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Abstract

Introduction: Cytokines are synthesized and released by immune system cells
and mediate critical immune responses. Aging is associated with increased se-
rum levels of some pro-inflammatory cytokines. A positive correlation between
the concentration of several cytokines and blood pressure has been reported;
higher cytokine concentrations may be related to the underlying causes of hy-
pertension through the effects of inflammatory responses or as an independent
aetiology for hypertension. The aim of this study is to assess the relationship
between the serum levels of inflammatory cytokines and growth factors, with
biochemical and anthropometric characteristics, in healthy Iranian subjects.
Material and methods: Anthropometric measurements and blood sampling
were performed in 103 healthy Iranian participants. Anthropometric mea-
surements, blood pressure, fasting blood glucose (FBG), and lipid profile
were measured in these participants. Twelve serum cytokines/growth fac-
tors (MCP-1, TNF-a, EGF, IFN-y, VEGF, IL-1q, IL-1B, IL-2, IL-4, IL-6, IL-8, and
IL-10) were measured by cytokine biochip array.

Results: FBG was positively associated with serum interleukin (IL) 2 (IL-2),
IL-4, and IL-1a (p = 0.044, < 0.001, and = 0.017, respectively). Serum epithe-
lial growth factor and IL-4 were positively associated with age (p < 0.001).
Interleukin-8 was inversely associated with systolic blood pressure (p =
0.002) and gender (p = 0.028). There was a positive association between
vascular endothelial growth factor and high-density lipoprotein (p = 0.007).
The serum levels of interferon-y and tumour necrosis factor-o were positive-
ly associated with serum triglycerides (p = 0.018 and 0.006, respectively).
Serum interferon-y and IL-1B levels were positively associated with hip cir-
cumference (p = 0.029 and 0.001, respectively).

Conclusions: There are associations between various pro- and anti-inflam-
matory cytokines and growth factors in serum and age, sex, hip circumfer-
ence and several biochemical measurements.
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Introduction

Cytokines are synthesized and released by im-
mune system cells and mediate critical immune re-
sponses. The pro-inflammatory cytokines perform
a major function in mediating several pathophys-
iological responses, and their serum concentra-
tions may reflect the effectiveness of the immune
system. A series of anti-inflammatory cytokines in
part determine the regulation of pro-inflammato-
ry cytokines. Growth factors, released by various
cell types, have extensive biological effects and
generally act in an autocrine or paracrine manner
[1-5].

Aging is associated with increased serum lev-
els of some pro-inflammatory cytokines. For in-
stance, intracellular T-cell tumour necrosis factor
(TNF)-a. and interleukin (IL)-6 levels are signifi-
cantly higher in the older age groups [4, 6]. Wom-
en have higher serum concentrations of inflam-
matory markers, which may be associated with
a more significant immune response than men [7].
Furthermore, women of all ages demonstrate con-
siderably lower infection rates than men [8-10].

Weight loss is frequently associated with re-
duced concentrations of serum inflammatory
markers. Inflammatory cells are found at higher
levels in the adipose tissue of obese individuals,
and weight loss is associated with changes in in-
flammation-associated genes and the resultant
markers in adipose tissue. Weight loss decreases
the production of inflammatory cytokines in the
adipose tissue of obese individuals and leads to
a concomitant increase in expression of anti-in-
flammatory factors [11-14].

Height, alone or with weight and age, is a fac-
tor associated with serum concentrations of bio-
markers of immunity and inflammation [15-17].
A positive correlation was found between body
mass index (BMI) and serum concentration of
these biomarkers, suggesting that obesity is as-
sociated with the storage of macrophages in
adipose tissue [18]. The secretion of high con-
centrations of inflammatory cytokines and oth-
er mediators from adipose tissue is associated
with increased insulin resistance and resultant
high blood glucose concentration. This may be
through their effects on the nuclear factor-xB
(NF-kB) pathway [19, 20].

A positive correlation between the concentra-
tion of several cytokines and blood pressure has
been reported; higher cytokine concentrations may
be related to the underlying causes of hypertension
through the effects of inflammatory responses or
as an independent aetiology for hypertension [21].

