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Analysis of the correlation between serum resistin
and the variability of erythropoietin responsiveness
in patients with chronic kidney disease
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Abstract. Chronic kidney disease (CKD) is commonly
accompanied by inflammation and anemia; however, the
pathogenesis of CKD is unclear. Expression of resistin, a
cysteine-rich secretory plasma protein, is correlated with
the expression of tumor necrosis factor (TNF)-a, interleukin
(IL)-6 and lipoprotein-associated phospholipase A2, indi-
cating that resistin may be involved in inflammatory events.
In addition, inflammation inhibits the activity of eryth-
ropoietin (EPO) and, thus, erythropoiesis. The aim of the
present study was to analyze the correlation between serum
resistin and the variability of EPO responsiveness in CKD
patients. The levels of serum creatinine (SCr), C-reactive
protein (CRP), total cholesterol, triglycerides, IL-6 and
serum resistin were measured in the samples obtained from
138 CKD patients and healthy control subjects. The levels of
serum resistin in the CKD groups with and without hemo-
dialysis were significantly higher than those observed in
the normal control group (P<0.01) and the levels of serum
resistin in the hemodialysis CKD group were higher than
those observed in the CKD group without dialysis (P<0.01).
The levels of serum resistin in patients in the randomly
selected CKD group (with hemodialysis) were positively
correlated with the duration of dialysis and the levels of SCr
and CRP (P<0.05), however, were negatively correlated with
the estimated glomerular filtration rate. The EPO resistance
index (ERI) was identified to be associated with body mass
index and the levels of CRP and resistin; furthermore, EPO
reactivity was correlated with the level of resistin and ERI.
The levels of serum resistin were correlated with the vari-
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ability in EPO responsiveness that was observed in the CKD
patients. Therefore, the measurement of serum resistin may
aid with understanding the mechanisms, clinical diagnosis
and treatment of CKD.

Introduction

Chronic kidney disease (CKD), a worldwide problem with a
high incidence, is commonly accompanied by inflammation
and anemia. Between 6.5 and 10% of the population in devel-
oped countries suffer from various renal diseases (1). CKD is a
condition, which is characterized by chronic inflammation and
is hypothesized to be promoted by cytokines and oxidation
reactions. The inflammation can be induced by toxins, immune
complexes, microorganisms, chemical agents and complement,
and is activated by the monocyte-macrophage system during
which tumor necrosis factor (TNF)-a, interleukin (IL)-6 and
other agents are released (1). However, the underlying patho-
genesis of the numerous forms of CKD remains unclear.

Expression of resistin, a cysteine-rich secretory plasma
protein (molecular weight, ~12.5 kDa), is correlated with
the expression of TNF-a, IL-6, lipoprotein-associated phos-
pholipase A2 and other factors, which indicates that it may
be involved in various inflammatory events. A number of
studies have identified that resistin was involved in insulin
resistance and metabolic syndromes in renal diseases (1-3) and
CKD patients on maintenance hemodialysis often succumbed
to cardiovascular and cerebrovascular complications (4).
Elevation of resistin levels may serve as a marker of athero-
sclerosis (AS) in patients exhibiting a metabolic syndrome,
indicating that resistin may be key in the occurrence and
development of coronary AS (1-3) as well as demonstrating
that there may be a correlation between resistin levels and
heart disease in CKD patients.

Anemia often occurs in CKD patients and is closely
associated with a high incidence of cardiovascular disease.
Recombinant human erythropoietin (EPO) has been admin-
istered to CKD patients presenting with anemia in addition
to undergoing hemodialysis. However, there is evidence that
a high dose of EPO may be associated with an increased rate
of mortality. Boyraz et al (2) demonstrated that administration
of a high dose of EPO to treat anemia may lead to an increase
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in mortality. Chen et al (3) reported that EPO responses and
targeted hemoglobin (Hb) values may serve as markers of
mortality risk. Therefore, prescribing an excessive dose of
EPO for CKD patients may increase mortality. Moreover,
EPO was involved in inflammation (2) and the inflammation
inhibited the activity of EPO and, thus, erythropoiesis of
CKD patients, which indicated that there may be a correla-
tion between inflammation and EPO responsiveness in CKD
patients. As changes in the levels of EPO and resistin may
be involved in the occurrence and progression of CKD, the
correlation between serum resistin and variability to EPO
responsiveness, in tissue samples obtained from CKD patients,
was investigated in the present study.

