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Abst rac t
Introduction: Cutaneous T-cell lymphomas (CTCL) are malignant lymphoproliferative disorders accompanied by 
persistent pruritus. Pruritogenic role of interleukin-31 (IL-31) has been studied extensively and was proven in atopic 
dermatitis (AD), while its role in CTCL is still rather vague. 
Aim: To investigate IL-31 serum level along with IL-31, IL-31 receptor α (IL-31RA) and oncostatin M receptor β (OSMR) 
skin expression in CTCL and compare it to controls: AD and healthy volunteers. 
Material and methods: The level of IL-31 in serum was measured using ELISA, while IL-31 and receptors’ expres-
sion in the skin were measured using immunohistochemistry and correlated with the stage of disease and pruritus 
severity. 
Results: Expression of IL-31 and IL-31 receptor in serum and skin were significantly higher in CTCL and AD in com-
parison to healthy controls. No significant correlation between the IL-31 serum level and pruritus severity in CTCL 
patients was found. There was also no correlation between IL-31/IL-31RA/OSMR expression in the skin and CTCL 
pruritus, while IL-31 and IL-31RA in CTCL skin negatively correlated with the stage of disease. 
Conclusions: Our data indicate that IL-31 does not play a crucial role in pruritus in CTCL but it is rather involved in 
the pathogenesis of the disease. It seems that IL-31 plays an essential role in the pruritus pathomechanism that 
is unique to AD.
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Introduction

Cutaneous T-cell lymphomas (CTCLs) comprise a clini-
cally heterogeneous group of malignant lymphoprolif-
erative disorders. Most common subtypes are mycosis 
fungoides (MF) and Sezary syndrome (SS), an aggressive 
variant of CTCL [1]. Pruritus is one of the hallmarks of 
CTCL, it affects 66% to 88% of patients, significantly re-
duces quality of life and responds poorly to anti-hista-
mine medications [2–4]. The mechanism of underlying 
CTCL pruritus is complex and not fully elucidated, just 
as the pathogenesis of the disease. However, emerging 
evidence indicates that the cytokine milieu of the skin 
might play a crucial role. 

Interleukin- 31 (IL-31) is a four-helix bundle cytokine 
that belongs to IL-6 cytokine family. IL-31 is produced 

by a variety of cells, predominantly by CLA+ CD45RO+ 
memory T cells and signals through a heterodimeric re-
ceptor consisting of IL-31 RA and oncostatin M receptor β  
(OSMR) [5–8]. As IL-31 RA and OSMR are expressed in 
dorsal root ganglia and epidermis, IL-31 is indicated to 
be a link between the neural and immune system in pru-
ritus mechanism [9]. A series of research on transgenic 
mice demonstrated that overexpression of IL-31 elicited 
atopic-like dermatitis, a cutaneous injection resulted in 
scratching behaviour, while anti-IL-31 antibody reduced 
itch in mice [10–13]. Moreover, the IL-31 level has been 
shown to be elevated in pruritic dermatoses such as AD 
and to correlate with itch intensity and disease severity 
[14–17]. Recently, an anti-IL-31 receptor antibody (Nemoli-
zumab) was shown to significantly improve pruritus in 
patients with atopic dermatitis [18, 19].
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Aim

Several studies concerning IL-31 expression in CTCL 
have been published, however, its role in CTCL is still 
unclear. Given the vague association between IL-31 and 
progression of the disease and pruritus severity, we ex-
amined the expression of IL-31 and its receptor in CTCL 
and control groups (AD patients and healthy controls) 
and correlation with pruritus and the stage of CTCL.

Material and methods 

The study group included 42 patients diagnosed with 
CTCL (38 MF, 4 SS, 24 males, 18 females, median age 
64.5, age range: 26–90) according to the WHO-EORTC 
classification for primary cutaneous lymphomas [1]. Pa-
tients with CTCL were sub-grouped into stages: Ia (10), 
Ib (10), IIa (1), IIb (9), III (6), IV (6) according to the TNMB 
staging system [20]. Due to a relatively scarce study 
group we also divided CTCL patients into the early-stage 
(IA-IIA: 21) and advanced-stage group (IIB-IV: 21). 

