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Abstract

Background: The first cloned long pentraxin is Pentraxin 3(PTX3) and C-reactive protein is a human short
pentraxin. Pentraxin 3 has a bigger molecular size (40.6 kDA) compared to CRP (21.5 kDa).The long PTX3 is
produced by diverse cell types in response to primary inflammatory signals and specific neutrophil granules store
PTX3.

Aim: Evaluate serum levels of long pentraxin 3 and high sensitivity C-reactive protein in patients with chronic
kidney disease treated with or without hemodialysis. The study included 75 subjects, 25 heathy controls (group 1),
50 patients without cardiovascular disease subdivided into: 25 patients with chronic kidney disease (CKD) on
conservative therapy (group 2a) and 25CKD patients on maintenance hemodialysis (group 2b). To all studied
subjects the following was done: electocardiography, carotid intima media thickness, fasting serum glucose, renal,
liver and lipid profiles, high- sensitivity C-reactive protein (hsCRP) and PTX3by ELISA.

Results: There was a significant decrease in the mean levels of albumin in all the studied chronic renal failure
patients when compared to controls. Hypoalbuminemia is due to malnutrition and inflammation in CKD patients.
There was a significant increase in hsCRP in patients on hemodialysis therapy when compared to both controls and
patients on non-dialytic therapy. The circulating value of CRP reflects ongoing inflammation and/or tissue damage.
There was a significant increase in PTX3 in patients on hemodialysis therapy as compared to controls. PTX3 levels
may directly reflect the inflammatory status. Since a state of persistant low-grade inflammation is a common feature
in hemodialysis patients so PTX3 increased in such patients. There were no correlations between PTX3 and hsCRP
in the studied groups. By drawing the ROC curve for hsCRP and PTX3 in patients on non-dialytic therapy (group
2a), the area under the curve was 0.545 (p=0.594) and 0.653 (p=0.073) respectively. In patients on hemodialysis
therapy (group 2b), the area under the curve was 0.735 (p=0.006) for hsCRP and 0.765 (p=0.002) for PTX3. By
using the best cut off values, it was found that high sensitivity C-reactive protein showed a better specificity and
positive predictive value than PTX3 while PTX3 showed a better sensitivity than hsCRP in the studied two groups of
patients.

Conclusion: It could be concluded that using both hsCRP and PTX3 complement each other to give better
specificity and sensitivity as predictors of inflammation in chronic kidney disease patients.

Recommendation: Study of PTX3 and hsCRP on a large number of chronic kidney disease patients with
cardiovascular disease.

Keywords: Chronic kidney disease; Pentraxins; Pentraxin 3; hsCRP;
Hemodialysis

Introduction
Pentraxins are a superfamily of proteins highly conserved during

evolution and characterized by a multimeric usually pentameric
structure [1].

This family is subdivided into two subclasses, short and long
pentraxins, that depend on the length and structure of the molecules.
The classic short pentraxins, C-reactive protein (CRP) and Serum
amyloid P (SAP) are acute phase proteins present in humans and mice
respectively. They are produced in the liver in response to

inflammatory signals, most prominently interleukin 6, which serves as
a marker of inflammation and infection. Both could increase
significantly during acute phase reaction [1,2].

The first cloned long pentraxin is Pentraxin 3, also was called tumor
necrosis factor (TNF)-stimulated gene 14 [3]. Other long pentraxins
identified in human are Pentraxin 4, Neuronal pentraxin 1and
Neuronal pentraxin 2 [4].

PTX3 has a bigger molecular size (40.6 KD) compared to CRP (21.5
KD) [5]. PTX3 contains a unique PTX3 domain not found in CRP or
SAP [6]. Long pentraxins are characterized by an unrelated N-terminal
domain (amino acids 18-178) coupled to a short PTX-like C-terminal
domain (amino acids 179-381) [7,8]. Carboxy-terminal domain
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contains the canonical pentraxin signature of eight amino acids
sequence (HxCxS/TWxS). PTX3 gene is organized in three exons
encoding for 381 amino acids [9].

The long PTX3 is rapidly produced and released by diverse cell
types, in particular by mononuclear phagocytes, dendritic cells,
endothelial cells and epithelial cells in response to primary
inflammatory signals (e.g. Toll-like receptor engagement, TNF-α and
IL-1β), but is not a component of the classic acute phase response
(systemic inflammation) [10,11]. PTX3 is mainly expressed extra-
hepatically [3]. PTX3 is rapidly produced directly from damaged
tissues and directly reflects the inflammatory state [12]. Different
microorganisms (fungi- bacteria- viruses) may activate macrophages
and dendritic cells through Toll-like receptors. These cells can produce
PTX3. PTX3 could be a soluble factor for immediate innate response
and influence the adaptive immunity [9,10]. In contrast to CRP, PTX3
showed little relationship with classic vascular risk factors and pro-
inflammatory condition. It appears to be more specific for vascular
inflammation [13].

PTX3 is stored in a ready-made form in neutrophils localized in
specific granules, and secreted in response to recognition of microbial
moieties and inflammatory signals. PTX3 can localize in neutrophil
extracellular traps (NETs). Thus, neutrophils serve as a reservoir, ready
for its rapid release. PTX3 usually form multimers with a discoid
arrangement of five subunits. PTX3 assembles as a decamer and can be
produced as 10-20 subunit multimer proteins [1,7].

PTX3 participates in the clearance of apoptotic cells and several
microorganisms [3].

PTX3 may exert a dual role and contrasting effects on complement
activation. It supports clearance of microbes recognized, facilitating
recognition by phagocytes, whereas, on the other hand, it may protect
against unwanted complement activation in the fluid phase [1].

PTX3 mRNA is expressed in normal human kidney. Stimulation
with IL-1, TNF-α, IL-17 and CD40L increases the expression and
production of PTX3 by renal epithelial cells [3].

The gradual increase of PTX3 concomitent to the decline in
glomerular filtration rate (GFR) could be explained by an inadequate
clearance because PTX3 is a large molecular weight substance
(molecular weight 40.6 kDa) characterized by a multimeric, usually
pentameric structure, but it could also be explained by an enhanced
synthesis/release upon stimulation in peripheral tissues and also
perhaps the decline in the remaining functioning kidney [5].

Serum levels of PTX3 are elevated in a number of human diseases,
such as myocardial infarction, rheumatoid arthritis and sepsis and in
other diseases such as small vessel vasculitis, inflammatory reaction in
the kidney [3,14].

Chronic kidney failure is also referred to end-stage renal disease, is
total or near-total loss of kidney function with glomerular filtration
rate less than 15 ml/min/1.73m2 and patients need replacements
therapy in form of haemodialysis or kidney transplantation to
substitute the lack of excretory kidney function [15].