Materials and methods

Materials. An enzyme-linked immunosorbent assay
(ELISA) kit for detecting human resistin was obtained
from Quantikine (Minneapolis, MN, USA) and IL-6 was
purchased from Invitrogen Life Technologies (Carlsbad, CA,
USA). Recombinant EPO was purchased from Life Sciences
Advanced Technologies (St. Petersburg, FL, USA) and addi-
tional reagents were purchased from Sigma-Aldrich (St. Louis,
MO, USA).

Patients. The CKD patients (n=138) and healthy control
subjects (n=16) were recruited from the First Hospital Affiliated
to Bethune Medical College of Jilin University (Changchun,
China) between May 2009 and May 2012. Ethical approval
was obtained from the institutional review committee of Jilin
University (Changchun, China) and informed consent was
obtained from the participants according to the Declaration
of Helsinki (4). The samples were analyzed by routine blood
tests to determine coagulation, liver and renal function, as well
as the levels of blood sugar, blood lipids (high density lipo-
proteins and low density lipoproteins), ions and parathyroid
hormone. In addition, gender, age, dialysis duration, systolic
and diastolic blood pressure and cardiac functional grades
were recorded.

Patient grouping. One hundred and thirty-eight CKD patients
were divided into two groups; one group did not receive hemo-
dialysis and the second group did. The healthy subjects served
as a control group and the patients in the second group (the
hemodialysis group), were randomly selected. The patients of
the third group, a subset of the second group, were subjected
to hemodialysis for >3 months in addition to intravenous EPO
therapy to maintain a Hb level of 11.0 g/I.

The CKD groups without dialysis were designated as
CKD3, 4 and 5. The CKD3 group comprised of six males
and five females (mean age, 39.8+4.9 years), the CKD4
group comprised of six males and six females (mean age,
48.0+4.9 years) and the CKD3 group comprised of eight males
and six females (mean age, 38.9+17.5 years).

The CKD patients, who received dialysis, were divided
into two groups as described above; the first group included
21 males and 18 females (mean age, 47.5+23.8 years) and the
second group included 33 males and 29 females (mean age,
53.5+21.9 years) with a dialysis time of 39.8+15.7 months.
The first group was dialyzed three times per week for four
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hours each time using a 4008s dialysis machine (Fresenius
Medical Care, Waltham, MA, USA). Blood flow was measured
at 200-220 ml/min using bicarbonate as the dialysate and a
dialysis rate of 500 ml/min.

The patients in the second CKD group, who underwent
dialysis, received dialysis and treatment for >3 months and
were injected with EPO to maintain Hb levels of 11.0 g/I. The
patients that were receiving dialysis were also administered
with ferrous sulfate and oral folic acid to maintain serum
ferritin levels at >100 ng/ml and transferrin saturation (TSAT)
at >20%.

The CKD patients, who received hemodialysis, were
administered with ferrous sulfate and folate to maintain serum
ferritin levels at >100 ng/ml and TSAT at >20%. When the
serum ferritin levels were <100 ng/ml and TSAT <20%, the
patients who were subjected to 10 continuous cycles of hemo-
dialysis were administered with 100 mg iron hydroxide or
were removed from the study (1-3). In addition, when serum
ferritin levels were =800 ng/ml and TSAT =50%, the patients
were excluded from the study.

The healthy control group included nine males and seven
females (mean age, 37.6+10.5 years).

