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Abstract: Cytokine profiles in peritoneal dialysis effluent (PDE) vary among patients of continuous ambulatory peri-
toneal dialysis (CAPD), which may indicate the therapeutic efficiency of CAPD. We examined the cytokine profiles of
PDE with stable CAPD and analyzed their relation with the peritoneal solute transport rate (PSTR). The peritoneal
equilibration test (PET) was performed to evaluate peritoneal solute transport rate (PSTR) by calculating dialysate/
plasma creatinine (D/P Cr). Patients were then divided into either low and low-average transport (L/A), or high and
high average transport (H/A) groups according PET results. Overnight PDE were collected from 30 CAPD patients
and various cytokines and growth factors were detected using the Luminex Flex Map 3D system. The concentra-
tions of interleukin (IL)-6, monocyte chemoattractant protein (MCP)-1 and tumor necrosis factor (TNF)-a in dialysate
were 66.4+59.8, 221+96.1 and 1.79+0.34 pg/mL respectively while IL-17A, IL-17F, 1L-:21, 1L-22 or IL-23 could not
be detected. Higher IL-6 levels were found in the H/A group as compared with the L/A group (P<0.05); however
MCP-1, TNF-a, transforming growth factor (TGF)-B1 and VEGF levels were not significantly different between these
two groups (P>0.05). We found that IL.-6, MCP-1, vascular endothelial growth factor (VEGF) and TGF-B1 levels were
closely correlated with each other and all significantly associated with D/P Cr. Multivariate analysis showed that
D/P Cr was independently correlated with IL-6 and negatively correlated with serum albumin (r=-0.369, P=0.045).
In conclusion, our study indicates that systemic analysis of cytokine profiles in PDE reveals the transport charac-
teristics of CAPD patients. Long-term follow-up study should be necessary to further confirm the value of cytokine
detection in evaluation of PD therapeutic efficiency.
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Introduction Peritoneal inflammation and fibrosis, regulated
by the cytokine network in the celiac immune
system, is the most consistent change observed
in the peritoneal tissues of patients who under-
go a long-term PD therapy [4]. The micro-inflam-

mation that occurs in peripheral circulation and

Peritoneal dialysis (PD) is an effective alterna-
tive form of renal replacement therapy for
patients with end-stage renal disease (ESRD).
The efficiency of PD depends on the structural

and functional integrity of the peritoneum.
Accumulative evidence from both laboratory
and clinical studies has highlighted that con-
tinuous exposure to bio-incompatible PD solu-
tions, recurrent episodes of peritonitis and vari-
ous factors other than those related to the PD
technique (eg. uremic inflammation and prima-
ry kidney disease per se) lead to the damage of
peritoneal structure and final dialysis failure
[1-4].

peritoneal environment is a considerable risk
factor for ESRD patients [5] associated with the
increased peritoneal solute transport rate
(PSTR) including increased technique failure
and patients mortality. Several studies have
revealed the relationship between PSTR and
intraperitoneal cytokines based on the patho-
physiologic mechanisms of the structural
changes. The presence of certain cytokines in
peritoneal dialysis effluent (PDE) probably leads
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Table 1. Grouping standard of PET results

same way equal to the Manchester Royal

Classification of trans-

4 h dialysate glucose

Infirmary, Little Rock, AR, USA [8]. The
study of 4-D/P Cr is from the classical

port feature 4hD/PCr concentration (mmol/L)
High transport 0.82~1.03 13-28
High-average transport  0.65~0.81 28-40
Low-average transport  0.50~0.64 40-53
Low transport 0.34~0.49 53-68

Peritoneal Equilibrium Test (PET) (Table
1) [9].

The cytokine/growth factor

to diminish peritoneal function. Previous stud-
ies mostly focused on the correlation between
a specific cytokine and peritoneal function,
which may be influenced by an abnormal cyto-
kine network. Moreover, previous studies have
revealed conflicting results about the relation-
ship between local inflammation and mem-
brane function associated with faster PSTR [6].
In this study, we applied to examine a series of
inflammatory factors and growth factors at a
single time point in PDE of patients undergoing
PD treatment and evaluate the relationship
between the cytokine profile and PSTR.