End stage renal disease is defined as the need for renal replacement
therapy (the need for dialysis or renal transplantation) [16].

Cardiovascular disease remains the major cause of morbidity and
mortality in end-stage renal disease patients (ESRD) [2]. Individuals
with CKD are more likely to die from cardiovascular disease than to
develop kidney failure [16]. Some studies reported that about 39.8% of

patients with ESRD undergoing dialysis develop cardiovascular disease
[17]. Increased morbidity and mortality of dialysis patients due to
cardiovascular diseases, and cardiovascular morbidity due to
accelerated atherosclerosis is now considered a determinant of the
prognosis of hemodialysis patients [18].

In ESRD, hs-CRP has been proven to be a strong predictor of both
cardiovascular and all-cause mortality, and associated with oxidative
stress, vascular calcification and endothelial dysfunction [19].

The present work aimed at evaluation of serum levels of long
pentraxin 3 and high sensitivity C-reactive protein in patients with
chronic kidney disease treated with or without haemodialysis.

Subjects
This study included 75 subjects, 25 healthy controls (group 1), 50

patients without cardiovascular disease subdivided into: 25 patients
with chronic kidney disease (CKD) on conservative therapy (group 2a)
and 25 CKD patients on maintenance hemodialysis (group 2b).

Methods
The procedures were in accordance with the ethical standards

committee of MRI based on revised Helsinki Declaration. To all
studied subjects the following was done electocardiography, carotid
intima media thickness [20], fasting serum [21]: glucose ,renal, liver
and lipid profiles, high- sensitivity C-reactive protein (hsCRP) and
PTX3 [22] by ELISA. Statistical analysis [23,24] was done using the
Predictive Analytic Software(PASW statistics 18) to obtain the mean,
standard deviation. ANOVA was performed for comparison between
more than 2 samples. Mann-Whitney test was used to test the
significant difference between 2 groups. A p values less than 0.05 was
considered statistically significant. Diagnostic sensitivity, specificity,
predictive values to healthy and diseased people and ROC curve were
performed.

Results
ECG findings were unremarkable in all the studied subjects.

There was a significance increase in CIMT in patients on non-
dialytic therapy (group 2a) as compared to both controls and group 2b.

There was a significant increase in urea, creatinine and uric acid in
patients on non-dialytic therapy (group 2a) and patients on
hemodialysis (group 2b) as compared to control group (group 1).
There was also significant increase in urea and creatinine in group 2b
as compared to group 2a.

There was a significant decrease in the mean levels of albumin in all
the studied chronic renal failure patients when compared to controls.

There was a significant decrease in serum cholesterol level in
patients on non-dialytic therapy (group 2a) and patients on
hemodialysis (group 2b) as compared to controls (group 1).

There was also a significant decrease in HDL-C in group 2a and
group 2b as compared to control group (group 1).

There was a significant decrease in LDL-C in group 2b as compared
to control group (group 1).

There was a significant increase in hsCRP in patients on
hemodialysis therapy when compared to both controls and patients on
non-dialytic therapy.
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There was a significant increase in PTX3 in patients on
hemodialysis therapy as compared to controls.

There were no correlations between PTX3 and hsCRP in the studied
groups. By drawing the ROC curve for hsCRP and PTX3 in patients on
non-dialytic therapy (group 2a), the area under the curve was 0.545
(p=0.594) and 0.653 (p=0.073) respectively. In patients on
hemodialysis therapy (group 2b), the area under the curve was 0.735
(p=0.006) for hsCRP and 0.765 (p=0.002) for PTX3.

Discussion
The first cloned long pentraxin is pentraxin 3. Plasma pentraxin 3

level is elevated in critically ill patients, with a gradient from systemic
inflammatory response to septic shock, and in several other diseases,
such as myocardial infarction, atherosclerosis, vasculitis, lung disease,
eclampsia, rheumatoid arthritis, psoriasis and chronic kidney disease
[5,25-27].

 Control
group

Patients on non-
dialytic therapy

Patients on
hemodialysis

Test of sig.

(Group 1) (Group 2a) (Group 2b)

No. % No. % No. %

Male 4 16 10 40 9 36 p=0.143

Female 21 84 15 60 16 64

p1  0.059 0.107  

p2  0.771  

Age     

Mean ±
SD

35.56 ±
13.24

52.52 ± 8.01 49.88 ± 9.03 Fp<0.001*

Schp1  <0.001* <0.001*  

Schp2 0.667

CIMT(mm
)

    

Mean ±
SD

0.64 ± 0.04 0.69 ± 0.05 0.66 ± 0.04 Fp=0.001*

Schp1  0.001* 0.555  

Schp2  0.023*  

Note: P: Statistical significance for comparing between the studied groups, χ2:
Chi square test (for comparison of sex), p1: Statistical significance from control
group (group 1), p2: Statistical significance between group 2a and group 2b, F:
F test (ANOVA), Sch: Post Hoc Test (Scheffe), *: Statistically significant at p ≤
0.05.

Table 1: Statistical significance between the studied groups according
to demographic data and CIMT.

The prevalence of chronic kidney disease (CKD) is rising
dramatically and is associated with markedly increased in-hospital
morbidity and mortality [28]. Nauta et al. [8] showed that renal
epithelial cells are able to produce PTX3. Pentraxin 3 may amplify the
inflammatory response after being produced both in peripheral tissues
and in the kidney, it may also play an important role in the atherogenic
process present in CKD. Pentraxin 3 increased in early stages of renal

damage in patients with diabetes even when GFR seems to be normal
[29]. However, no enough studies have evaluated PTX3 in patients
with chronic kidney disease.

 

 

FSG

(mg/dl)

Urea

(mg/dl)

Creatinin
e

(mg/dl)

U.A

(mg/dl)

Albumin

(g/dl)

ALT

(U/L)

Control group

(Group 1)

Mean ±
SD

84.44 ±
9.30

24.80 ±
6.74

0.87 ±
0.17

4.35 ±
0.99

4.43 ±
0.34

17.66 ±
8.12

Patients on non-dialytic therapy

(Group 2a)

Mean ±
SD

88.56 ±
20.28

119.80 ±
33.58

5.94 ±
3.33

7.06 ±
1.46

3.63 ±
0.81

17.50 ±
13.87

Patients on hemodialysis

(Group 2b)

Mean ±
SD

90.80 ±
26.10

163.16 ±
36.92

9.60 ±
2.83

7.46 ±
1.23

3.65 ±
0.46

17.32 ±
7.15

P Fp=0.519 Fp<0.001* KWp<0.0
01*

Fp<0.00
1*

Fp<0.00
1*

KWp=0.7
39

p1 Schp=0.7
64

Schp<0.00
1*

MWp<0.0
01*

Schp<0.
001*

Schp<0.
001*

MWp=0.5
93

p2 Schp=0.5
29

Schp<0.00
1*

MWp<0.0
01*

Schp<0.
001*

Schp<0.
001*

MWp=0.9
77

p3 Schp=0.9
23

Schp<0.00
1*

MWp=0.0
01*

Schp=0.
513

Schp=0.
989

MWp=0.4
25

p: Statistical significance for comparing between the different studied groups,
p1: Statistical significance between Control group (group 1) and group 2a, p2:
Statistical significance between group 1 and group 2b, p3 : Statistical
significance between group 2a and group 2b, F: F test (ANOVA), Sch: Post Hoc
Test (Scheffe), KW: Kruskal Wallis test, MW: Mann Whitney test, *: Statistically
significant at p ≤ 0.05.

