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Background: Atopic dermatitis (AD) is a multifactorial inflammatory skin disease characterized by skin
barrier dysfunction, allergic inflammation and intractable pruritus resistant to conventional antipruritic
treatments, including H;-antihistamines. Granzymes (Gzms) are a family of serine proteases expressed
by cytotoxic T lymphocytes and natural killer cells that have been shown to modulate inflammation.
However, the relationship between Gzms and pathology in AD remains unclear.

Keywords: Objective: This study assessed the correlation between plasma GzmB levels and severity of pruritus and
Granzyme B P .

Itch dermatitis, in AD patients.

Plasma Methods: Plasma was collected from 46 patients with AD, 24 patients with psoriasis, and 30 healthy
VAS score controls. AD severity was assessed with the scoring atopic dermatitis (SCORAD) index, psoriasis severity

with the psoriasis area and severity index (PASI), and degree of pruritus by visual analogue scale (VAS)
score. GzmA, GzmB and gastrin releasing peptide (GRP) levels were measured by enzyme-linked
immunosorbent assays.
Results: Plasma GzmB concentrations were significantly higher in patients with AD and psoriasis than in
healthy controls. Correlation analyses showed that plasma GzmB concentrations positively correlated
with SCORAD and serum levels of severity markers such as thymus and activation-regulated chemokine,
and lactate dehydrogenase in AD patients. Moreover, plasma levels of GRP, an itch-related peptide, were
higher in patients with AD, positively correlating with VAS score and plasma GzmB level. In addition,
plasma GzmB concentration was significantly lower in the treatment group than the untreated group
with AD. Meanwhile, there were no correlations among GzmB levels, VAS score and PASI score in patients
with psoriasis. In contrast to the results of plasma GzmB, plasma GzmaA levels were unchanged among
AD, psoriasis and healthy groups, and showed no correlations with VAS score and SCORAD index in
patients with AD.
Conclusion: Plasma GzmB levels may reflect the degree of pruritus and dermatitis in patients with AD.
© 2016 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.

Atopic dermatitis

1. Introduction

Atopic dermatitis (AD) is a multifactorial inflammatory skin

Abbreviations: AD, atopic dermatitis; CTLs, cytotoxic T lymphocytes; EDTA, disease characterized by 1mpa1red skin barrier and a“erglc

ethylenediaminetetraacetic acid; ELISA, enzyme-linked immunosorbent assay;
GRP, gastrin releasing peptide; Gzm, granzyme; PASI, psoriasis area and severity
index; SCORAD, scoring atopic dermatitis; VAS, visual analogue scale.
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inflammation. Pruritus (or itch) is also a major symptom of AD,
but the pruritus is frequently resistant to conventional treatments,
such as Hj-antihistamines [1,2]. Currently, such pruritus is a
clinical problem that reduces the quality of life in patients with AD
worldwide.
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Endogenous proteases (e.g. kallikreins, matriptase and tryptase)
and exogenous enzymes (from, e.g., house-dust mite allergens,
bacteria, fungi and plants), can activate protease activated receptor
(PAR) 2 and induce itch and inflammation in lesional skin of
patients with AD [3-6]. Several serine proteases (e.g. tryptase,
chymase and kallikreins) have been identified as itch-related
mediators in vivo [3,7]. Granzymes (Gzms) are a family of serine
proteases stored in natural killer (NK) cells and cytotoxic T
lymphocytes (CTLs). Gzms A, B, H, K and M have been identified in
humans [8]. GzmA, a trypsin-like enzyme, and B, a chymase-like
enzyme, are the most important members of the Gzm family,
especially for induction of target cell death [9]. GzmB has the
strongest apoptotic activity of all granzymes [10]. In addition to
lymphocytes, both ultraviolet A and B irradiation induce GzmB
expression in keratinocytes in vitro and in vivo [11,12], and mouse
and human mast cells produce GzmB in vitro and in vivo [11]. GzmB
also functions as processing protease of cytokines, including
interleukin (IL)-18 and IL-1c, and extracellular matrix proteins,
including fibronectin and various proteoglycans [8,13]. Higher
numbers of GzmB-positive CD4" and CD8" T cells have been
observed in the lesional skin of patients with AD and psoriasis than
in non-lesional and healthy skin [14,15]. Although GzmB may be
involved in pruritus and inflammation of AD, the roles of GzmB in
the pathology of AD have not been fully determined.
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Fig. 1. Quantification of GzmB levels in plasma of patients with AD and psoriasis
and healthy controls. Plasma GzmB concentrations in 46 AD patients, 24 psoriatic
patients and 30 healthy controls were determined by enzyme-linked immunosor-
bent assays. Data were evaluated by Dunnett’s multiple comparison tests.
**P<0.001.

