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Inflammatory status in patients with chronic renal failure:
The role of PTX3 and pro-inflammatory cytokines
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Abstract. Increased plasma levels of several acute phase
proteins, such as C-reactive protein (CRP), have been
documented among different patients with chronic renal
failure (CRF). The aim of the present study was to determine
whether pentraxin-3 (PTX3) is a reliable marker of inflam-
mation in CRF. Plasma samples and monocytes were taken
from 43 patients before and after undergoing haemodialysis
(HD), from 45 uraemic patients (UR) without HD treatment
and from 25 healthy controls. Plasma and monocyte samples
were analyzed by ELISA for levels of PTX3, tumor necrosis
factor-a (TNF-a), interleukin-16 (IL-18) and interleukin-6
(IL-6); all of these protein levels were higher in CRF patients
with respect to the controls. After HD, plasma PTX3 and
cytokine levels increased. Inter- and intra-individual
variations in CRP were observed in HD patients, while PTX3
plasma levels were stable. Release of PTX3, TNF-a, IL-16
and IL-6 by unstimulated monocytes from patients, before
and after HD, was higher with respect to UR patients and
controls. After lipopolysaccharide stimulation, all values
were higher in patients before HD than those in UR patients,
but lower when compared to those in the controls. In contrast,
no changes were observed after HD. A significant correlation
among plasma PTX3 versus fibrinogen, TNF-a and IL-18
was observed in HD and UR patients. Collectively, these data
suggest that PTX3 protein may represent an additional and
stable marker of inflammation in CRF.

Introduction

Chronic inflammation is highly prevalent in patients with
chronic renal failure (CRF) (1,2). Several investigations have
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demonstrated that chronic inflammation may contribute to
morbidity and mortality among dialysis patients (3,4). The
reason for the increased risk for chronic inflammation in CRF
patients is related to multiple factors, such as the deterior-
ation of renal function in uraemia, increased susceptibility
to infection and various abnormalities of the immune system
(5-7). In addition to the non-dialysis-related factors, repeated
exposure to dialysis treatment leads to leucocyte activation
with production of cytokines (8,9). Regarding dialysis-
related cytokine induction such as tumor necrosis factor-a
(TNF-0), interleukin-16 (IL-18) and interleukin-6 (IL-6),
their up-regulation and presence in the blood circulation
may contribute to chronic inflammation (10,11). Therefore,
in uraemia, the inflammatory response is characterized by a
local reaction induced by pro-inflammatory cytokines that
may be followed by activation of the acute phase proteins,
such as C-reactive protein (CRP) and fibrinogen (12-15). In
chronic haemodialysis (HD) patients, the repetitive induction
of the acute phase response may induce a chronic micro-
inflammatory state, leading to a variety of long-term compli-
cations, including malnutrition (16) and cardiovascular
diseases (17). Previous studies have estimated the severity of
inflammation in the healthy and disease states by use of the
CRP protein (18-20). Nevertheless, CRP protein may not
reliably measure the degree of inflammatory response since
the concentration of CRP may be subject to post-transcrip-
tional regulation (21) and, in addition, its large intra- and
inter-individual variability (22,23) limits its clinical relevance.
Several studies have shown that many healthy subjects and
dialysis patients exhibit normal CRP levels (24-26).

It has been shown that long pentraxin-3 (PTX3) is
involved in inflammatory processes (27). PTX3 was the first
identified long pentraxin (28). It shares an identical C-
terminal pentraxin domain with the classical short pentraxins
(CRP and serum amyloid P), but PTX3 has an N-terminal
domain that is unique to the long pentraxins (29). Pentraxins
are a family of proteins usually characterized by cyclic penta-
meric structure and are considered to be markers of the acute
phase of inflammation (30). Short pentraxin synthesis is
transcriptionally regulated principally in hepatocytes under
the control of a cascade of cytokines including TNF-a, IL-6
and IL-18B originating at the site of pathology (31,32).

PTX3 is not synthesized in the liver, but it is produced at
extrahepatic sites of inflammation by several cells, primarily
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by dendritic cells, macrophages, fibroblasts, activated endo-
thelia (33,34), and by other tissues, such as the heart and the
kidney (35-37). Its production is induced by inflammatory
mediators such as lipopolysaccharide (LPS), IL-18 and TNF-q,
but not IL-6 (38,39). In humans, PTX3 levels are detectable
during severe infections (40,41), chronic infection (42) and
degenerative conditions such as acute myocardial infarction
(43). The role of PTX3 has not been studied in CRF patients.
This study was designed to evaluate the usefulness of PTX3
as an additional and stable marker of inflammation in CRF.
To elucidate this issue, we analyzed the PTX3 levels and their
correlation with biochemical parameters, CRP, fibrinogen
and pro-inflammatory cytokines in CRF.

