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Inflammation is a characteristic of cardiovascular disease and is increased in end-stage renal disease.
Suppressors of cytokine signaling (SOCS) inhibit and reflect activation of intracellular inflammatory
pathways. We hypothesized that SOCS expression in peripheral blood mononuclear cells of end stage renal
disease patients is increased. Whether SOCS expression in peripheral blood mononuclear cells is related to
inflammation, dialysis, and dialysis modality was investigated. Monocytes and lymphocytes were isolated
from peripheral blood mononuclear cells of patients not on dialysis (n=8), on peritoneal dialysis (n=8), on

Keywords:
En{l stage renal disease hemodialysis (n=14) and of healthy control (n=15) subjects. SOCS expression was assessed by real-time
Inflammation quantitative PCR and plasma cytokines by ELISA. In end stage renal disease patients monocyte SOCS1, and

SOCS lymphocyte SOCS1 and cytokine-inducible SH2 containing protein-1 (CIS-1) gene expression were increased
Peripheral blood mononuclear cells along with increased plasma levels of interleukin (IL)-6, tumor necrosis factor (TNF)a ,and C-reactive protein
(CRP). Monocyte SOCS1 correlated with IL-6. Lymphocyte CIS-1 was increased in non-dialysis and peritoneal
dialysis but not in hemodialysis patients. Lymphocyte CIS-1 in peritoneal dialysis patients correlated with
plasma TNFa. Despite the relatively low number of patients studied we observed increased expression of
SOCS1 in both monocytes and lymphocytes, and of CIS-1 solely in lymphocytes of the patients. SOCS
expression was related to increased systemic inflammation, illustrated by a significant correlation between
monocyte SOCS1 and plasma IL-6. SOCS expression in peripheral blood mononuclear cells was also affected
by hemodialysis, indicated by increased lymphocyte CIS-1 in non-dialysis and peritoneal dialysis but not in
hemodialysis patients. We suggest that increased SOCS expression in peripheral blood mononuclear cells of
end stage renal disease patients reflects whether and to which extent systemic inflammation activates the
intracellular inflammatory pathways.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Inflammation is a common feature in end stage renal disease. In
fact, C-reactive protein (CRP) and the pro-inflammatory cytokines IL-
6, and TNFa are increased at all stages of renal failure (Malaponte
et al., 2002; Wong et al., 2007). Inflammation is known to activate
endothelial cells, lymphocytes and monocytes and forms an indepen-
dent risk factor for cardiovascular disease and mortality in renal
patients at all stages of renal failure (Carlos et al., 1991; Malaponte
et al., 2002). Interestingly, drugs that diminish inflammation, can
reduce atherosclerosis and cardiovascular events (Leon and Zucker-
man, 2005), pointing to the importance of molecules that inhibit
inflammatory signals.
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SOCS proteins (SOCS1-7 and CIS-1) are inducible inhibitors of
cytokine signaling. Cytokines specifically induce one or more SOCS
proteins, which can inhibit the signal initiated by the cytokine itself
and potentially by other cytokines (Krebs and Hilton, 2000). Thus,
SOCS proteins are not only modulators of cytokine signaling, but also
they reflect the activation of intracellular cytokine pathways. More-
over, SOCS have been identified as important regulators of the
immune and inflammatory responses, evidenced by the fact that
SOCS1 and SOCS3 are frequently increased in inflammatory diseases
(Tang et al., 2005; Wong et al., 2006). As such, SOCS expression reflects
the initiation of negative feedback responses to an increased
inflammatory pressure on cells, resulting in protecting or damaging
effects through inhibition of pro- and anti-inflammatory signals,
respectively. Differential SOCS expression could therefore be used at
the cellular level to test whether patients with end stage renal disease
are experiencing increased inflammation.