This study investigated the correlation between plasma GzmB
concentrations and the degree of itch and dermatitis, in patients
with AD and psoriasis. We here describe that close relationships
among plasma GzmB concentrations and severity of pruritus and
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Fig. 2. Scatterplots of correlations among plasma levels of GzmB, VAS score and severity index in patients with AD and psoriasis. Correlations of plasma GzmB level with (a)
VAS score and (b) SCORAD in 46 patients with AD; and of plasma GzmB level with (c) VAS score and (d) PASI score in 24 patients with psoriasis. Coefficients (r) were
determined by Spearman rank correlation test. P < 0.05 indicated statistical significance.
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Fig. 3. Relationship between plasma GzmB concentration and severity of itch. VAS score was categorized into 4 grades; 0-40% (mild pruritus, n=15), 41-70% (moderate
pruritus, n=15), 71-90% (severe pruritus, n=12) and 91-100% (very severe pruritus, n =4). (a) Plasma GzmB levels in the patients with AD was classified into each grade of VAS
score. Data were evaluated by Dunnett’s multiple comparison tests. P < 0.01 and "P < 0.05. (b) Plasma GzmB level, SCORAD index, serum TARC, total IgE and LDH levels were

classified into each grade of VAS score.

severity of dermatitis, were observed in patients with AD, but not
with psoriasis.

2. Materials and methods
2.1. Human samples

Plasma was collected from 46 patients with AD (29 males, 17
females; mean+SD age, 37.7+11.0years), 24 patients with
psoriasis (18 males, 6 females; mean +SD age, 51.4 + 20.1 years)
and 30 healthy controls (19 males, 11 females; mean+SD age,
41.1 £12.9years) using a blood sampling tube containing ethyl-
enediaminetetraacetic acid (EDTA) or heparin (Terumo, Tokyo,
Japan). AD was diagnosed clinically based on Hanifin and Rajka
criteria [16], and its severity was assessed with the scoring atopic
dermatitis index (SCORAD; 0-103 points) [17] and clinical markers
(serum total IgE level, serum thymus and activation-regulated
chemokine (TARC) level, and lactate dehydrogenase (LDH) level).
Serum levels of total IgE, TARC and LDH were obtained from clinical
laboratory tests. Psoriasis severity was assessed with the psoriasis
area and severity index (PASI; 0-72 points) [18]. The degree of
pruritus was evaluated by visual analogue scale (VAS; 0-100%)
score [19]. None of the subjects had received oral immunosup-
pressant (e.g. cyclosporine) or monoclonal antibody therapy (e.g.
infliximab and secukinumab) before blood sampling. The study
protocol was approved by the medical ethics committee of
Juntendo University Urayasu Hospital, and all patients provided
written informed consent. This study was conducted according to
the principles of the Declaration of Helsinki.

2.2. Enzyme-linked immunosorbent assay (ELISA)

Plasma concentrations of GzmA, GzmB, and gastrin-releasing
peptide (GRP) were measured using commercial GzmA, GzmB, and
GRP ELISA kits (Uscn Life Sciences, Wuhan, China), respectively,
according to the manufacturer’s instruction. As GRP levels could
not be accurately measured in EDTA-plasma, it was measured in
heparin-plasma.