Blood preparation. Blood was drawn from a vein in the arm
and mixed with sodium citrate, which served as an anti-
coagulant. The blood was sent to the clinical laboratory from
the First Hospital Affiliated to Bethune Medical College of
Jilin University for further experiments. The samples were
centrifuged at 460 x g (Allegra X-15 R centrifuge, Beckman
Coulter, Brea, CA, USA) for 8 min at room temperature and
the supernatant was obtained and subjected to determine the
levels of serum creatinine (SCr), blood urea nitrogen and
serum albumin.

ELISA. All of the samples were subjected to routine blood
analysis. The levels of SCr, serum C-reactive protein (CRP),
serum total cholesterol, triglycerides, IL-6 and serum
resistin were detected in all of the groups using sandwich
ELISA. ELISA assays were performed as previously
reported (5). Briefly, 100 ul diluent was added to each well
of an RDI-19 plate (Sigma, St. Louis, MO, USA) in addition
to 100 ul standard solution, control solution and sample. The
wells were blocked using a rubber sealing bar and the mixture
was incubated for 2 h at room temperature. Each well was
washed three times with four repetitions each time and 200 u1
resistin conjugating agent was added. The wells were blocked
an additional time, using a rubber-sealing bar and incubated
for 2 h at room temperature. Subsequent to washing each
well again, a substrate solution was added and the reactions
were conducted in the dark for 30 min at room temperature.
Stopping buffer (50 ul) was added and the solutions were
gently mixed, the change in the color of the solution in each
well from blue to yellow, indicated that the reaction was
finished. The light intensity of each well was measured after
30 min using an ELISA reader (Sigma) with an absorbance
of 450 nm.

The measurement of CRP was conducted using a fully-auto-
mated DADE Behring BN ProSpec (Beckman Coulter) using
ancillary reagents. Immunosuppressant rate nephelometry was
used according to the manufacturer's instructions.
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Table I. Clinical data of study participants.
CKD group without hemodialysis Hemodialysis CKD group
Control

Variable CKD3 CKD4 CKD5 1 2 group
Case number 11 12 14 39 62 16
Gender (m/f) 6/5 6/6 8/6 21/18 33/29 9/7
Age (years) 39.8+4.9 48.0+4.9 38.8+17.5 47.5+23.8 5354219 37.6+10.5
BMI 25.1£3.7 23.3+4.7 23.5+3.4 23.2+£3.7 23.0+4.3 22.0+3.1
Dialysis time
(months) - - - 40.1£15.9 39.8+15.7 -
Hb (g/1) 128+22 107+14 92.7£194 87.5+£17.6 104+7 123+20
HCT 0.36+0.02 0.28+0.05 0.26+0.08 0.21+0.09 0.30+£0.02 0.42+0.03
Alb (g/1) 37.5+4.3% 35.0+5.2* 33.9+5.3* 30.4+8.2* 31.0+4.4* 479442
TC (mmol/l) 4.59+1.02¢ 4.88+1.10° 5.04£1.19 5.28+1.37* 5.37£1.36 427+141
TG (mmol/l) 2.29+1.79* 1.91+0.73* 1.73+0.94* 2.83+0.71* 2.96+0.81° 1.34+0.51
HDL (mmol/l) 1.23+0.41* 1.09+0.34* 0.99+0.15* 0.75+0.09* 0.80+0.02* 1.42+0.63
LDL (mmol/l) 2.57+0.74* 2.39+0.87° 2.34+0.81° 2.57+0.64° 2.53+0.68" 2.34+0.46
SCr (umol/l) 231+69* 564+96* 1280+311* 793+296* 776258 60.8+10.6
CRP (mg/1) 4.28+4 .84 5.30+4 .24 7.06+4.31* 4.94+2 73 5.23+3.19* 1.89+0.47
IL-6 (ng/ml) 2.05+1.03* 2.21£1.37 3.17+£1.05* 5.61£5.13% 5.42+5.53% 1.57+091
EPO (IU) 1.58+0.22 1.76+0.68 1.83+1.12 1.91£1.37 1.97+1.23 1.45+1.02
Resistin (ng/ml) 9.48+4.11° 14.1+£6.7° 19.3+£7.1° 23.1+4 2% 22.6+5.6® 8.7242.32