The components of the lipid profile may have
a modifying effect on inflammation. High-densi-
ty lipoprotein (HDL) cholesterol (C) and especially
apolipoprotein (Apo) Al have anti-inflammatory

properties. Apo Al can inhibit IL-1 and TNF-a ex-
pression. Low plasma HDL-C levels are reported to
be related to a higher sensitivity towards inflam-
matory stimuli, with a subsequent increase in in-
flammatory responses after endotoxin challenge
in humans [22-25].

In the present study, we aimed to clarify the
relationship between the serum level of pro and
anti-inflammatory cytokines and growth factors
and demographic, anthropometric, and biochemi-
cal measurement in healthy subjects.

In general, these factors are divided into 3 cat-
egories of pro-inflammatory cytokines, anti-in-
flammatory cytokines, and growth factors [26].
Pro-inflammatory cytokines include IL-1 and
IL-1a, IL-2, IL-6, IL-8, TNF-a, and MCP-1 [27, 28].
IL-10, IL-4, and interferon-y (INF-y) are considered
to be anti-inflammatory cytokines [29, 30]. Epithe-
lial growth factor (EGF) and vascular endothelial
growth factor (VEGF) are growth factors [31].

Material and methods
Study population

A total of 103 participants were recruited us-
ing a population-based cluster sampling from
Mashhad city, Iran. They had no history of known
systemic inflammation or infectious diseases and
were without any personal history of diabetes
mellitus, myocardial infarction (MI), or stroke. Indi-
viduals with other abnormal/risky medical condi-
tions, including endocrine abnormalities, smoking,
diabetes, hypertension, obesity (BMI > 30 kg/m?),
pregnancy, and lactation, were excluded. Partici-
pants taking any drugs or consuming alcohol were
also excluded.

Written informed consent was obtained from
all study participants. The study was approved by
the Ethical Review Board of Mashhad University
of Medical Sciences.

Collecting anthropometric data

Anthropometric parameters, including waist
and hip circumference (WC and HC), were mea-
sured using standard procedures. Systolic and
diastolic blood pressure (SBP and DBP) were mea-
sured in duplicate by sphygmomanometer using
the left arm with the individual seated and after
15 min of rest.

Blood sampling

After 12-hour overnight fasting, blood samples
(20 ml) were collected in plain tubes and centri-
fuged at room temperature and 1500 g for 20 min.
We measured blood glucose, and lipid profile (i.e.
total cholesterol (TC), triglyceride (TG), and HDL-C)
using an auto-analyser system and routine meth-
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ods (Eppendorf, Germany). If the TG level was
< 400 mg/dl, LDL-C was calculated using Friede-
wald’s equation [32, 33].

Measurement of serum cytokines levels

Serum cytokine levels were determined using
an EV 3513 cytokine biochip array (Randox Lab-
oratories, Crumlin, UK) using sandwich and com-
petitive chemiluminescence immunoassay meth-
ods (Randox Laboratories, Crumlin, UK) [34-36].

Statistical analysis

Data analyses were done using SPSS version
11.5 for Windows. The correlations were assessed
using Spearman correlation analysis. A multivari-
ate analysis model with a stepwise method was
used to examine associations between the serum
concentration of pro- and anti-inflammatory cyto-
kines and the determinant factors with p < 0.05
in univariate analysis. At first, the univariate re-
gression was performed then the variables with
p < 0.05 in this analysis were further analysed us-
ing multivariate regression.

Results
Anthropometric features of participants

Overall, 103 healthy subjects (62 females and
41 males) with a mean age of 47.9 +11 years were
recruited in this study. The main baseline param-
eters of the study subjects are reported in Table I.
SBP and DBP were 111.3 4252 and 749
+16.8 mm Hg, respectively. Mean serum TC, TG,
HDL-C, and LDL-C were 188.1 +36.3, 130.9, 42.8
+8.2, and 117.4 +27.8 mg/d|, respectively. Mean
FBG was 87.8 +14.4 mg/dl. Mean WC and HC were
91.5 +8.8 and 100.6 +6.5 cm, respectively. Our
participants’ mean height was 1.61+0.07 m, and
the mean weight was 65.36 +9.4 kg (Table I).

Cytokines assay and associated factors

A panel of 12 cytokines were evaluated in
healthy participants. Table Il shows the median
and interquartile range for the 12 measured cy-
tokines.