Materials and methods
Subjects

This study complied with the Declaration of
Helsinki and was approved by the Committee
on Research Ethic of Central South University,
The Second Xiangya Hospital. A total of 30
patients were selected for the experimental
group who were treated with PD from October
2012 to February 2013 in the Second Xiangya
Hospital. Patients who had to be less than 70
years old and being treated with continuous
ambulatory peritoneal dialysis (CAPD) (1.5%
and 2.5% peritoneal dialysis solution, Baxter’s)
with an unstable condition were excluded from
this study (eg. tumors, systematic inflamma-
tion, peritonitis for 2 months before the follow-
up, or abdominal operation history).

Clinical measurements

To collected the basic information, to record
the biochemical and hematological routing
assay and to calculate and assess the efficien-
cy of PD and PSTR, which include clearance
rate of creatinine (CCr), weekly urea clearance
index (weekly Kt/V ), Estimated glomerular
filtration rate (eGFR), the 4-hour dialysate cre-
atinine /plasma creatinine (4-D/P Cr). The eGFR
studies were carried out the reduced formula
MDRD [7]. The weekly Kt/V __ studies were the
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The Luminex 3D system was applied to
examine inflammatory factors (interleu-
kin (IL)-6, monocyte chemoattractant protein
(MCP)-1, tumor necrosis factor (TNF)-a, IL-17A,
IL-A7F, 121, IL-22, IL-23) and growth factors
vascular endothelial growth factor (VEGF) and
transforming growth factor (TGF)-B1 in PDE of
patients undergoing PD treatment. Dialysate
sampling was from an overnight dwell.

Statistical analysis

Statistical analysis was carried out using
SPSS17.0 software (SPSS Inc., USA). Data were
expressed as mean = standard deviation
(xxSD). Groups were compared using indepen-
dent t-tests. Enumeration data were expressed
as a percentage, and groups were compared
using x? analysis. Correlation between two con-
tinuous variables was analyzed using Pearson
correlation test. Multiple linear regression anal-
ysis was performed to estimate the factors
related to PSTR. Value of all data were consid-
ered statistically significant at a value of
P<0.05.

Results
Basic information of patients

Atotal of 30 CAPD patients were enrolled in this
study with an average age of 46+10 years.
Conditions included primary glomerular dis-
ease, hypertensive nephropathy, diabetic
nephropathy and other renal disease. Basic
clinical data are shown in Table 2.

Analysis of cytokine profiles in PDE

The inflammatory factors (Figure 1) shows
that the average levels of IL-6 (A, 66.4+59.8
pg/ml), MCP-1 (B, 221+96.1 pg/ml), TNF-a (C,
1.794£0.34 pg/ml). The concentrations of Th17
cell-associated cytokines such as IL-17A, IL-17F,
IL-21, IL-22 and IL-23 were below the detection
limit. The pro-angiogenesis factor VEGF aver-
age level was 19.3+26.6 pg/m (Figure 2A) and
TGF-B1 indicates relatively high levels of
(3312+1133 pg/mL) in PDE (Figure 2B).

Int J Clin Exp Med 2015;8(11):20424-20433



Cytokine profile in peritoneal dialysis effluent

Table 2. Basic features and clinical data of
peritoneal dialysis patients

Index Value
Age (years) 46+10
Male/female 12 (40%)/18 (60%)

Causes of kidney failure

Primary glomerular disease 20 (66.7%)

Hypertensive nephropathy 4 (13.3%)

Diabetic nephropathy 2 (6.7%)

Other 4 (13.3%)
BMI (kg/m?) 23.3+3.18
BSA (m?2) 1.63+0.16
Dialysis time (month) 11.5+16.9
hs-CRP (mg/L) 3.6815.17
4 hD/PCr 0.63+0.10
4 h D/DO glucose 0.44+0.10
24 h ultrafiltration volume (mL) 22924276
Total Kt/V (weekly Kt/V ) 2.02+0.67
Total CCr (L/week) 69.9+20.7
eGFR (L/week/1.73 m?) 2.62+2.20
24 h urine volume (mL) 667.7+470.8
Hemoglobin (g/L) 104+40.4
Total cholesterol (mmol/L) 5.35+1.17
Triglyceride (mmol/L) 1.63+0.68

Data were expressed as mean + standard deviation or a
percentage.