Table 2: Statistical significance between the studied groups for fasting
levels of serum Glucose (FSG), Urea, Creatinine, Uric acid (U.A),
Albumin and Alanine aminotransferase activity (ALT).

The present study included seventy five non-diabetic subjects and
clinically free from cardiovascular manifestations. They are divided
into two groups. The control group (group 1) included twenty five
apparently healthy volunteers, 4 males (16%) and 21 females (84%).
The patients group included fifty patients with CKD which was
subdivided into two subgroups (group 2a) included twenty five
patients with CKD on non-dialytic therapy, 10 males (40%) and 15
females (60%) and (group 2b) included twenty five hemodialysed
patients, 9 males (36%) and 16 females (64%).

Carotid intima media thickness (CIMT) is a surrogate marker for
atherosclerosis and can be used to detect an accelerated disease process
and subclinical disease [30]. The mean level of CIMT in control group
was 0.64 ± 0.04 mm while in (group 2a), it was 0.69 ± 0.05 mm and in
(group 2b), CIMT was 0.66 ± 0.04 mm. Although, there was a
significant increase in CIMT in (group 2a) as compared to both control
group and group 2b (Table 1), the mean values of CIMT were within
the normal range (0.52 mm to 0.95 mm) for all the studied groups [30].
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In the present study, there was a significant increase in urea,
creatinine and uric acid (p<0.001 for all) in patients on non-dialytic
therapy and patients on hemodialysis therapy as compared to control
group, and between group 2a and group 2b, for urea and creatinine
(Table 2). Increased concentrations of nitrogenous compounds in
plasma, such as urea and creatinine, is due to reduced glomerular
filtration rate and decreased tubular function [21].

 

 

Cholesterol

(mg/dl)

HDL-C

(mg/dl)

LDL-C

(mg/dl)

TG

(mg/dl)

Control Group

(Group 1)

Mean ± SD 155.76 ±
19.56

53.20 ±
9.92

88.19 ±
20.78

71.88 ±
28.51

Patients on non-dialytic therapy

(Group 2a)

Mean ± SD 136.12 ±
26.69

36.92 ±
10.07

74.54 ±
28.89

85.04 ±
24.03

Patients on hemodialysis

(Group 2b)

Mean ± SD 125.40 ±
26.98

39.78 ±
10.03

68.66 ±
25.21

84.64 ±
24.52

P <0.001* <0.001* 0.023* 0.129

p1 0.023* <0.001* 0.166 0.203

p2 <0.001* <0.001* 0.028* 0.223

p3 0.313 0.602 0.713 0.998

p: Statistical significance, F test (ANOVA) for comparing between the different
studied groups, p1: Statistical significance between group 1 and group 2a (Post
Hoc Test -Scheffe), p2 : Statistical significance between group 1 and group 2b
( Post Hoc Test –Scheffe), p3 : Statistical significance between group 2a and
group 2b ( Post Hoc Test – Scheffe), *: Statistically significant at p ≤ 0.05.

Table 3: Statistical signficance between the studied groups according to
fasting serum levels of Cholesterol (mg/dl), High density lipoprotein
cholesterol (HDL-C) (mg/dl), Low density lipoprotein cholesterol
(LDL-C) (mg/dl) and Triglycerides (mg/dl).

The mean level of serum albumin in control group was 4.43 ± 0.34
g/dl while in patients on non-dialytic therapy (group 2a) was 3.63 ±
0.81 g/dl and in patients on hemodialysis therapy (group 2b) was 3.65
± 0.46 g/dl. There was a significant decrease in serum albumin in
patients in group 2a and patients in group 2b as compared to control
group. This goes in agreement with the results of other studies as Tong
et al. [31] found albumin in non-dialytic patients was 3.7 ± 0.3 g/dl and
in hemodialysis patients was 3.3 ± 0.6 g/dl. Suliman et al. [29] found
albumin was 3.3 ± 0.6 g/dl in patients with stage 5 CKD.
Hypoalbuminemia in CKD patients results from many causes
including malnutrition [32], due to decrease in protein intake and
anorexia, acidosis, loss of nutrients and endocrine disorders as insulin
resistance [32]. In addition, albumin being an acute phase protein that
decreases in inflammatory conditions which presents in renal failure
patients. Low levels of serum albumin are highly predictive of poor
clinical outcomes in all stages of CKD [21].

In the present work, there was a significant decrease in the mean
levels of cholesterol and HDL-C in group 2a and group 2b as compared
to controls and in the mean level of LDL-C in group 2b as compared to
both controls and group 2a (Table 3). LDL-C and cholesterol levels are
decreased due to malnutrition and diet restriction [32], while HDL-C
is decreased due to decreased activity of hepatic lipase and lipoprotein
lipase enzymes caused by accumulation of toxins with inhibitory effect
in CKD patients [33].

In this work, the levels of hsCRP in the control group ranged from
0.11 mg/L to 8.46 mg/L with a median value of 7.05 mg/L, as reported
in other previous studies, Suliman et al. [29] found that hsCRP ranged
from 0.2 mg/L to 32.0 mg/L with a median of 1.2 mg/L . Kanbay et al.
[34] found that mean value ± SD of hsCRP level in control group was
3.5 ± 2.6 mg/L and was 1.69 ± 2.68 mg/L by Jenny et al. [35].

 

 

CRP

(mg/L)

PTX3

(ng/ml)

Control group

(Group 1)

Min. – Max. 0.11 – 8.46 20.79 – 26.16

Median 7.05 22.99

Patients on non-dialytic therapy

(Group 2a)

Min. – Max. 0.07 – 15.03 21.41 – 100.04

Median 4.84 23.62

Patients on hemodialysis

(Group 2b)

Min. – Max. 0.15 – 30.78 22.04 – 40.56

Median 11.4 24.25

P 0.011* 0.009*

p1 0.502 0.072

p2 0.005* 0.002*

p3 0.025* 0.165

p: Statistical significance, Kruskal Wallis test for comparing between the different
studied groups, p1 : Statistical significance between group 1 and group 2a
( Mann Whitney test), p2 :Statistical significance between group 1 and group 2b
( Mann Whitney test), p3: Statistical significance between group 2a and group
2b ( Mann Whitney test), *: Statistically significant at p ≤ 0.05.

