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Abstract Atopic dermatitis (AD) is a chronic, inflam-

matory skin disease which is characterized by severe pru-

ritus and affects patients’ quality of life. In recent years

gamma interferon (IFN-gamma) has been accepted as a

novel treatment for severe AD, however, its mechanism of

action is not clearly identified. Present study evaluated the

effect of recombinant human interferon gamma (rIFN-

gamma: Gamma Immunex, Exir Pharmaceutical Company,

Iran) on severity of AD (SCORAD), dermatology life

quality index (DLQI) as well as serum levels of IL-4, IgE

and IL-6 in AD patients. Twenty AD patients were entered

in to a study in Baqiyatallah outpatient clinics and received

rIFN-gamma (50 lg/m2 body area, 3 times per week,

subcutaneously) for 1 month. SCORAD and DLQI were

assessed at beginning and end of the treatment period. IL-4,

IL-6 and IgE were measured in blood samples before and

after 1 month treatment with rIFN-gamma. DLQI mean

value before treatment was 20.80 ± 3.95, which decreased

to 8.20 ± 2.14 after treatment (P \ 0.001). SCORAD-A

(percentile of the body surface involved in AD), SCORAD-B

(the severity of clinical features) and SCORAD-C

(patients’ scaling of itching and somnolence) significantly

decreased after treatment (P \ 0.001, P \ 0.001 and

P \ 0.01). Total SCORAD at the end of treatment period

was less than basal value (27.83 ± 8.48 vs. 70.04 ± 8.48;

P \ 0.001). Treatment with rIFN-gamma decreased serum

levels of IL-4 and IL-6 (P \ 0.05), but IgE remained

unchanged. Results suggested the controlling effect of

rIFN-gamma treatment on clinical symptoms of AD, which

involves suppression of IL-4 but not IgE production.
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Introduction

Atopic dermatitis (AD) as the cutaneous manifestation of

atopy [1] is a chronic, relapsing, inflammatory skin disease

characterized by highly pruritic and eczematous skin

lesions [2]. This common condition [1, 2] affects quality of

life of patients and families in a significant manner. These

patients evidence eosinophilia and a hyper-IgE state. Var-

ious treatment strategies have been used for management

of AD but there is no standard curative therapy for treat-

ment of the disease and it is still one of the challenges of

dermatology. Topical and systemic corticosteroids have

been used as treatment modalities. Oral administration of

antihistamines, both old and new generation, is reported to

be useful [3]. Leukotriene antagonists [4], immunosup-

pressive therapy with cyclosporine [5], azathioprine [6],

mycophenolate [7] and tacrolimus [8] are other treatment

options. Side effects of these treatments limit their clinical

administration. In recent years efficacy and safety of

gamma interferon have been studied and IFN-gamma is

now accepted as a novel treatment for severe AD patients

[9–11].

Immunologic factors of pathogenesis: The Th1 cells

mediate the production of interleukin 2 (IL-2), IFN-gamma

and tumor necrosis factor (TNF), activating the macro-

phages and promoting delayed hypersensitivity reactions.

Y. Panahi (&) � S. M. Davoudi � N. Madanchi

Chemical Injuries Research Center,

Baqiyatallah University of Medical Sciences, Tehran, Iran

e-mail: yunespanahi@yahoo.com

E. Abolhasani

Skin Research Center, Shahid Beheshti University of Medical

Sciences, Tehran, Iran

e-mail: ehsanabolhasani.md@gmail.com

123

Clin Exp Med

DOI 10.1007/s10238-011-0164-3



The Th2 cells release IL-4, IL-5, IL-6 and IL-10, which

activate the B cells [1]. The complex and complicated

immunologic mechanisms involved in pathogenesis of AD

is not completely understood but we know that in the case

of AD there is an imbalance between Th1 and Th2 cells,

the Th2 cells predominates and mononuclear cells produce

increased levels of TH2 cytokines. Consequently, there

is increased production of IL-4 and also abnormally

low levels of IFN-gamma [12–14]. IL-4 induces isotype

switching to IgE synthesis and stimulates the production of

IgE [15–17]. Mechanism of action of IFN-gamma in

treatment of AD is not clearly identified but it is thought to

downregulate the activity of interleukin-4- and interleukin-

5-producing T helper 2 cells [10, 18]. IFN-gamma gene

transfer in mice was associated with reduced production of

IgE and inhibition of mRNA expression of IL-4, IL-5,

IL-10, IL-13 and IL-17 [19], whereas in most human

studies IFN-gamma could not decrease the IgE production

[10, 13, 20].

