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ABSTRACT. Objective: This study aimed to evaluate serum levels of pro-inflammatory cytokines and TGF-� in
sickle cell disease (SCD) patients, and to compare the results during vaso-occlusive crisis (VOC) or steady state
(StSt) conditions. Methods: 54 SCD patients (37HbSS and 17S�+Thal) were enrolled in the study and evaluated in
two groups as follows; group A consisted of 39 VOC patients and group B comprised 15 StSt patients. Nineteen
healthy volunteers were included as controls. Circulating levels of IL-1, IL-6, IL-8, IL-17,TNF-� and TGF-� were
measured using ELISA. Results: Patients in VOC showed higher mean levels of all cytokines than those found in
steady-state patients, but this was only marginally significant for IL-8 levels (P = 0.08). Increased levels of TGF-� and
IL-17 were found in StSt patients versus normal controls (P = 0.004 and P<0.0001 respectively). A positive correlation
was observed between IL-8 and IL-17 in both groups of patients (P = 0.002 and P = 0.005 respectively). Decreased
levels of TNF-�, IL-1� and IL-17 were found in hydroxyurea-treated patients. Additionally, significantly higher
levels of IL-6 and IL-8 were observed in hydroxyurea-treated and untreated patients than in controls respectively
(P = 0.04 and P = 0.01). Conclusions: Our findings indicate that pro-inflammatory cytokines, especially IL-8 and
IL-17, could be used as related markers for assessing disease severity, and consequently therapeutic intervention.
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ickle cell disease (SCD) is an inherited disorder of
emoglobin (Hb) structure and synthesis, which is
haracterized by chronic hemolysis, frequent infections
nd recurrent occlusions of the microcirculation. These
omplications cause painful crises and lead to chronic
rgan damage, disability and ultimately, premature death
1, 2]. Direct adherence of sickle red blood cells to the
ndothelium plays a major role in vaso-occlusion and this
rocess is the main cause of morbidity and mortality in
CD patients [3, 4].
aso-occlusion is a complicated process governed by sev-
ral contributing factors including, interaction between
ultiple adhesion molecules and receptors on erythro-

ytes, white blood cells, platelets and endothelial cells,
n which sub-endothelial matrix components and plasma
roteins forming bridges between blood cells, and vascular
ndothelium play critical roles [5-7].

vidence is accumulating to support the hypothesis that
nusual binding of pro-adhesive sickle cells to the vas-
ular endothelium is a crucial event in pathophysiology
f vaso-occlusion and other clinical manifestations of this
disease [8]. Additionally, it is believed that pro-adhesive
mechanisms related to abnormal red cells, leukocytes or
endothelial cells are also activated during steady-state, the
period between a painful crisis, in which the patient feels
well, and vaso-occlusion, which is an ongoing subclinical
process in these stable SCD patients [8, 9].
The increased adhesiveness of sickle cells to endothe-
lium during the steady-state of SCD leads to chronic
activation of endothelium and damage, and consequently
cytokine production (IL-1, IL-6, IL-8, TNF-�) by endothe-
lial cells. These inflammatory cytokines enhance the
adhesiveness of sickle cells to endothelium through dif-
ferent mechanisms such as induction of vascular cell
adhesion molecule (VCAM) expression, fibronectin and
chemokine production. In addition, �4�1 integrin expres-
sion on sickle cells leads to subclinical vaso-occlusion
during steady state periods [8-10]. In the case of inflam-

matory stress, cytokines further activate the vascular
endothelium, increase the adhesion of sickle cells to
endothelium, and ultimately lead to painful vaso-occlusive
crisis [8].
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icrovascular occlusion, either clinical or subclinical,
nfection and hemolysis are crucial factors that stimu-
ate production of cytokines and acute phase proteins
10-12]. On the other hand, increased numbers of reticu-
ocytes, as a result of chronic hemolytic anemia, are often
resent in the circulation of SCD patients. Reticulocytes
xpress integrin �4�1 (VLA-4), which binds to plasma
nd endothelial fibronectin, and to VCAM-1 on the sur-
ace of endothelial cells [3, 13, 14]. These interactions are
nhanced by inflammatory cytokines such as TNF-�, IL-1
nd IL-8, especially after the activation of endothelial cells
8, 9, 15, 16].
rowing bodies of literature suggest that white blood cells