Table 4: Statistical significance between the studied groups according
to serum levels of C-reactive protein and Pentraxin3.

In the present study, in patients on non-dialytic therapy (group 2a),
hsCRP levels ranged from 0.07 mg/L to 15.03 mg/L with a median
value of 4.84 mg/L, showing no statistic significant difference when
compared to controls (Table 4). In previously reported values by Tong
et al. [31], they found that CRP ranged from 0.3 mg/L to 49 mg/L with
a median value of 2.8 mg/L and Suliman et al. [29] also found that CRP
ranged from 0.2 mg/L to 218.0 mg/L with a median range of 4.3 mg/L.
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In this study, the values of hsCRP in hemodialysis patients (group
2b) ranged from 0.15 mg/L to 30.78 mg/L with a median value of 11.40
mg/L (Table 4). There was a significance increase in hsCRP in
hemodialysis patients (group 2b) when compared to both controls
(p=0.005) and group 2a (p= 0.025) (Table 4).

The circulating value of CRP reflects ongoing inflammation and/or
tissue damage [36]. The inflammatory response strongly promotes the
production of acute-phase proteins such as CRP and pro-inflammatory
cytokines, when combined with malnutrition, which is more common
in patients with chronic inflammation, it predicts poor outcome. Thus,
malnutrition, inflammation and atherosclerosis (MIA) syndrome is the
major risk factor for premature death in patients with ESRD. The
hemodialysis procedure itself contributes to the inflammatory
response. The possible contributing factors are the presence of catheter,
graft, fistula infection, contamination of dialysis fluid, back filtration
and back diffusion of contaminated dialysate, and the use of bio-
incompatible membranes [37]. Increase in CRP during the HD session
was associated with an increased mortality risk [38]. In CKD, there is
chronic inflammation and patients with CKD but not yet on dialysis
are also at increased mortality risk, but their hsCRP concentrations are
lower than that in patients with ESRD [37].

 CIMT

 r p

Age 0.624* 0.001

Table 5a: Significant correlations in patients on non-dialytic therapy
(group 2a).

 r p

CIMT and age 0.693* <0.001

CRP and TG 0.412* 0.041

CRP and LDL-C -0.537* 0.006

Table 5b: Significant correlations in patients on hemodialysis (group
2b).

There was a positive correlation between hsCRP and TG (r=0.412
and p=0.041) and a negative correlation between hsCRP and LDL-C in
patients on hemodialysis therapy (r=-0.537 and p=0.006) (Tables 5a
and 5b). In CKD, there is chronic inflammation where LDL-C decrease
with inflammation, while CRP increase in inflammation [39].
However, we could not find any significant correlation between hsCRP
and PTX3 in the studied groups (Table 5c).

Pentraxin 3 is a candidate marker for inflammatory, infectious and
cardiovascular pathologies. PTX3 behaves as an acute-phase protein
since its blood levels, low in normal conditions and increase rapidly
(with a maximum at 6-8 hours) and dramatically (200-800 ng/ml)
during endotoxic shock, sepsis, and other inflammatory and infectious
conditions [10,40].

Systemic levels of PTX3 also increase as renal function declines and
predict increased cardiovascular and overall mortality risk in CKD
patients [41]. PTX3 may be superior to CRP as an independent
predictor of underlying atherosclerosis in subjects with CKD [42].

In the present study, the levels of PTX3 in the controls ranged from
20.79 ng/ml to 26.16 ng/ml with a median value of 22.99 ng/ml (Table
4). Tong et al. [31] found that PTX3 in their controls ranged from 0.1
ng/ml to 9.1 ng/ml with a median value of 1.8 ng/ml. Yilmaz et al. [43]
found that PTX3 in their study ranged from 0.1 ng/ml to 2.7 ng/ml
with a median value of 1.3 ng/ml. Nishi et al. [44] found that PTX3 in
their study was 2.15 ng/ml ± 0.93 ng/ml.

CRP

 Control Group

 

Patients on non-
dialytic therapy

 

Patients on hemodialysis

 

 (Group 1)

 

(Group 2a)

 

(Group 2b)

 

 rs p rs p rs p

PTX3 -0.042 0.854 0.286 0.166 -0.28 0.175

Table 5c: Correlation between CRP and PTX3 in each studied group.
rs: Spearman coefficient. There was no significant correlation between
CRP and PTX3 in the studied groups.

In the present work, in patients on non-dialytic therapy, PTX3 levels
ranged from 21.41 ng/ml to 100.04 ng/ml with a median value of 23.62
ng/ml. There was non-significant increase in PTX3 values in this group
when compared to control group (Table 4). Tong et al. [31] found that
in CKD patients at stage 3-4, PTX3 was 2.2 ng/ml (ranging from 0.4
ng/ml to 16 ng/ml) and incident dialysis CKD stage 5 patients was 5.7
ng/ml (ranging from 0.9 ng/ml to 64.3 ng/ml). Another previous value
for PTX3 were reported by Suliman et al. [29], PTX3 ranged from 1.0
ng/ml to 58.0 ng/ml with a median value of 5.3 ng/ml and by Yilmaz et
al. [43], PTX3 ranged from 1.8 ng/ml to 32.9 ng/ml with a median
value of 7.7 ng/ml. Also, Nishi et al. [44], found that PTX3 had a mean
value of 3.80 ± 2.35 ng/ml and in Pradeep et al. [45], it was 5.4 ± 2.65
ng/ml.

In this work, the values of PTX3 in patients on hemodialysis therapy
(group 2b) ranged from 22.04 ng/ml to 40.56 ng/ml with a median
value of 24.25 ng/ml. (Table 4). Previously reported PTX3 mean values
on hemodialysis patients, by Malaponte et al. [46] was 3.03 ± 1.81
ng/ml. Xu et al. [47] found that PTX3 ranged from 1.34 ng/ml to 2.50
ng/ml with a median value of 1.87 ng/ml and by Argani et al. [41],
PTX3 ranged from 0.24 ng/ml to 7.89 ng/ml with a median value of
1.65 ng/ml.

The difference in our values compared to other previously reported
values may be attributed to difference in the assay method used and
different populations studied.

