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ABSTRACT

In the present study, the role of decreased renal function on resistin was explored.
The possible links with inflammation and the insulin resistance present in patients
with chronic kidney disease (CKD) were investigated. Post-transplantation changes
in these factors and relations were also examined. The study included 83 subjects;
67 patients suffering from chronic kidney diseases and 16 healthy subjects.
Participants were classified into the following groups:_Group |I: 16 chronic kidney
disease patients on conservative treatment (9 males and 7 females, mean age 42.75 +
11.7 years). Group II: 26 dialysis patients (13 males and 13 females, mean age 43.8 +
14.6 years). Group I11: 25 post kidney transplantation patients (13 males, 12 females,
mean age 44.2 + 8.2 years). Group IV: 16 healthy, age and sex matched subjects
served as control group (8 males and 8 females, mean age 43.50%9.2 years).
Estimated glomerular filtration rate (eGFR) was calculated by Modification of Diet
in Renal Disease (MDRD) formula. Insulin resistance was estimated using the
homeostasis model assessment for insulin resistance (HOMA-IR) index. Serum levels
of resistin, hs CRP and IL6 were estimated by ELISA technique. Results showed that
circulating resistin levels were significantly higher in patient groups compared to the
control group. They decreased significantly post-transplantation, yet still higher than
normal subjects. These levels showed significantly negative correlation with eGFR.
However, resistin levels correlated significantly positive with inflammatory
biomarkers (IL6 and hs CRP) in the studied groups. On the other hand, there was no
significant correlation between resistin and insulin resistance in any group. In
conclusion: Resistin levels correlate with renal function and inflammation in CKD
patients. However, it is not a likely mediator of insulin resistance in those patients.
Renal function is an important factor to take into account in clinical studies relating
insulin sensitivity to inflammatory biomarkers in CKD.

Keywords: chronic kidney disease; glomerular filtration rate; resistin; insulin
resistance; inflammation.

INTRODUCTION apparently inhibiting insulin action in
vitro,’ has generated much interest.

The recent discovery of resistin, a Resistin, like adiponectin, circulates in
12.5-kDa cysteine-rich  protein serum in at least two distinct dimeric
secreted mainly by adipocytes and assembly forms that appear to have
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different levels of bioactivity.?
Administration of  recombinant
resistin  to mice impairs glucose
tolerance and decreases the action of
insulin, whereas an increase in insulin
sensitivity is noted when the animals
are treated with resistin-neutralizing
antibodies.”

Although  several studies
implicate resistin as an important
regulator of glucose levels in mice,
the role of resistin in human
syndromes of insulin resistance, such
as uremia, is far from clear."*®
Indeed, the few studies® ' that have
so far been performed in non-renal
patients have been unable to find a
significant relationship between serum
glucose levels or markers of insulin
resistance and circulating resistin or
resistin expression by subcutaneous
adipocytes. Similar results were
observed in a small study of 30 CKD
patients by Kielstein et al.‘®

Insulin resistance is the central
pathophysiological process of the
metabolic ~ syndrome,” a  well-
established and major risk factor for
the development of cardiovascular
disease.">" Chronic kidney disease
(CKD) of any etiology is associated
with insulin resistance of primarily
peripheral tissues resulting in varying
degrees of hyperinsulinemia and
glucose intolerance."*'> Decreased
response to insulin is manifest already
in mild renal dysfunction®® and
progresses with declining glomerular
filtration rate (GFR),"” only to
improve slightly at the initiation of
renal replacement therapy.'”

The proposed link(s) between
declining renal function and insulin
resistance appear to act mainly in
peripheral tissues,"¥ but the exact

(1,5)

mechanisms have so far not been
clarified,"® and a variety of possible
etiologies are proposed. Recent
studies have implicated acidosis,"®
the effects of chronic systemic
inflammation,"” changes in body
composition*” and accumulation of
free fatty acids®” as well as uremic
carbamoylation of signaling
proteins"" as possible mechanisms.

The present work aimed at
studying levels of resistin in CKD
patients. It also aimed at investigating
the relationship between levels of
resistin, eGFR, inflammatory activity
and insulin resistance syndrome
present in those patients.

SUBJECTS & METHODS

Subjects:
Subjects enrolled in the present

study were classified into 4 groups
(total 83 subjects).