As shown in Table Ill, Spearman correlation
analysis revealed a significant negative correla-
tion between anti-inflammatory cytokines (such
as IL-10 and IL-4) and markers such as IL-8,
MCP-1, VEGF, and EGF in the healthy population
(p < 0.05). The pro-inflammatory cytokines, such
as IL-1B, were also correlated with IFN-y and IL-2
(p < 0.05).

According to Table IV, FBG was positively associ-
ated with serum IL-2, IL-4, and IL-1a, and IL-4 was
positively associated with age (p < 0.001). There
was a positive association between EGF serum

concentrations and age (p < 0.001). Serum IL-8
was negatively associated with SBP (p = 0.002)
and sex (p = 0.028).

There were positive associations between se-
rum levels of VEGF and HDL (p = 0.007). Positive
associations were observed between IFN-y and
TNF-ae and serum TG (p = 0.018 and 0.006, respec-

Table I. Baseline information of the study popula-

tion
Parameter Quantity
Age [year] 47.9 11
Sex, n (%):

Male 41 (39.8)
Female 62 (60.2)
SBP [mm Hg] 111.3 +25.2
DBP [mm Hg] 74.9 £16.8
TC [mg/dl] 188.1 +36.3

TG [mg/dl] 130.9 (82.3-165.7)

HDL-C [mg/dl] 42.8 8.2
LDL-C [mg/dl] 117.4 £27.8
FBG [mg/dl] 87.8 £14.4
Body height [m] 1.61 +0.07
Body weight [kg] 65.3 9.4
BMI [kg/m?] 25.0 £2.7
WC [cm] 91.5 +8.8
HC [cm] 100.6 £6.5

Values are presented as mean + SD, and median (interquartile range)

for normally and non-normally distributed variables, respectively.
HC — hip circumference, WC — waist circumference, FBG — fasting
blood glucose, SBP — systolic blood pressure, DBP — diastolic blood
pressure, TG — triglyceride, TC — total cholesterol, HDL-C — high-
density lipoprotein cholesterol, LDL-C — low-density lipoprotein
cholesterol, BMI — body mass index.

Table Il. Median concentration of serum cytokines
in the study population

Parameter Concentration
Interleukin-2 3.5 (1.5-3.3)
Interleukin-4 2.0(1.6-2.4)
Interleukin-6 1.2 (0.7-1.3)
Interleukin-8 10.8 (4.5-17.8)
Interleukin-10 1.3 (0.7-1.7)
VEGF 87.3 (32.5-117.4)
Interferon-y 0.5 (0.4-0.8)
TNF-a 1.8 (1.2-2.2)
Interleukin-lo 0.5 (0.4-0.6)
Interleukin-1B 0.6 (0.4-0.8)
MCP-1 131.7 (66.7-190.1)
EGF 86.3 (3.2-135.5)

Values are expressed as median (interquartile range). The unit
is pg/dl. TNF-a. — tumour necrosis factor-o, VEGF — vascular
endothelial growth factor, MCP-1 — monocyte chemoattractant
protein 1, EGF — epidermal growth factor.
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Table lIl. Correlation between inflammatory and anti-inflammatory cytokines and growth factors in the healthy

subjects
IL-2
IL-4 r 0.060
P-value  0.568 IL-4
IL-6 r -0.115 0.087
P-value 0.282 0.410 IL-6
IL-8 r -0.134 -0.269 0.191
P-value 0.204 0.009 0.069 IL-8
IL-10 r 0.228 0.213 -0.005 -0.239
P-value 0.027 0.037 0.959 0.020 IL-10
VEGF r -0.077 -0.357 0.004 0.342 -0.265
P-value 0.454 0.001 0.971 0.001 0.008 VEGF
IFN-y r 0.162 0.071 0.172 -0.071 0.128 -0.196
P-value 0.113 0.482 0.095 0.487 0.204 0.048 IFN-y
TNF-o r -0.022 -0.173 0.123 0.225 0.075 0.176 0.194
P-value 0.831 0.094 0.244 0.030 0.469 0.083 0.055 TNF-a
IL-1lo0 r 0.119 =~ 0.241 0.024 0.056 0.125 -0.050 0.240 0.204
P-value 0.247 0.016 0.821 0.583 0.216 0.614 0.015 0.044 IL-1l«a
IL-18 r 0.295 -0.130 -0.058 -0.062 0.335 -0.225 0.204 0.112 0.029
P-value 0.003 0.200 0.575 0.547 0.001 0.022 0.039 0.274 0.773 IL-1B
MCP-1 r 0.094 -0.257 0.037 0.258 -0.298 0.189 0.060 0.282 0.138 0.088
P-value 0.368 = 0.013 0.726 0.012 0.003 0.062 0.555 0.006 0.174 0.387 MCP-1
EGF r 0.110 -0.230 -0.139 0.133 0.023 = 0.256 -0.169 0.287 -0.218 -0.099 0.067
P-value 0.288 0.023 0.178 0.197 0.820 0.010 0.091 @ 0.004 0.028 0.323 0.517