In the present work, there was a significant increase in PTX3 in
group 2b as compared to control group (p=0.002) (Table 4). Similarly,
previous studies [31,29] found significant increase in PTX3 levels in
patients on hemodialysis therapy when compared to controls
(p<0.001). Tong et al. [31] found that the hemodialysis patients had
significantly higher median PTX3 concentration of 10.6 ng/ml with a
range of 2.4 ng/ml to 75.1 ng/ml when compared to control subjects
and Suliman et al. [29] found that hemodialysis patients had median
PTX3 concentration of 5.3 ng/ml with a range of 1.0 ng/ml to 58.0
ng/ml.
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Pentraxin 3 is induced by TNF-α or IL-1 in multiple human tissue
cells as vascular endothelial cells and macrophages, PTX3 levels may
directly reflect the inflammatory status. Since a state of persistent low-
grade inflammation is a common feature in hemodialysis patients so
PTX3 increased in such patients. Researchers found that a single
hemodialysis session increased PTX3, and that this rise was not
associated with changes in CRP or IL-6 [25,39]. There are also
increases of PTX3 due to exposure of tissues to diversity of
inflammatory stimuli induced by uremic milieu [25]. The bigger
molecular size of PTX3 (40.6 KD) may suggest increased retention in
uremia so its level increased in patients with impaired renal functions
[29,31].

From the majority of previous studies, pentraxin 3 levels were
increased in patients with CKD when compared to healthy controls.
They stated that elevated PTX3 levels were associated with the
presence of cardiovascular disease. Increase inflammatory markers as
PTX3, reflect tissue damage, therefore, they may represent the degree
of severity of cellular or organ damage. There is association between
PTX3 and co-morbidities as inflammatory markers may reflect the
presence of co-morbidity in CRF patients [25,31,34,48].

By drawing the ROC curve for hsCRP and PTX3 in patients on
non-dialytic therapy (group 2a), the area under the curve was 0.545
(p=0.594) and 0.653 (p=0.073) respectively (Figure 1). In patients on
hemodialysis therapy (group 2b), the area under the curve was 0.735
(p=0.006) for hsCRP and 0.765 (p=0.002) for PTX3 (Figure 2)
denoting that PTX3 is a better indicator of inflammation in group 2b
than hsCRP.

Figure 1: ROC curve for CRP and PTX3 in group 2a.

Figure 2: ROC curve for CRP and PTX3 in group 2b.

Using a cut off value of 8.46 mg/L in patients on non-dialytic
therapy (group 2a), hsCRP had sensitivity of 40.0%, specificity of
100.0%, positive predictive value of 100.0%, negative predictive value
of 62.50% and efficiency of 70.0%. In patients on hemodialysis therapy
(group 2b), sensitivity was 60.0%, specificity was 100.0%, positive
predictive value was 100.0%, negative predictive value was 71.43% and
efficiency was 80.0%. This shows a better sensitivity, negative predictive
value and efficiency for hsCRP in patients on hemodialysis therapy
than non-dialytic therapy patients.

Using a cut off value of 22.36 ng/ml in patients on non-dialytic
therapy (group 2a), PTX3 had sensitivity of 88.0%, specificity of
40.91%, positive predictive value of 62.86%, negative predictive value
of 75.0% and efficiency of 65.96% showing a better sensitivity and
negative predictive value than hsCRP. In (group2b), using a cut off of
23.62 ng/ml, PTX3 had sensitivity of 72.0%, specificity was 72.73%,
positive predictive value was 75.0%, negative predictive value was
69.57% and efficiency was 72.34% showing a better sensitivity than
hsCRP. However, hsCRP had a better specificity (100%) than PTX3 in
both the two groups of patients.

Conclusions
There was a significant positive correlation between CIMT and age

in patients on non-dialytic therapy and in patients on hemodialysis.
Age induce intrinsic changes in the arterial wall including progressive
increase in intimal thickness.

There was a significant decrease in serum albumin and HDL-C in all
studied chronic renal failure patients when compared to controls.
Hypoalbuminemia is due to malnutrition and inflammation in CKD
patients while decreased HDL-C is due to decreased activity of hepatic
lipase and lipoprotein lipase enzymes in CKD patients.

There was a significant increase in hsCRP in patients on
hemodialysis therapy when compared to both controls and patients on
non-dialytic therapy. The circulating value of CRP reflects ongoing
inflammation and/or tissue damage.
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There was a significant increase in PTX3 in patients on
hemodialysis therapy (group 2b) as compared to control. PTX3 reflects
the inflammatory status. Since a state of inflammation is common in
hemodialysis patients so PTX3 was elevated.

There were no correlations between PTX3 and hsCRP in the studied
groups. CRP showed a better specificity and positive predictive value
than PTX3 in both group 2a and group 2b. PTX3 shows a better
sensitivity and negative predictive value than hsCRP in non-dialytic
therapy patients and a better sensitivity value than hsCRP in
hemodialysis patients.

From the present work, it could be concluded that hsCRP and PTX3
complement each other to give a better specificity and sensitivity as
predictors of inflammation in chronic kidney disease patients.

Recommendation
Study of PTX3 and hsCRP on a large number of chronic kidney

disease patients with positive cardiovascular disease is recommended.

Conflict of Interest
There is no conflict of interest in this manuscript.

References
1. Garlanda C, Bottazzi B, Bastone A, Mantovani A (2005) Pentraxins at the

crossroads between innate immunity, inflammation, matrix deposition,
and female fertility. Annu Rev Immunol 23: 337-366.

2. Agrawal A (2005) CRP after 2004. Mol Immunol 42: 927-930.
3. Pepys MB, Baltz ML (1983) Acute phase proteins with special reference to

C-reactive protein and related proteins (pentaxins) and serum amyloid A
protein. Adv Immunol 34: 141-212.

4. Martinez de la Torre Y, Fabbri M, Jaillon S, Bastone A, Nebuloni M, et al.
(2010) Evolution of the pentraxin family: the new entry PTX4. J Immunol
184: 5055-5064.

5. Bottazzi B, Bastone A, Doni A, Garlanda C, Valentino S, et al. (2006) The
long pentraxin PTX3 as a link among innate immunity, inflammation,
and female fertility. J Leukoc Biol 79: 909-912.

6. Huttunen R, Hurme M, Aittoniemi J, Huhtala H, Vuento R, et al. (2011)
High plasma level of long pentraxin 3 (PTX3) is associated with fatal
disease in bacteremic patients: a prospective cohort study. PLoS One 6:
e17653.

7. Balhara J, Koussih L, Zhang J, Gounni AS (2013) Pentraxin 3: An
immuno-regulator in the lungs. Front Immunol 4: 127.

8. Nauta AJ, de Haij S, Bottazzi B, Mantovani A, Borrias MC, et al. (2005)
Human renal epithelial cells produce the long pentraxin PTX3. Kidney
Int 67: 543-553.