Correlationanalysis of solute transport rate

Patients were divided into either low and low-
average transport (L/A), or high and high aver-
age transport (H/A) groups according PET
results. Basic information and laboratory result
with no differences (P>0.05) of these two
groups is shown in Table 3. The cytokine pro-
files in PDE showed that the IL-6 levels were
significantly higher in the H/A group than in the
L/A group. In contrast, MCP-1, TNF-&, TGF-B1 or
VEGF did not show significantly differences
(P>0.05).

Analyses of peritoneal transport rate-related
factors were carried out using Pearson correla-
tion test (Figure 3). D/P Cr was negatively cor-
related with the volume of PDE (r=-0.496,
P=0.005). For inflammatory cytokines, IL.-6 and
MCP-1 levels showed significant positive corre-
lation with PSTR (D/P Cr) (r=0.656, P<0.001
and r=0.620, P<0.001) (Figure 3A, 3B). TNF-a
was not significant correlated with D/P Cr
(r=0.209, P=0.268) (Figure 3F). VEGF levels
were positively correlated with D/P Cr (r=0.425,
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P=0.019) (Figure 3D). TGF-B1 levels were sig-
nificantly positively correlated with D/P Cr
(r=0.624, P<0.001) (Figure 3C). Among circu-
lating inflammation markers, serum albumin
was negatively correlated with D/P Cr (r=
-0.369, P=0.045) (Figure 3E), whereas the cor-
relation of serum hs-CRP with D/P Cr was not
significant (r=-0.201, P=0.296) (Figure 3G).

Correlational analysis of cytokine profiles in
PDE

Multiple linear regression analysis for several
D/P Cr-related factors was performed to ana-
lyze the independent factors influencing PSTR
(Table 4). Correlation analysis among various
cytokines in PDE was carried out using Pearson
tests. We found that level of IL-6 inflammatory
cytokine in PDE was still an independent factor
affecting the underlying PSTR. As an important
control, each cytokine was not significantly cor-
related with the ultrafiltration volume (data not
shown).

As to the correlation analysis of inflammatory
cytokines in PDE, IL-6 levels were significantly
positively correlated with levels of MCP-1
(r=0.655, P<0.001) (Figure 4A), whereas TNF-&
levels were not significantly correlated with
either levels of IL-6 (r=0.150, P=0.428) or
MCP-1 (r=0.217, P=0.250) (Figure 4B, 4C).

VEGF was positively correlated with inflamma-
tory cytokines IL-6 (r=0.421, P=0.023) and
MCP-1 (r=0.639, P<0.001) (Figure 4D, 4E), cor-
related with but not TNF-a (r=-0.004, P=0.984)
(Figure 4F). In addition, VEGF was significantly
positively correlated with 24 h dialysate urea
nitrogen concentration (r=0.488, P=0.006)
(Figure 4G), and 24 h dialysate creatinine con-
centration (r=0.557, P=0.001), while being
significantly negatively correlated with 24 h
dialysate glucose concentration (r=-0.568, P=
0.001).

TGF-B1 was positively correlated with levels of
inflammatory cytokines IL-6 (r=0.577, P=0.001)
and MCP-1 (r=0.543, P=0.002) (Figure 4H, 4l),
correlated with but not TNF-a (r=-0.097, P=
0.618) (Figure 4J). We also found that TGF-B1
was significantly positively correlated with VEGF
(r=0.631, P<0.001) (Figure 4K).

