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Serum cytokines correlated with the disease
severity of generalized pustular psoriasis
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Abstract. To characterize serum biomarkers reflecting the severity of generalized pustular psoriasis (GPP), we measured multiple
cytokine/chemokine levels in 39 serum samples from 6 cases with GPP during the course of the disease. Serum levels of IL-4,
IL-8, CXCL1 and CCL3 were positively correlated with the severity scores of GPP, white blood cell counts and serum C-reactive
protein levels. Serum levels of IL-1β, IL-1ra, IL-6, IL-10, IL-12p70, IL-18, IL-22, IFN-γ and VEGF showed strong positive
correlations (r > 0.4, p < 0.01) with all those 3 clinical markers. Of those, IL-10 and IL-22 were significantly decreased after
treatment in parallel with the GPP score and therefore those two serum cytokines might be useful to evaluate the efficacy of
treatment for GPP.
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1. Introduction

Psoriasis is a chronic inflammatory skin disease char-
acterized by erythematous papules and plaques with
thick scales. Psoriasis is an immune-mediated disease
because it can be effectively treated with anti-p40 sub-
unit of IL-12/23 or with anti-TNF-α [1]. Psoriasis is
classified in 5 subtypes, psoriasis vulgaris (PV), psori-
asis guttata, psoriatic arthritis, psoriatic erythroderma
and generalized pustular psoriasis (GPP). Of those sub-
types, GPP is a rare and severe form of psoriasis, in
which acute generalized erythema and scaling develop
with a rapid spread of multiple sterile pustules and is
often associated with fever and general fatigue. During
the clinical course of GPP with frequent recurrence,
laboratory tests show leukocytosis and elevated levels
of C-reactive protein (CRP). Patients with GPP are of-
ten complicated by arthritis, respiratory failure and oc-
ular symptoms such as iritis, uveitis and conjunctivitis.
Besides the skin manifestations, the severity of GPP
has also been evaluated using blood tests, such as white
blood cell count (WBC), CRP and serum albumin lev-
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els. However, those serum markers do not necessarily
reflect the disease activity of GPP, and therefore, more
specific markers are required for the proper evaluation
of this disease.

In patients with PV, several studies have shown that
serum levels of IL-6, IL-7, IL-8, IL-12p70, IL-17, IL-
18, TNF-α, IFN-γ and VEGF are increased [2–5]. On
the other hand, only serum levels of IFN-γ and IL-6
have been examined in GPP. The serum levels of IFN-γ
are higher in the serum of patients with GPP than in
healthy controls [6]. Nakamura et al. [7] have reported
that serum IL-6 levels were high in a 6-year-old boy
with GPP and it decreased as the erythema improved
by treatment with cyclosporine.

In this study, we characterized levels of multiple
serum cytokine and chemokine markers in 6 patients
with GPP and assessed their correlations with GPP
scores, WBC and CRP levels during the course of the
disease.

2. Patients and methods

2.1. Cases

Six cases with GPP as listed below were enrolled
in this study. This study was approved by the Ethical
Committee of the Hyogo College of Medicine, and
informed consent was obtained from all subjects.
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Table 1
Diagnosis criteria of severity classification for GPP

A. Evaluation of skin symptoms (0–9)

Severe Moderate Mild N/A

Erythema coverage (overall)∗ 3 2 1 0
Erythema coverage with pustule∗∗ 3 2 1 0
Edematous erythema coverage∗∗ 3 2 1 0

∗% of the total body surface area (Severe: 75% or more, Moderate: between 25 and 75%, Mild: below 25%);
∗∗% of the total body surface area (Severe: 50% or more, Moderate: between 10 and 50%, Mild: below 10%).

B. Evaluation of overall symptoms and examination results (0–8)

Score 2 1 0

Fever (◦C) 38.5 or above Between 37 and 38.5 Below 37
White blood cell counts 15,000 or above Between 10,000 and 15,000 Below 10,000
CRP 7.0 or above Between 0.3 and 7.0 Below 0.3
Serum albumin Below 3.0 Between 3.0 and 3.8 3.8 or above

Severity classification (Total scores): Mild (0–6); Moderate (7–10); Severe (11–17).