Renal failure is associated with activation of peripheral blood
mononuclear cells. SOCS are involved in differentiation, cytokine
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production and survival of monocytes and lymphocytes. We recently
observed increased SOCS in monocytes and lymphocytes of chronic
kidney disease patients that correlated with plasma inflammatory
cytokines, renal function and cardiovascular disease markers
(Rastmanesh et al., 2008). However, no information is available
regarding SOCS expression in monocytes and lymphocytes of end
stage renal disease patients and its relation to inflammation, dialysis
modality, and markers of cardiovascular disease. We hypothesized
that SOCS expression in monocytes and lymphocytes of end stage
renal disease patients is increased, related to inflammation,
dependent on whether dialysis is initiated, and on which dialysis
modality is applied. We also tested the correlation between SOCS
expression and cardiovascular disease markers or risk factors.

2. Materials and methods
2.1. Subjects and blood samples

Thirty end stage renal disease patients (non-dialysis, n=8;
hemodialysis, n=14; and peritoneal dialysis, n=8) and 15 controls
were included. Hemodialysis treatment comprised three 4-hour
sessions weekly using synthetic polysulfone membrane and bicarbo-
nate dialysate. Peritoneal dialysis patients were treated with regular
continuous ambulatory peritoneal dialysis (n=3) or continuous cycler
peritoneal dialysis (n=5). None of the patients had signs of ultrafiltra-
tion failure. Exclusion criteria were infection, diabetes mellitus,
hepatitis, cancer, recent operation and use of immunosuppressive
medication. Blood was sampled (in hemodialysis prior to dialysis and
prior to erythropoeitin administration) in EDTA-anticoagulated tubes.
Plasma was directly isolated and stored at —-80 °C for analysis of
albumin, lipids, CRP (CRP values of <5 considered 4.99 and of <7
considered 6.99), glucose, creatinine, and urea using routine laboratory
methods. Thiobarbituric acid-reactive substances were measured as
described previously (Attia et al., 2002). Hemoglobin was measured
with a Multiparameter Haematology Analyzer, Cell Dyn 1700.
Glomerular filtration rate (in non-dialysis patients) was calculated
using MDRD formula. The study was approved by the Medical Ethics
Committee of the Utrecht Medical Center. Informed consent was
obtained from all participants.

2.2. Plasma cytokines

Plasma IL-6, IL-10, and TNFa levels were measured using
colorimetric ELISA kits and IL-2 levels using a chemiluminescent
ELISA (R&D Systems). Detection limits were 0.16-5 pg/ml for IL-6,
0.8-25 pg/ml for IL-10, 15.6-500 pg/ml for IFNvy, 0.5-16 pg/ml for
TNFa, and 1.7-1250 pg/ml for IL-2.

2.3. Isolation of peripheral blood mononuclear cells, monocytes and
lymphocytes

Peripheral blood mononuclear cells were isolated using Ficoll®
(Amersham) according to the manufacturers instructions. Mono-
cytes were isolated using indirect magnetic labeling system (MACS®,
Miltenyi Biotec) for the isolation of untouched monocytes from
human peripheral blood mononuclear cells. Non-monocytes i.e.
T cells, natural killer cells (NK), B cells, dendritic cells and basophils
were indirectly magnetically labeled using a cocktail of biotin-
conjugated antibodies against CD3, CD7, CD16, CD19, CD56, CD123,
glycophorin A, and Anti-Biotin microbeads (Flo et al., 1991). Since
lymphocytes form the majority of non-monocytic mononuclear
cells, we refer to this fraction as lymphocytes (Schumacher, 1984).
Cell separation procedure was performed on ice. For ex-vivo
experiments, whole blood was incubated with 20 U/ml IL-6
(Sigma) for 60 min at room temperature before cell isolation was
performed.