TGF-B1 was slightly negatively correlated with
eGFR (r=-0.370, P=0.048) (Figure 4L); the
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Figure 1. Detection of inflammatory factor profile in peritoneal dialysis effluent. Levels of IL-6 (A), MCP-1 (B), TNF-«

(C) were expressed as means + standard.

=0.812,

between eGFR and urine volume (r

P<0.001).

16) with

effluent levels of TGF-B1 inpatients (n

eGFR =2 mL/min/1.73 m? were significantly

lower than that of patients (n
<2 mL/min/1.73 m? (P

14) where eGFR

According to Pearson correlation analysis, it is

0.018) (Figure 4M). In

indicated that serum ALB was negatively corre-

addition, there was a large positive correlation
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Figure 2. Detection of pro-angiogenesis, pro-EMT and fibrosis protein factor in peritoneal dialysis effluent. Levels of
VEGF and TGF-B1 are expressed as mean + standard deviation (xxSD) in individual patients.

lated with TGF-B1 in PDE (r=-0.449, P=0.014)
(Figure 4N), while we observed no significant
correlation between hs-CRP and cytokines IL-6
in peritoneal fluid (Figure 40).

Discussion

This study, for the first time, revealed relation-
ship between cytokines profile in the peritoneal
effluent dialysates and PSTR in CAPD patients.
Previous studies suggested baseline serum
IL-6 was an independent predictor of compos-
ite concentrations to predict cardiovascular
events [10], but little is known about the role of
inflammatory cytokine in PD efficiency. In this
study, we identified IL.-6 as the major pro-
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inflammatory cytokine affecting PSTR. Some
studies have found that IL-6 in PDE is related to
decline of peritoneal function as well as ultrafil-
tration volume [11]. And the level of dialysate
IL-6 was shown that to be positively correlated
with the underlying PSTR in PD patients [12].
Our clinical assessment showed similar results.
Furthermore, PSTR was significantly positively
related to levels of dialysate IL-6, with IL-6 lev-
els of the high PSTR group being significantly
higher than that of the low PSTR group. The
study suggested that IL-6 as an independent
factor plays a key role in regulating PSTR.

We found a close correlation between IL-6 and
MCP-1 indicating that chronic inflammation

Int J Clin Exp Med 2015;8(11):20424-20433
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Table 3. Comparative analysis of patients’ information in independent groups of different solute

transport rate

L/A (n=15) H/A (n=15) P value
Age (years) 46.7+10.0 45.5+11.0 0.769
Sex (male/female) 7/8 5/15 0.273
Dialysis time (months) 9.3+6.9 13.7+23.0 0.476
BMI (kg/m?) 23.6+3.7 22.9+2.6 0.556
Blood pressure (mmHg) 160+26.5/94.1+10.5 152+28.4/89.3+9.5 0.451/0.205
24 h urinary volume (mL) 592+414.2 743.3+524.7 0.388
Left abdominal dialysate outflow (mL) 2380.0+226.6 2203.3+299.1 0.079
24 h ultrafiltration volume (mL) 1000+572.9 793+565.0 0.328
Blood sugar (mmol/L) 5.1+1.2 4.9+0.4 0.702
Blood BUN (mmol/L) 21.0+5.2 22.8+7.2 0.423
Blood CRE (umol/L) 998.3+405.6 999.25+275.2 0.994
Hemoglobin (g/L) 111.6+53.1 97.3+21.2 0.34
Albumin (g/L) 38.5+4.1 36.7+4.1 0.236
Total cholesterol (mmol/L) 5.5+1.3 5.2+1.1 0.489
hs-CRP (mg/L) 3.5+3.0 3.8+6.7 0.2712
Total Kt/V (weekly Kt/V ) 2.0+0.8 2.1+0.6 0.781
Total Ccr (L/week) 67.7+£23.8 72.1+£17.7 0.57
eGFR (L/week/1.73 m?) 2.7+2.4 2.5+2.0 0.782
4 h D/PCr 0.55+0.06 0.71+0.06 <0.001**
IL-6 (pg/mL) 41.3+18.0 91.5+75.7 0.012a*
TNF-a (pg/mL) 1.7+0.4 1.8+0.3 0.427
MCP-1 (pg/mL) 192.9+66.3 250.0£113.9 0.104
TGF-B1 (pg/mL) 3025.7+941.5 3598.7+1264.4 0.170
VEGF (pg/mL) 14.9424.1 23.8£29.0 0.69°

