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ABSTRACT. Objective and Design: Psoriasis is a common, enigmatic, and recurrent disease. The precise etiology
and pathogenesis of psoriasis are still unclear. Psoriasis has been treated as an inflammatory disorder related to an
underlying Th1/Th17-dominated immune response. Interleukins are involved in the development of psoriasis lesions
through Th-17-associated inflammation. Th1 and Th17 cytokines are found in skin lesions and in the peripheral
blood of psoriasis patients. We sought to analyze serum levels of IL-1-�, IL-8, IL-9, IL-27, IL-29, IL-35, IFN-�, TNF
and TGF-� in patients with psoriasis and healthy control volunteers. Material: Blood samples were collected from
fifty-three patients with psoriasis and thirty-five healthy controls. Methods: Serum cytokines concentrations were
determined using an enzyme-linked immunosorbent assay. Results: Serum IL-8, IL-9, IL-27, IL-29 and TNF levels
were statistically significant in psoriasis patients. Detectable serum IL-9 levels were found in 47 patients of the 53 in
the psoriasis group. Conclusions: Interleukins-8, 27, 29 and TNF levels measured in the serum of psoriasis patients
were slightly elevated as compared to healthy controls in a weakly significant way. On the other hand, there were
highly significant differences in IL-9 levels between the two groups.
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soriasis is a chronic, T-cell-mediated disorder charac-
erized by histological features such as inflammatory
nfiltration, hyperproliferation of epidermal cells and
ilated microvessels. It affects 1-3% of the world’s popu-
ation, with a considerable impact on quality of life [1, 2].
atients with psoriasis have been found to be at greater
isk of developing metabolic syndrome and cardiovascular
omplications [3].
he precise pathomechanism of psoriasis remains unclear.
he ultimate pathological process that leads to both the
kin manifestations and comorbidities is chronic inflam-
ation, with an underlying Th1/Th17-dominated immune

esponse [4, 5]. Cutaneous and systemic overexpression of
ro-inflammatory cytokines, such as interferon-� (IFN-�),
umor necrosis factor (TNF) and interleukins (IL-1, IL-
, IL-8, IL-12, IL-15, IL-17, IL-18, IL-19, IL-20, IL-22,
L-23) has been demonstrated in patients with psoriasis
6, 7]. Th1 cytokines were found both in skin lesions and
n patients’ peripheral blood [2, 8].
ytokines are directly involved in the pathogenesis of pso-
iasis. Some are able to initiate inflammation by signaling
eratinocytes, with consequent greater defense cell recruit-
ent, i.e. leukocytes. In this way, the characteristic inflam-
ation associated with psoriasis is established [9]. Some
authors have suggested cytokine-blocking treatments,
including specific blockers such as anti-TNF currently in
clinical use, and more recently, potential IL-12, IL-23p40
and IL-17 blockers that are yielding good results [10-12].
There has been much study of the Th17 pathway in
the pathogenesis of psoriasis [13-15], but in addition to
the cytokines involved in this pathway, other cytokines
have been found in the serum of patients with psoriasis
[13, 16, 17], and there may be interactions that exacerbate
the immune response. Consequently, this study has focused
on searching for other cytokines that may be involved in
the pathogenesis of psoriasis such as IL-1�, IL-8, IL-9, IL-
27, IL-29, IL-35 IFN-�, TNF and TGF-�; trying to find a
link between them and the severity of disease as measured
by the PASI.

PATIENTS AND METHODS

Clinical assessment and patients
A sample population consisting of 53 patients (31 men
and 22 women, age range 18-80 years), with plaque-
type psoriasis attending the rheumatology outpatient clinic
at the Universidade Federal de Pernambuco (UFPE),
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Table 1
Clinical parameters of controls

Characteristics Mean (Range or SD) Mean (Range)
Patients (n = 53) Controls (n = 35)

Male 31 19

Female 22 16

Age (years) 49 (18-80) 46 (22-64)

PASI 17.15 (7-41)

Moderate (n = 22) 9.2 (± 1,8) -

Severe (n = 31) 22.8 (± 7,1) -

7.8 (±
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ecife-Brazil, and 35 healthy controls (table 1), were
ecruited for the study.

diagnosis of plaque psoriasis was made in strict accor-
ance with the diagnostic criteria of Nestle et al. [18]. The
everity of disease in each patients was assessed using
he PASI score [19]. Psoriasis was classified as moder-
te (PASI 8-12) or severe (PASI>12) [20]. According to
he PASI score, 22 patients had moderate and 31 patients,
evere psoriasis. At diagnosis, blood samples were col-
ected from all patients. The diagnose of psoriatic arthritis
as excluded in all 53 patients by a rheumatologist. The
atients included in this study had no other autoimmune
isorders, acute or chronic infections or any malignancies.
hey had not received any systemic treatment involving

mmunosuppressive drugs or phototherapy, and they had
een off topical treatment for four weeks prior to the PASI
core evaluation and blood sample collection. Healthy,
olunteer controls were matched by age and sex. Formal
ritten consent was obtained from all patients and healthy
olunteers enrolled in the study. The ethics committee of
he UFPE approved the research (CEP: 528/11).
lood samples were collected by venipuncture (8 mL),
nd processed after clotting for 20 minutes at room
emperature. Serum samples were obtained for further
easurements by centrifugation at 2000 rpm for 10 min,

nd were stored at -80◦C for subsequent assay.