The control group consisted of 20 patients diagnosed 
with AD (males 14, females 6, median age: 32, age range: 
21–63) and 24 healthy individuals (5 males, 19 females, 
median age 37.5, age range: 18–73) without any history 
of pruritus, AD, CTCL or other immune diseases. Adult 
patients with moderate (11) and severe (9) AD were as-
sessed by the scoring atopic dermatitis index (SCORAD) 
and those who fulfilled the Hanifin and Rajka criteria 
were enrolled in the study. The severity of pruritus was 
assessed according to the Visual Analog Scale (VAS) and 
Numeric Rating Scale (NRS) in CTCL and AD patients 
(VAS/NRS: 0 = no pruritus, > 0–3 points = mild pruritus, 
≥ 3–7 points = moderate pruritus, ≥ 7–10 points = severe 
pruritus).

The study was approved by the Ethic Committee of 
the Medical University of Gdańsk and was conducted ac-
cording to the principles of the Declaration of Helsinki. All 
participants signed informed consent prior to any study 
procedure. Serum samples of CTCL and AD patients and 
healthy individuals were obtained and afterwards stored 
frozen. Punch biopsies were taken from the lesional skin 
of AD and CTCL patients but also from the normal skin 
of healthy individuals. 

Immunohistochemistry 

Expression of IL-31, IL-31 RA and OSMR in the skin 
was determined by the immunohistochemistry (IHC) 
performed on paraffin-embedded skin samples obtained 
from patients with CTCL and AD, and healthy controls. 
Primary antibody combinations were anti-IL-31 (rabbit 
polyclonal antibody, dilution 1 : 25, orb157687; Biorbyt, 
Cambridge, United Kingdom), anti-IL-31 RA (rabbit poly-
clonal antibody, dilution 1 : 100, GTX54294; GeneTex, 
CA, U.S.A.) and anti-OSMR polyclonal antibodies (rabbit 
polyclonal antibody, dilution 1 : 50, orb247562; Biorbyt, 

Cambridge, United Kingdom). Slides were incubated with 
primary anti-IL-31, anti-IL-31 RA and anti-OSMR antibod-
ies overnight at 4°C. As a secondary antibody, the No-
volink Polymer Detection System from Novocastra was 
used. All slides were counterstained with Haematoxylin. 
The negative controls were sections treated without any 
primary antibody. The expression of IL-31, IL-31RA, OSMR 
in epidermis and in the dermal infiltrate was evaluated 
using a light microscope Olympus BX40 by pathologists 
who were blinded to the patients’ clinical data. 

The immunoreactivity of IL-31, IL-31RA and OSMR 
antibodies demonstrated homogeneous weak positive 
staining throughout epidermis and skin appendages 
from healthy controls and it did not vary much between 
antigens. The horny cell layer was not stained by the 
antibodies. All CTCL and AD samples presented positive 
IL-31, IL-31RA and OSMR staining. Immunoreactivity of 
IL-31 and IL-31 receptor was observed both in epidermis 
and lymphocytic infiltrate. IL-31 staining showed pre-
dominantly cytoplasmic pattern, IL-31-RA – cytoplasmic 
pattern and OSMR – cytoplasmic-nuclear pattern. The 
horny cell layers were not stained by the IL-31, IL-31 RA 
and OSMR antibodies. Grading of immunoreactivity was 
performed both in epidermis and lymphoid dermal infil-
trate separately.