Fig. 1. Correlations of serum levels of IL-1 family cytokines with the GPP score, WBC and CRP levels. Serum levels of IL-1β and IL-18 in
GPP cases showed a positive correlation with all those clinical markers. Units for cytokines, WBC and CRP levels are pg/mL, × 100/mm3 and
mg/dL, respectively. A linear regression line is indicated in each graph. The correlation coefficient (r) was calculated by Spearman’s test. A
P -value of less than 0.05 is considered statistically significant.

Case 1
A 73 year-old man, who complained of repeated ex-

acerbation of GPP since 1990, had been treated with
100 mg cyclosporine daily. He had a past history of
hepatitis B and lung tuberculosis. In March 2010, acute

exacerbation of GPP recurredwith a fever of over 39◦C.
His disease has been effectively controlled by inflix-
imab at 5 mg/kg, 14 times in total, as of April 2012.
Reactivation of hepatitis B or tuberculosis did not occur
during that time.
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Fig. 2. Correlation of serum levels of cytokines produced by T-cells with the GPP score, WBC and CRP level. Serum levels of IFN-γ (a Th1
cytokine), IL-4 (a Th2 cytokine) and IL-22 (a Th17 cytokine) in GPP cases showed a positive correlation with all those clinical markers. Units
for cytokines, WBC and CRP levels are pg/mL, × 100/mm3 and mg/dL, respectively. A linear regression line is indicated in each graph. The
correlation coefficient (r) was calculated by Spearman’s test. A P -value of less than 0.05 is considered statistically significant.

Case 2
A 55 year-old man, who had PV since 1988, vis-

ited our Department in February 2002, with general-
ized erythema and multiple pustules on his entire body
with a fever. He had a 20 year-history of diabetes and
high blood pressure, and had smoked for 40 years.
The histopathology of a lesion was compatible with
GPP. He had been treated with prednisolone and cy-
closporine, but his symptomswere unstable. Treatment
with a combination of 125 mg cyclosporine daily, 4 mg
methotrexate (MTX) weekly and 5 mg prednisolone
daily was effective, and after 4 years of the treatment,
there has been no flare up of GPP to date.

Case 3
A 70 year-old man complained of a fever of 39◦C

and erythema with pustules on his entire body except
his face. He had a 40 year-history of alcoholism, but no
previous history of psoriasis. A skin biopsy showedKo-
goj’s spongiform pustules. He was treated with 40 mg
etretinate daily and 12.5 mg prednisolone daily since
November 2006, and his skin eruptions resolved in
8 months.

Case 4
A 55 year-old man, who complained of PV, had been

treated with corticosteroids since 1989. In early 2004,
erythema with pustules and scales appeared on his en-
tire body. He had smoked from his youth and had a
history of stomach cancer in 1994. Treatment with oral
40 mg etretinate daily with topical tacalcitol lotion was
effective. A recurrence of GPP happened after he with-
drew from those drugs in 2006, but has been controlled
by restarting the etretinate.

Case 5
A 63 year-old woman with PV had been treated with

topical tacalcitol and/or corticosteroids since 1974. She
had about a 10 year-history of rheumatic polymyal-
gia and had been treated with 5 mg prednisolone dai-
ly. In July 2007, she visited our Department because
of the exacerbation of her skin eruptions. Oral cy-
closporine was not effective and diffuse erythema with
scale and pustules appeared with a fever of 38.7◦C in
a few months. Cyclosporine was replaced with 6 mg
MTX weekly, and her skin eruptions and fever were
improved in 3 weeks.
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Fig. 3. Correlation of serum levels of cytokines produced by monocytes with the GPP score, WBC and CRP level. Serum levels of IL-6 and
IL-12p70 in GPP cases showed a significant correlation with all of those 3 clinical markers. Units for cytokines, WBC and CRP are pg/mL,
× 100/mm3 and mg/dL, respectively. A linear regression line is indicated in each graph. The correlation coefficient (r) was calculated by
Spearman’s test. A P -value of less than 0.05 is considered statistically significant.

Case 6
A 58 year-old man complained of generalized dif-

fuse erythema with pustules in February 2006. He had
PV and had been treated with topical betamethasone
butyrate propionate. He had a past history of chronic
hepatitis B since 1992 and high blood pressure since
2005. He also had smoked for 31 years. A diagno-
sis of GPP was made from a skin biopsy and he was
effectively treated with topical tacalcitol.