2.4. Quantitative PCR

RNA was isolated using TRIzol® (Gibco). Quality of isolated total
RNA was tested using a Bio-Analyzer™ system (Agilent). RNA from
two monocyte and two lymphocyte samples of controls and one
lymphocyte sample from the non-dialysis group were excluded
because of RNA degradation. One microgram RNA was reverse
transcribed (iScript® cDNA synthesis Kit, Bio-Rad). Gene expression
was assessed by real-time PCR using pre-designed SOCS1-3, CIS1,
GAPDH and 18S primers (Applied Biosystems TagMan® Assays-on-
Demand™). Expression of each target gene in each subject was
normalized to endogenous controls GAPDH+18S (ACT) and related to
a reference (AACT), being RNA from untreated peripheral blood
mononuclear cells of a healthy volunteer. Gene expression is
expressed as (2724T*100)%S.D.

2.5. Statistics

Results are expressed as meanzS.D. Data were compared using
Student's t-test, or a one Way ANOVA and the Studentized Newman
Keuls post-hoc test, where appropriate. If data were not distributed
normally we used the Mann-Whitney rank sum test or Kruskal-Wallis
ANOVA on ranks and Dunn's post-hoc test. Correlation coefficients
were calculated by Pearson's product moment correlation test (a
linear regression test). P<0.05 was considered significant.

3. Results
3.1. General and biochemical data

Systolic and diastolic blood pressure were increased in end stage
renal disease patients (Table 1) as compared to healthy controls
(P<0.001 and P<0.01 respectively). Total and LDL cholesterol, albumin
and hemoglobin (Hb) were decreased (P<0.001). CRP, used as marker
of inflammation, was significantly increased in end stage renal disease
(P<0.01). This was not the case for Thiobarbituric acid-reactive
substances a marker of oxidative stress (P=0.35). There were no
significant differences among the end stage renal disease subgroups
except for the systolic blood pressure , which was significantly higher
in non-dialysis (148 +28 mmHg) and hemodialysis (147+20 mmHg)
groups versus both peritoneal dialysis (113+14 mmHg) and controls
(121+£12 mmHg) (P<0.01). Etiologies of renal failure were: unknown
(n=9), hypertension (n=5), Lupus erythematosis (n=3), hemolytic
uremic syndrome (n=1), nephritic syndrome (n=1), glomerulone-
phritis (n=2), glomerulosclerosis (n=2), Alport's syndrome (n=1),
Goodpasture's syndrome (n=1), autosomal dominant polycystic
kidney disease (n=4), and microscopic polyangitis (n=1). All

Table 1

General and biochemical data of controls and end stage renal disease (ESRD) subjects
Variables Controls ESRD p

N 15 30 -

Age (year) 52+14 54+19 0.64
F: M 8:7 15:15 -

BMI (kg/m?) 25+4 25+5 0.76
Glomerular filtration rate (1.73 / min / m?) 8011 10+4 (n=8) <0.001
Systolic blood pressure (mmHg) 121+12 13621 <0.05
Diastolic blood pressure (mmHg) 72+6 82+11 <0.01
Cholesterol (mmol/L) 5.6+09 3.9+1.0 <0.001
HDL (mmol/L) 14205 11+03 0.08
LDL (mmol/L) 3.6+0.7 2.0£0.8 <0.001
Albumin (g/L) 451424 40.5+3.7 <0.001
Glucose (mmol/L) 52+0.5 5.3+0.8 0.90
TG (mmol/L) 1.3£0.5 1.8+0.8 0.23
Hb (mmol/L) 9.4+0.8 8.0£1.0 <0.001
Thiobarbituric acid-reactive substances (uM) 3.6+1.0 40+19 0.35
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Table 2

Medication used by end stage renal disease (ESRD) subjects

Drug type Controls ESRD
Erythropoietin None 23 of 30
Statins None 17 of 30
ARB|/ ACEi None 23 of 30
Other anti-hypertensives None 22 of 30
Anti-coagulants None 11 of 30

hemodialysis patients received recombinant erythropoietin (once a
week, during hemodialysis), 6 of the 8 peritoneal dialysis patients
(once a week), and 3 of the 8 non-dialysis patients (once a month)
received recombinant erythropoietin subcutaneously. Medication is
summarized in Table 2. n represents the number of patients.