Semiquantitative analysis 

We used the histoscore method (HSCORE-index) 
which is a semiquantitative analysis applied in immuno-
histochemistry assessment [21]. The total field of every 
section was examined by evaluating the percentage of 
positive cells and the intensity of staining (no immuno-
expression = 0, weak = +1, moderate = +2, strong = +3) 
by two independent investigators. The evaluation was 
compared and any conflicting results were re-examined. 
The HSCORE was obtained by the formula: 1× (percent-
age of weakly stained cells) + 2× (percentage of moder-
ately stained cells) + 3× (percentage of strongly stained 
cells) (range: 0–300).

 Enzyme-linked immunosorbent assay 
methodology (ELISA)

Serum IL-31 levels were measured using ELISA stan-
dard kit (BioVendor-Laboratorni medicina a.s., Brno, Czech 
Republic). This product has been tested by Quality Control 
and complied with internal specifications. We analysed 
42 CTCL, 20 control group serum samples and 18 AD se-
rum samples with an IL-31 ELISA. All procedures were per-
formed according to the manufacturer’s protocol. 

Statistical analysis 

For evaluation of normality and equality of variances, 
Shapiro-Wilk test and Levene’s tests were used. As the 
requirements of the tests were not met, statistical analy-
sis was carried out using the Mann-Whitney U test and 
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Kruskal-Wallis one-way analysis of variance (ANOVA). 
Furthermore, the c2 Pearson test and the Spearman cor-
relation test were performed. Statistical analyses were 
performed using Statistica 12. The results were consid-
ered statistically significant when p < 0.05. 

Results 

Pruritus characteristics

Pruritus was observed in 32 out of 42 (76.2%) CTCL 
patients and in all patients with AD (100%). Significantly 
more patients with AD experienced pruritus than pa-
tients with CTCL (p = 0.023). The median severity of pru-
ritus in patients with CTCL according to NRS was 3.0 and 
VAS was 3.3 (range: 0–10). In AD patients the pruritus 
score was 6.0 (NRS) and 6.4 (VAS) (range: 0–10). There 
was a statistically significant difference in pruritus sever-
ity between AD and CTCL patients (NRS p = 0.022; VAS 
p = 0.009). Pruritus was more severe in advanced (NRS/
VAS 5) than early-stage CTCL (NRS/VAS 3) but the dif-
ference was not statistically significant (NRS p = 0.907; 
VAS p = 0.539).

Serum IL-31 

The serum IL-31 level in CTCL, AD and healthy con-
trol group is summarized in Table 1. Statistical analysis 
revealed significant differences in the serum IL-31 level 
between CTCL, AD and healthy control group (Figure 1). 
Serum IL-31 levels in AD and CTCL patients were signifi-
cantly higher than in healthy controls (p < 0.001). More-
over, the IL-31 serum level was significantly higher in AD 
patients than CTCL patients (p = 0.001). 

We have also found that serum IL-31 level was 
significantly higher in AD patients than patients with 
early-stage CTCL (p = 0.011) and also advanced-stage 
CTCL (p = 0.001). On the other hand, there were no sta-
tistically significant differences in the IL-31 serum level 
between advanced- and early-stage CTCL (p = 0.343), 

and also pruritic and non-pruritic CTCL (VAS p = 0.421; 
NRS p = 0.805). 

 Serum IL-31 in relation to pruritus and stage  
of CTCL

We did not find any correlation between serum  
IL-31 levels and pruritus intensity according to NRS/
VAS ratings in patients with CTCL (r = 0.012; p = 0.940;  
r = –0.007; p = 0.960, respectively). On the other hand, 
pruritus severity according to NRS and VAS ratings sig-
nificantly correlated with the IL-31 serum level in AD 
patients (NRS r = 0.47; p = 0.044; VAS r = 0.48; p = 
0.042). We also did not find any significant correlation 

Table 1. The median and range of IL-31 expression in serum and IL-31, IL-31 RA and OSMR HSCORE levels in the 
epidermis and dermis of CTCL, AD and CG

Skin expression,
H score median (range)