2.2. ELISA and protein array

Serum concentrations of IL-1β, IL-1ra, IL-4, IL-5,
IL-6, IL-7, IL-8, IL-10, IL-12p70, IL-17, IFN-γ, CX-
CL10 (IP-10),CCL2 (MCP-1), CCL3 (MIP-1α), CCL4
(MIP-1β), CCL5 (RANTES), CCL11 (Eotaxin), TNF-
α and VEGF were measured using Bio-Plex Pro hu-
man cytokine multiplex assay kits (Bio-Rad, Hercules,
CA) and a Bio-Plex 200 System with high-throughput
fluidics. The serum concentration of IL-18 was deter-

mined using a Human IL-18 ELISA kit (MBL, Tokyo,
Japan). Serum concentrations of CXCL1 (GRO-α), IL-
22 and IL-23 were determined using a Quantikine Hu-
man ELISA kit (R&D, Minneapolis, MN). The serum
concentration of IL-33 was determined by ELISA as
previously described [8].

2.3. Scoring of GPP

The GPP score in each case was calculated using
the criteria of severity classification for GPP (Table 1),
which was reported by “the research team on rare in-
tractable skin diseases” of Japan [9].

2.4. Statistics

The timing of blood sampling was at the baseline or
at the first visit (before therapy) and at follow-ups after
the treatment of patients, but blood sampling was not
necessarily scheduled, because additional samplings of
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Fig. 4. Correlation of serum levels of chemokines which induce
neutrophils with the GPP score, WBC and CRP level. Serum lev-
els of CXCL1 and IL-8 in GPP cases showed a positive correlation
with all those clinical markers. Units for cytokines, WBC and CRP
are pg/mL, × 100/mm3 and mg/dL, respectively. A linear regres-
sion line is indicated in each graph. The correlation coefficient (r)
was calculated by Spearman’s test. A P -value of less than 0.05 is
considered statistically significant.

human materials except for clinical need were not per-
mitted by the Ethical Committee. Data were analyzed
using GraphPad Prism version 4 (GraphPad Software,
Inc, San Diego, CA). Correlations were calculated us-
ing Spearman’s test. A P -value less than 0.05 is con-
sidered statistically significant.

3. Results

Sera were obtained from 6 patients with GPP (5
males and 1 female; age, 55–77 years; mean, 66 years
old), who visited the Department of Dermatology at
the Hyogo College of Medicine, from 2006 to 2009.
During therapy, a total of 39 serum samples were col-
lected from those patients, the concentrations of mul-

Fig. 5. Correlation of serum levels of immunosuppressive cytokines
with the GPP score, WBC and CRP level. Serum levels of IL-10 and
IL-ra in GPP cases showed a significant correlation with all those
clinical markers. Unit for cytokines, WBC and CRP are pg/mL, ×
100/mm3 and mg/dL, respectively. A linear regression line is in-
dicated in each graph. The correlation coefficient (r) was calculat-
ed by Spearman’s test. A P -value of less than 0.05 is considered
statistically significant.

tiple cytokines and chemokines were measured, and
their correlations with the severity score of GPP, WBC
and CRP levels were statistically assessed. GPP is a
rare disease and therefore, it was practically difficult to
enroll a sufficient number of patients to standardize the
baseline activity of the disease. In the present study,
we evaluated serum levels of the following cytokines
and chemokines: IL-1β, IL-1ra, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12p70, IL-17, IL-18, IL-22, IL-23, IL-
33, IFN-γ, CXCL1 (GRO-α), CXCL10 (IP-10), CCL2
(MCP-1), CCL3 (MIP-1α), CCL4 (MIP-1β), CCL5
(RANTES), CCL11 (Eotaxin), TNF-α, and VEGF. The
increase in serum levels of IL-1β, IL-1ra, IL-6, IL-10,
IL-12p70, IL-18, IL-22, IFN-γ and VEGF were strong-
ly correlated (r > 0.4, p < 0.01)with GPP score, WBC
and CRP levels.
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3.1. IL-1 family

The IL-1 family members, IL-1β, IL-18 and IL-33,
are proinflammatory cytokines which are produced by
a variety of cells, such as epithelial cells including
epidermal keratinocytes [10,11]. As shown in Fig. 1,
the serum levels of IL-1β and IL-18 in the 6 GPP cases
showed positive correlations with the GPP score, WBC
and CRP levels. In contrast, none of those 3 clinical
markers correlated with serum IL-33 levels in the GPP
patients.