Data are expressed as mean + standard deviation or a percentage. *P<0.05; **P<0.01; °Data were logarithmically trans-

formed prior to statistical analysis.

may contributes to increased PSTR. Early stud-
ies showed that MCP-1 is an important mono-
cyte chemotactic factor for PD-related peritoni-
tis. High MCP-1 was also found in effluence of
non-septic patients with CAPD [13], probably
participating in angiogenesis [14]. In this study
also showed positive correlation with MCP-1
and PSTR. The close correlation of MCP-1 and
VEGF favors a role of MCP-1 in the formation of
neovessels as well, which is also well-known
biological function in proinflammatory respons-
es. Furthermore, this study showed that MCP-1
was associated with pro-EMT and fibrosis fac-
tor TGF-B1. It was reported by a recent in vivo
study that MCP-1 could cause the transdiffer-
entiation of peritoneal mesothelium cells,
which can be inhibited by TGF-B1 antibody [15].
Low expression of MCP-1 may also induce mor-
phological changes in a rat PD model, suggest-
ing that MCP-1 may be directly involved in the
EMT process induced by TGF-B1 [7].
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In addition, some studies have shown that
increased effluent IL-6 is positively correlated
with increased in levels of pro-angiogenesis
factor VEGF [16]. In line with previous studies,
we confirmed the correlation between effluent
IL-6 levels and neovascularization in stable
CAPD patients. Chronic inflammation may
accelerate the secretion of TGF-B1 and may
eventually lead to EMT, which is regarded as
the initiation of peritoneal fibrosis. TNF-« is pro-
duced by the activated macrophage as one of
the classical inflammation factors which may
associate with the secretion of IL-6 in IPD
patients [7]. Consistent with previous study
[47], we did not find a correlation between PSTR
and TNF-c. In the present study, our finding of
low expression of TNF-a may be suggestive of
inadequate circulation diffusion or clearance.

Additionally, in this study, Th17 cell-related fac-
tors were below the detection limit. However,

Int J Clin Exp Med 2015;8(11):20424-20433
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Table 4. Multiple linear regression analysis of the of solute

transport rate-related factors

the peritoneal cavity produces VEGF
inpatients with long-period PD, and

95% credibility interval  Standard

that VEGF levels slightly increase in

. B P value i i -

Lower limit Upper imit_coefficient valu high PSTR [20]. In th!s stuply demon

Constant . 0.129 0.444 0287 0.001 strated the close relationship between

onstan ) ' ' ) neovascularization and solute trans-
Log IL-6 0.113 0.295 0.656 0.204 <0.001

port. And the vessels involved with

Volume of peritoneal dialysis effluent left in abdomen, IL-6, MCP-1, VEGF,
TGF-B1, serum albumin and hs-CRP were included in the regression

analysis.

increased production of IL-17A was document-
ed in a study on peritoneal dialysis-related peri-
tonitis, which may represent an early protective
immune response [18]. It was confirmed by the
present study that concentrations of TGF-3 and
IL-6 increased in effluent, both of which are
important regulatory factors [19] driving un-
sensitized T cells differentiate to Th17 cells.
Thus, undetectable IL-17 may have resulted
from its comparatively low expression and the
dilution by a large volume of dialysate.