In this study we evaluated the effect of rIFN-gamma

(Gamma Immunex) on the severity of AD, life quality of

patients as well as serum levels of IL-4 as a modulator of

IgE production and IL-6 as a pre-inflammatory factor in

AD patients.

Materials and methods

This clinical trial was carried out in Baqiyatallah outpatient

clinics (Baqiyatallah Hospital, Baqiyatallah University of

Medical Sciences, Tehran, Iran) from July 2010 until April

2011. The Ethics Committee of Baqiyatallah University of

Medical Sciences approved the protocol of the study.

AD patients diagnosed clinically based on UK Working

Party’s Diagnostic Criteria [21], which has been validated

in several studies. Its sensitivity and specificity was 80 and

97%, respectively, and positive and negative predictive

values were 80 and 97%, respectively [22]. Acceptable

repeatability has been demonstrated for the six features

contained within the UK criteria [23].

Only AD patients without any contraindication for

administration of IFN-gamma were offered the opportunity

to enroll in the trial and all took informed consent. Patients

who had previous history of treatment with IFN-gamma

4 months ago, renal and hepatic disease, depression, epi-

lepsy, history of blood pressure, and patients with respi-

ratory system defects, cardiovascular and immune disease

and diabetic subjects, were excluded from study. All

patients were subjected to thorough history taking, and

general and dermatological examination. Severity of the

disease was assessed in all patients by means of the

SCORAD index. Blood sampling was done and 5 ml of

blood from every subject left to clot, centrifuged and serum

was stored at -20�C until quantitative assay of IL-4 and

IL-6 and IgE was done. We used Quantikine colorimetric

sandwich ELISA immunoassay kits (R&D Diagnostic

Minneapolis, USA) for quantitative assessment of serum

levels of the interleukins and IgE and concentrations were

expressed in pg/ml. Subjects were educated to receive

self-administered 50 lg/m2 of subcutaneous recombinant

human interferon gamma (rIFN-gamma: Gamma Immun-

ex, Exir Pharmaceutical Company, Tehran, Iran) as the

optimal dose three times a week for 1 month [24]. All

subjects were told to report any side effect of the treatment

and abstain from any allergen and worsening factors as

well as they could.

SCORAD scoring system [25, 26]

Index of SCORAD (SCORe of AD) consists of three parts.

The A part, ranging from 0 to 100, refers to the percentile

of the body surface involved in disease. The B part dem-

onstrates the severity of the disease by means of grading 6

signs and symptoms of the disease from 0 to 3. These signs

and symptoms include erythema, edema and papulation,

excoriation, lichenification, crust and excretion, and skin

dryness. Maximum score of the B part is 18. Ultimately,

the C part is a subjective scale of daily itching and som-

nolence, each of them ranging from 0 to 10, to reach a

maximum total score of 20. Total SCORAD is calculated

with this equation: SCORAD = A/5 ? 7B/2 ? C. The

higher score the more severe disease.

Dermatology life quality index (DLQI) [27]

DLQI is a questionnaire consisting of 10 questions about

life quality of the patient. Score of every question ranges

from 0 to 3 to reach a maximum score of 30 which dem-

onstrates the worst life quality.

Statistical analysis

At the end of the treatment period another blood sampling

was done and the patients’ laboratory and clinical features

before and after treatment were compared using SPSS 17

software. Kolmogorov–Smirnov test was used for evalua-

tion of normal distribution for each of the variables. Wil-

coxon signed-rank test was applied to compare changes in

values. Statistical significance was recognized at P \ 0.05.

Results

Twenty eligible patients participated in this study: 10 males

(50%) and 10 females (50%). Mean age was 38.9 ± 10.96

years (range 21–65 years).

Clin Exp Med

123



Clinical features

Mean duration of disease in the patients was 4 ± 1.3 years.

Hands were involved in 85% of the patients, arms in 65%,

and abdomen in 55% of them. 30% of the patients had

generalized lesions. Lichenification in flexor areas was

present in 60% of the cases.

DLQI and SCORAD

DLQI mean value before treatment (DLQI-1) was 20.80, which

decreased to 8.20 after treatment (DLQI-2). These data showed

that the effect of treatment with rIFN-gamma on improving

patients’ quality of life was significant (P \0.001; Table 1).