Group | (Conservative Group): 16
chronic kidney disease patients
attending  out-patient Nephrology
Clinic, Kasr Al Aini Hospital, for
follow up of their chronic renal
impairment (9 males and 7 females,
aged 42.75+ 11.7 years).

Group 11 (Dialysis Group): 26 dialysis
patients affiliated to Kasr Al Aini
Center for Dialysis (13 males and 13
females, aged 43.8+14.6 years).
Group 1] (Post-transplantation
Group): 25 post kidney transplantation
patients attending follow up in
Transplant Clinic of Kasr Al Aini (13
males, 12 females, aged 44.2 + 8.2
years). Post-transplantation duration
was 2.0+0.1 years.

Group IV (Control Group): 16
healthy, age and sex matched subjects
(doctors, nurses and patient relatives)
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served as control group for
comparative analysis of biochemical
and metabolic parameters. (8 males
and 8 females, aged 43.50+9.2 years).
The control subjects were submitted
to a similar protocol as the patient
groups.

An informed consent was taken
from all participants. The study was
performed during the period from
January 2007 to July 2007.The causes
of CKD were chronic
glomerulonephritis in 28 patients,
polycystic kidney disease in 18
patients and other, or unknown
etiology in 21 patients.

The majority of patients were on
antihypertensive medications
(angiotensin-converting enzyme
inhibitors (ACEI) and/or angiotensin
II receptor antagonists, n=25; J
blockers, n=30; calcium-channel
blockers, n=33) and other commonly
used drugs in CKD, such as phosphate
and potassium binders, diuretics,
erythropoiesis-stimulating agents, iron
substitution and vitamin B, C, and D
supplementation.

Exclusion criteria:

1-Recent surgery

2-Patients with current or recent
(within last two weeks) overt
infection e.g. upper respiratory tract
infection, urinary tract infection,
gastroenteritis.

3-Patients with current or recent
(within last two weeks)
inflammatory process e.g. gouty
arthritis, rheumatoid arthritis.

4-Patients with known malignancy.

5-Diabetic patients.

6-Patients having Body Mass Index
(BMI) =30.

Sample Collection:

After overnight fast, venous blood

was collected into three tubes:

i) One tube containing fluoride for
estimation of plasma glucose. ®?
Plasma was  separated by
centrifugation at 3000 rpm for 15
minutes.

i) The second tube containing
EDTA for separation of plasma
and estimation of glycosylated
hemoglobin (HbAlc) by the kit
provided by Stanbio, Italy *.
Insulin was estimated in plasma
by RIA technique using kit
provided by Linco Research Inc.,
Missouri, USA @ Insulin
resistance was estimated using
the homeostasis model
assessment for insulin resistance
(HOMA-IR) index [i.e. fasting
plasma glucose (mmol/L) x
fasting plasma insulin
(uU/mL)/22.5]. @

iii) The third was plain tube for
separation of serum. Sera were
aliquoted and stored at -80°C
until analysis was carried out.
Serum creatinine®?,

cholesterol®” and triglycerides®®,

were determined using commercially
available kits.
eGFR has been calculated by

MDRD formula® using a soft ware

program provided freely from St

George's University of London.

eGFR =175 x (Scr * 0.0113) "3 x

(age) "2 x (0.742 [if female])

where MDRD = Modification of Diet

in Renal Disease, eGFR = estimated
glomerular filtration rate

(mL/min/1.73 m?), Scr= serum

creatinine concentration (umol/L),

and age is expressed in years.
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Determination of serum Resistin®”:
Levels of  resistin  were
determined using Human Resistin
ELISA kit provided by Biovendor
GmbH (Germany).
Determination of serum IL6®" and
hs CRP®?: was carried out by ELISA
technique using kits provided by
DiaMed EuroGen (Belgium) for hs
CRP and by Biosource International
Inc., Camarillo, California, USA for

Statistical analysis:

All analyses were performed
using the Statistical Package for
Social Sciences (SPSS) software.
Numerical data were expressed as
mean = SD. Comparisons were
performed by analysis of variance
“ANOVA” on ranks, Scheffe’s test
was used as a post-hoc test.
Correlations  were  tested by
spearman’s test. Comparisons and