CTCL CTCL
early stage

CTCL advanced
stage

AD CG

IL-31 Epidermis 200 (100–300) 200 (100–300) 200 (100–300) 100 (100–200) 100

Dermis 115 (35–280) 130 (45–200) 110 (35–280) 85 (10–165) *

IL-31RA Epidermis 100 (100–200) 200 (100–200) 100 (100–200) 150 (100–200) 100

Dermis 100 (20–280) 130 (30–215) 80 (20–280) 162 (40–200) *

OSMR Epidermis 100 (100–200) 100 (100–200) 100 (100–200) 100 (100–200) 100

Dermis 100 (5–200) 100 (50–195) 100 (5–200) 95 (30–215) *

IL-31 serum expression, 
median (range) [pg/ml]

4.82
(2.89–7.74)

4.89
(3.34–7.74)

4.62
(2.89–6.27)

6.09
(4.27–17.48)

0.00
(0.00–2.73)

CTCL – cutaneous T-cell lymphomas, AD – atopic dermatitis, CG – healthy control group, *dermis was not examined in the healthy control group due to lack of 
inflammatory infiltrate.

Figure 1. Serum interleukin-31 (IL-31) level in patients with 
cutaneous T-cell lymphoma (CTCL), atopic dermatitis (AD) 
and healthy control group (p < 0.001). Asterisks indicate 
differences between CTCL, AD and healthy control group
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between IL-31 serum levels and the CTCL stage (r = –0.10;  
p = 0.527). 

Expression of IL-31, IL-31 RA, OSMR in the skin 

Representative images of IL-31, IL-31 RA and OSMR 
expression in CTCL, AD and healthy skin are demonstrat-
ed in Figure 2. The HSCORE level (median and range) of 
IL-31, IL-31 RA and OSMR expression in the epidermis and 
dermis are presented in Table 1.

Statistical analysis revealed significant differences 
in IL-31, IL-31 RA and OSMR HSCORE between CTCL, AD 
and healthy control group. Both CTCL and AD groups pre-
sented a significantly higher expression of IL-31, IL-31RA 
and OSMR in epidermis in comparison to healthy con-
trols (CTCL/AD: p = 0.038/p < 0.001; p < 0.001/p = 0.004; 
p = 0.016/p = 0.010; respectively). The IL-31 HSCORE level 
was significantly higher in lymphocytic infiltrate in the 
dermis of CTCL skin samples (p = 0.001) whereas IL-31RA 
was significantly overexpressed in lymphocytic infiltrate 

of AD skin samples (p = 0.020). There were no significant 
differences in OSMR expression in epidermis and dermis 
between CTCL and AD skin samples. 

A statistically significant difference was found be-
tween AD and early-stage CTCL samples in the HSCORE 
IL-31 level both in epidermis (p = 0.037) and dermis  
(p < 0.001). There was also a statistically significant dif-
ference between AD and advanced-stage CTCL samples 
in HSCORE IL-31 (p = 0.037) and IL-31RA (p = 0.006) levels 
in dermis. Only immunoreactivity staining for IL-31RA in 
epidermis differed significantly between the early and 
advanced stage of CTCL (p = 0.034). 

 Skin expression of IL-31 and receptors in relation 
to CTCL pruritus 

No correlation was found between both epidermal 
and dermal IL-31, IL-31 receptor subunit levels and sever-
ity of pruritus according to NRS and VAS ratings in CTCL 
patients. 