Materials and methods

Patient characteristics. A total of 115 patients with chronic
renal failure (CRF) from two outpatient dialysis centers and
from the Internal Medicine Department at the University of
Catania, Catania, Italy, were enrolled in this study. Twenty-
seven patients were excluded who presented clinical signs of
infection (hepatitis B, hepatitis C), malignancy, active
immunological diseases, immunosuppressive or immuno-
modulator and anti-inflammatory drugs; conditions that could
influence cytokine release. Diabetic patients were excluded
from the present study because diabetes may induce an
inflammatory response. A total of 88 patients with CRF were
considered in this study. The CRF group included 43 patients
on haemodialysis (HD) treatment for >6 months and 45
uraemic patients (UR). The original renal diseases in the HD
patients included chronic glomerulonephritis in 14 patients,
chronic pyelonephritis in 8, polycystic kidney disease in 3,
hypertension in 13 and unknown origin in 5 patients. The UR
subjects included 20 patients with chronic glomerulonephritis,
10 with chronic pyelonephritis, and 15 with hypertension.
Dialysis was performed three times a week for 12 h/week (4-h
sessions). Haemodialysis treatment was performed using
bicarbonate-buffered dialysate and hemophane membranes
(Gambro Dialysatorem, Hechingen, Germany) in all patients,
and there was no dialyser reuse. Neither bacteria nor pyrogen
were detected in the dialysate, as determined by the Limulus
amoebocyte lysate assay (LAL) (Kabi vitrum, Munich,
Germany). The healthy control group (CON) included 25
volunteers from our medical staff. The clinical and bio-
chemical characteristics of the control group and the CRF
patients are described in Table I. All subjects gave informed
consent to participate in the study.

Study design. Peripheral blood was collected from HD patients
before and after undergoing haemodialysis, from UR patients
at baseline nephrology examination and from healthy
subjects after overnight fast. Peripheral blood from 18 HD
patients was collected every week for 8 consecutive weeks
for evaluating inter- and intra-variation in CRP and PTX3
levels. Blood samples were put into ethylenediamine tetra-
acetic acid (EDTA) pyrogen-free tubes and clot activator
tubes for the plasma and the serum were removed, aliquoted
and stored at ~80°C until analyzed. The plasma was used for
the evaluation of PTX3 and cytokines; the serum for other
biochemical parameters. Serum albumin, creatinine, total
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cholesterol, high-density lipoprotein (HDL) cholesterol, and
triglycerides were measured by standard techniques using an
automatic analyzer. CRP was measured by nephelometric
immunoassay (Dade Behring, Marburg, Germany). CRP
levels below the detection level threshold were scored as
0.175 mg/l. To evaluate the plasma levels of fibrinogen we
used a turbidimetric assay (DiaMed, Morat, Switzerland).
Levels of TNF-a, IL-6, and IL-18 were determined in
duplicate samples with a commercial enzyme-linked immuno-
sorbent assay kit (ELISA) (R&D Systems, Minneapolis, MN,
USA), in accordance with the manufacturer's instructions.
The lower limit of detection was 0.05 pg/ml for TNF-a,
0.1 pg/ml for IL-6 and 0.06 pg/ml for IL-18.

Cell isolation, culture and stimulation of monocytes.
Peripheral blood mononuclear cells were isolated by centri-
fugation as previously described (44). Monocytes were
prepared by centrifugation at 500 x g for 30 min at room
temperature on an isosmotic solution of 46% Percoll
(Pharmacia, Uppsala, Sweden). The cells were aspirated
from the interface, washed three times in phosphate-buffered
saline (PBS) (Gibco, Life Technologies Inc., Milan, Italy)
and re-suspended in RPMI culture medium (Gibco Life
Technologies Inc.) containing 1% fetal calf serum (FCS),
2 mmol/l L-glutamine, 100 IU penicillin and 100 pg/ml
streptomycin (Gibco Life Technologies Inc.). Cell viability
was estimated by the trypan blue exclusion test to be ~95%.
The purity of monocytes was analysed on a FACScan flow
cytometer (Becton Dickinson, Milan, Italy) with monoclonal
antibodies CD14 and CD11¢/CD18 (Becton Dickinson). The
estimated purity was ~95%, and >90% of monocytes were
positive for non-specific acid esterase activity. Monocytes
were counted in a Neubauer calibrated chamber, were adjusted
to a concentration of 1x10° cells/ml and were incubated for
20 h at 37°C in a 5% CO,/95% air atmosphere, in hydro-
phobic Petriperm dishes (Heraeus, Hanau, Germany). They
were cultured without stimulus for evaluation of the
spontaneous production of PTX3 and pro-inflammatory
cytokines TNF-a, IL-6 and IL-18. The supernatant was
collected after the 24-h incubation period and filtered
through a filter with 0.2-nm pores (Sigma Chemical Co., St.
Louis, MO, USA). It was stored at -80°C prior to the analysis
of PTX3 and the cytokines. All reagents used were LPS-free,
as determined by the LAL assay.