IL6. correlations were considered
statistically significant when
P<0.05.%%
RESULTS
Table 1: Demographic and laboratory data in the studied groups.
Conservative Dialysis Post- Control
group Group transplant- Group
n=16 n=26 ation Group n=16
n= 25
Age (Years) 42,75+ 11.7(a) | 43.8£14.6(a) | 44.2+8.2(a) 43.50+9.2(a)
M/F 9/7 13/13 13/12 8/8
BMI (Kg/m®) 25.94£2.9(a) 24.7+5.0(a) 26.1+ 3.7(a) 26.8+2.1(a)
Creatinine (umol/L) 338.3£72.01(d) | 1030.1+63.4(c) | 187.8436.8(b) | 86.7+12.02(a)
eGFR (mL/min/1.73m?) | 23.7+15(c) ND 54.6+19.8(b) 90+13(a)
FPG (mmol/L) 5.7+0.26(a) 5.8¢1.41(a) 5.5+0.8(a) 5.16+0.9(a)
FPI(uIU/mL) 20.2843.72(b) 22.98+2.9(b) 13.5543.03(a) | 11.62+1.64(a)
HOMA-IR 5.34£0.7(c) 5.86+1.2(c) 3.82+0.51(b) 2.7+0.34(a)
Hb Alc (%) 4.58+1.73(a) 5.03+1.07(a) 4.87+0.67(a) 4.4+0.23(a)
TC (mg/dL) 235.2+14.1(b) 236.2+11.6(b) | 200.9+11.3(a) | 194.5+12.4(a)
TAG(mg/dL) 111.4+15.6(a) 110.1+£39.3(a) | 116.2422.4(a) | 107.5+£18.8(a)

Levels are expressed as means £SD.
M/F: Male/Female; BMI: body mass index; eGFR: estimated glomerular filtration rate; ND:

not detected; FPG: fasting

plasma glucose; FPI: fasting plasma insulin; HOMA-IR:

homeostasis model assessment for insulin resistance; HbAlc: glycated hemoglobin Alc; TC:
total cholesterol; TAG: triacyl glycerol.
Same letters (a,b,c,d) under each group indicate a non-significant difference among groups.
Different letters (a,b,c,d) under each group indicate significant difference among groups.
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Table 1 shows demographic data,
serum creatinine, eGFR, fasting
plasma glucose (FPQG), fasting plasma
insulin  (FPI), insulin resistance
(HOMA-IR) and HbA1c% in the
studied groups. All groups were
matched regarding age, sex and BMI.
Creatinine was significantly higher in
dialysis group than other groups
(P<0.001). eGFR was significantly
higher in pos-transplantation group
than conservative group
(P<0.001).However, it was still
significantly lower than control group
(P<0.001) . As dialysis patients were

anuric, no GFR was estimated in that
group. As regards markers of glucose
metabolism, FPI and HOMA-IR were
significantly higher in dialysis group
and conservative group than other
groups (P<0.001). There was no
statistically significant difference in
FPG and HbA1c among groups. Total
cholesterol was significantly higher in
dialysis group and conservative group
than control and post-transplantation
groups (P<0.01).There was no
statistically significant difference in
TAG among groups.

Table 2: Levels of resistin, IL6 and hsCRP in the studied groups

Conservative | Dialysis Post- Control

group Group transplantation | Group

n=16 n=26 Group n=25 n=16
Resistin (ng/mL) | 23.6+1.38(d) | 40.59+2.2(¢c) 17.02+5.15(b) 8.13+0.82(a)
IL6 (pg/mL) 6.86+2.19(c) | 14.83+6.81(b) | 4.14+2.22(a) 3.38+2.3(a)
hs CRP (pg/mL) | 4.1+1.0(b) 6.842.01(c) 3.5¢1.1(b) 1.2+0.7(a)

Values are means £SD.
hs CRP: high sensitive C reactive protein.
Same letters (a,b,c,d) under each group indicate a non-significant difference among

groups.

Different letters (a,b,c,d) under each group indicate significant difference among

groups.