"P<0.01 compared with the control group and "P<0.01 compared with the group without dialysis. Data are presented as the mean + standard
deviation. CKD, chronic kidney disease; BMI, body mass index; Hb, hemaglobin; HCT, hematocrit; Alb, albumin; TC, total cholesterol; TG,
triglycerides; HDL, high density lipoprotein; LDL, low density lipoprotein; SCr, serum creatinine; CRP, C-reactive protein; IL, interleukin;

EPO, erythropoietin.

The level of human IL-6 was measured via an ELISA
method with an ELISA kit (Invitrogen Life Technologies)
according to the manufacturer's instructions.

The estimated glomerular filtration rate (eGFR)
was calculated using the following revised equation,
termed the modification of diet in renal disease (6):
eGFR = 186 x (SCr)"'3* x (age) ** x 0.742 (for females). Where
the units are: eGFR, ml/min/1.73 m?; SCr, mg/dl and age, years.

The EPO resistance index (ERI) was defined as:
EPO dose/Hb unit/body weight/week.

Data analysis. Data are presented as means + standard devia-
tion and the statistical significance between the means was
analyzed using one-way analysis of variance and the > test and
Student's t-test were performed using SPSS 16.0 software (SPSS
Inc., Chicago, IL, USA). Fisher's exact test was used to analyze
the correlations between the levels of resistin and variability to
EPO responsiveness in the CKD patients. P<0.05 and P<0.01
were considered to indicate statistically significant differences.

Results
Clinical data. The clinical data and demographics of the study
participants, including gender, age and length of dialysis are

shown in Table I.

Levels of resistin in CKD samples. The serum resistin levels
in the patients in the CKD groups who were not dialyzed, and
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Figure 1. Scatter diagram of the correlation between serum resistin and
eGFR in group 1 (with hemodialysis). The blood samples were harvested
and the serum was isolated via centrifugation. The serum from group 1 was
subjected to eGFR analysis by enzyme-linked immunosorbent assay and cor-
relation analysis was performed with resistin. eGFR, estimated glomerular
filtration rate.

in those in the hemodialysis CKD group were identified to be
significantly higher than those in the control group (P<0.01).
The levels of serum resistin in the hemodialysis CKD group
were higher than those observed in the CKD groups without
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Figure 2. Scatter diagram of the correlation between serum resistin and SCr
in group 1 (with hemodialysis). Blood samples were harvested and the serum
was isolated via centrifugation (1,500 x g for 10 min). The serum from group 1
was subjected to SCr analysis by enzyme-linked immunosorbent assay and
correlation analysis was also performed with resistin. Scr, serum creatinine.
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Figure 3. Scatter diagram of the correlation between serum resistin and CRP
in group 1 (with hemodialysis). Blood samples were harvested and the serum
was isolated via centrifugation. The serum from group 1 and the healthy con-
trol group was subjected to CRP analysis by enzyme-linked immunosorbent
assay and correlation analysis was performed with resistin. CRP, C-reactive
protein.

dialysis (P<0.01). There was a marked difference between the
hemodialysis patient groups 1 and 2 with regards to level of
resistin (P<0.05; Table I).

Correlation between resistin and eGFR. The kidneys of the
CKD patients and the control subjects were subjected to eGFR
analysis via an enzymatic method and the correlation analysis
was performed using resistin. The level of resistin increased
in the CKD3, 4 and 5 groups without dialysis and statistically
significant differences were identified between these three
groups. However, no significant difference was identified
among the groups with dialysis. These data indicated that
serum resistin and eGFR were correlated (Fig. 1).