The results are represented with (r) the correlation coefficient and p-value. The statistically significant correlations are highlighted, and
correlation is significant at the level of 0.05 (2-tailed). INF y — interferon vy, EGF — epidermal growth factor, VEFG — vascular endothelial
growth factor, IL — interleukin, MCP-1 — monocyte chemoattractant protein, TNF-o. — tumour necrosis factor.

Table IV. Associated factors of serum cytokine levels using stepwise linear regression models

Cytokines Associated factors B (C1 B (standard) P-value
IL-2 FBG 0.058 (0.002-0.114) 0.226 0.044
IL-4 FBG 0.017 (0.010-0.025) 0.444 < 0.001
Age [years] 0.020 (0.010-0.029) 0.408 < 0.001
IL-8 SBP [mm Hg] —-0.098 (-0.160-(-0.036)) -0.340 0.002
Sex (female) —3.994 (-7.536—(=0.452)) -0.242 0.028
VEGF HDL [mg/dl] 2.113 (0.586-3.64) 0.289 0. 007
IFN-y TG [mg/dl] 0.004 (0.001-0.007) 0.250 0.018
HC [ecm] 0.038 (0.004-0.071) 0.230 0.029
TNF-a TG [mg/dl] 0.004 (0.001-0.007) 0.304 0.006
IL-1a FBG 0.002 (< 0.001-0.004) 0.259 0.017
IL-1B HC [cm] 0.023 (0.010-0.037) 0.347 0.001
EGF Age [years] 3.181 (1.624-4.737) 0.410 < 0.001

Effective factors on serum cytokines level were identified by using stepwise linear regression models. The stepwise models were run as
multivariate in present of age, sex, total cholesterol, triglyceride, HDL, LDL, FBG, BMI, SBE DBR, waist circumference, and hip circumference.
None of the stepwise regression models was significant for MCP-1, IL-10, and IL-6. FBG in mg/dl.

tively). However, there was a positive relationship Discussion
between serum IFN-y and IL-1B level and HC (p = The serum concentrations of pro- and anti-in-
0.029 and 0.001, respectively). MCP-1, IL-10, and  flammatory cytokines and growth factors were
IL-6 showed no association with variations in the  variably associated with individual anthropomet-
assessed factors. ric and biochemical characteristics [37, 38].
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In this study, FBG was positively associated
with pro-inflammatory cytokines. Various animal
studies have provided insights into the potential
roles of pro-inflammatory cytokines in the me-
tabolism and homeostasis of glucose, possibly
through stimulating the secretion of counter-reg-
ulatory hormones or interfering with insulin func-
tions [39-44].

Clinical trials assessing these cytokines in the
metabolism of glucose are limited. An interven-
tional study on 7 healthy male subjects found that
etiocholanolone, an agent that induces systemic
inflammatory responses mediated by IL-1, led to
increased plasma activity of IL-1 but did not affect
glucose and insulin levels [45]. Moreover, a study
on 21 women with recurrent ovarian cancer treat-
ed with IL-1a revealed that administration of
IL-1a did not increase the serum cortisol levels in
the serum of these patients [46].

In another study, Harnish et al. tested the hy-
pothesis that the pro-inflammatory cytokines
involved in the acute-phase reaction to infection
and regulating the dynamics of human host de-
fence can be involved in regulating blood glu-
cose well. They found that the injection of IL-2 in
healthy men induced a transient but prominent
decrease in glucose levels, without any change in
insulin, C-peptide, or cortisol concentrations. In-
consistently, they observed that IL-6 resulted in an
increased cortisol level, followed by a significant
increase in blood glucose. Their findings suggest
a differential regulation of the glucose level by in-
flammatory cytokines [47].