PTX3 protein. PTX3 was measured using a sandwich enzyme-
linked immunosorbent assay (ELISA) (42). In brief, 96-well
ELISA plates (Nunc, Roskilde, Denmark) were coated with
100 ml of anti-PTX3 monoclonal antibody (mAb) MNB4 in
coating buffer (15 mM carbonate buffer, pH 9.6) and incubated
overnight at 4°C. After incubation, the plates were extensively
washed three times with washing buffer (phosphate-buffered
saline containing 0.05% Tween-20), and 300 ml of 5% dry
milk in washing buffer was added to block non-specific
binding sites. The plates were incubated for 2 h at room
temperature and then washed 3 times with washing buffer.
Purified human recombinant PTX3 standards (50 ul) (75 pg/
ml to 10 ng/ml), or unknown plasma samples diluted in
RPMI-1640 medium (Seromed, Berlin, Germany) and 2%
bovine serum albumin (Sigma Chemicals) were added in
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Table I. PTX3 plasma levels and biochemical parameters in uraemic and haemodialysis patients.

Healthy controls Uraemic patients Haemodialysis patients

n=25 n=45 n=43
PTX3 (ng/ml) 1.03+0.4<f 2.34+1.19 3.03x1.81
Patient profile
Age (years) 67.7£7.9 62.8+14.54 71.86+9¢
Gender (M/F) 14/11 26/19 24/19
Months on haemodialysis - - 55.8+53.6
BMI (kg/m? 29.12+4 313 27.03+4.76 23.7+4 4h
Albumin (g/dl) 4.16+0.65¢ 3.87+0.41 3.71+£0.35"
Creatinine (mg/dl) 1£0.1¢ 1.91+1.13 7.59+1 .85
Clearance creatinine 98+16¢ 56.54 +41.03 -
Cholesterol (mg/dl) 188.68+26.72 187.5+40.83 176.6£36.1
HDL (mg/dl) 57.32+7 .37 42.42+13.73 36.05+£9.012
Triglycerides (g/dl) 161.68+61.57 143.62+64.52 167.3£91.2

PTX3, pentraxin-3; M, male; F, female; BMI, body mass index; HDL, high-density lipoprotein. Data are presented as the mean + SD.
Statistically significant differences between the controls vs uraemic patients (*p<0.05, Pp<0.01, °p<0.001); controls vs dialysis patients
(4p<0.05, ¢p<0.01, 'p<0.001); and dialysis vs uraemic patients (5p<0.03, "p<0.01, p<0.001).

Table II. Inflammation markers and cytokines in uraemic and haemodialysis patients.

Inflammatory profile Healthy controls Uraemic patients Haemodialysis patients

n=25 n=45 n=43
CRP (mg/l) 0.9+0.3¥ 5.33£7.57 7.75+£6.53¢
Fibrinogen (g/dl) 272.3+45.7f 418.8+95.89 491.3£123.7¢
TNF-a (pg/ml) 7.1+1.90 8.93+2.38 12.73+4.89"
IL-18 (pg/ml) 74+1.5¢ 9.21£2.35 7.1+£5.07
IL-6 (pg/ml) 1.8+0.9¢ 3.55+2.01 7+2 .06

CRP, C-reactive protein; TNF-a, tumor necrosis factor-a; IL-18, interleukin-16; and IL-6, interleukin-6. Data are presented as the mean +
SD. Statistically significant differences between controls vs uraemic patients (*p<0.05, °p<0.01, °p<0.001); controls vs dialysis patients
(9p<0.05, ¢p<0.01, fp<0.001); and dialysis vs uraemic patients (3p<0.05, "p<0.01,'p<0.001).

triplicate to each well and incubated for 2 h at 37°C. The plates
were washed 5 times with washing buffer and 100 u1 of bio-
tinylated rabbit IgG anti-PTX3 diluted 1:2000 in washing
buffer was added. The plates were incubated for 1 h at 37°C,
and then washed 5 times with 300 ml of washing buffer.
Streptavidin horseradish peroxidase (100 pl/well) (Amdex,
Copenhagen, Denmark) diluted 1:4000 was subsequently
added, and the plates were incubated for 1 h at room
temperature. After incubation, the plates were washed 5 times,
and 100 ml of the chromogen substrate ABTS (Kirkegaard
and Perry Laboratories, Gaithersburg, MD) was added. Plates
were read after 15 min at 405 nm in an automatic ELISA
reader.