3.2. Cytokines produced by T-cells

The serum levels of IFN-γ, a T-helper 1 (Th1) cy-
tokine, showed a significant correlation with the GPP
score, WBC and CRP levels in our GPP cases (Fig. 2).
Unexpectedly, the serum levels of IL-4 and IL-5, which
are Th2 cytokines, showed positive correlations with
those 3 clinical markers. IL-17 and IL-22 are produced
by Th17 cells infiltrating the psoriatic lesions [12].
Serum IL-17 levels in the 6 GPP cases showed a corre-
lation only with CRP, while IL-22 showed a significant
correlation with all 3 of those clinical markers.

3.3. Cytokines produced by monocytes

Serum IL-6 and IL-12p70 levels showed significant
correlations with the GPP score, WBC and CRP levels
(Fig. 3). Serum TNF-α levels were correlated with
the GPP score and CRP, although the concentrations of
TNF-α were very low and undetectable in some serum
samples. IL-23 induces the differentiation of naı̈ve T
cells to Th17 cells, but none of those clinical markers
was correlated with serum levels of IL-23.

3.4. Chemokines recruiting neutrophils

Serum CXCL1 and IL-8 levels showed positive cor-
relations with the GPP score, WBC and CRP levels
(Fig. 4).

3.5. Immunosuppressive cytokines

Serum IL-10 and IL-1ra levels also showed signifi-
cant correlations with the GPP scores, WBC and CRP
levels (Fig. 5).

3.6. Growth factors

Serum VEGF levels were significantly correlated
with the GPP scores, WBC and CRP levels (Fig. 6). On

Fig. 6. Correlation of serum levels of growth factors with the GPP
score, WBC and CRP level. Serum VEGF levels in GPP cases were
significantly correlated with all those clinical markers. Units for cy-
tokines, WBC and CRP are pg/mL, × 100/mm3 and mg/dL, respec-
tively. A linear regression line is indicated in each graph. The cor-
relation coefficient (r) was calculated by Spearman’s test. A P -value
of less than 0.05 is considered statistically significant.

the other hand, serum IL-7 levels showed a significant
correlation with two of them, the GPP score and CRP.

3.7. Th1 chemokines

Serum CXCL10 levels showed a significant correla-
tion with the GPP score and CRP level. Serum CCL3
levels showed a positive correlation with all 3 of those
clinical markers, the GPP score, WBC and CRP level.
On the other hand, none of those 3 clinical markers
correlated with serum CCL2 or CCL4 levels (Fig. 7).

3.8. Th2 chemokines

Serum CCL11 and CCL5 levels showed negative
correlations with the GPP scores and CRP levels, and
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Fig. 7. Correlation of serum levels of Th1 chemokines with the GPP score, WBC and CRP level. Serum levels of CCL3 in GPP cases showed
a positive correlation with all those clinical markers. Units for cytokines, WBC and CRP are pg/mL, × 100/mm3 and mg/dL, respectively. A
linear regression line is indicated in each graph. The correlation coefficient (r) was calculated by Spearman’s test. A P -value of less than 0.05 is
considered statistically significant.

with the GPP score and WBC, respectively (Fig. 8).
Of those, CCL11 showed a strong negative correlation
with the GPP score. No chemokines/cytokines other
than CCL11 and CCL5 showed a negative correlation
with those clinical markers in this study.

3.9. Serum IL-10 and IL-22 before and after treatment

Among the cytokines/chemokines that correlated
with the severity score of GPP, IL-10 and IL-22 showed
both high concentrations in the serum and a high cor-
relation coefficient with the GPP score. Furthermore,
as shown in Fig. 9, the levels of those cytokines were
significantly decreased in parallel with the GPP score
before and after treatment in the 6 patients with GPP.