There was a significant correlation between
IL-1B and hip circumference among our subjects,
which might be related to the role of IL-1B in the
regulation of lipid metabolism or the accumulation
adipose tissue macrophages of obese patients
[18, 48]. Also, Speaker and Fleshner reported an
increased level of IL-1B in subcutaneous (com-
pared to visceral) adipose tissue and dispropor-
tionate shunting of circulating energy substrates
to visceral adipose tissue for storage, resulting in
visceral obesity [49].

We also found a positive association between
age and IL-4. This age-related increase in the level
of pro-inflammatory cytokines might be because
older people are more likely to have a subclinical
inflammatory disease. Another possible reason
for the increased secretion of IL-4 is the exposure
of immune cells to various microorganisms, lead-
ing to many inflammatory processes, which indu-
bitably result in higher inflammatory cytokines [4,
6, 50].

In the present study, we observed negative
associations between IL-8 and factors of female
sex (B-coefficient = —3.994; 95% Cl = -7.536 to
—0.452) and SBP (B-coefficient = —0.098; 95% Cl

= —-0.160 to —0.036), both of which were statisti-
cally significant (p-values were 0.028 and 0.002,
respectively).

Boekholdt et al. studied the relationship be-
tween IL-8 plasma levels and future coronary
artery disease risk in healthy individuals. They
found a significant positive association between
the serum concentration of IL-8 and age in male
subjects (p < 0.0001). Their results indicated no
significant difference between the 4 quartiles of
serum IL-8 concentration regarding SBR lipid pro-
file, BMI, CRP, diabetes, and leukocyte count [51].

We found that VEGF is significantly associated
with HDL-C (p = 0.007). Although HDL-C is gener-
ally thought to be an anti-atherosclerotic agent,
a previous study revealed that it could activate Jun
N-terminal kinase (JNK)-1, triggered initially by en-
vironmental stress, resulting in inhibition of the
formation of vascular tubes by endothelial cells.
JNK-1 acts through 2 mechanisms, one of which
is inhibiting the secretion of VEGF from smooth
muscle cells. This scenario is a possible reason for
our findings [52]. However, another study suggest-
ed that VEGF-A, as an endogenous inhibitor of
endothelial lipase, could increase systemic HDL-C
and play a key role in atherosclerosis [53].

We also found that the IFN-y levels were pos-
itively associated with the serum level of TG and
hip circumference (p = 0.018 and 0.029, respec-
tively). Hao et al. conducted a study in which they
investigated the effect of high mobility group
box-1 (HMGB1) on lipogenesis and lipid deposi-
tion in IFN-y-stimulated mouse mesangial cells.
They found that lipid accumulation and concen-
tration of triglyceride content were increased in
the HMGB1-stimulated group. This explains the
increase in hip circumference and the rise of TG
serum concentration by an increase in IFN-y se-
rum level among our subjects [54].

We found that serum levels of TNF-a were pos-
itively associated with TG serum concentration
(p = 0.006). Our results in this regard are in line
with the results of Bruunsgaard et al, who ob-
served significantly higher TG concentrations
among subjects with high TNF-a serum level,
compared to those with low TNF-a serum level
[55]. Kim et al. found the adipose tissue triglycer-
ide lipase (ATGL), the enzyme that selectively reg-
ulates lipolysis of TG, to be down-regulated by
TNF-a [56]. Also, Grunfeld et al. reported increased
TG secretion by TNF-a-stimulated cultured hepatic
cells into the media [57].

We found a strong positive association between
EGF and age among our subjects (p < 0.001), which
might be due to cellular aging and the consequent
down-regulation of EGF receptors, resulting in
compensatory elevation of serum EGF levels [58].
There was an age-related reduction in the expres-
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sion of EGF receptor-related protein (ERRP) in the
colonic mucosa of aged rats [59].

Our results indicate a possible association be-
tween various pro- and anti-inflammatory cyto-

kin

es and growth factors and age, sex, anthropo-

metric and biochemical factors, which are among

the
ord
lati

defining components of various metabolic dis-
ers. In conclusion, evaluating the level of circu-
ng cytokines is a potential prognostic strategy

in assessing metabolic disorders.
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