ZHANG et al: SERUM RESISTIN AND CHRONIC KIDNEY DISEASE

16
141 g
12 L
= .
E 10 y u'/
3:73 0o 0 0 o.y e
= 8 ® s - '
= ¢ 0 . %
‘7 6 . L)
= ./A./: - o’
41 /- R
2 e * .
'] L]
0

00 05 10 15 20 25 30
CRP (log/mg/)

Figure 4. Scatter diagram of the correlation between serum resistin and CRP
in group 2 (with hemodialysis). Blood samples were harvested and the serum
was isolated via centrifugation. The serum from group 2 and the healthy con-
trol group was subjected to CRP analysis by enzyme-linked immunosorbent
assay and correlation analysis was performed with resistin. CRP, C-reactive
protein.

Correlation between resistin and SCr. The blood samples
of the CKD patients and the control subjects were collected
and subjected to ELISA analysis. The levels of serum resistin
in the randomly selected CKD group with hemodialysis
indicated positive correlation with the levels of SCr (P<0.05;
Fig. 2).

Correlation between resistin and CRP. To investigate the clin-
ical correlation between the highly sensitive CRP and serum
resistin in the CKD patients treated with EPO, the levels of
CRP were detected and compared with those of resistin. The
serum levels of resistin in the randomly selected CKD group
with hemodialysis were positively correlated with the levels of
CRP (Figs. 3 and 4; P<0.05).

Discussion

In the present study, the data demonstrated that the serum
resistin levels correlated with the variability in EPO responsive-
ness that was observed in CKD patients, indicating that serum
resistin may serve as a marker for the occurrence and develop-
ment of CKD. This conclusion is supported by numerous lines
of evidence; the levels of serum resistin in CKD groups with
and without hemodialysis were significantly higher than those
observed in the normal control group (P<0.01). Furthermore,
the levels of serum resistin in the hemodialysis CKD group
were higher than those of the CKD group without dialysis
(P<0.01). No marked difference was identified between the
two groups of hemodialysis patients regarding the levels of
resistin (P>0.05). Moreover, the levels of serum resistin in the
randomly selected CKD group with hemodialysis were posi-
tively correlated with the duration of the dialysis period, the
levels of SCr and CRP (P<0.05); however, they were negatively
correlated with eGFR. ERI was observed to be correlated
with body mass index (BMI) and CRP and resistin levels. In
addition, EPO reactivity was determined by BMI and CRP
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and resistin levels. Finally, a correlation between the level of
resistin and ERI was demonstrated.

CKD, specifically in end-stage renal disease, is a condi-
tion in which chronic inflammation is present and one that
is hypothesized to be promoted by cytokines and oxidation
reactions. The inflammation is induced by various factors and
is associated with cytokines, such as TNF-a and IL-6 (6). In
a previous study, the levels of CRP and IL-6 were observed to
be higher in CKD patients than in the healthy control subjects,
indicating that there was a micro-inflammatory state in the
CKD patients (4).

Resistin, which was initially identified in obese diabetic
patients, is a signaling molecule secreted by adipose cells (7).
Previous studies have revealed that resistin is involved in
insulin resistance and that there is a correlation between the
level of plasma resistin and pro-inflammatory cytokines,
whereas there is a negative correlation between the level
of resistin and eGFR, in CKD patients. Patients who were
on maintenance hemodialysis predominantly succumbed
to cardiovascular and cerebrovascular complications (8).
Elevation of the resistin level may serve as a marker of AS
in patients who exhibit metabolic syndromes, indicating that
resistin may be key in the occurrence and development of
coronary AS. The present results supported the conclusion of
Diez et al (9), who demonstrated a correlation between resistin
and heart disease in patients with end-stage renal disease.