Statistical methods. Statistical analysis was performed using
SPSS (version 10, SPSS Inc., Chicago, IL, USA). Values
were expressed as the mean + standard deviation (SD). The
distribution of males and females in UR and HD patients was

compared by Chi-square analysis. Differences among groups
were assessed by the Student's t-test for normally distributed
variables and the Wilcoxon test for non-normally distributed
variables. The coefficient of variation (CV) was defined as
the standard deviation percentage of the mean. The intra-
individual CV was calculated as the CV of the 8 weekly
samples. The inter-individual CV was calculated as the CV of
the 18 mean values for each HD patient. Spearman coefficients
were calculated to determine the correlation between PTX3
and the biochemical parameters, inflammatory markers and
cytokines. Significance tests were two-sided, and values
p<0.05 were considered significant.

Results
The results of our study show, on the one hand, inflammatory

parameters between CRF patients and healthy controls, and,
on the other, the changes between UR and HD patients.
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Table III. Correlation among inflammation markers and cytokines in uraemic and haemodialysis patients.
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Haemodialysis patients (r)

CRP Fibrinogen TNF-o. IL-18 IL-6
CRP (mg/l) - 0.35 (p<0.0500) 0.34 (p<0.0500) 042 (p<0.0100) 0.51 (p<0.001)
Fibrinogen (¢/dl)  0.35 (p<0.050) - 0.55 (p<0.0010)  0.62 (p<0.0001) 0.38 (p<0.010)
TNF-a (pg/ml) 0.34 (p<0.050) 0.55 (p<0.0010) - 0.73 (p<0.0001) 0.50 (p<0.001)
IL-1B (pg/ml) 0.42 (p<0.010) 0.62 (p<0.0001) 0.73 (p<0.0001) 0.55 (p<0.001)

IL-6 (pg/ml)

0.51 (p<0.001)

0.38 (p<0.0100)

0.50 (p<0.0010)

0.55 (p<0.0010)

CRP, C-reactive protein; TNF-a, tumor necrosis factor-a; IL-18, interleukin-18; IL-6, interleukin-6; r, Spearman rank correlation.

Table IV. Mean, intra- and inter-individual coefficients of
variation for PTX3 and CRP in 18 haemodialysis patients.

Mean Intra-individual Inter-individual
Ccv CcvV
PTX3 (ng/ml) 3.03+1.81 0.01 0.23
CRP (mg/l) 7.75+6.53 0.22 0.69

PTX3, pentraxin-3; CRP, C-reactive protein; CV, coefficient of variation.
Data are presented as the mean + SD.

Plasma PTX3 levels and clinical features. Plasma PTX3
levels and clinical features of three groups of subjects are
shown in Table I. Plasma PTX3 levels were higher in HD
and UR patients than in the healthy controls (CON) (p<0.001,
p<0.001; respectively). Plasma PTX3 levels from UR
patients were lower when compared with those from HD
patients, but the difference was not statistically significant.
Significant differences in some clinical features such as BMI,
albumin, creatinine and HDL-cholesterol were found in HD
patients when compared with UR patients and CON. In
contrast, total cholesterol and triglyceride levels were not
significantly different among all groups. No differences in
albumin serum levels were also observed between UR
patients and CON (Table I).

CRP, fibrinogen and pro-inflammatory cytokines. Serum CRP,
plasma fibrinogen and cytokine (TNF-a, IL-6 and IL-18)
levels were also studied as inflammatory markers (Table II).
Among HD patients only 22 of 43 (51.1%) showed increased
serum levels of CRP. This increase was significantly higher in
the HD patients than in the UR patients (p<0.05); in fact,
only 13 of 45 (28.8%) had high CRP levels. The mean value
of CRP was 4-6 times higher in the HD patients than in the
UR patients and CON. Plasma fibrinogen levels were signifi-
cantly higher in the HD patients than in the UR patients and
CON (p<0.05, p<0.001; respectively). In fact, fibrinogen
values were ~1.5-2 times higher in HD patients than in UR
patients and CON. Furthermore, fibrinogen levels were also
higher in the uraemic group compared to the control group
(p<0.001) (Table II). A similar trend for CRP and fibrinogen
was found for plasma TNF-a, IL-16 and IL-6 cytokines. TNF-a,

Table V. Plasma levels of PTX3 and cytokines before and
after HD.