3.2. Increased monocyte SOCS1 and lymphocyte SOCS1 and CIS-1 in end
stage renal disease patients

Expression of SOCS1, but not SOCS3 and CIS-1, was increased in
monocytes of end stage renal disease patients versus controls
(P<0.05; Fig. 1A). In contrast, expression of SOCS1 and CIS-1, but not
SOCS3, was increased in lymphocytes of end stage renal disease
patients (P<0.05, and P<0.01 respectively; Fig. 1B). SOCS2 expression
was highly variable in both cell types (not shown). SOCS expression
was also analyzed separately according to dialysis modality and to
whether dialysis was initiated or not. We found that monocyte SOCS1
was predominantly increased in hemodialysis patients (P=0.06;
Fig. 2A), while lymphocyte SOCS1 and CIS-1 in peritoneal dialysis
and non-dialysis patients (P=0.06, and P<0.01 respectively; Fig. 2B).

3.3. Increased plasma levels of IL-6, TNFa and CRP

Plasma levels of IL-6 and TNFq, as well as CRP were significantly
increased in end stage renal disease patients (P<0.001, P<0.001, and
P<0.05 respectively; Fig. 3A). In contrast, plasma levels of IL-10 were
not significantly changed (data not shown). [FNvy and IL-2 levels were
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Fig. 1. Increased SOCS expression in monocytes and lymphocytes of end stage renal
disease patients. SOCS1, SOC3 and CIS-1 gene expression in monocytes (A) and in
lymphocytes (B) of healthy controls and end stage renal disease patients were
measured using quantitative real time PCR as described under material and methods.
The values are mean (222T*100)+S.D. of gene expression in samples from 15 controls
and 30 end stage renal disease subjects. RNA from lymphocytes of two controls and one
end stage renal disease subjects and from monocytes of two controls were excluded
because of RNA degradation. P<0.05 was considered significant.
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Fig. 2. Increased CIS-1 expression in lymphocytes of non-dialysis and peritoneal dialysis
subjects. SOCS expression data of monocytes (A) and lymphocytes (B) of 8 non-dialysis,
8 peritoneal dialysis and 14 hemodialysis and 15 controls were compared to test the
effect of dialysis and dialysis modality on SOCS expression in peripheral blood
mononuclear cells (RNA from lymphocytes of two control and one non-dialysis subject,
and monocytes of two control subjects were excluded because of RNA degradation).
P<0.05 was considered significant.

below the lower detection limit of our method. Further analysis
indicated that IL-6 was significantly increased in non-dialysis, peritoneal
dialysis, and hemodialysis patients (P<0.001), TNFo in peritoneal
dialysis and hemodialysis (P<0.001), and CRP in hemodialysis
(P<0.001) (Fig. 3B). Correlation was found between monocyte SOCS1
and IL-6 in all end stage renal disease patients (r=0.43, P<0.05; Fig. 4A),
and between lymphocyte CIS-1 and TNFa in peritoneal dialysis patients
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Fig. 3. Increased plasma levels of CRP and inflammatory cytokines in end stage renal
disease patients. Plasma levels of IL-6, TNFa and CRP in healthy controls (n=15) and end
stage renal disease (n=30, IL-6 value of one hemodialysis patient was lost) (A) and in
non-dialysis (n=8), peritoneal dialysis (n=8), hemodialysis (n=14) and control (n=15)
subjects (B) were measured as described in the material and methods section. The
values are the mean+S.D. n represents the number of subjects in each group.
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Fig. 4. Correlations between SOCS expression in peripheral blood mononuclear cells and
inflammation. Correlations between monocyte SOCS1 and IL-6 in end stage renal
disease (ESRD) (n=29) (A), and lymphocyte CIS-1 and plasma TNFa in non-dialysis
(n=7), peritoneal dialysis (n=8), hemodialysis (n=14), and controls (n=13). RNA
samples of one non-dialysis and two control subjects were excluded because of RNA
degradation (B). Correlation coefficients were calculated by Pearson's product moment
correlation test (a linear regression test). P<0.05 was considered significant.

only (r=0.73, P<0.05; Fig. 4B). No other significant correlations were
found between SOCS expression and the level of inflammatory markers.