Neovessel formation is considered the most
significant cause leading to peritoneal malfunc-
tion. It has been shown that a certain part of
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solute transport may develop more
promptly resulting in a higher rate of
transport when the glucose concen-
tration gradient descends faster and
more strongly. Moreover, we also found a sig-
nificant correlation between VEGF and TGF-$1,
the latter being the transdifferentiation marker
of epithelial cells.

Additionally, there are considerable controver-
sies about the relationship between PSTR and
systemic inflammation or complications report-
ed [12]. Our study suggests that serum high-
sensitivity CRP is not remarkably correlated
with PSTR, which is in line with previous stud-
ies. And the role of the hypoalbuminemia in
PSTR could not be conclusively established,
although the data show it was slightly correlat-
ed with PSTR. TGF-B1 is well known as an

Int J Clin Exp Med 2015;8(11):20424-20433
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Figure 4. (A-C) Correlation analysis of inflammatory cytokines in peritoneal dialysis effluent. IL-6 level in peritoneal
dialysis effluent was significantly positively correlated with MCP-1 level (A), whereas TNF-« level was not significantly
correlated with levels of IL-6 (B) or MCP-1 (C). IL-6 was analyzed after logarithmic transformation. (D-G) The correla-
tion of VEGF with inflammatory factors and 24 h glucose concentration in peritoneal dialysis effluent. VEGF was posi-
tively correlated with IL-6 (D), MCP-1 (r=0.639, P<0.001) (E), was not significantly correlated with TNF-a (F), and was
significantly negatively correlated with 24 h dialysate glucose concentration (G). IL-6 was analyzed after logarithmic
transformation. (H-K) The correlation analysis of TGF-B1 with inflammatory factors and VEGF in peritoneal dialysis
effluent. TGF-B1 was positively correlated with inflammatory cytokines IL-6 (H), MCP-1 (I), and was not significantly
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correlated with TNF-a (J). TGF-B1 was significantly positively correlated with pro-angiogenesis factor VEGF (K). (L,
M) Correlational analysis of TGF-B1 in peritoneal dialysis effluent with eGFR. There was weak negative correlation
between TGF-B1 and eGFR (L). Effluent TGF-B1 levels of patients with eGFR >2 ml/min/1.73 m? were significantly
lower than that of patients with eGFR <2 mL/min/1.73 m? (M). (N, O) The related factor analysis of high-sensitivity
C-reactive protein and serum albumin. Serum ALB was negatively correlated with TGF-B1 in peritoneal dialysis efflu-
ent (r=-0.449, P=0.014) (N), there was no significant correlation between hs-CRP and cytokine in peritoneal fluid,

illustrated in (0).

important factor in promoting the EMT [10].
However, little is known about the association
between TGF-B1 and PSTR. The detection of
TGF-B1 in PDE in this study suggests that D/P
Cr and PSTR accompany the increase in TGF-
B4. Similarly, TGF-B1 in PDE was negatively cor-
related with aloumin. Therefore, further investi-
gation is needed to elucidate whether the rela-
tionship among ALB, PSTR, and TGF-B1.

Long-term exposure to non-physiological fac-
tors such as PD can lead to local chronic inflam-
mation. The current data indicates that when
chronic inflammation occurs in the peritoneum,
certain inflammatory cytokines, pro-angiogene-
sis factor, and pro-EMT and fibrosis factors are
likely to affect the peritoneal transport function
through some unknown mechanisms. The rela-
tionships between these important inflamma-
tory cytokines and peritoneal function have
been studied previously and many of the results
are consistent with present study. While these
studies have focused on only one or a few cyto-
kines, we applied a global and follow-up screen-
ing on a series of cytokines/growth factors to
assess peritoneal dialysis efficacy.

Conclusion

Our study indicates that systemic analysis of
cytokine profiles in PDE reveals the transport
characteristics of CAPD patients. Especially
D/P Cr could be independently predicted by
dialysate IL-6. The relationship between sys-
temic micro-inflammatory makers and PSTR
was still obscure. Long-term follow-up study
should be necessary to further confirm the
value of cytokine detection in evaluation of PD
therapeutic efficiency.
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