Figure 2. Immunohistochemical staining for IL-31, IL-31 receptor α (IL-31RA) and oncostatin M receptor β (OSMR). Immu-
nohistochemical staining in healthy skin of the control group (CG) showed IL-31 and IL-31RA cytoplasmic pattern limited 
to epidermis and skin appendages while OSMR showed cytoplasmic-nuclear staining. Epidermis and dermal infiltrate of 
the lesional skin of cutaneous T-cell lymphoma (CTCL – early stage MF) and atopic dermatitis (AD) showed cytoplasmic 
pattern of IL-31 and IL-31RA while OSMR showed cytoplasmic-nuclear pattern (DAB staining, magnification 20×)
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that IL-31 enhanced synthesis of brain-derived natriuret-
ic peptide, an itch mediator, in skin and DRG in AD [28]. 
Moreover, Hawro et al. [29] demonstrated that intradermal 
exposure to IL-31 does not induce an immediate itch in AD 
patients and healthy controls, it is possible that IL-31 could 
act indirectly by inducing other cells to release secondary 
itch mediators. We have also verified the hypothesis made 
by Nobbe et al. stating that the pruritogenic role of IL-31 is 
rather unique to AD as compared to pruritic skin diseases 
in general [22]. We observed that the IL-31 serum level was 
significantly overexpressed in AD patients than in CTCL 
patients, which has not been reported yet. Moreover, we 
found a significant correlation between the IL-31 serum 
level and pruritus severity in AD patients. Those results 
indicate that IL-31 might actually play a central role in the 
pathogenesis of pruritus particularly in AD rather than 
in other pruritic skin diseases. Further studies including 
a wider range of pruritic skin diseases would be required 
to compare IL-31 serum and skin levels to confirm those 
results. 

Our study has found expressions and patterns of  
IL-31, IL-31RA and OSMR in epidermis and dermal infil-
trate of both CTCL and AD tissue samples, which are in 
line with previous findings [22, 27]. We demonstrated in-
creased immunoreactivity of the IL-31 and IL-31 receptor 
components in AD and CTCL skin compared to healthy 
skin samples [8, 14, 22]. In contrast to Nattkemper et al. 
[27] study, which reported an increased expression of  
IL-31 receptor components limited to CTCL epidermis, we 
have observed overexpression also in the dermis. Inter-
estingly, we found a significantly higher expression of 
IL-31 in dermal infiltrate in CTCL than AD skin samples, 
whereby it has not been reported yet. Unlike our findings, 
Nobbe et al. study showed increased immunoreactivity in 
AD subjects compared to other Th-2 weighted skin dis-
eases including MF [22]. The discrepancy between find-
ings may be explained by small study groups (AD and 
MF n = 5 each) and the stage of disease [22]. It could be 
speculated that CTCL tumour cells together with inflam-
matory cells might be the source of the increased level 
of IL-31, however, the ability of malignant lymphocytes 
to produce IL-31 is a point of contention according to re-
search results and it needs further studies [23, 25]. How-
ever, there are also several limitations of our study that 
should be considered. First, the disparity in the number 
of samples from female and male volunteers between 
studied groups. Second, the disparity in age between 
CTCL and control groups (AD and healthy volunteers) that 
could be explained by the biological variables between 
diseases. Therefore, it would be beneficial to perform 
further studies that would include a suitable number of 
patients matched for sex and age.

Finally, our study showed a negative correlation be-
tween the CTCL stage and IL-31 expression limited to der-
mal infiltrate. IL-31 RA expression in epidermis correlated 
negatively with the CTCL stage as well. These findings 

 Skin expression of IL-31 and receptors in relation 
to the stage of CTCL 

The CTCL stage negatively correlated with IL-31 levels 
in dermal infiltrate (r = –0.31; p = 0.047), but not with 
the epidermal IL-31 level (r = –0.26; p = 0.100). The epi-
dermal IL-31RA expression negatively correlated with the 
CTCL stage (r = –0.31; p = 0.043), while the IL-31RA der-
mal expression correlation was not significant (r = –0.27;  
p = 0.081). OSMR expression both in epidermis and 
dermis did not correlate with the stage of disease  
(p = 0.998; p = 0.823 respectively).