WBC), especially neutrophils, may be involved in the ini-
iation and propagation of vaso-occlusive crisis in SCD.
t has been demonstrated that an increased steady-state
eukocyte count is a risk factor for acute chest syndrome,
troke and mortality. Also, it is postulated that vascular
ndothelium activation promotes leukocyte recruitment,
ctivation and adhesion, culminating in adhesive inter-
ctions between circulating erythrocyte and adherent
eukocytes [9, 17]. More importantly, increased levels of
roinflammatory cytokines, particularly TNF-� and IL-
, which are potent mediators of neutrophil activation,
nhance abnormal adhesion of activated neutrophils to
ndothelial cells, and to plasma fibronectin, leading possi-
ly to vaso-occlusion and sickle cell crisis [8, 10, 17]. IL-8,
chemokine produced by endothelial cells in areas of of

ndothelial injury, activates �4�1 integrin on sickle retic-
locytes and endothelial surface-associated fibronectin,
hereby increasing the adherence of sickle red blood cells
o endothelium [13]. Additionally, IL-8 acts as a chemotac-
ic factor for neutrophils and contributes to the initiation of
ascular occlusion and painful crisis in SCD patients. From
his point of view, IL-8 production is regulated by TNF-�
nd IL-1, synthesis of the plasma form of fibronectin being
egulated by IL-1 and IL-6 [17-20]. Likewise, VCAM-1
xpression on the surface of endothelial cells is increased
y tumor necrosis factor (TNF)-a, platelet activating factor
PAF) and interleukin-1 [15].
nother pro-inflammatory mediator that possibly aggra-
ates this condition is IL-17, a cytokine produced by
h17, which initiates a neutrophil-dominant inflammatory

esponse. Binding through IL-17R induces target cells to
roduce proinflammatroy factors such as IL-1, IL-6, IL-
, TNF-� and matrix metalloproteinase [21, 22]. Hence,
ytokines seem to be one of the main contributing factors
n the pathogenesis of the vaso-occlusion phenomenon in
CD [8, 10].
n spite of encouraging data on the physiopathology of
CD, progress in its treatment remains unimpressive [23-
7]. Hydroxyurea (Hu), the only drug with any proven
linical efficacy, can affect cell adhesion through several
ossible mechanisms such as decreased HbSS erythrocyte
dhesion, down-regulation of VCAM-1 and endothelin-1
xpression, which presumably contribute to the reduction
f vaso-occlusive episodes [17, 27].
n this study, we evaluated serum levels of IL-1, IL-6, IL-
, IL-17, TNF-� and TGF-� in SCD patients and a group

f healthy volunteer controls, and compared the results
onsidering vaso-occlusive crisis and the steady-state
ondition, in patients receiving treatment with hydrox-
urea, or not .
B. Keikhaei, et al.