4. Discussion

Our study revealed increased monocyte SOCS1 and lymphocyte
SOCS1 and CIS-1 in end stage renal disease patients, which was
accompanied by increased plasma levels of IL-6, TNFc, and CRP, known
biomarkers of inflammation and cardiovascular disease. Interestingly,
monocyte SOCS1 correlated with plasma IL-6 levels, linking monocyte
SOCS-1 to enhanced activity of this known marker of inflammation and
cardiovascular disease. CIS-1 was significantly increased in lymphocytes
of non-dialysis and peritoneal dialysis patients but not in hemodialysis,
potentially pointing to different inflammatory conditions or cell
responsiveness in hemodialysis patients (Dhondt et al., 2000), which
could be related to the hemodialysis procedure (Martin-Malo et al.,
2000). For instance, hemodialysis membranes can potentially increase
inflammation by activating the mononuclear cells (Menegatti et al.,
2002), though synthetic polysulfone membrane used in this study has
higher biocompatibility and is more efficient in removing the oxidized
low density lipoproteins (Walker et al., 2004; Wanner et al., 2004).
Indeed CRP was only significantly increased in hemodialysis patients,
but not in the other subgroups. We found a significant correlation
between lymphocyte CIS-1 and TNFa, confirming a link between
systemic inflammation and SOCS expression in mononuclear cells.

Increased SOCS expression is recognized in different inflamma-
tory diseases (Wong et al., 2006). Likewise we report increased
SOCS1 and CIS-1 expression in peripheral blood mononuclear cells
of end stage renal disease patients, which could possibly reflect
initiation or development of cardiovascular disease. SOCS1 and CIS-1
are important mediators of lymphocyte development and differ-
entiation, and activation. SOCS1 is highly expressed in T helper-1 (Th-
1) (Egwuagu et al., 2002), while increased CIS-1 correlates with Th2
cell differentiation (Matsumoto et al., 1999). Th-1 cells produce pro-
inflammatory cytokines like IFNy and TNFo; Th-2 cells produce anti-
inflammatory cytokines like IL-10 (Tedgui and Mallat, 2006) that
antagonize Th-1 effects (Tedgui and Mallat, 2006). Increased
lymphocyte CIS-1 in non-dialysis and peritoneal dialysis might
point to a predominance of Th2 cells (Egwuagu et al., 2002; Klinger
et al., 2002; Matsumoto et al., 1999). It has been suggested that
in hemodialysis there is a shift to Th1 cells (Litjens et al., 2006).
However, we did not find increased lymphocyte SOCS1 in hemodia-
lysis. That could be related to lymphocyte dysfunction in hemodia-
lysis patients (Meier et al., 2002). Furthermore, insufficient SOCS1
expression in lymphocytes causes hyper-responsiveness of lympho-
cytes to different inflammatory cytokines (Fujimoto et al., 2004). The
expression of CIS-1 is selectively induced in T-cells after T-cell
receptor stimulation (Li et al, 2000), and prolongs survival of
activated CD4" T-cells. Interestingly, the number of circulating CD4*
is significantly higher in non-dialysis and peritoneal dialysis versus
hemodialysis patients (Moser et al., 2003). The increased CIS-1
expression in lymphocytes of peritoneal dialysis and non-dialysis
patients but not in hemodialysis, as shown here, could possibly
reflect the lower number of CD4" cells in hemodialysis. Moreover,
increase in circulating single positive T cells (CD4" and CD8")
accompanied by a poor response to erythropoietin (Cooper et al.,
2003), could be explained by CIS-1 being an intrinsic inhibitor of
erythropoietin signaling (Krebs and Hilton, 2000).