SCORAD-A index, which shows the percentile of the body

surface involved in AD, significantly decreased after treat-

ment and reached 29.05 ± 16.40% from 68.57 ± 20.00 at the

beginning of study (P \ 0.001; Table 1).

SCORAD-B index, which shows the severity of clinical

features, was also decreased significantly (P\0.01). The mean

value for SCORAD-B before rIFN-gamma treatment was

11.35 ± 1.49 and after treatment was 4.55 ± 1.50 (Table 1).

SCORAD-C, which shows patients scaling of itching

and somnolence, was 16.60 at the beginning of study

(SCORAD-C1) which was decreased by rIFN-gamma

treatment to 6.10 (P \ 0.01; Table 1).

At the end of treatment period with rIFN-gamma, total

SCORAD had been decreased compared to the basal value

70.04 ± 8.48 (27.83 ± 8.48; P \ 0.001; Table 1).

Laboratory tests

Eosinophil count

Treatment with rIFN-gamma decreased mean eosinophil

count from 2.40 (before treatment) to 2.25 (after

treatment), but it was not statistically significant (P =

0.074; Table 2).

IgE

There was a slight increase in mean serum IgE level of the

patients after treatment. Mean IgE level before treatment

was 33.82 meanwhile after treatment was 34.55. The

increase was not statistically significant (P = 0.092;

Table 2).

IL-4 and IL-6

Treatment with rIFN-gamma decreased mean serum IL-4

and IL-6 levels from 23.47 ± 3.58 and 10.46 ± 1.69 at the

beginning of study to 13.22 ± 1.34 and 5.03 ± 1.00 at the

end of study, respectively (P \ 0.012 and P \ 0.024,

respectively; Table 2).

Discussion

Atopic dermatitis is a chronic, relapsing, inflammatory skin

disease that is characterized by highly pruritic and

eczematous skin lesions which greatly affects life quality

of patients. It seems that an imbalance between activity of

Th1 and Th2 cells causes eosinophilia and increased pro-

duction of IgE. Th2 cytokines such as IL-4 which is

associated with the increase in IgE production and IL-6

which is a pre-inflammatory factor are involved in patho-

genesis. There are several therapeutic choices but there is

no standard curative strategy. IFN-gamma has been

recently used for treatment of AD. Its mechanism of action

is not yet completely identified but the beneficial effects of

IFN-gamma have been attributed mainly to an immuno-

modulating effect on the expression of certain immuno-

logic markers and suppression of activity of Th2 cells. We

assessed the effect of rIFN-gamma (Gamma Immunex) onTable 1 Dermatology life quality index (DLQI) and SCORAD

scoring data before and after treatment

Min Max Mean SD P value

DLQI-1 8 27 20.80 3.95 \0.001

DLQI-2 4 11 8.20 2.14

SCORAD-A1 32.50 100 68.57 20.00 \0.001

SCORAD-A2 5.50 58.00 29.05 16.40

SCORAD-B1 9 15 11.35 1.49 \0.01

SCORAD-B2 3 8 4.55 1.50

SCORAD-C1 7 20 16.60 4.62 \0.01

SCORAD-C2 0 11 6.10 3.12

SCORAD-1 60 85.30 70.04 8.48 \0.001

SCORAD-2 17.30 47.00 27.83 8.48

In each set of variables, 1 = before treatment and 2 = after treatment

Wilcoxon signed-rank test was applied to compare changes in values

Table 2 Experimental finding in serum of patients before and after

treatment with INF-gamma

Min Max Mean SD P value

Eosinophil before 0.2 6.3 2.40 2.34 0.074

Eosinophil after 0.2 6.3 2.25 2.49

IgE before 31.4 37.3 33.82 1.80 0.092

IgE 30.70 38.40 34.55 2.02

IL-4 before 17.5 28.5 23.47 3.58 \0.012

IL-4 after 10.3 15.1 13.22 1.34

IL-6 before 8.5 14.4 10.46 1.69 \0.024

IL-6 after 3.8 7.9 5.03 1.00

Wilcoxon signed-rank test was applied to compare changes in values
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severity and extent of AD, quality of life of patients, and

serum levels of IgE, IL-4 and IL-6 as well as eosinophil

count in 20 patients with AD.