PATIENTS AND METHODS

A total of 54 SCD patients (37 HbSS homozygous type
and 17 S�+ Thal heterozygous type), attending the Tha-
lassemia and Hemoglobinophathy Research Center in
Shafa University Hospital (southern Iran) were enrolled
in this cross-sectional study, which was approved by the
institutional ethics committee. Informed consents were
obtained from all patients or their guardians for partici-
pation in the study. Documentation of homozygous sickle
cell (HbSS) and S�+ Thal heterozygous patients had been
determined by hemoglobin electrophoresis at pH 9.2 on
cellulose acetate strips, tests for solubility and sickling,
and quantification of Hb A2 and Hb F. Diagnosis of HbSS
homozygous or S�+ heterozygous type in these patients
had been confirmed by genetic analysis in the molecular
laboratory of this center. The exclusion criterion was pre-
vious transfusion within three months before sampling.
Patients were evaluated in two groups as follows; group A
consisted of 39 patients experiencing vaso-occlusive cri-
sis who were admitted to hospital after visiting the clinic
(eight with abdominal crisis and 31 with musculoskele-
tal crisis), and group B consisting of 15 non-symptomatic,
sickle cell patients (no acute illness or crisis), who had
been referred to the outpatient clinic for routine check-ups.
However, vaso-occlusive crisis was defined as an episode
of acute pain in the abdomen, bone, joint, or multiple
sites of pain, necessitating hospital admission and anal-
gesic administration. Clinical infection was assessed by
hematology specialist by taking a history for possible expo-
sure to infectious disease and recording clinical signs and
symptoms of fever, rashes, jaundice, or swelling, as well
as organ-specific signs and symptoms, such as coughing,
diarrhea, and dysuria.
Nineteen age-, sex- and race-matched, healthy, normal sub-
jects were included in the study as the control group. Ten
milliliters of venous blood was drawn from healthy vol-
unteers and sickle cell patients. Of this amount, 5 ml was
transferred to a vacutainer tube with EDTA anticoagulant
for determination of the basic hematological indices. Five
milliliters was dispensed into a plain, sterile tube for serum
separation. Thereafter, serum samples were kept frozen at
-70◦C until cytokine assay. Peripheral blood cell counts
were determined using an automated cell counter, Celltec
� (Nihon Kohden, Tokyo, Japan).

Serum cytokine assays

Serum levels of IL-1�, TNF-�, IL-6, IL-8, IL-17 and
TGF-� were measured using commercial enzyme-linked
immunosorbant assay kits (Bender MedSystems, Vienna,
Austria), in accordance with the manufacturer’s instruc-
tions. All serum samples were assayed in duplicate.

Statistical analysis

Data were analyzed using the SPSS, version 15, for
Windows. Statistical significance was calculated using Stu-
dent’s unpaired t test, the Mann-Witney U test, Chi-square

and Fisher’s exact test. Spearman’s correlation coefficient
was used to determine the correlation between some quan-
titative variables. Statistical test results with a P value
≤0.05 were considered to be significant.
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ro-inflammatory cytokines in sickle cell diseases

ESULTS

emographics of the study subjects, as well as their hema-
ological parameters and some clinical features of the
atients are summarized in table 1. Fifty-four patients with
diagnosis of sickle cell disease (SCD) comprising 25
ales (46.3%) and 29 females (53.7%), were evaluated

n this study. Of the SCD patients, 39 (72.2%) were in
aso-occlusive crisis, and 15 (27.8%) were in a steady-
tate condition and represented our stable control patients.
here was a significant difference in total white blood cell

WBC) counts and neutrophil percentages between both
roups of patients (P = 0.005 and P = 0.0005 respec-
ively), and also between patients and healthy controls
P<0.0001) (table 1). Similarly, there was a statistically

ignificant difference in total red blood cell (RBC) counts,
emoglobin concentrations and hematocrit percentages
etween both groups of patients and controls (table 1).
ifteen patients (12 in vaso-occlusive crisis and 3 in the

Table 1
Characteristics of all sickle cell disease patients (N = 54) grouped by stea

healthy cont

Variables VOC Patients
(group A, n = 39)

StSt Patients
(group B, n = 15)

Age (Mean ± SD) 23.4 ± 8.4 23.25 ± 11.7
P = 0.96a

Male/Female 18 /21 7 / 8
P = 0.78 b

SS /S� 26 / 13 11 / 4
P = 0.75 b

Hu /No-Hu 12 / 27 3 / 12
P = 0.51 b

WBC (×106/ml) 13.98 ± 6.4 8.3 ± 2.6
P = 0.005 a

RBC ((×109/ml) 3.58 ± 0.83 3.51 ± 0.75
P = 0.80 a

Neutrophil (%) 65.39 ± 6.5 56.68 ± 7.33
P = 0.0005 a

Hemoglobin (gr/dl) 9.12 ± 1.82 8.76 ± 1.66
P = 0.56 a

Hematocrit (%) 28.98 ± 5.36 28.28 ± 4.81
P = 0.69 a

uantitative data are presented as mean ± SD. SS: homozygous Hb SS, S�: heterozyg
ydroxyurea.
: two-tailed P values by unpaired t-test, b: two-tailed P values by Chi-square or Fisher’s ex