4. Discussion

In the present study,we studied awide range of serum
cytokine/chemokine profiles in the course of GPP and

found that serum levels of IL-4, IL-7, IL-8, IL-17, CX-
CL1, CXCL10, CCL3 and TNF-α, and more strong-
ly, IL-1β, IL-1ra, IL-6, IL-10, IL-12p70, IL-18, IL-
22, IFN-γ and VEGF, are positively correlated with
the severity scores of the disease, with WBC and with
serum CRP levels. The WBC count and CRP value
are included in the GPP score used in this study (Ta-
ble 1) and therefore, it was difficult to comparewhether
WBC, CRP or a serum chemokine/cytokine is more
correlatedwith the severity ofGPP.Of those, IL-1β, IL-
8, IL-12p70, IL-18, IL-22, CXCL1, IFN-γ and VEGF
are increased in patients with PV [4]. In PV, serum IL-
10 levels are low before treatment and are negatively
correlated with the Psoriasis Area and Severity Index
(PASI), and those are reversed after treatment [4,13]. In
contrast, the present study reveals that the serum levels
of IL-10 are positively correlated with the severity of
GPP and are in parallel with the GPP score, before and
after treatment. IL-1ra, IL-4 and IL-10 can attenuate
an excessive Th1-type reaction via the suppression of
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Fig. 8. Correlation of serum levels of Th2 chemokines with the GPP
score, WBC and CRP level. Serum levels of CCL11 and CCL5
in GPP cases showed a negative correlation with all those clinical
markers. Units for cytokines, WBC and CRP are pg/mL,× 100/mm3

and mg/dL, respectively. A linear regression line is indicated in each
graph. The correlation coefficient (r) was calculated by Spearman’s
test. A P -value of less than 0.05 is considered statistically significant.

pro-inflammatory cytokines such as IL-6 that are re-
leased from activated macrophages [14]. Those Th2-
type cytokines might be induced as a negative feed-
back to regulate the generalized severe inflammatory
condition in GPP. Indeed, IL-10 is up-regulated with
cytokines, including IL-23 and VEGF, in other inflam-
matory diseases, such as age-related macular degen-
eration [15] and Behçet’s disease [16]. Alternatively,
the increase in the serum level of IL-10 might reflect
an urgent angiogenesis in GPP, because IL-10 has an
angiogenic activity [15].

Besides Th1 cells, Th17 cells that produce IL-17
and IL-22 are a recently identified CD4-positive T-cell
subset, which has been implicated in the pathogene-
sis of psoriasis [12]. In psoriasis, IL-23 released from
dermal TNF-α iNOS producing dendritic cells (dermal
Tip-DC) directly induce the production of IL-17 and
IL-22 from Th17 cells [17]. IL-23 is a heterodimer

Fig. 9. GPP scores and serum IL-10 and IL-22 levels before and after
treatment. The GPP scores and serum concentrations of IL-10 or
IL-22 before treatment are shown at Baseline; those after treatment
are shown at Follow-up.

of p19 and p40 subunits, and IL-23p19 mRNA levels
are increased in psoriatic skin. Toichi et al. reported
that a blockade of IL-12p40 using ustekinumab down-
regulated IL-12p40 and IL-23p19 mRNA levels in le-
sional skin [13]. Murakami et al. showed that serum
levels of IL-17 and IL-22 are significantly increased in
palmoplantar pustulosis (PPP), a localized form of pus-
tular psoriasis, however, the serum level of IL-23 is not
increased [18]. Low levels of serum IL-23 were also
found in our cases with GPP, therefore, IL-23 might be
maintained at a low level in the serum. Recently, Yil-
maz et al. [19] reported that the IL-17 levels were sig-
nificantly higher in the pustular psoriasis group than in
the healthy controls. In this study, serum IL-17 levels
were significantly correlated with CRP levels, but not
with the GPP score. On the other hand, IL-22 showed
a significant correlation with the GPP score and de-
creased with the GPP score after treatment. Recently,
Lo et al. [20] reported that serum levels of IL-22 corre-
late with the PASI score. Hence, IL-22 may be a can-
didate serum biomarker that reflects the skin severity
in GPP as well as in PV.

The limitations of this study are as follows: the num-
ber of samples was small and baseline disease severity
was variable. In conclusion, serum levels of IL-1β, IL-
1ra, IL-6, IL-10, IL-12p70, IL-18, IL-22, IFN-γ and
VEGF might reflect the clinical severity of GPP, and
among those, IL-10 and IL-22 might be useful to evalu-
ate the efficacy of treatment for GPP, although the find-
ings of this study should be confirmed in a prospective
study focusing on IL-10 and IL-22 levels in a larger
number of patients.
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