9. Kolb-Bachofen V (1991) A review on the biological properties of C-
reactive protein. Immunobiology 183: 133-145.

10. Moalli F, Jaillon S, Inforzato A, Sironi M, Bottazzi B, et al. (2011)
Pathogen recognition by the long pentraxin PTX3. J Biomed Biotechnol
2011: 830421.

11. Inforzato A, Rivieccio V, Morreale PA, Bastone A, Salustri A, et al. ( 2008)
Structural characterization of PTX3 disulfide bond network and its
multimeric status in cumulus matrix organization. J Biol Chem 283:
10147-10161.

12. Abderrahim-Ferkoune A, Bezy O, Chiellini C, Maffei M, Grimaldi P, et al.
(2003) Characterization of the long pentraxin PTX3 as a TNFalpha-
induced secreted protein of adipose cells. J Lipid Res 44: 994-1000.

13. Klouche M, Peri G, Knabbe C, Eckstein HH, Schmid FX, et al. (2004)
Modified atherogenic lipoproteins induce expression of pentraxin-3 by
human vascular smooth muscle cells. Atherosclerosis 175: 221-228.

14. Doni A, Michela M, Bottazzi B, Peri G, Valentino S, et al. (2006)
Regulation of PTX3, a key component of humoral innate immunity in
human dendritic cells: stimulation by IL-10 and inhibition by IFN-
gamma. J Leukoc Biol 79: 797-802.

15. Werling D, Jungi TW (2003) TOLL-like receptors linking innate and
adaptive immune response. Vet Immunol Immunopathol 91: 1-12.

16. Inforzato A, Peri G, Doni A, Garlanda C, Mantovani A, et al. (2006)
Structure and function of the long pentraxin PTX3 glycosidic moiety:
fine-tuning of the interaction with C1q and complement activation.
Biochemistry 45: 11540.

17. Chiarini M, Sabelli C, Melotti P, Garlanda C, Savoldi G, et al. (2010)
PTX3 genetic variations affect the risk of pseudomonas aeruginosa
airway colonization in cystic fibrosis patients. Genes Immun 11: 665-670.

18. Bottazzi B, Doni A, Garlanda C, Mantovani A (2010) An integrated view
of humoral innate immunity: Pentraxins as a paradigm. Annu Rev
Immunol 28: 157-183.

19. Latini R, Maggioni AP, Peri G, Gonzini L, Lucci D, et al. (2004)
Prognostic significance of the long pentraxin PTX3 in acute myocardial
infarction. Circulation 110: 2349-2354.

20. Cobble M, Bale B (2010) Carotid intima-media thickness : knowledge
and application to everyday practice. Postgrad Med 194: 7-14.

21. Burtis CA, Ashwood ER, Bruns DE (2006) Tietz Textbook of Clinical
Chemistry and Molecular Diagnostics (4th edn). Elsevier Saunders
Company, St Louis.

22. Tamura Y, Ono T, Kuwana M, Inoue K, Takei M, et al. (2012) Human
pentraxin 3 (PTX3) as a novel biomarker for the diagnosis of pulmonary
arterial hypertension. PLoS One 7: e45834.

23. Daly LE, Bourke GJ (2000) Interpretation and uses of medical statistics
(5th edn). Blackwell Science, Malden, Oxford.

24. Puri BK (2002) SPSS in practice: An illustrated guide (2nd edn). Arnold,
London, New York.

25. Muller B, Peri G, Doni A, Torri V, Landmann R, et al. (2001) Circulating
levels of the long pentraxin PTX3 correlate with severity of infection in
critically ill patients. Crit Care Med 29: 1404-1407.

26. Salio M, Chimenti S, De Angelis N, Molla F, Maina V, et al. (2008)
Cardioprotective function of the long pentraxin PTX3 in acute
myocardial infarction. Circulation 117: 1055-1064.

27. Suliman ME, Qureshi AR, Carrero JJ, Bárány P, Yilmaz MI, et al. (2008)
The long pentraxin PTX-3 in prevalent hemodialysis patients:
Associations with comorbidities and mortality. QJM 101: 397-405.

28. Meyer A, Bunzemeier H, Hausberg M, Walter M, Roeder N, et al. (2008)
Impact of different stages of chronic kidney disease on in-hospital costs in
patients with coronary heart disease. Nephrol Dial Transplant 23:
1955-1960.

29. Suliman ME, Yilmaz MI, CarreroJJ, Qureshi AR, Saglam M, et al. (2008)
Novel links between the long pentraxin 3, endothelial dysfunction, and
albuminuria in early and advanced chronic kidney disease. Clin J Am Soc
Nephrol 3: 976-985.

30. Jarauta E, Mateo-Gallego R, Bea A, Burillo E, Calmarza P, et al. (2010)
Carotid intima-media thickness in subjects with no cardiovascular risk
factors. Rev Esp Cardiol 63: 97-102.

31. Tong M, Carrero JJ, Qureshi AR, Anderstam B, Heimburger O, et al.
(2007) Plasma pentraxin 3 in patients with chronic kidney disease:
Associations with renal function, protein-energy wasting, cardiovascular
disease and mortality. Clin J Am Soc Nephrol 2: 889-897.

32. Kaysen GA, Rathore V, Shearer GC, Depner TA (1995) Mechanisms of
hypoalbuminemia in hemodialysis patients. Kidney Int 48: 510-516.

33. Checherillaf IA, Turcu F, Dragomirescu RF, Ciocalteu A (2010) Chronic
complications in hemodialysis: correlations with primary renal disease.
Rom J Morphol Embryol 51: 21-26.

34. Kanbay M, Ikizek M, Solak Y, Selcoki Y, Uysal S, et al. (2011) Uric acid
and pentraxin 3 levels are independently associated with coronary artery
disease risk in patients with stage 2 and 3 kidney disease. Am J Nephrol
33: 325-331.