Table 2
Comparison of serum cytokine levels betwee

Cytokines
(pg/ml)

Patients
(N = 54)

IL-1� 3.24 ± 0.16

TNF-� 16.02 ± 4.58

TGF-� 11.15 ± 1.86

IL-6 12.13 ± 1.98

IL-8 144.0 ± 32.88

IL-17 7.70 ± 0.32

ll data are presented as mean ± SE. a: two-tailed P values by Mann-Witney U test.
47

steady-state condition group) had been receiving treat-
ment with hydroxyurea at least for six months (1000-1500
mg/day).
The mean serum levels of pro-inflammatory cytokines IL-
1�, TNF-�, IL-6, IL-8, IL-17 and TGF-� as a regulatory
factor, were compared between all patients and healthy
control volunteers, and also between the two groups of
patients versus controls. Significantly higher, levels of all
cytokines mentioned, except for IL-1�, were observed in
SCD patients compared to the control group (table 2).
Patients in vaso-occlusive crisis showed higher mean levels
of TNF-�, IL-6, IL-8, TGF-�, IL-1� and IL-17 than those
in the steady-state condition. However, this difference was
only marginally significant for IL-8 between both groups
of patients (175.7 ± 44.6 versus 61.39 ± 5.02, P = 0.08,

table 3). In addition, patients in vaso-occlusive crisis had
significantly higher levels of all cytokines except for IL-1�
in comparison with control subjects (table 3). Comparison
of the mean cytokine concentrations between steady-state

dy-state (StSt) versus vaso-occlusion crisis (VOC) conditions and
rols.

Normal controls
(group C, n = 19)

P values

A vs. C B vs. C

23.37 ± 4.83 0.98 0.96

9 / 10 0.84 0.76

——

——

7.47 ± 0.75 <0.0001 0.20

4.79 ± 0.62 <0.0001 <0.0001

52.79 ± 5.2 <0.0001 0.09

14.34 ± 1.16 <0.0001 <0.0001

43.08 ± 3.5 <0.0001 <0.0001

ous HbS and � thalassemia, Hu: hydroxyurea treatment, No-Hu: not receiving

act test.

n SCD patients and normal controls.

Controls
(N = 19)

P Valuesa

3.33 ± 0.19 0.33

12.17 ± 0.55 0.02

1.04 ± 0.30 <0.0001

5.03 ± 0.69 0.06

55.74 ± 6.15 0.02

4.67 ± 0.21 <0.0001
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Table 3
Serum levels of cytokines in all patients grouped by vaso-occlusive crisis (VOC) versus steady-state (StSt) conditions and in normal controls.

Cytokines
(pg/ml)

VOC patients
(group a, n = 39)

StSt patients
(group b, n = 15)

Controls
(group c, n = 19)

P Valuesa

a vs. b a vs. c b vs. c

IL-1� 3.26 ± 0.20 3.19 ± 0.22 3.33 ± 0.19 0.95 0.37 0.44

TNF-� 17.8 ± 6.33 12.03 ± 0.85 12.17 ± 0.55 0.13 0.009 0.42

TGF-� 11.18 ± 2.23 11.07 ± 3.74 1.04 ± 0.30 0.89 <0.0001 0.004

IL-6 14.18 ± 2.26 6.78 ± 1.73 5.03 ± 0.69 0.15 0.04 0.45

IL-8 175.7 ± 44.6 61.39 ± 5.02 55.74 ± 6.15 0.08 0.01 0.29
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IL-17 8.25 ± 0.58 7.48 ± 0.38

ll data are presented as mean ± SE. a: two tailed P values by Mann-Witney U tes

atients and controls revealed a significant difference for
GF-� and IL-17 levels (P = 0.004 and P<0.0001 respec-

ively, table 3).