Discussion
The role of IL-31 and its receptor components (IL-31 

RA and OSMR) in pruritus that accompanies AD has been 
determined by many studies [8, 10, 14, 15, 22] while re-
ports on IL-31’s role in CTCL are scarce and conclusions 
are rather vague. Several recent studies have shown in-
creased serum levels of IL-31 in CTCL patients [22–26] 
while there is only one study that has investigated the 
expression of IL-31 and its receptors in the skin from CTCL 
patients [27]. Our study is the first one that compares 
the expression of IL-31 and its receptors in the skin and 
serum of CTCL and AD patients and healthy controls.

Similarly to previous studies, we have found that pru-
ritus was more severe in the advanced than the early 
stage of CTCL [26]. Moreover, the mean pruritus score 
was significantly higher in AD than CTCL and it occurred 
in all AD patients versus 76% of CTCL patients. 

We observed that the IL-31 serum level in CTCL and 
AD patients was significantly higher than in the control 
group, which is in line with all previous reports [15, 23–26].  
However, in our study the IL-31 serum level did not re-
flect the severity of CTCL. Lack of correlation between the  
IL-31 serum level and the stage of CTCL in the presence of 
a significantly higher serum level compared to the con-
trol group suggests its role in the pathogenesis of the 
disease, however, it seems not to contribute to disease 
progression.

The pruritogenic role of IL-31 in CTCL remains unclear. 
Several serum studies documented either correlation be-
tween IL-31 mRNA and itch intensity [23] or a higher but 
not significant IL-31 serum level in severely pruritic than 
non-pruritic CTCL patients [25]. The recent study involving 
the largest MF group (62 MF patients) by Malek et al. did 
not find such correlations, indicating that IL-31 is rather 
involved in pathogenesis of CTCL [26]. Our investigations 
also showed no difference in the IL-31 serum level between 
pruritic and non-pruritic CTCL patients and no correlation 
between the serum IL-31 concentration and pruritus se-
verity in the CTCL group. Contrary to Nattkemper et al. 
[27] study, we did not find any correlation between both 
IL-31 and IL-31 receptor in skin and pruritus intensity in 
CTCL patients, suggesting that IL-31 is not involved in the 
pathomechanism of pruritus in CTCL. Meng et al. reported 
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should be interpreted with caution, however they seem 
to be particularly interesting as Th2 lymphocytes are the 
main source of IL-31 and the inflammatory environment 
becomes Th2-biased during the clinical course of CTCL 
[30]. The reason for declining expression of IL-31RA in 
epidermis in late-stage CTCL might be the lack of Th1 
cytokines, mainly IFN-g, which induce the expression of 
IL-31 RA in dendritic cells, monocytes and macrophages 
localized in epidermis [10]. IL-31 is expressed predomi-
nantly but not specifically by Th2 lymphocytes. However, 
Th1 cells, monocytes, macrophages and dendritic cells 
were also demonstrated to be the IL-31 source [5–7]. 
When it comes to malignant T cells in CTCL that possess 
a Th2-helper cell phenotype, Mobs et al. demonstrated 
that tumour cells are unlikely to be the source of IL-31 in 
CTCL [25]. Moreover, it was suggested that IL-31 expres-
sion does not result from a Th1 to Th2 conversion, but its 
upregulation is rather dependent on skin environment 
and stimulating factors such as IL-2, IL-4, and IL-13 [25, 31, 
32]. It can be speculated that the dense dermal infiltrate 
of malignant T cells in advanced-stage CTCL skin sup-
presses the benign T-cells and bystander cells which are 
the source of IL-31, resulting in downregulation of IL-31. 

Conclusions

Patients with CTCL and AD presented significantly 
higher IL-31 serum level IL-31, OSMR, IL-31RA skin expres-
sion in comparison to healthy controls. Overexpression of 
IL-31 and its receptor in CTCL compared to healthy controls 
suggest involvement in the CTCL pathogenesis. Moreover, 
our data indicate that IL-31 is not involved in the patho-
genesis of pruritus in CTCL. Our findings suggest that  
IL-31 plays a central role in the pruritus pathomechanism 
that is specific to AD rather than pruritic dermatoses in 
general, yet this issue requires further studies.
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