Before HD After HD p-value
PTX3 (ng/ml) 3.03+1.81 4.82+2.63 <0.0001
TNF-a (pg/ml) 12.73+4.89 17.05+7.65 <0.0001
IL-186 (pg/ml)  18.63+2.79 23.07+3.72 <0.0001
IL-6 (pg/ml) 7.00+2.06 9.57+2.94 <0.0001

PTX3, pentraxin-3; TNF-a, tumor necrosis factor-a; IL-18, inter-
leukin-18; IL-6, interleukin-6. Data are presented as the mean + SD.

IL-18 and IL-6 mean levels were significantly higher in HD
patients than in UR patients (p<0.01, p<0.001, p<0.001;
respectively) and CON (p<0.001, p<0.001, p<0.001;
respectively). UR patients exhibited significantly higher
cytokine levels than CON (p<0.01, p<0.001, p<0.001;
respectively). In addition, we correlated different inflam-
matory parameters with each other. As shown in Table III,
positive correlations among CRP, fibrinogen, TNF-a, IL-16
and IL-6 were found in HD and UR patients. Similar
correlations among different inflammatory parameters were
observed in UR patients (data not shown).

Inter- and intra-individual changes in CRP and PTX3 levels
of 18 HD patients. Time-dependent changes in CRP were
observed in HD patients, whereas PTX3 plasma levels were
stable (Fig. 1). The means, inter- and intra-individual CVs
for both CRP and PTX3 are provided in Table I'V.

Effect of haemodialysis session on plasma PTX3, TNF-a, IL-1f3
and IL-6 levels. A significant increase in PTX3, TNF-a, IL-16
and IL-6 plasma levels was observed in HD patients after
haemodialysis when compared with those detected before
haemodialysis (Table V).

Effect of PTX3 on biochemical parameters, CRP, fibrinogen
and pro-inflammatory cytokines. As shown in Table VI, to
test the effect of PTX3 on biochemical parameters, CRP,
fibrinogen and pro-inflammatory cytokines, we divided
patients with CRF in the two groups according to their PTX3
values: PTX3 <2 ng/ml (low PTX3 group) and PTX3 >2 ng/



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 20: 471-481, 2007

10

475

Weeks

Figure 1. Time-dependent changes in CRP (A) and PTX3 (B) levels of 18 HD patients.

ml (high PTX3 group). To determine the PTX3 value (PTX3
< or >2 ng/ml), the patients underwent three PTX3 measure-
ments over 3 months. PTX3 concentrations were found to be
elevated (>2 ng/ml) in 55.8 and 51.1% of HD and UR
patients, respectively.

The mean age was similar in the two groups. BMI and
HDL-cholesterol levels were significantly lower in the HD
patients with higher PTX3 compared to the low PTX3 group
(p<0.001, p<0.05; respectively). In contrast, in UR patients,
no differences were found for BMI and HDL-cholesterol in
both groups. There were no differences between the two
groups with respect to serum albumin, creatinine, cholesterol,
triglyceride and CRP levels. However, in CRF patients,
fibrinogen levels were significantly increased in the high

PTX3 group compared to the low PTX3 group. Furthermore,
in the high PTX3 group a significant increase in TNF-a
and IL-18 was observed, both in HD (p<0.001, p<0.001;
respectively) and in UR patients (p<0.001, p<0.001;
respectively), whereas IL-6 levels were not different.

In addition, only in the high PTX3 group, a correlation
between the PTX3 levels and the biochemical parameters,
inflammatory markers and cytokines was found (Table VII).
A negative correlation was observed among BMI and HDL-
cholesterol with PTX3 levels in HD patients, yet no
correlation was demonstrated in UR patients. In CRF
patients, no correlation between PTX3 with serum albumin,
creatinine, cholesterol, triglycerides and CRP was observed.
In contrast, a strong positive correlation was found between
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Table VI. Biochemical parameters, inflammation markers and cytokines in uraemic and haemodialysis patients with low and
high plasma levels of PTX3.

Low PTX3 group High PTX3 group
PTX3 <2 ng/ml PTX3 >2 ng/ml
Uraemic patients Haemodialysis patients Uraemic patients Haemodialysis patients
n=22 n=19 n=23 n=24

PTX3 (ng/ml) 1.3+0.4 1.7£0.4 3.3+0.8f 4.1+1.8
Age (years) 59.9+13.3 71.7£9.3 65.6£15.4 72.0+£8.9
BMI (kg/m?) 26.8+4.3 26.1£3.9 273452 21.8+4.0¢
Albumin (g/dl) 39+04 3.7+04 39+04 3.7+0.3
Creatinine (mg/dl) 1.8x1.3 74+1.8 2.2+1.1 7719
Cholesterol (mg/dl) 184.1+43.2 181.4+40.2 190.7+£39.2 172.8+32.8
HDL (mg/dl) 44.5+13.8 40.0+10.1 40.4+13.7 33.0+6.9°
Triglycerides (g/dl) 146.6+70.4 177.7£91.9 140.8+59.8 162.3+91.8
CRP (mg/l) 5.749.6 6.6+4.9 5.045.1 8.7£7.5
Fibrinogen (g/dl) 373.8+64.5 409.3+£86.2 461.9+102.3¢ 556.3+110.2¢
TNF-a (pg/ml) 7.8+2.1 94437 10.0+2.2f 15.444.0¢
IL-18 (pg/ml) 8.0+2.1 134451 104+1.9° 20.1£2 4¢
IL-6 (pg/ml) 34423 6.5+1.5 3.7+1.8 TA4+24