pearman correlation analysis revealed a significant, pos-
tive correlation between IL-8 and Il-17 in vaso-occlusive
risis and steady-state patients (P = 0.002 and P = 0.005
espectively, figure 1), and an inverse correlation between
eutrophil percentages and IL-8 concentrations in the
teady-state group (P = 0.07, figure 1).

ith regard to receiving hydroxyurea therapy, decreased
evels of TNF-�, IL-1� and IL-17, as well as increased
evels of TGF-�, IL-6 and IL-8 were observed in
ydroxyurea–treated patients compared to those not
eceiving hydroxyurea (table 4). In comparison with
ealthy controls, mean levels of TGF-� and IL-17 were sig-
ificantly higher in both groups of patients (table 4). Also,
ignificantly higher levels of IL-6 and IL-8 were observed
n hydroxyurea–treated and untreated patients compared
o normal controls respectively (P = 0.04 and P = 0.01,
able 4).

omparison of the mean concentration of cytokines
etween SCD (HbSS) and ickle-thalassemia (S�+) patients
id not show any statistically significant differences. How-
ver, increased levels of TGF-� and IL-8 were observed in
�+ patients versus SCD patients (P = 0.68 and P = 0.75
espectively, table 5). It is interesting to note that we found
ignificantly increased levels of TNF-�, TGF-� and IL-17
n both group of patients compared to the controls (table 5).
ikewise, control subjects had significantly decreased lev-
ls of IL-8 and IL-6 compared with SS patients and S�+

atients respectively (P = 0.01 and P = 0.05, table 5).

ISCUSSION

ickle cell anemia has been defined as a chronic inflam-
atory state with significant immunological components

ncluding; elevated leukocyte counts, abnormal activa-
ion of granulocytes, monocytes and endothelial cells,
nd increased levels of multiple inflammatory mediators
8-10]. One of the main reasons for painful crisis and con-
equent chronic organ failure in SCD patients is recurrent
cclusion of the microcirculation. In spite of general agree-

ent denoting the increased binding of sickle red blood

ells to vascular endothelium as a crucial factor in vaso-
cclusive crisis, the pathogenic mechanisms involved in
his phenomenon have remained controversial [1, 2, 4].
4.67 ± 0.21 0.59 <0.0001 <0.0001

Several studies have demonstrated that vaso-occlusive cri-
sis is a multi-factorial process involving hematological,
immunological and thrombotic disturbances [14, 28]. In
this context, endothelial abnormalities, enhanced adher-
ence of sickle red cells to vascular endothelium, plasma
proteins and cytokines, and leukocyte activation, especially
neutrophils, play important roles in the vaso-occlusion and
in the pathophysiology of SCD [29].
Interaction between HbSS erythrocytes and vascular
endothelium is enhanced by further activation of endothe-
lial cells through inflammatory cytokines released from
activated endothelial cells (IL-1, IL-6, IL-8 and TNF-�),
activated platelets (IL-1 and TNF-�) and from monocytes-
macrophages (IL-1, IL-6 and TNF-�) [8, 10]. Therefore, a
study of the effects of cytokines on vascular endothelium
and adhesion molecule expression, and their presumptive
role in clinical outcomes in SCD patients is an interesting
and relevant area of research for this disease [14, 28].
Evaluation of serum cytokines in all SCD patients in
the present study, either in a steady-state condition or in
vaso-occlusive crisis revealed an increased level for all
inflammatory cytokines apart from IL-1�, when compared
to normal controls (table 3). Likewise, significant differ-
ences were found between vaso-occlusive crisis patients
and controls for all factors except IL-1�, and between
steady-state patients and control for TGF-� and IL-17
(table 3). In a similar study by Taylor et al. [30], no signif-
icant, detectable levels of IL-1 were found in the serum of
patients in the steady-state condition or normal controls.
Increased levels of IL-6 were observed in both groups of
patients versus controls although this was statistically sig-
nificant only between vaso-occlusive crisis patients and
healthy controls (P = 0.04, table 3), whereas two previ-
ous studies showed this difference between steady-state
patients and normal controls [31, 32]. More impor-
tantly, patients in vaso-occlusive crisis showed increased
concentrations of all factors compared with steady-state
patients, although only the differences in IL-8 levels were
marginally significant between the two groups (P = 0.08,
table 3).
High levels of IL-8, a chemotactic factor for neutophils,
during painful crisis in SCD have been reported indepen-
dently of the crisis-inducing factors [20]. As expected,
we observed higher levels of IL-8 in vaso-occlusive cri-

