.
C3, C4, and high sensitive C- reactive protein (hsCRP) levels were estimated for all samples. The
results were analyzed according to patients who were dialysis, non-dialysis, with diabetes, without
diabetes, with high blood pressure, and without high blood pressure. The results showed that there was
a significant increase (P < 0.05) in C3 level for patients with renal failure (154.12 mg/dl) compared
to control group (126.08 mg/dl) while C4 level for renal failure patients (35.38 mg/dl) showed no
significant change compared to control group (36.26 mg/dl). However, C3 level of patients under dialysis
(152.15 mg/dl), not dialysis (162.01 mg/dl), with diabetic (155.80 mg/dl), and without diabetic (153
mg/dl) recorded significant elevation compared with control group (126.08 mg/dl) but C4 level did not
show any significant change for all groups. C3 and C4 concentrations did not record significant alteration
(P < 0.05) in patient with hypertension, nonhypertension, and control group. Moreover, seropositivity
of CRP for patients with renal failure was ranged from 33.33% to 60% in all patients groups included
in this study. hsCRP concentration significantly elevated (P < 0.05) in under dialysis (1.787 mg/L),
nondialysis (1.583 mg/L), with diabetic (2.766 mg/L), nondiabetic (1.066 mg/L), with hypertension
(1.84 mg/L), and nonhypertension (1.26 mg/L) when compared with control group (0.667 mg/L). The
present findings suggest that the increased serum levels of C3, C4, and hs-CRP reflect the of kidney
injury. Hence, this reflects the complement system as an important mediator of kidney injury and the
role of anti-complement therapy in nephropathy will expand in the future.
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INTRODUCTION

Kidney disease is a heterogeneous group of disorders that
affecting the structure and function of kidney. Even mild
abnormalities in kidney are associated with developing
complications in other organs as well as mortality. Duration
of 3 months or fewer is defined as acute while duration of
greater than 3 months is termed chronic (Bedford et al.,
2012). Renal failure is the result of loss of homeostatic
regulation which is ensured by the kidneys. The nephrons are
injured by immunological or toxic injury that may injure the
tubule, the glomerulus, or both together. Thus, a significant
reduction in functioning renal mass must have occurred
much earlier than the onset of significant symptoms or any
biochemical alterations in blood (Eknoyan et al., 2004).

Renal failure is two types acute and chronic renal failure.

Chronic renal disease (also known as chronic kidney disease
[CKD]) is progressive kidney function loss over a period
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of months or years included five stages. Each stage is a
progression through low and deteriorating glomerular
filtration rate (GFR), which is usually measured by levels
of creatinine in the blood (Johnson et al., 2004).

The mammalian kidney is a structurally complex organ.
Nephron is functional unit of the kidney, which plays
several important roles in maintaining body homeostasis.
The main functions include waste products excretion the
of metabolism, water balance and regulation of body salt,
extracellular fluid volume maintenance, maintenance of
acid-base balance, and foreign substances elimination such
as chemicals and drugs (Khan and Khan, 2015). Acute renal
failure is defined as a rapid and usually reversible disorder
in GFR that may occur either renal function is normal or
with renal disease (Lameire et al., 2005).

The complement system was recognized as a heat-
labile protein that killing of bacteria, functioning as an
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amplification system of humeral immunity in innate
immunity as well as regulate adaptive immunity. Besides
playing an important role in body defense against infection,
the main functions of the complement system are linking
between innate and adaptive immunity and clearing
apoptotic cells and immune complexes. The complement
system consists of three activation pathways (classical,
alternative, and lectin), a terminal lytic pathway, plasma
and membrane-associated control proteins, and cell
surface receptors for the effectors molecules generated on
activation of the system. Activation of the complement
proteins occurs in the plasma and extracellular space
(Carroll and Isenman, 2012).