In vivo and in vitro studies indicate a specific role for SOCS1 in
inhibition of IFNvy signaling, which has a central role in atherosclerosis
(Leon and Zuckerman, 2005). However, studies in SOCS1 transgenic
mice indicate that SOCS1 modulates a wider range of cytokine
responses (Fujimoto et al., 2000). Monocytes are involved in initiation
and progression of atherosclerosis. Therefore, increased SOCS1 in
monocytes, the precursors of macrophages, could delay monocyte
responses to pro-inflammatory cytokines and delay atherosclerosis. In
fact, SOCS1 inhibits IL-6-induced macrophage differentiation (Novak
et al,, 1999) and IFN<y-induced CD40 production that is involved in
initiation of atherosclerosis (Wesemann et al., 2002). However,
whether increased SOCS1 in monocytes of end stage renal disease
patients is in proportion to increased pro-inflammatory cytokines and
whether it could efficiently dampen pro-inflammatory signals
remains unclear. Previous studies, however, indicate an increased
number of activated monocytes with a pro-inflammatory phenotype
in end stage renal disease (Brauner et al., 1998; Heine et al., 2008),
which might suggest that increased monocyte SOCST1 is insufficient to
dampen increased inflammatory pressure on monocytes. A similar
phenomenon has been shown for example in synoviocytes of
rheumatoid arthritis patients, which are hyper-responsive to IL-6,
because of inadequate levels of SOCS3 (Shouda et al., 2001).

Previously we reported increased monocyte SOCS3 in chronic kidney
disease patients (15<GFR>60 ml/min/1.73 m?) (Rastmanesh et al,,
2008). SOCS3 expression in monocytes seems to have pro-atherogenic
properties. This notion is based on a recent study that indicated
decreased atherosclerosis in ApoE™~ mice, when SOCS3 was deleted
from macrophages (Yamamoto et al., 2007). Therefore, increased
monocyte SOCS3 in chronic kidney disease patients could be related to
higher prevalence of cardiovascular disease. In fact, the chance of
cardiovascular death in chronic kidney disease patients is 5-10 times
more than the chance of reaching the end stage stadium (Collins et al.,
2003). In the present study, we did not find significant changes in SOCS3
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expression in end stage renal disease patients (all three subgroups).
However, this is a cross-sectioned study and we did not follow the
patients over the time. A subpopulation of patients with chronic kidney
disease does not reach ESRD, since they die of cardiovascular disease. It
can be speculated that this group has different monocyte SOCS3
expression in time than the patients who survive and reach ESRD.
Moreover, it could well be that advanced renal failure affects SOCS3
expression differently than milder chronic renal failure.

Theoretically medication could affect SOCS expression in periph-
eral blood mononuclear cells. For instance both erythropoietin and
statins are able to induce SOCS in peripheral blood mononuclear cells
(Huang et al., 2003; Krebs and Hilton, 2000). However, resistance to
erythropoietin therapy is frequent in end stage renal disease, and this
is related to inflammation possibly involving SOCS (Goicoechea et al.,
1998; van der Putten et al., 2008). Accordingly, while all hemodialysis
patients received erythropoietin, we did not find significant changes
in SOCS expression in mononuclear cells of these patients. Further-
more, as we reported previously (Rastmanesh et al., 2008), our
preliminary data in 3 chronic kidney disease patients indicated that
medical intervention for four weeks did not affect SOCS expression in
peripheral blood mononuclear cells significantly. Therefore, it is hard
to define the involvement of medications in the changed SOCS
expression in mononuclear cells of the patients in this study.

In conclusion, despite the relatively small number of subjects in this
study we observed increased SOCS expression in peripheral blood
mononuclear cells of end stage renal disease patients, indicating
activation of intracellular inflammatory pathways. The SOCS profile in
monocytes and lymphocytes was different, which appeared to be related
to inflammation and dialysis modality. Unfortunately, we were unable to
measure SOCS proteins in peripheral blood mononuclear cells because of
technical difficulties. Hence, this should be addressed in follow up
studies to confirm our data at the protein level.
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