Citation: EL-Attar HA, Abaza MM, Gaber EW, EL-sharkawy RM (2017) Serum Profiles of Pentraxin-3 and High Sensitivity C - Reactive Protein in
Patients with Chronic Kidney Disease Treated with or without Hemodialysis. J Nephrol Ther 7: 286. doi:10.4172/2161-0959.1000286

Page 7 of 8

J Nephrol Ther, an open access journal
ISSN: 2161-0959

Volume 7 • Issue 1 • 1000286

https://dx.doi.org/10.1146/annurev.immunol.23.021704.115756
https://dx.doi.org/10.1146/annurev.immunol.23.021704.115756
https://dx.doi.org/10.1146/annurev.immunol.23.021704.115756
https://dx.doi.org/10.1016/j.molimm.2004.09.028
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjUip7DuPPRAhVJ-mMKHUDkBU4QFgghMAE&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS006527760860379X&usg=AFQjCNEcEprDG1QTsDGO561xMmgeQYzUtg
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjUip7DuPPRAhVJ-mMKHUDkBU4QFgghMAE&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS006527760860379X&usg=AFQjCNEcEprDG1QTsDGO561xMmgeQYzUtg
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjUip7DuPPRAhVJ-mMKHUDkBU4QFgghMAE&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS006527760860379X&usg=AFQjCNEcEprDG1QTsDGO561xMmgeQYzUtg
http://dx.doi.org/10.4049/jimmunol.0901672
http://dx.doi.org/10.4049/jimmunol.0901672
http://dx.doi.org/10.4049/jimmunol.0901672
http://dx.doi.org/10.1189/jlb.1005557
http://dx.doi.org/10.1189/jlb.1005557
http://dx.doi.org/10.1189/jlb.1005557
https://dx.doi.org/10.1371/journal.pone.0017653
https://dx.doi.org/10.1371/journal.pone.0017653
https://dx.doi.org/10.1371/journal.pone.0017653
https://dx.doi.org/10.1371/journal.pone.0017653
https://dx.doi.org/10.3389%2Ffimmu.2013.00127
https://dx.doi.org/10.3389%2Ffimmu.2013.00127
http://dx.doi.org/10.1111/j.1523-1755.2005.67111.x
http://dx.doi.org/10.1111/j.1523-1755.2005.67111.x
http://dx.doi.org/10.1111/j.1523-1755.2005.67111.x
http://dx.doi.org/10.1016/S0171-2985(11)80193-2
http://dx.doi.org/10.1016/S0171-2985(11)80193-2
http://dx.doi.org/10.1155/2011/830421
http://dx.doi.org/10.1155/2011/830421
http://dx.doi.org/10.1155/2011/830421
https://dx.doi.org/10.1074/jbc.M708535200
https://dx.doi.org/10.1074/jbc.M708535200
https://dx.doi.org/10.1074/jbc.M708535200
https://dx.doi.org/10.1074/jbc.M708535200
http://dx.doi.org/10.1194/jlr.M200382-JLR200
http://dx.doi.org/10.1194/jlr.M200382-JLR200
http://dx.doi.org/10.1194/jlr.M200382-JLR200
https://dx.doi.org/10.1016/j.atherosclerosis.2004.03.020
https://dx.doi.org/10.1016/j.atherosclerosis.2004.03.020
https://dx.doi.org/10.1016/j.atherosclerosis.2004.03.020
http://dx.doi.org/10.1189/jlb.0905493
http://dx.doi.org/10.1189/jlb.0905493
http://dx.doi.org/10.1189/jlb.0905493
http://dx.doi.org/10.1189/jlb.0905493
https://linkinghub.elsevier.com/retrieve/pii/S0165242702002283
https://linkinghub.elsevier.com/retrieve/pii/S0165242702002283
https://dx.doi.org/10.1021/bi0607453
https://dx.doi.org/10.1021/bi0607453
https://dx.doi.org/10.1021/bi0607453
https://dx.doi.org/10.1021/bi0607453
https://dx.doi.org/10.1038%2Fgene.2010.41
https://dx.doi.org/10.1038%2Fgene.2010.41
https://dx.doi.org/10.1038%2Fgene.2010.41
http://dx.doi.org/10.1146/annurev-immunol-030409-101305
http://dx.doi.org/10.1146/annurev-immunol-030409-101305
http://dx.doi.org/10.1146/annurev-immunol-030409-101305
http://dx.doi.org/10.1161/01.CIR.0000145167.30987.2E
http://dx.doi.org/10.1161/01.CIR.0000145167.30987.2E
http://dx.doi.org/10.1161/01.CIR.0000145167.30987.2E
https://dx.doi.org/10.3810/pgm.2010.01.2091
https://dx.doi.org/10.3810/pgm.2010.01.2091
https://evolve.elsevier.com/cs/product/9781416061649
https://evolve.elsevier.com/cs/product/9781416061649
https://evolve.elsevier.com/cs/product/9781416061649
https://dx.doi.org/10.1371/journal.pone.0045834
https://dx.doi.org/10.1371/journal.pone.0045834
https://dx.doi.org/10.1371/journal.pone.0045834
http://www.wiley.com/WileyCDA/WileyTitle/productCd-0632047631.html
http://www.wiley.com/WileyCDA/WileyTitle/productCd-0632047631.html
https://doi.org/10.1093/her/17.4.484
https://doi.org/10.1093/her/17.4.484
http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?issn=0090-3493&volume=29&issue=7&spage=1404
http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?issn=0090-3493&volume=29&issue=7&spage=1404
http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?issn=0090-3493&volume=29&issue=7&spage=1404
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.749234
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.749234
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.749234
http://dx.doi.org/10.1093/qjmed/hcn019
http://dx.doi.org/10.1093/qjmed/hcn019
http://dx.doi.org/10.1093/qjmed/hcn019
https://dx.doi.org/10.1093/ndt/gfm879
https://dx.doi.org/10.1093/ndt/gfm879
https://dx.doi.org/10.1093/ndt/gfm879
https://dx.doi.org/10.1093/ndt/gfm879
https://dx.doi.org/10.2215/CJN.03960907
https://dx.doi.org/10.2215/CJN.03960907
https://dx.doi.org/10.2215/CJN.03960907
https://dx.doi.org/10.2215/CJN.03960907
http://www.revespcardiol.org/en/linksolver/ft/ivp/0300-8932/63/97
http://www.revespcardiol.org/en/linksolver/ft/ivp/0300-8932/63/97
http://www.revespcardiol.org/en/linksolver/ft/ivp/0300-8932/63/97
https://dx.doi.org/10.2215/CJN.00870207
https://dx.doi.org/10.2215/CJN.00870207
https://dx.doi.org/10.2215/CJN.00870207
https://dx.doi.org/10.2215/CJN.00870207
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(15)59093-5
https://linkinghub.elsevier.com/retrieve/pii/S0085-2538(15)59093-5
http://www.rjme.ro/RJME/resources/files/510110021026.pdf
http://www.rjme.ro/RJME/resources/files/510110021026.pdf
http://www.rjme.ro/RJME/resources/files/510110021026.pdf
https://dx.doi.org/10.1159/000324916
https://dx.doi.org/10.1159/000324916
https://dx.doi.org/10.1159/000324916
https://dx.doi.org/10.1159/000324916


35. Jenny NS, Arnold AM, Kuller LH, Tracy RP, Psaty BM (2009)
Associations of pentraxin 3 with cardiovascular disease and all-cause
death: The Cardiovascular Health Study. Arterioscler Thromb Vasc Biol
29: 594-599.

36. Stinghen A, Bucharles S, Riella MC, Pecoits-Filho R (2010) Immune
mechanisms involved in cardiovascular complications of chronic kidney
disease. Blood Purif 29: 114-120.