Complement system component provide a major
line of defense against bacteria, viruses, and fungi.
The complement system also facilitates the removing
of immune complexes and damaged cells. Inactive
complement proteins circulate in plasma and are activated
through three pathways: Classical pathway, alternative
pathway, and mannose-binding lectin (MBL) pathway. The
complement system produces several fragments during
that have potent cytolytic or pro-inflammatory effects.
Some of these fragments are soluble and can be detected
in plasma (e.g., C3a and C5a) and some covalently bind to
target cells (e.g, C4d and C3d). This system is activated
rapidly on damaged cells and pathogens. Complement
system discriminates the different surfaces by the balance
between activator and regulatory proteins (Joshua and
Thurman, 2015).

The activation trigger is detection of threats such as
pathogens, apoptotic cells, and altered self-molecules as a
result of injury, virus infection, hypoxia, or malignancy. The
molecules which initiate of the complement cascade are:
C1q molecule which binds to immunoglobulin complexes
or pathogen and activates the classical pathway. Whereas,
MBL associated with the recognition of mannans (find
on the surface of microorganisms) to initiate the lectin
pathway and finally, properdin, which is the alternative
pathway regulator. All pathways lead to the formation
membrane attack complex (C5b-9) (Koscielska-Kasprzak
et al., 2014).

Complement activation causes tissue injury in a wide range
of autoimmune and inflammatory diseases. Complement
activation can damage host tissues if the response to
infection is sufficiently strong or widespread, when
activated by autoantibodies and immune complexes, in
patients deficient in complement regulatory proteins, and
in patients with gain of function mutations. Systemic
complement activation, as occurs during sepsis or dialysis
with incompatible membranes, causes vascular leak and
sequestration of leukocytes in the pulmonary circulation.

At the local level, complement activation within the
glomerular capillary walls causes cell activation, glomerular
inflammation, and injury (Joshua and Thurman, 2015).

Increasing evidence has been accumulated showing that
complement activation is implicated in the pathogenesis of
different non-antibody-mediated glomerular diseases and in
the general progression of renal disease, regardless of the
initial insult (Angeletti et al., 2017). Complement proteins
are a major constituent of the urine of proteinuric patients
(Proteinuria is a strong predictor of progression in CKD).
Complement is activated in the tubular lumen through the
alternative pathway, and complement activation products
are deposited on the apical surface of tubular epithelial cells.
Recent animal studies have suggested that complement
activation in the tubular compartment plays an important
role in the proteinuria-associated tubulointerstitial injury.
Complement deficiency, depletion or inhibition all reduce
the tubular cell damage and interstitial fibrosis that
develops in proteinuric animals (Tang and Sheerin, 2009).
Different inflammatory stimulation upregulate complement
production in kidney tissue (Cravedi and Heeger, 2014).

The renewed appreciation of the complement system
role as a mediator and marker of renal damage has led to
numerous recent investigations in the field of complement
and renal disease. The present study was aimed to
determine the role of the complement system in kidney
failure by assessment complement components (C3 and
C4) and measure the inflammatory marker high sensitive
C- reactive protein (hsCRP) in kidney failure patients
under dialysis, nondialysis, with diabetic, nondiabetic, with
hypertension. and nonhypertension.

MATERIALS AND METHODS

A total of 30 blood samples were collected from patients
with kidney failure confirmed clinically and by measuring
creatinine and urea in the blood. The studied patients were
all adults (18-88 years old age). Patients samples were
grouped as patients under dialysis, non-dialysis patients,
patients with diabetic, non-diabetic patients, patients with
high blood pressure, and non-high blood pressure patients.

The patients were complaining from reduced amount
of urine, swelling of legs, ankles, and feet and fatigue.
The control group included 15 healthy donors. Sera were
separated and kept at — 20°C until used.

Blood samples were collected and processed, and then sera
were subjected to the following tests:

* (3 test and C4 test

*  hsCRP test.
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Statistical Analysis

One-way ANOVA and independent ~test was used to
compare the differences between C3 and C4 concentrations
means for patients and healthy donors sera using the SPSS
program. Results were considered significant at P < 0.05.