PTX3, pentraxin-3; BMI, body mass index; HDL, high-density lipoprotein; CRP, C-reactive protein; TNF-a, tumor necrosis factor-a; IL-16,
interleukin-18; IL-6, interleukin-6. Data are presented as the mean + SD. Statistically significant differences between the high PTX3 group
versus the low PTX3 group in the haemodialysed patients (*P<0.05, °p<0.01, p<0.001) and differences between the high PTX3 group versus
the low PTX3 group in uraemic patients (4p<0.05, °p<0.01, p<0.001).

Table VII. Correlation between plasma PTX3 levels (high
PTX3 group) versus biochemical parameters, inflammation
markers and cytokines in uraemic and haemodialysis patients.

Uraemic
patients ()

Haemodialysis
patients (1)

PTX3 plasma versus:

Production of PTX3 by purified monocytes. Fig. 2 shows the
production of PTX3 by unstimulated and LPS-stimulated
cells. Production of PTX3 by unstimulated monocytes was
significantly increased in HD patients compared to UR
patients (p<0.05) and healthy controls (p<0.001). LPS
significantly increased the production of PTX3 in all groups.
In particular, monocytes from healthy controls produced
significantly more PTX3 than monocytes from HD and UR

Age NS NS patients (p<0.01, p<0.001; respectively) when stimulated
BMI (kg/m?) NS -0.43 (p<0.05) with LPS. HD patients showed a slight increase in PTX3
Albumin (g/dl) NS NS compared to the UR patients (p<0.05) after LPS stimulation.
Creatinine (mg/dl) NS NS After haemodialysis, a significant increase in PTX3, secreted
Cholesterol (mg/dl) NS NS by unstimulated monocytes, was observed in patients
HDL (mg/dl) NS -0.46 (p<0.05) compared to those before dialysis (p<0.001); treatment with
Triglycerides (g/dl) NS NS LPS in monocytes did not induce any change in PTX3
CRP (mg/l) NS NS release between pre- anq post-HD. '

Fibrinogen (g/dl) 0.53 (p<0.0010)  0.78 (p<0.0001) Moreover, we investigated if PTX3 production by mono-

TNF-a (pg/ml) 0.71 (p<0.0001)  0.75 (p<0.0001)
IL-16 (pg/ml) 0.44 (p<0.0500)  0.67 (p<0.0001)
IL-6 (pg/ml) NS NS

PTX3, pentraxin-3; CRP, C-reactive protein; TNF-a, tumor necrosis
factor-a; IL-18, interleukin-18; IL-6, interleukin-6; NS, not significant;
r, Spearman rank correlation.

PTX3 and fibrinogen, TNF-a and IL-18, but not with IL-6, in
all CRF patients. In the low PTX3 group, no correlation was
found for the biochemical parameters, inflammatory markers
and cytokines (data not shown).

cytes was correlated with PTX3 plasma levels. We found that
PTX3 production by both treated and untreated monocytes
with LPS was strongly correlated with PTX3 plasma levels
(r=0.5607, p<0.0002, r=0.5039, p<0.001; respectively).

Production of TNF-a, IL-1f3 and IL-6 by purified monocytes.
Fig. 3 shows the production of TNF-a (A), IL-18 (B) and IL-6
(C) by unstimulated and LPS-stimulated monocytes. The
production of TNF-a, IL-18 and IL-6 by unstimulated mono-
cytes was significantly higher in HD (p<0.001, p<0.001,
p<0.001; respectively) and in UR patients (p<0.01, p<0.001,
p<0.001; respectively) compared to healthy controls.
Moreover, cytokine concentrations were significantly higher
in HD than in UR patients (p<0.001, p<0.001, p<0.001;
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Figure 2. Levels of PTX3 released into the culture supernatant of purified monocytes, with or without stimulation by LPS. Monocytes were prepared from the
blood of healthy subjects (CON), UR and HD patients pre- and post-dialysis. The results are shown as the means + SD.

respectively). In contrast, monocytes from HD and UR
patients, when stimulated with LPS, produced less TNF-a,
IL-18 and IL-6 (p<0.01, p<0.001, p<0.001; p<0.01, p<0.01,
p<0.001; respectively) than healthy controls; but the
production of cytokines in the HD group was higher than in
UR patients (p<0.01, p<0.05, p<0.01; respectively). Fig. 3
also shows the production of cytokines during the dialysis
session. A significant increase in TNF-a, IL-16 and IL-6 in
the supernatant of unstimulated monocytes was revealed at
the end of dialysis (p<0.001, p<0.001, p<0.001; respectively).
LPS stimulation did not induce any change in cytokine
concentrations between pre- and post-HD.