IFN-gamma could improve life quality of our patients

in a significant manner. Mean DLQI before treatment

was 20.80 ± 3.95 (range 8–27) which was decreased to

8.20 ± 2.14 (range 4–11) after treatment. Furthermore,

extent of disease (SCORAD-A) and severity of clinical

signs and symptoms (SCORAD-B and SCORAD-C) were

decreased. Clinical improvement of AD patients with rIFN-

gamma in this study is consistent with the previous ones, as

preceding studies had revealed beneficial effects of IFN-

gamma on clinical measures of AD patients [11, 27–29].

Musial et al. reported marked clinical improvement starting

from the third week of treatment with IFN-gamma [9]. Jang

et al. [10] along with Reinhold et al. [20] showed the same

results.

There are different and controversial reports about the

effect of IFN-gamma on IgE and peripheral blood eosin-

ophil counts in AD patients. Schneider et al. [28] reported

that IFN-gamma could improve the clinical symptoms of

patients but their serum IgE levels were not decreased.

Steven et al. [29] reported clinical improvement and

decreased eosinophil count but a nonsignificant increase in

IgE level after treatment with recombinant IFN-gamma.

Patients’ symptoms of Musial et al. were improved, serum

IgE levels were unchanged and eosinophil count decreased

only transiently [30]. Chang and Stevens in a literature

review demonstrated that treatment with recombinant IFN-

gamma did not lower serum IgE levels; instead, decreases

were noted in absolute white blood cell and eosinophil

counts that tended to correlate with clinical improvement

[12]. In our study mean eosinophil count was decreased

from 2.40 (before treatment) to 2.25 (after treatment), but

was not significant. Meanwhile, there was also a slight and

nonsignificant increase in mean serum IgE level of the

patients after treatment from 33.82 to 34.55. In addition,

administration of rIFN-gamma caused a significant decrease

in serum levels of IL-4 and IL-6.

Mechanism of action of IFN-gamma in treatment of AD

patients is not completely clear. Evidences show that

decreased IFN-gamma and increased IL-4 production in

atopic dermatitis promotes IgE synthesis and administra-

tion of anti-IFN-gamma receptor antibody, which blocks

cellular binding of IFN-gamma, causes an increase in

capacity to induce IgE synthesis [13]. IL-4 induces IgE

production in peripheral blood mononuclear cells of heal-

thy persons and AD patients [15]. Gruner et al. showed

IL-4 stimulates IgE production in vitro in B cells of chil-

dren with atopic dermatitis [16] and Sato et al. showed that

in AD patients with higher IgE levels, IL-4 expression after

in vitro stimulation is more than patients with lower IgE

levels [17]. Therefore, IL-4 plays a significant role in the

production of IgE. Hattori et al. reported that IFN-gamma

gene transfer in mice models of AD was associated with

reduced production of IgE and inhibition of mRNA

expression of IL-4 [19]. In addition, IFN-gamma in an in

vitro setup prevented the stimulation of IgE synthesis

induced by IL-4 [16].

However, there are some controversial reports suggest-

ing that suppression of Th2 cytokines in mice may not

completely prevent dermatitis and even hyperproduction of

IFN-gamma may play a role in developing dermatitis [31].

Another report suggested that when circulating T cells

are stimulated under antigen presenting cell-independent

conditions, AD is not characterized by the shift in the

reciprocal relationship between IL-4 and IFN-gamma

production, which has been postulated to explain the

pathogenesis of IgE elevation and the therapeutic action of

IFN-gamma in patients with atopic dermatitis [32].

Our findings suggested that rIFN-gamma can decrease

IL-4 serum level but it cannot decrease IgE serum level and

eosinophil count. Although IL-4 has an important role in

modulating the IgE production, decrease in serum IL-4 did

not affect IgE production, while clinical features of the

patients were improved. It seems that IL-4 is involved in

modulating the severity of AD symptoms, but not by means

of IgE production. Also, the role of IL-6 in AD and effect

of IFN-gamma on its’ level, has not been focused. The

results of present study showed that IFN-gamma could

decrease the serum IL-6 along with IL-4, suggesting that

IFN-gamma can cause marked clinical improvement in AD

patients and IL-4 and IL-6 are two therapeutic targets in

mechanism of action of IFN-gamma. More studies are

required to completely identify the immunological markers

and their complex relationship involved in pathogenesis of

AD and treatment with IFN-gamma. In addition to that, our

study was an open clinical trial and conducting case–con-

trol studies with more patients for further investigations in

future is necessary.
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