RESULTS

Figure 1 shows that 53% (# = 16) of patients were male
and 47% (n = 14) of patients were female.

Figure 2 shows that there were 80% (72 = 24) of kidney
failure patients under dialysis and 20% (# = 6)of patients
nondialysis.

Figure 3 denote that there were 60% (7 = 18) of kidney
failure patients have diabetes and 40% (7 = 12) of patients
do not have diabetes.

The percentage of kidney failure patients suffering from
hypertension was 83.3% (» = 25) and 16.7% (# = 5) of
patients was nonhypertension, [Figure 4].

The level of C3 was measured in all study groups sera using
a single radial immune diffusion plate. Statistical analysis for
the results showed significant difference (P < 0.05) between
C3 concentrations mean of patient with kidney failure
(154.12 mg/dl) and C3 concentrations mean of control
group (126.08 mg/dl), while C4 mean (35.38 mg/dl)
revealed non-significant (P < 0.05) alteration comparing
with control group (36.26 mg/dl), [Table 1].

The concentration of hsCRP significantly elevated
(P < 0.05) in patients (1.746 mg/L) comparing with the
control group (0.667 mg/L) and 50% of kidney failure
patients recorded positive results for qualitative CRP test,
[Table 1].

One-way ANOVA test was used to comparing the data of
renal failure patients under dialysis, non-dialysis patients,
and control groups. The result of the present study revealed
a statistically significant difference (P < 0.05) between the
groups. C3 concentrations mean for patients under dialysis
(152.15 mg/dl) and non-dialysis patients (162.01 mg/dl)

statistically elevated comparing with the control group
(126.08 mg/dl) but were not differences between each

47%(n=14)
B Male(n=16)
Female(n=14)

Figure 1: Numbers and percentages of male and female patients
kidney failure

20%(n=6)
M Dialysis(n=24)

Non-dialysis(n=6)

Figure 2: Numbers and percentages of kidney failure patients
under dialysis and nondialysis

9 =
el Diabetic(n=12)

B Non-diabetic(n=18)

Figure 3: Numbers and percentages of kidney failure patients with
diabetes and without diabetes

16.7%(n=

m Hypertension(n=25)
Non hypertension(n=5)

Figure 4: Numbers and percentages of kidney failure patients with
hypertension and without hypertension

Table 1: The mean concentration of serum complement components (C3, C4 mg/dl) and hsCRP (mg/L) in KF patients and control
group

KF (n=30) 154.12+35.56 90.3-200 35.38+13.60 19.3-60.2 1.746+0.958 50 50
C (n=15) 126.08+20.54 88-155 36.26+10.09 19.5-50.7 0.667+0.160 0 100
P-value 0.007 0.827 0

KF: Kidney failure, hsCRP: High sensitive C- reactive protein
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other. Meanwhile, C4 result did not show any difference
(P <0.05) among the same groups, [Table 2].

Significant elevations (P < 0.05) were recorded for hsCRP
of patients under dialysis (1.787 mg/L) and non-dialysis
patients (1.583 mg/L) when compared with control
(0.667 mg/L) whereas no significate alteration appeatred
between dialysis and non-dialysis groups. Furthermore,
CRP test revealed 54.16% and 33.33% positive results
of renal failure patients under dialysis and non-dialysis
patients, respectively, [Table 2].

Statistical elevated (P < 0.05) of C3 concentrations mean
in renal failure patients with diabetic (155.80 mg/dl) and
non-diabetic patients (153.0 mg/dl) when compared with
control group (126.08 mg/dl) but C4 results revealed no
significant difference (P > 0.05) among groups, [Table 3].