LISA

erum IL-1 �, IL-8, IL-9, IL-27, IL-29, IL-35, IFN-�,
NF and TGF-� levels, for patients and healthy volun-

eers, were measured using enzyme-linked immunosorbent
ssay (ELISA) kits (eBiosciences) according to the man-
facturer’s instructions. The standard substances and
erum samples were incubated in a 96-well polystyrene
icroplate with the corresponding cytokine antibody. The

late was read at 450-570 nm. The sensitivity of the ELISA
as 0.78 pg/mL for IL-9 and IL-35; 1.95 pg/mL for IL-
; 3.91 pg/mL for IL-1�; 4.68 pg/mL for IFN-�. For
L-29 and TNF, the limit was 7.81 pg/mL; for TGF-�,
5.62 pg/mL, and finally, 62.5 pg/mL for IL-27.

tatistical analysis
he statistical analysis used the average and range for
onparametric data analysis, and the mean and standard
rror of the mean (SEM) for normal distribution. The
’Agostino test verified the normality of samples. Dif-
13,2) -

None

ferences in serum cytokine levels between patients with
psoriasis and healthy controls were analyzed using the
Mann-Whitney test. For two independent groups, the
Fisher test was used. Pearson’s coefficient was used to
measure the linear relationship between two variables. The
Spearman correlation coefficient (�) was used to mea-
sure the linear relationship between two variables at the
ordinal level. The correlation classification followed the
consideration r = 0.10 to 0.29 (weak); r = 0.30 to 0.49 (mod-
erate); r = 0.50 to 1 (strong). The statistical significance
is represented by stars as follow: * p<0.05; ** p<0.01;
*** p<0.001; **** p<0.0001. Statistical analysis was
performed using GraphPad Prism® version 6.0.

RESULTS

All psoriasis patients had squamous plaques characteristic
of the plaque-type disease. The patients that were cho-
sen presented with active disease, but were not receiving
any biological or immunosuppressive drugs and/or pho-
totherapy. From the classification of their psoriatic lesions,
patients were grouped by PASI scale into moderate and
severe groups [20]. Table 1 shows clinical and laboratory
parameters of volunteers.
The sandwich type ELISA detects IFN-�, IL-1�, IL-8, IL-
9, IL-27, IL-29, IL-35, TGF-� and TNF serum levels. The
values obtained can be seen in figure 1.
Age correlation analysis shows a weak statistical signif-
icance with IL-8 and TNF (data not shown). Of all the
cytokines, IL-9 was the most common in patients with
psoriasis. Forty-seven out of fifty-three patients showed
positive values for IL-9 (4 ± 2.2 pg/mL). If we compare
them to the controls, just two out of thirty-five showed
positive values for IL-9 (1.2 ± 2.5 pg/mL). Consequently,
we decided to analyze sensitivity and specificity. The IL-9
assay had a high specificity (94%), and quite good sensi-
tivity (88.6%).

DISCUSSION

We undertook this study in order to find other cytokines in

the serum of psoriasis patients. We found statistical signif-
icances for IL-8, IL-9, IL-27, IL-29 and TNF cytokines,
and we can conclude that these cytokines are present in
serum of Brazilian psoriasis patients.
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hese results showed a positive statistical significance
or IL-8 levels in patients with psoriasis compared to
ealthy controls. This cytokine was detected in 51 of
he 53 patients. The discovery of IL-8 at such statisti-
ally significance levels in patients with active disease
ay indicate its participation in the development of pso-

iasis [16, 21]. Nograles and Kruger [22] conducted an
mportant study of IL-8 in psoriasis in a review article
here they showed an improved picture of the disease
hen IL-8 was blocked [23]. The participation of IL-8 is

hus obvious within the framework of psoriasis. In addi-
ion, results show a tendency towards the higher the IL-8
evels, the higher the IL-27 and TNF levels. IL-8 can be
losely involved in inflammation. In this case, when pro-
uced by keratinocytes and the psoriasis is aggravated by
he Th1 cell activation pathway, in conjunction with IL-27,
t could be an important factor in the induction of the dis-
ase. It appears that IL-27 plays an important role in the
elationship between these three cytokines, serving as a
ivot for the inflammatory Th1 pathway [24-26]. TNF has
een frequently described in inflammatory diseases such
s psoriasis, where it is found in the serum and cells of
hese patients [16, 27, 28]. We also found higher levels of
NF in patients with psoriasis.
L-27 is a recently discovered cytokine that is produced
y antigen-presenting cells (APCs) [29]. Recently, it was
dentified as a key cytokine involved in the worsening of
nflammatory diseases such as lupus erythematosus and
o observe IL-1�, IL-8, IL-9, IL-27, IL-29, IL-35, IFN-�, TNF and
<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

psoriasis because of its potential to activate naïve T cells
into Th17 [30]. Our results show that IL-27 is present at
levels that are statistically significant in the serum of pso-
riatic patients. This suggests that Il-27 could be involved
in the triggering of the disease as it was not detected in
the serum of control patients. It is known that IL-27 has
pro-and anti-inflammatory functions, but in this study, in
correlation with IL-8, we believe that IL-27 is acting in a
proinflammatory capacity.