Anemia commonly occurs in CKD patients and is closely
associated with a high incidence of cardiovascular disease.
Recombinant human EPO has been used in hemodialysis to
treat anemia patients in clinical applications and EPO is a
mainstay in treating anemia in CKD patients. However, there
are EPO-sensitive patients and the variability in EPO respon-
siveness in these patients is considerable. Moreover, although
the levels of Hb were in the normal range, it was reported
that high-dose EPO was involved in increased instances of
mortality, indicating that EPO responsiveness and the targeted
value of Hb may serve as markers for mortality risk. Therefore,
it is necessary to investigate the variability of EPO responsive-
ness. It is possible that the administration of EPO to CKD
patients may increase the risk of various diseases, and EPO
and resistin may be involved in the occurrence and progression
of CKD; therefore, the correlation between serum resistin and
the variability of EPO responsiveness in CKD patients was
investigated in the present study.

Resistin is highly expressed in normal fetal liver, adult
bone, umbilical cord blood and peripheral blood cells, which
indicates that the distribution of human resistin may be associ-
ated with hematopoiesis (10). In addition, granulocyte colony
stimulating factor (G-CSF) induces the secretion of resistin in
adipose cells in vitro and G-CSF treatment markedly increases
the levels of serum resistin (11). G-CSF is critical in inhibiting
erythropoiesis and anemia (12). Thus, these data demonstrated
a correlation between the levels of secreted resistin and a
decreased number of erythrocytes, indicating that there may
be a correlation between the level of resistin and EPO respon-
siveness. The level of resistin was previously shown to be
increased in patients exhibiting insulin resistance (9,13) and in
a previous study, EPO was shown to reverse insulin resistance
by curing anemia in uremic patients (14). Furthermore, EPO
treatment decreased the iron stores within the body to reduce
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the insulin resistance and improved the chronic inflammatory
state in CKD patients (15).

The negative correlation between resistin and eGFR may
be applied to the diagnosis of CKD patients. In the second
stage of CKD (€GFR=60-89 mol/min/1.73 mm?) (2,16-20), the
level of resistin increased markedly, whereas other polypep-
tide substances were freely filtered by the kidneys. In addition,
the level of resistin was observed to increase with decreasing
levels of eGFR in CKD patients. In the present study, the
level of resistin increased in the patients in the CKD3, 4 and
5 groups without dialysis and there was a statistically signifi-
cant difference observed among these three groups. However,
there was no difference identified among the two groups with
dialysis. Moreover, data was obtained, which indicated that
the level of resistin in CKD patients was negatively correlated
with eGFR. In the present study, the level of resistin in patients
with end-stage renal disease was higher than that of the healthy
control subjects and the level of resistin in the groups with
hemodialysis was higher than that of the renal failure groups
without hemodialysis. The present results showed that resistin
was positively correlated with dialysis time and SCr, whereas,
it was negatively correlated with eGFR. This indicated that
resistin was associated with an inflammatory state in the
patients with end-stage renal disease and was correlated with
the function of the remnant kidney.

BMI has been reported to be negatively associated with
the control of anemia (19,20) and in the present study, EPO
responsiveness was negatively correlated with BMI. However,
previous studies have demonstrated that BMI was independent
of the EPO response (21). Kotanko er al (22) reported that
CKD patients exhibiting a high proportion of adipose tissue
and subcutaneous fatty tissue required less EPO and exhib-
ited less EPO resistance. More than 100 molecules, including
cytokines that are secreted by adipose tissue, may be involved
in the response to EPO. Adipose tissue participates in energy
regulation, inflammation and the immune response, in addition
to being a component of the hematopoietic microenvironment.
In the present study, there was a high correlation observed
between ERI and CRP, indicating that EPO responsiveness
is involved in inflammation. Moreover, resistin is secreted by
adipose tissue, thus, there may be a correlation between the
levels of resistin and EPO responsiveness.

In conclusion, a correlation was observed between the levels
of serum resistin and the variability of EPO responsiveness
in CKD patients, which may aid in clarifying the underlying
mechanism of CKD and may provide an improved method for
diagnosing CKD.
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