The concentrations of hsCRP of diabetic (2.766 mg/L)
and non-diabetic (1.066 mg/L) groups significantly elevated
(P < 0.05) between each other and when compared to each
group with control (0.667 mg/L). The positive result of
renal failure patients with diabetic and non-diabetic patients
for CRP test was (58.33% and 44.44, respectively), [Table 3].

When categorized patients included in this study
according to high blood pressure, statistical analysis of
result revealed that the mean concentration of C3 did not
record significant alteration (P > 0.05) in hypertension
(154.45 mg/dl), nonhypertension (152.5 mg/dl), and
control (144.77 mg/dl), [Table 4].

Significant elevations (P < 0.05) were recorded for
hsCRP of patients with hypertension (1.84 mg/L) and
non-hypertention patients (1.26 mg/L) when compared
with control (0.667 mg/L). Positive result of renal
failure patients with hypertension and non-hypertension
patients for CRP test was 48% and 60%, respectively,
[Table 4].

DISCUSSION

The wide variety of kidney diseases associated with
complement activation indicates there is a linkage about the
structure or function of the kidney that makes it particularly
sensitive to complement-mediated injury. (Joshua and
Thurman, 2015). Excessive complement system activation
leads to pathological effects (Pechman et al. 2008).

Table 2: The mean concentration of serum complement components (C3, C4 mg/dl) and hsCRP (mg/L) in renal failure patients

under D, ND patients, and control group (C)

D (n=24) 152.15+34.83 90.3-188 34.56+14.24 19.3-60.2 1.787+0.878 54.16 45.84
ND (n=6) 162.01+40.72 87-200 38.66+11.16 20-55 1.583+1.316 33.33 66.67
C (n=15) 126.08+20.54 88-155 36.26+10.09 19.5-50.7 0.667+0.160 0 100
P-value 0.023 0.76 0

D: Dialysis, ND: Non-dialysis, hsCRP: High sensitive C- reactive protein

Table 3: Mean concentration of serum complement components (C3, C4 mg/dl) and hsCRP (mg/L) in renal failure patients with DI,

NDI patients, and control group (C)

DI (n=12) 155.80+35.05 90.2-200 38.79+15.15 20-60.2 2.766+0.469 58.33 41.67
NDI (n=18) 153+36.85 87-190.7 33.11+£12.39 19.3-60 1.066+0.0.445 44.44 55.56
Con. (n=15) 126.08+20.54 88-155 36.26+10.09 19.5-50.7 0.667+0.160 0 100
P-value 0.028 0.47 0

DI: Diabetic, NDI: Non-diabetic, hsCRP: High sensitive C- reactive protein

Table 4: Mean concentration of serum complement components (C3, C4 mg/dl) and hsCRP (mg/L) in renal failure patients with HT,

NHT patients, and control group (C)

HT (n=25) 154.45+35.95 87-200 36.78+14.35 19-60 1.84+0.99 48 52
NHT (n=5) 152.5+37.59 100-180.5 28.4+5.81 23-37 1.26+0.705 60 40
Con. (n=15) 144.77+33.85 88-155 36.26+10.09 19.5-50.7 0.667+0.160 0 100
P-value 0.028 0.388 0

HT: Hypertension, NHT: Non-hypertension, hsCRP: High sensitive C- reactive protein
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Complement cascade activated in CKD progression
and may participate in chronic inflammation; therefore,
activation inhibiting would reduce inflammation this state
result in the preservation of renal function and reduce
fibrosis (Fearn and Sheerin, 2015).

Over the past few decades, some of the evidences have
elucidated the complement activation associated with
kidney disease progression. Abnormal regulation of
complement cascade leads to a wide variety of renal
disorders, including immunologic diseases and diseases that
were thought to be nonimmunologic. Understanding the
pathological mechanisms linked to complement activation
and regulatory factors will help in the development of
new therapeutic approaches (Wada and Nangaku, 2013).
Increased excretion of proteins related to complement has
been detected in patients with IgA nephropathy, systematic
lupus erythematosus, and proteinuria patients (Ueda et al.,
1995; Morita et al., 2000; Onda et al., 2011) as well as high
blood pressure in pregnancy (Burwick et al., 2013).