IL-29, also known as IFN�1, was discovered in 2003, and it
initially appeared to be involved in the antiviral response.
It is believed that this cytokine might be involved in the
Th1 response [31, 32]. Eventually, IL-29 was classified as
an IL-10 family member [33]. A recent study suggested
the production of IL-29 by Th17 cells in patients with
psoriasis [34]. Observation of the importance of IL-29
within the psoriatic framework distinguished this cytokine
as an important objective of the study. Serum levels of
IL-29 were positively statistically significant in patients
with psoriasis compared to controls. Given the number of
patients who had detectable levels of IL-29, this suggests
that the cytokine is involved in the inflammatory stages of
the disease and should be studied further.

Finally, IL-9 was detected in 47 of our 53 patients, but

in only two control patients. The present study indicated
that patients with plaque-type psoriasis showed positive
statistical significance for serum IL-9 levels as compared
to healthy controls. The sensitivity of the ELSA kit used
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n the experiment was 0.78 pg/ml, which is very precise.
n this context, the detection of serum IL-9 levels in 47
f the 53 individuals in the psoriasis group, compared to
nly two in the healthy control group of 35, becomes very
nteresting, suggesting that this cytokine may be of greater
mportance in the setting of psoriasis than was previously
hought. In this study, the data point to a sensitivity of
8.6% and a specificity of 94%, suggesting that IL-9 might
e a good serum biomarker for plaque-type psoriasis.
nflammatory and autoimmune diseases such as rheuma-
oid arthritis, systemic lupus erythematosus and psoriasis,
ssociated with the Th17 pathway, showed high serum lev-
ls of IL-9 [35]. A recent finding has indicated a link
etween IL-9, a Th2 and Th9 cytokine, and the Th17
athway in psoriasis, demonstrating a markedly higher
xpression of IL-9R in psoriatic skin lesions. This cytokine
an also be expressed by Th17 cells [36, 37]. In addition,
L-9 associated with IL-6 and TGF-�1, increased the pro-
uction of IL-17 by peripheral blood mononuclear cells or
D4+ T cells, especially in cells isolated from individuals
ith psoriasis [14]. Accordingly, Th17 cells are known to

xpress the receptor for IL-9, which can contribute directly
o Th17 differentiation, and behave in such a way in the
ontext of psoriasis [38].
ecently, Singh et al. demonstrated that IL-9 had no ex vivo
ffects on a number of IFN-�-secreting CD4+ T cells on
LISPOT assay using cells from individuals with psoriasis,
uggesting that IL-9 does not contribute to the Th1 compo-
ent of the disease [14, 39]. This observation is consistent
ith other, similar reports [40]. Indeed, the finding that

L-9 has a pathogenic role in psoriasis was clearly seen in
5.HTGF�1 transgenic mice, which exhibit a phenotype

imilar to human psoriasis. Intradermal injection of IL-9
n these animals induced Th-17-associated skin inflam-

ation, including expression of IL-17A. Moreover, when
nti-IL-9 antibody was injected, not only did it diminish
he psoriasis-like morphological changes, including cellu-
ar infiltration and neo-vascularization of the skin, it also
educed the expression of IL-17A [14]. In addition, the
njection of anti-IL-17 in mice decreased skin IL-9 m RNA
nd serum IL-9 protein levels, suggesting a positive feed-
ack loop between IL-9 and IL-17A [14]. We found that the
erum levels of IL-9 were increased in patients with plaque
soriasis compared to healthy controls. The specific mech-
nism of the high expression of IL-9 in psoriasis remains
nknown, but with these results from clinical trials, we are
ble to refine our understanding of the pathogenesis of pso-
iasis, which may provide a new therapeutic approach for
his debilitating disease.
inally, interleukin-35 is the newest member of the IL-
2 cytokine family. It is involved in Treg cell regulation.
tudies suggest that it may reduce the proliferation of CD4
cells, thus being a potential treatment for autoimmune

iseases [41-44]. To date there had been no data avail-
ble concerning the possible role of IL-35 in psoriasis. We
ecided to include IL-35 in our study because of its sup-
osed anti-inflammatory characteristics. We did not find
L-35 in the serum of Brazilian psoriasis patients.
ONCLUSION

he results indicate that cytokines IL-8, IL-9, IL-27,
L-29, IFN-� and TNF are present in the serum of north-
P.R.G. Cardoso, et al.

east Brazilian, plaque-type psoriasis patients. The findings
are important for further study of diseases mediated by
immune cells.
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