Table (2) shows the levels of
resistin, IL6 and hs CRP in the studied
groups. All were significantly higher
in dialysis group than other groups
(P<0.001). Resistin and hs CRP
decreased significantly after

transplantation ~ but  still  were
significantly higher than control group
(P<0.001). However, there was no
significant difference in IL6 between
post-transplantation ~ and  control
groups.
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Table 3: Correlations for markers of glucose metabolism and inflammatory biomarkers
with serum resistin levels

Conservative Dialysis Group Post- Control
group n=26 transplantation | Group
n=16 Serum resistin | Group n=16
Serum resistin (ng/mL) n= 25 Serum resistin
(ng/mL) (r) Serum resistin (ng/mL)
() (ng/mL) (r) (r)
Markers of glucose
metabolism:
-FPG(mmol/L) 0.06 0.06 0.05 0.11
-FPI(uIU/mL) 0.131 0.231 0.41 0.31
-HOMA-IR 0.048 0.14 0.48 043
-Hb Alc(%) 0.129 0.32 0.29 0.24
Markers of
inflammation:
-IL6 (pg/mL) 0.7** 0.81%%* 0.63%* 0.61%*
-hs CRP (ug/mL) 0.83%** 0.66*** 0.55%* 0.5*
*=P<0.05
** = P<0.01
***= P<(0.001
Table 3 shows correlations i.e. hs CRP and IL6. However, there

between serum resistin and markers of
glucose metabolism and inflammatory
biomarkers. There was significant
correlation between serum levels of
resistin and markers of inflammation,

was no significant correlation with
any of markers of glucose
metabolism, i.e. FPG, FPI, HOMA-IR
and Hb Alc.

30

¥
't‘..

v"q';;v‘.

20

Resistin(ng/ml)

& control
PE0.003 r=-0.685
post-
transplantation
pP<0.001 r=-0.779
T conservative
p<0.001 r=-0.823

o 20 a0 &0

£0 100 120 140, 160

eGFR(ml/min/1.73 m2)

Figure 1 : Correlation between eGFR and Resistin
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Figure 1 shows that there was
significant ~ negative  correlation
between serum resistin and eGFR in
conservative group (r=-0.829,
p<0.001), post-transplantation group
(r=-0.779, p<0.001) and control group
(r=-0.685, P<0.01).

DISCUSSION

The present study demonstrated
that circulating serum resistin levels,
like other adipokines such as leptin
and adiponectin ***® were markedly
elevated in patients with renal
function impairment. Several factors
might contribute to  elevated
circulating resistin levels in CKD.
First, a strong impact of GFR on
circulating fasting serum levels of
resistin was demonstrated .Thus, the
current data confirm the association
previously reported by Kielstein et
al.® in a cohort of CKD patients.

As resistin is a 12.5 kDa protein,
it could be hypothesized that this
small protein will have similar renal
clearance characteristics as [3,-
microglobulin (13.7 kDa), which has
been extensively studied.®® If this is
true, it might be expected that resistin
secretion through the kidneys is the
major pathway of elimination, and
current dialysis techniques will only
partially be able to remove excess
resistin from the circulation. Clearly,
in future clinical studies evaluating
circulating resistin  levels, renal
function must be taken into account.

Another major finding of the
present study is the association
between serum levels of resistin and
various biomarkers of inflammation,
confirming studies in patients without
renal  function  impairment.®" "

Recently, it has become apparent that
CKD is a state of chronic
inflammation that is associated with
significant  increases in  serum
proinflammatory  cytokine levels
already at moderate levels of renal
function impairment.  Although fat
mass is likely an important source of
both resistin and several
proinflammatory ~ cytokines,” other
links between inflammation and
resistin are also likely present.

First, in cultured human vascular
endothelial cells, resistin was able to
induce expression of adhesion
molecules.  Furthermore, resistin
mRNA is abundant in human primary
acute leukemia cells and in myeloid
cell lines,” indicating a hitherto
unidentified biological function of
resistin in leukocytes. Indeed, Patel et
al.*® found that resistin is more
expressed in bone marrow than in
adipose tissue. Moreover, in vitro
studies have demonstrated resistin
mRNA expression in peripheral blood
monocytes, with increased levels after
stimulation by IL-1, IL-6, and TNF-q,
as well as  with lipopoly-
saccharides.“"*? Finally, Reilly et
al.*® have demonstrated that serum
resistin levels were correlated with
markers of inflammation and predict
coronary atherosclerosis in humans
independently of CRP.