sis patients compared to steady-state patients and healthy
controls (P = 0.08, P = 0.01 respectively). This finding
is supported by Goncalves et al. [16] who showed a sig-
nificantly elevated concentration of IL-8 in crisis versus
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Figure 1
Spearman correlation analysis for IL-8 and IL-17 levels (pg/ml)
and neutrophil percentages. Negative correlation between neutrophil
(
s
s

n
M
c
V
a
o
b
c
[

%) and IL-8 concentration (pg/ml) in steady-state patients (A) and
ignificantly positive correlation between IL-8 and IL-17 levels in
teady-state (B) and VOC patients (C).

on-crisis sickle cell patients. However, another study by
ichaels et al. [34] demonstrated no differences between

risis and non-crisis patients.
arious investigations have shown that neutrophils are
ctivated in sickle cell patients, particularly during a vaso-

cclusive crisis, and that this event is mainly mediated
y the potent neutrophil activator IL-8 [19, 35] and to a
ertain extent by IL-17 as a pro-inflammatory cytokine
14, 21, 22]. As expected, significantly increased cir-
49

culating levels of both cytokines were observed in our
patients versus controls and remarkably in vaso-occlusive
crisis patients compared to those in the steady-state condi-
tion. IL-17 is an essential, proinflammatory, T cell-derived
cytokine with several biological actions such as induc-
tion of IL-1 and TNF-� production, and recruitment of
neutrophils during inflammatory responses [14].
Generally, differentiation of naïve T cells to Th17, the main
source of IL-17 production, is induced in the presence of
TGF-� plus IL-6, and this process is also enhanced by
IL-21 and IL-1� [21]. Our findings demonstrate increased
serum levels of TGF-�, IL-6 and IL-17 in vaso-occlusive
crisis patients versus normal controls, which is in agree-
ment with previous studies [9, 18, 36].
TGF-� is a member of the cytokine family whose main
effects are on differentiation and inhibition of cell growth.
It is believed that the balance between TGF- � as a negative
regulator and SCF, IL-3, and GM-CSF as positive regula-
tors plays a major role in the control of hematopoiesis in
SS disease [36]. It has been shown that high levels of TGF-
� in SS patients with high levels of Hb F are associated
with lower levels of SCF. This suggests that TGF-� may
inhibit SCF production and/or repress hemopoietic pro-
genitor expression of c-kit [36]. As we did not quantify the
concentrations of the positive regulators mentioned, our
data should be interpreted cautiously in relation to other
studies.
Observation of a reduced neutrophil count in our steady-
state patients versus those in vaso-occlusive crisis is in line
with previous data highlighting the correlation between
low neutrophil counts and improved clinical manifesta-
tion [37]. As anticipated, we found an inverse correlation
between IL-8 levels and neutrophil percentages (P = 0.07,
figure 1A) among the steady-state patients. Interestingly,
a significantly positive correlation was observed between
IL-8 and IL-17 in both groups of patients (figures 1B-
C) that could be indicative of an ongoing inflammatory
process in stable patients as well as vaso-occlusive crisis
patients. Consistently, previous studies have demonstrated
neutrophil activation, especially during voaso-occlusive
crisis, and increased serum levels of IL-8 in SCD patients
[19, 35].
With regard to the positive correlation between IL-8 and
IL-17concentrations in both groups of patients, and the
suggested roles of these contributors to the pathogenesis
of vaso-occlusive crisis, IL-8 and IL-17 could be useful
markers not only in vaso-occlusive crisis patients, but also
in steady-state patients [14, 20, 33, 34]. Thus, it might be
worth observing the non-significant differences for IL-8
and IL-17 levels between both groups of patients, despite
the higher levels of IL-8 and IL-17 in vaso-occlusive cri-
sis patients (table 3). However, the increased levels of
IL-8 in vaso-occlusive crisis patients versus normal con-
trols and steady-state patients are more prominent than
changes in IL-17 content. Another explanation for these
non-statistically significant differences might be the low
number of samples in our study.
In agreement with Pathare et al. [9], we found higher
concentrations of TNF-� and IL-6 in vaso-occlusive cri-