Discussion

The present study was designed to evaluate the usefulness of
alternative indices of inflammation. PTX3 is suggested to play
an important role in the regulation of inflammatory reactions
(27) and in the clearance of apoptotic cells (45). Several
authors have indicated CRP as a sensitive marker, but non-
specific of inflammation in various diseases (46,47). However,
intra- and inter-individual variability was observed in CRP
levels among healthy individuals (23). Given the similarities
and differences between PTX3 and CRP (29), we studied
PTX3 and its relationship with CRP, fibrinogen, the
inflammatory cytokines and biochemical parameters in CRF.
To our knowledge, this is the first study analyzing PTX3
levels in HD and UR patients. Here we showed that the
spontaneous concentration of PTX3 in the plasma and in the
supernatant of unstimulated and LPS-stimulated purified
monocytes of HD and UR patients was significantly higher
than that of the healthy control group. A strong correlation
between plasma PTX3 levels and that secreted in the super-
natant from unstimulated and LPS-stimulated purified
monocytes adds further weight to our argument.

It has been shown that plasma PTX3 levels are very low in
healthy subjects, but are rapidly increased by inflammatory
conditions resulting from a wide range of disease states, from
infection to autoimmune disorders (39,4042 43). Inflammatory
signals induce the release of PTX3 both in vivo (40,42 43),
and in vitro (34,42). Uraemia was found to be associated
with deregulation of the inflammatory process and with
abnormalities in immune cell reactivity, such as monocytes,
which were found to be activated by blood-dialysed membrane
interactions (47). This event induces an increased release of
pro-inflammatory cytokines, such as TNF-a, IL-16 and IL-6.
Since the inflammatory cytokines, as well as microbial
components, trigger PTX3 expression in monocytes/
macrophages, endothelial and other cells (36,39), in the
present study we analyzed the cytokine release and their
relationship to PTX3 in CRF. Similar to previous findings
(44 .,48-50), we found increased cytokine levels in plasma and
in the supernatant from monocytes of HD patients compared
to UR patients and healthy controls. Similarly, elevated
cytokine release was observed in UR patients. As previously
described, this increase in cytokine release may be caused by
circulating endotoxins in UR (51) and HD patients (52) or
non-endotoxemic cytokine-inducing factors (49,53). In
contrast to our data, previous studies have shown that
cytokine levels were low (54,55) or unmodified (56,57) in
HD patients as compared with healthy controls. Therefore,
our results indicate that chronic uraemia-related inflam-
mation may be a sufficient signal to stimulate cells producing
cytokines in chronic renal patients. Different results for
cytokine release from LPS-treated monocytes were observed.
In agreement with other studies, the release of TNF-a, IL-18
and IL-6 by LPS-treated monocytes was lower in the HD
than in the UR patients and the healthy controls (44.58).
These results may be supported by the location of activated
monocytes in the lung microvasculature that covers cell
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Figure 3. Levels of TNF-a (A), IL-18 (B), and IL-6 (C) released into the culture supernatant of purified monocytes, with or without stimulation by LPS.
Monocytes were prepared from the blood of healthy subjects (CON), UR and HD patients pre- and post-dialysis. The results are shown as the means + SD.

stimulation during dialysis or by the down-regulation of
recurrently activated mononuclear cells to release cytokines, as
previously suggested by Zaoui and Hakim (59).

Upon analyzing cytokine levels, a slight yet significant
increase, in both the supernatant of unstimulated monocytes

and plasma from patients after dialysis compared to those
before dialysis was observed. These results are consistent
with other studies showing signs of activation of monocytes
in HD patients, both ex vivo and in vitro (60-63). In contrast,
no change was found in the supernatant of LPS-treated
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monocytes from HD patients; different results were observed
by Cassidy et al (64). The interpretation of the role of
cytokines in dialysis is complicated by several conflicting
factors which include; first, a large degree of interpatient
variability in cytokine levels; and second, methodological
differences in the collection and processing of specimens,
selection of patients and variability in the assay methods
employed. In the present study, we utilized purified
monocytes obtained by Percoll gradient from chronic renal
patients and healthy controls to avoid interference from other
cells. Pro-inflammatory cytokines represent a link between
PTX3 and acute phase proteins because, on the one hand,
cytokines are strong inductors of PTX3 from various cells
and, on the other hand, they themselves regulate the acute
phase proteins, such as CRP and fibrinogen (65).