37. Yao Q, Lindholm B, Stenvinkek P (2004) Inflammation as a cause of
malnutrition, atherosclerotic cardiovascular disease, and poor outcome in
hemodialysis patients. Hemodial Int 8: 118-129.

38. Racki S, ZaputoviÄ‡ L, MavriÄ‡ Z, VujiciÄ‡ B, Dvornik S (2006) C-
reactive protein is a strong predictor of mortality in hemodialysis
patients. Ren Fail 28: 427-433.

39. Korevarr JC, Van Manen JC, Dekker FW, Dewarte DR, Boeschoten EW, et
al. (2004) Effect of an increase in C-reactive protein level during a
hemodialysis session on mortality. J Am Soc Nephrol 15: 2916-2922.

40. Heidari B (2013) C-reactive protein and other markers of inflammation
in hemodialysis patients. Caspian J Intern Med 4: 611-616.

41. Argani H, Ghorbanihaghjo A, Panahi G, Rashtchizadeh N, Safa J, et al.
(2012) Serum Fetuin-A and Pentraxin3 in hemodialysis and renal
transplant patients. Clin Biochem 45: 775-779.

42. Ikeda U (2003) Inflammation and coronary artery disease. Curr Vasc
Pharmacol 1: 65-70.

43. Yilmaz MI, Carrero JJ, Martin-Ventura JL, Sonmez A, Saglam M, et al.
(2010) Combined therapy with renin-angiotensin system and calcium
channel blockers in type 2 diabetic hypertensive patients with
proteinuria : effects on soluble TWEAK, PTX3, and flow-mediated
dilation. Clin J Am Nephrol 5: 1174-1181.

44. Nishi K, Imamura T, Kitamura K, Ogawa T, Fujimoto S, et al. (2011)
Associations of plasma pentraxin 3 and monocyte chemoattractant
protein-1 concentrations with cardiovascular disease in patients with
chronic kidney disease. Ren Fail 33: 398-404.

45. Pradeep AR, Kathariya R, Arjun Raju P, Sushma Rani R, Sharma A, et al.
(2012) Risk factors for chronic kidney diseases may include periodontal
diseases, as estimated by the correlations of plasma pentraxin 3 levels: a
case-control study. Int Urol Nephrol 44: 829-839.

46. Malaponte G, Libra M, Bevelacqua Y, Merito P, Fatuzzo P, et al. (2007)
Inflammatory status in patients with chronic renal failure: The role of
PTX3 and pro-inflammatory cytokines. Int J Mol Med 20: 471-481.

47. Xu Y, Ding X, Zou J, Liu Z, Jiang S, et al. (2011) Plasma pentraxin 3 is
associated with cardiovascular disease in hemodialysis patients. Ren Fail
33: 998-1004.

48. Inoue K, Kodama T, Daida H (2012) Pentraxin 3: A novel biomarker for
inflammatory cardiovascular disease. Int J Vasc Med 2012: 657025.

 

Citation: EL-Attar HA, Abaza MM, Gaber EW, EL-sharkawy RM (2017) Serum Profiles of Pentraxin-3 and High Sensitivity C - Reactive Protein in
Patients with Chronic Kidney Disease Treated with or without Hemodialysis. J Nephrol Ther 7: 286. doi:10.4172/2161-0959.1000286

Page 8 of 8

J Nephrol Ther, an open access journal
ISSN: 2161-0959

Volume 7 • Issue 1 • 1000286

https://dx.doi.org/10.1161%2FATVBAHA.108.178947
https://dx.doi.org/10.1161%2FATVBAHA.108.178947
https://dx.doi.org/10.1161%2FATVBAHA.108.178947
https://dx.doi.org/10.1161%2FATVBAHA.108.178947
https://dx.doi.org/10.1159/000245636
https://dx.doi.org/10.1159/000245636
https://dx.doi.org/10.1159/000245636
https://dx.doi.org/10.1111/j.1492-7535.2004.01085.x
https://dx.doi.org/10.1111/j.1492-7535.2004.01085.x
https://dx.doi.org/10.1111/j.1492-7535.2004.01085.x
http://dx.doi.org/10.1080/08860220600683581
http://dx.doi.org/10.1080/08860220600683581
http://dx.doi.org/10.1080/08860220600683581
https://dx.doi.org/10.1097/01.ASN.0000143744.72664.66
https://dx.doi.org/10.1097/01.ASN.0000143744.72664.66
https://dx.doi.org/10.1097/01.ASN.0000143744.72664.66
http://www.nejm.org/doi/full/10.1056/NEJM200003233421202
http://www.nejm.org/doi/full/10.1056/NEJM200003233421202
http://dx.doi.org/10.1016/j.clinbiochem.2012.04.011
http://dx.doi.org/10.1016/j.clinbiochem.2012.04.011
http://dx.doi.org/10.1016/j.clinbiochem.2012.04.011
http://www.ingentaconnect.com/content/ben/cvp/2003/00000001/00000001/art00009
http://www.ingentaconnect.com/content/ben/cvp/2003/00000001/00000001/art00009
https://dx.doi.org/10.2215/CJN.01110210
https://dx.doi.org/10.2215/CJN.01110210
https://dx.doi.org/10.2215/CJN.01110210
https://dx.doi.org/10.2215/CJN.01110210
https://dx.doi.org/10.2215/CJN.01110210
https://dx.doi.org/10.3109/0886022X.2011.568136
https://dx.doi.org/10.3109/0886022X.2011.568136
https://dx.doi.org/10.3109/0886022X.2011.568136
https://dx.doi.org/10.3109/0886022X.2011.568136
https://dx.doi.org/10.1007/s11255-011-9997-7
https://dx.doi.org/10.1007/s11255-011-9997-7
https://dx.doi.org/10.1007/s11255-011-9997-7
https://dx.doi.org/10.1007/s11255-011-9997-7
http://www.spandidos-publications.com/ijmm/20/4/471
http://www.spandidos-publications.com/ijmm/20/4/471
http://www.spandidos-publications.com/ijmm/20/4/471
http://dx.doi.org/10.3109/0886022X.2011.618969
http://dx.doi.org/10.3109/0886022X.2011.618969
http://dx.doi.org/10.3109/0886022X.2011.618969
http://dx.doi.org/10.1155/2012/657025
http://dx.doi.org/10.1155/2012/657025

	Contents
	Serum Profiles of Pentraxin-3 and High Sensitivity C - Reactive Protein in Patients with Chronic Kidney Disease Treated with or without Hemodialysis
	Abstract
	Keywords:
	Introduction
	Subjects
	Methods
	Results
	Discussion
	Conclusions
	Recommendation
	Conflict of Interest
	References