sis patients versus steady-state patients, although this was
not statistically significant. Increased levels of IL-8 were
observed in our vaso-occlusive crisis patients compared to
steady-state patients, whereas the study mentioned above
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Table 4
Comparison of cytokine levels in all patients grouped by hydroxyurea (Hu) treatment and in healthy controls.

Cytokines
(pg/ml)

Patients on Hu
(group a, n = 39)

Patients not on Hu
(group b, n = 15)

Controls
(group c, n = 19)

P Valuesa

a vs. B a vs. c b vs. c

IL-1� 3.03 ± 0.27 3.33 ± 0.19 3.33 ± 0.19 0.61 0.51 0.34

TNF-� 13.05 ± 2.26 17.41 ± 6.29 12.17 ± 0.55 0.60 0.14 0.02

TGF-� 14.81 ± 4.46 9.74 ± 1.92 1.04 ± 0.30 0.18 <0.0001 0.0004

IL-6 14.46 ± 4.37 11.23 ± 2.19 5.03 ± 0.69 0.43 0.04 0.15

IL-8 144.6 ± 53.02 143.7 ± 41.11 55.74 ± 6.15 0.38 0.28 0.01

IL-17 7.30 ± 0.65 7.85 ± 0.37 4.67 ± 0.21 0.34 0.001 <0.0001

All data are presented as mean ± SE. a: two tailed P values by Mann-Witney U test.

Table 5
Comparison of cytokine levels between HbSS sickle cell anemia (SCA) and sickle �-thalassemia (S� Thal) patients and healthy controls.

Cytokines
(pg/ml)

HbSS-SCA patients
(group a, n = 37)

S� Thal patients
(group b, n = 17)

Controls
(group c, n = 19)

P Valuesa

a vs. B a vs. c b vs. c

IL-1� 3.38 ± 0.21 2.95 ± 0.20 3.33 ± 0.19 0.29 0.52 0.20

TNF-� 17.83 ± 6.63 12.65 ± 2.01 12.17 ± 0.55 0.96 0.03 0.05

TGF-� 10.92 ± 2.33 11.65 ± 3.12 1.04 ± 0.30 0.68 <0.0001 0.001

IL-6 12.3 ± 2.65 11.74 ± 2.63 5.03 ± 0.69 0.68 0.14 0.05

IL-8 142.4 ± 45.0 147.3 ± 38.21 55.74 ± 6.15 0.75 0.01 0.11

IL-17 7.76 ± 0.38 7.56 ± 0.60 4.67 ± 0.21 0.72 <0.0001 0.0003
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ll data are presented as mean ± SE. a: two tailed P values by Mann-Witney U tes

eported increased levels of IL-6 in crisis patients. In addi-
ion, our results demonstrated significantly increased levels
f all cytokines, apart from IL-1�, in vaso-occlusive cri-
is patients compared to normal controls, although Pathare
t al. showed this difference only for IL-8 and IL-6. The
teady-state patients in our study showed increased lev-
ls of TGF-� and IL-17 versus controls, which is also
iscordant with Pathare’s study that reported increased
oncentrations of IL-6, IL-1� and IFN-� in steady-state
atients.