Since the discovery of resistin in
2001,"® the putative association
between resistin and insulin resistance
has attracted a lot of interest. In mice,
resistin mRNA and protein levels
declined in parallel with glucose and
insulin during fasting and were
restored after refeeding® and adipose
resistin expression and serum resistin
increase in response to
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hyperinsulinemia and further in
response to hyperglycemia. © In obese
mice, circulating resistin levels were
significantly elevated and positively
correlated with insulin, glucose and
lipids,“? and mice lacking the resistin
gene exhibited low blood glucose
levels after fasting due to reduced
hepatic glucose production.
Interestingly, a recent study by Muse
et al.* suggested that this effect was
mainly due to modulation of hepatic
insulin resistance.

Although resistin seems to be
strongly associated with insulin
resistance in mice models, several
recent studies have questioned the
hypothesis that resistin is a significant
determinant of insulin resistance in
humans. First, Janke et al.”’ found low
levels of resistin expression in
subcutaneous adipocytes and no
correlation with insulin resistance.
Similarly, Heilbronn et al."® found
that serum resistin concentrations did
not differ among non-obese, obese
and obese diabetic subjects, nor were
they significantly correlated with
glucose  metabolism  during a
hyperinsulinemic ~ glucose  clamp
across the groups. Finally, when
comparing three different
immunoassays for resistin, Pfiitzner et
al. "M found no correlation between
fasting serum levels of resistin and
any of the measured parameters of
insulin resistance or with blood lipids
in patients with type II diabetes
mellitus. In the present study no
significant correlation between fasting
serum resistin levels and marker of
insulin resistance (HOMA-IR) was
found.

The present results agree with
those of Kielstein et al.” who found

no relationship between serum levels
of resistin and markers of glucose
metabolism, despite markedly
elevated resistin levels in CKD
patients with IgA nephropathy. A
number of recent reports suggest that
increased levels of the acute-phase
inflammatory markers, such as CRP,
were related to insulin resistance®*”
and the chronic low-grade
inflammation present in the metabolic
syndrome has been suggested to play
an important role in the development
of this complication.® Indeed, a
recent report by Arkan et al.“®
demonstrated that liver cells play an
important role in modulating hepatic
insulin resistance, whereas myeloid
cells may play a central role in the
development of systemic insulin
resistance. The reason(s) for that is far
from clear, but likely does not involve
circulating resistin levels, which were
also not correlated with HOMA-IR.
Clearly, as mild to moderate renal
function impairment is a common
phenomenon in patients with diabetes
mellitus and the metabolic syndrome,
future clinical studies investigating a
possible  direct link  between
inflammation biomarkers and insulin
resistance should take GFR into
account.

Some shortcomings of the present
study should be addressed. First, it
should be pointed out that this is a
post hoc analysis of CKD patients
with  mostly  advanced  renal
impairment. Clearly, this may limit
the value of the study, and further
studies on patients with mild renal
impairment are needed. Second,
although HOMA-IR has been reported
to be a valid surrogate marker also in
this patient group,*” it may not
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accurately reflect insulin resistance.
However, it has been postulated that
resistin is mainly active in modulating
hepatic insulin resistance,“” making
use of the euglycemic clamp
technique potentially also problematic
as it is known to measure mainly
peripheral  insulin  resistance.®"
Another point of criticism might be
that we do not know if resistin levels
in the present study represent active
resistin or if an accumulation of
inactive resistin metabolites accounts
for the major part of the increased
plasma resistin concentration
observed in CKD. Also, circulating
resistin levels may not accurately
reflect local resistin action at the
tissue level.

Finally, the use of
antihypertensive medications has been
reported to  influence  insulin
sensitivity. Thus, while [-blockers
appear to decrease insulin sensitivity,
most (but not all) ACE inhibitors
(ACEI) and calcium blockers appear
to improve it.®” As the majority of
these patients were taking more than
one class of drugs, it might be thought
that this confounder is of minor
importance and will not unduly affect
the reported results. Indeed, no
significant differences were found in
HOMA-IR between patients taking
ACEI and those not taking ACEI (not
presented data).

In summary, the present data
support the hypothesis that
inflammation is associated with
hyper-resistinemia. As no significant
relationship was found between serum
resistin levels and insulin resistance,
resistin is not a likely mediator of
insulin resistance in patients with
renal disease. Renal function is an

important factor to take into account
in clinical studies relating insulin

sensitivity to inflammatory
biomarkers in CKD.
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