Malnutrition and concomitant inflammation in HD patients
have been reported (66). Several factors may contribute to
these conditions. Malnutrition in HD patients has been
proposed to be secondary to inflammation (67). This
hypothesis is supported by results of the present study. Since
PTX3 is considered an inflammatory marker (27,30), we
analyzed the association between both low and high PTX3
levels and some biochemical markers including nutritional
parameters in CRF patients. Statistically significant
differences between HD and UR patients with high PTX3
levels (>2 ng/ml) were found in HDL-cholesterol level and
BMI. Furthermore, a negative correlation between PTX3
levels and HDL-cholesterol and BMI in HD patients with
high PTX3 levels (>2 ng/ml) was observed. Therefore, our
findings highlight the association between malnutrition and
inflammation throughout the PTX3 analysis.

With respect to biomarkers of inflammation in plasma,
the patients with elevated PTX3 values (>2 ng/ml) showed
significantly higher fibrinogen levels, supporting the
hypothesis that an inflammatory condition partly contributes
to the increased fibrinogen levels in HD and UR patients
(68,69). A strong correlation between PTX3 and fibrinogen
levels was found among patients with high PTX3 levels. This
correlation was observed also in other diseases (42,70). Hyper-
fibrinogenemia is an important risk factor for atherosclerosis
and has been found in HD patients with cardiovascular disease
(71,72). PTX3 is also produced by vascular endothelial cells,
and it is induced by oxidized LDL in smooth muscle cells
(73), implicating a direct pro-inflammatory effect on
vasculature (74). PTX3 expression is increased in athero-
sclerotic lesions (75). Pro-inflammatory cytokines, including
TNF-a and IL-18, were significantly increased both in HD
and in UR patients with high PTX3 levels in comparison
with those with low PTX3 levels; while no differences were
observed when analyzing for IL-6. PTX3 was positively
correlated with both TNF-a and IL-18 in HD and UR patients
with high PTX3 levels. Current belief suggests that PTX3
secretion is induced by microbial products and TNF-a and
IL-18 cytokines (30,76). TNF-a and IL-18 are mainly
produced by macrophages (77). They are released at the site
of inflammation, activate endothelial cells and induce CRP
production (65). Increased CRP production is induced
predominantly by the cytokine IL-6 (32). Although CRP and
IL-6 levels were elevated in our HD patients compared to
those in the healthy controls, no significant differences were
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observed between patients with high and low PTX3 levels. In
agreement with other studies on CRP and IL-6 in chronic HD
patients (26,78,79), we found a strong correlation between
TNF-a and IL-18 cytokines (80). Several studies have
documented an association between CRP and vascular inflam-
mation (81,82) and atherosclerosis in CRF (25,83). CRP, a
PTX3, belongs to the pentraxin family (28,76). Similar to
CRP, PTX3 plays an important role in innate immunity
(38,84), activates the classical complement pathway and
binds apoptotic cells (45,85-87). A pro-atherogenic effect of
PTX3 has been documented in endothelial cells (75) and
vascular smooth muscle cells (73,88). Although the similarities
between PTX3 and CRP have been demonstrated, no
correlation between these two inflammatory markers in HD
and UR patients was observed in our study. These findings
are supported by several observations such as: a) inter- and
intra-individual variability in CRP levels (23, present study);
b) the much larger range in available values for CRP as well
as the much shorter half-lives (20) compared with PTX3
values; ¢) structural characteristics and the source of
production differing between the two proteins (29); d) PTX3
does not bind to be recognized by CRP and SAP ligands (29)
and it is not restricted to the liver, such as CRP and SAP, but
is expressed in extrahepatic sites, as are the heart, kidney and
skeletal muscle (33); and e) PTX3 is produced by monocytes/
macrophages and endothelial cells (33,76).

Our data also showed that PTX3, in contrast to CRP, may
be a stable marker because no inter- and intra-variability was
observed among HD patients. It has been shown that
monocytes/macrophages and endothelial cells play a strong
role in CRF (10), inducing inflammatory processes. PTX3
may be a valid candidate to mediate these processes. As
suggested by the study of Bottazzi et al, PTX3 plays in tissue
the same role that CRP exerts in the circulation (29).

In conclusion, our study provides major insight into
defining the PTX3 protein as a novel and stable marker of
inflammation. Further studies focusing on the association
of PTX3 with intercurrent clinical events in HD are still
required.
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