In the present study collected, samples of kidney failure
patients divided into six groups: Dialysis, non-dialysis, with
diabetic, non-diabetic, with hypertension, and without
hypertension. In dialysis, non-dialysis with diabetic, and
non-diabetic groups C3 level recorded significant alteration
compared to each group with control while C4 levels did
not alter in each group when compared with control and
remain within the normal value. This result may refer to
the activation of the alternative pathways. C3 and C4 did
not record significant differences in hypertension and non-
hypertension comparing with control groups.

Abdul et al. (2006) study agrees with this study were they
recorded a significant increasing C3 level and no significant
change of C4 level in kidney failure patients. The study of
Pan et al. (2017) disagreement with the present study, they
showed an increase in serum C4 and decreased in serum C3
their study was done on patients with Immunoglobulin — A
nephropathy while other study recorded elevation of C3
level in 30% of IgA nephropathy (Zwirner et al., 1997).
Furthermore, Zwirner et al. (1997) referred to several
findings aid the concept of increasing the level of C3
reflects high grades of renal disease activity.

Poppelaars et al. (2018) reviewed that complement
cascade is systematically activated during dialysis, and they
mentioned C4 level remains normal during hemodialysis.
Inoshita et al. (2010) concluded that the level of all three
complement activities was significantly higher in the dialysis
patients than the control group; these results agreed with
this study regarding the result of patients under dialysis.

Flyvbjerg (2017) referred that C3 and membrane attack
complex might be associated with kidney injury in
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hyperglycemia. Complement activation may be contributed
to coronary disorder in the renal vesicular diseases
associated with diabetes (Dstergaard et al., 2005). Kelly
et al. (2015) conclude that rapid renal injury in diabetic
nephropathy was accompanied by local activation of the
complement cascade. The defective of alternative pathway
regulators is associated with kidney autoimmune diseases
of the eye (Zipfel et al., 2006). Mustafa (2018) recorded
C3 elevation in diabetic retinopathy patients.

The activation of the complement system has been
involved in the pathophysiology of both hypertension
and renal disease (Pechman et al., 2008). Plasma levels of
C3 and C4 have been associated with hypertension and
cardiovascular disorders (Engstrom et al., 2007; Nilsson
et al., 2014). Transcriptomic analyses have indicated that
the complement activation is upregulated in the kidney
of the Dahl SS rat under a high-salt diet (Liu et al., 2014;
Geurts etal,, 2015). Regal et al. (2018) study indicated that
complement activation is not critical for the development
of the salt-sensitive phenotype, although alterations in the
complement system may be occurring. Thus, the immune
cells infiltration that amplifies the immune response and
plays an important role in hypertension development
and kidney damage is independent of the innate immune
response.

The result of CRP showed a seropositivity range between
33.33 and 60% in all groups included in this study and
hsCRP concentration recorded significant elevation in all
patients groups compared with control. Several studies
agreed with the present result, Razeghi et al. (2008)
indicated that the CRP level was elevated in dialysis and
pre-dialysis patients. Panichi et al. (2001) recorded increased
serum CRP in 42%. Stenvinkel et al. (1999) stated that 32%
of their patients had an elevated serum CRP level. In other
study, the rate reached 35% Ortega et al. (2002). hsCRP was
found to be elevated in patients with CKDs compared to
the control group (Kumar and Shobharani, 2015).

The present study concluded that the complement system
is an important mediator of kidney injury and the role of
anti-complement therapy in nephropathy will expand in
the future. Kidney failure patients, even dialysis or not
dialysis, diabetic or not diabetic, exhibited higher levels of
C3 compared with control, which could explain the role of
C3in pathogenesis and reflects the severity of kidney injury.
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