ncreased levels of proinflammatory cytokines such as
NF-�, IL-6, IL-8 and IL-17 in vaso-occlusive cri-
is patients compared to the controls and steady-state
atients could be indicative of a chronic inflammatory
esponse and further production of these cytokines from
ctivated endothelial cells, platelets and accumulated
onocytes/macrophages in the vaso-occlusion area [8-

0]. These inflammatory mediators enhance red blood cell
dhesiveness to endothelium and form a vicious cycle lead-
ng to more dense aggregations of sickle erythrocytes,
latelets and neutrophils, and eventually to clinical vaso-
cclusion [10].

ith respect to the cytokine profile alterations during anti-
nfection responses, this confounding factor should be
onsidered for interpretation of the results. In this case, we
ad only five patients (in the vaso-occlusive crisis group)
ith mild bacterial or viral infection, which is unlikely
o have contributed to the cytokine alterations in all vaso-
cclusive crisis patients.

anaro et al. reported a significantly decreased plasma
evel of TNF-� and elevated levels of IL-10 in patients
on hydroxyurea therapy [38]. This study also showed sig-
nificant alterations in gene expression levels for TNF-�
and IL-8 between patients receiving and not hydroxyurea
therapy. In line with the above study, we observed slightly,
but not significantly, lower concentrations for TNF-� and
IL-1 and IL-17, and a higher content of TGF-�, IL-6
and IL-8 in hydroxyurea -receiving patients compared to
those not receiving hydroxyurea treatment. However, the
beneficial effects of hydroxyurea in SCD is mediated par-
tially by increased Hb F concentrations, which, in turn,
inhibits polymerization of HbS in red cells and is asso-
ciated with a less severe form of the disease [36, 39].
Accordingly, demonstration of higher levels of TGF-� in
hydroxyurea-treated patients in the present study could
be supported somewhat by Croizat et al. who reported a
direct correlation between HbF concentration and TGF-�
levels in relation to erythropoietic stress in SCD patients
[36].

Conversely, Tavakoli et al. [39] reported the beneficial
effects of hydroxyurea-induced increases in TNF-� levels
in SCD patients. Although the previous findings support
a role for hydroxyurea in the reduction of vaso-occlusive
episodes, further studies are needed to clarify the exact
mechanism of of action of hydroxyurea in relation to adhe-
sion molecules and other inflammatory mediators such as
cytokines in SCD patients [17, 27, 40]. Moreover, as many
of SCD patients in crisis are on hydroxyurea treatment,

any comparison with non- hydroxyurea patients regarding
inflammatory mediators should be viewed cautiously.

Comparison of cytokine levels between HbSS and
S�-Thal patients depicted increased but nonsignificant
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oncentrations of TGF-� and IL-8 in the S�-Thal group
nd significantly increased levels of TGF-�, TNF-�, IL-6
nd IL-17 in this group of patients versus controls (table 5).
t has been reported that both diseases manifest increased
evels of inflammatory mediators, as well as activation of
latelets, monocytes, endothelial cells and granulocytes
hat are the main sources of cytokine production [11].
n conclusion, our results support the view that the chronic
nflammatory response is an ongoing process, not only dur-
ng crisis, but also during steady-state conditions in SCD
atients. Evaluation of proinflammatory cytokines, espe-
ially IL-8 and IL-17 as important, contributing factors
o this process could show them to be useful markers for
ssessing disease severity and, consequently, therapeutic
ntervention. However, our findings presented here should
e interpreted cautiously as there are a wide variety of
ajor contributors to the pathogenesis of sickle cell dis-

ase such as adhesion molecules, other plasma proteins,
eukocyte activation status, endothelial injury, and other
nknown factors that needed to be investigated further
or a better understanding of the pathophysiology of this
isease.
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