2.3. Statistical analysis

All statistical analyses were performed using GraphPad Prism 5
(GraphPad Software, La Jolla, CA, USA). Data were evaluated by
Dunnett’s multiple comparison tests and Student’s t-tests and
correlation coefficients (r) by Spearman rank correlation test.
Correlations were deemed weak for r from 0.2 to 0.4 and moderate
for r from above 0.4 to 0.7, with P<0.05 indicating statistical
significance.

3. Results

3.1. Relationships among plasma GzmB levels, pruritus and
inflammation

In the patients with AD, VAS score was 55.9 +27.8% (mean +
SD) and SCORAD index was 45.7 + 24.9 points (mean 4 SD). Serum
levels of total Ig, TARC and LDH in the AD patients were
8924.94+14551.21U/mL  (mean#+SD), 6526.1+17316.3 pg/mL,
293.4 +116.7IU/L (mean =+ SD), respectively. In the patients with
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Fig. 4. Correlation of plasma GRP level with GzmB level and VAS score in patients with AD. Plasma GzmB (a) and GRP (b) levels in heparin-treated plasma of 25 AD patients
and 18 healthy controls were measured by enzyme-linked immunosorbent assays. Data were evaluated by Student’s t-tests. Scatterplots of correlations between (c) plasma
GzmB and GRP levels; (d) plasma GRP level and VAS itch score; and (e) plasma GzmB level and VAS score. Coefficients () were determined by Spearman rank correlation tests.

P < 0.05 indicated statistical significance.

psoriasis, VAS score was 38.8 +-32.8% (mean +SD) and the PASI
score was 13.8 +13.7 points (mean 4 SD).

Plasma GzmB concentrations were significantly higher in
patients with AD (50.4+33.4pg/mL, P<0.001) and psoriasis
(69.5+455pg/mL, P<0.001) than in healthy controls
(20.6 £159 pg/mL) (Fig. 1). In contrast, plasma GzmA concen-
trations did not differ significantly in patients with AD
(114.0+£98.3 pg/mL) and psoriasis (90.04+65.0pg/mL) and in
healthy controls (87.4 +55.5 pg/mL) (Supplementary Fig. 1).

In AD patients, plasma GzmB concentrations were positively
correlated with VAS score (r=0.524, P=0.0002), (Fig. 2a) and were
significantly higher in patients with severe (VAS score, 71-90%)
and very severe pruritus (VAS score, >91%) than in patients with
mild pruritus (VAS score, 0-30%) (Fig. 3). In addition, SCORAD
index (r=0.578,P=0.00003), serum TARC level (r=0.364, P=0.018)
and serum LDH level (r=0.530, P=0.0002) were also correlated
with plasma GzmB concentrations (Fig. 2b and Suppl. Fig. 2).
However, there were no correlations among GzmB levels, VAS
score (Fig. 2c) and PASI score (Fig. 2d) in patients with psoriasis.

3.2. Correlation of plasma GzmB level with plasma GRP level in AD
patients

Heparin-treated plasma for measurement of plasma GRP
concentrations were collected from 25 patients with AD (21
males, 4 females; mean+SD age, 35.64+9.5years), with a VAS
score of 46.6+25.0% (mean+SD) and a SCORAD index of
38.6 +24.0 points (mean + SD); and from 18 healthy controls (14
males, 4 females; mean + SD age, 40.8 + 15.0 years). Assays in these
patient subsets showed that the GzmB concentration was
significantly higher in AD patients than in healthy controls
(38.3+31.0pg/mL vs. 11.6+8.5pg/mL, P=0.0008) (Fig. 4a).

Similarly, plasma GRP concentration was significantly higher in
AD patients than in healthy controls (34.5+21.3pg/mL vs.
16.0 +£8.1 pg/mL, P=0.0011) (Fig. 4b). Plasma GRP concentration
correlated positively with plasma GzmB concentration (r=0.649,
P=0.0004) (Fig. 4c) and VAS score (r=0.484, P=0.014) (Fig. 4d),
and plasma GzmB concentration correlated positively with VAS
score (r=0.493, P=0.012) (Fig. 4e). In contrast, there was no
correlation between plasma GzmA and GRP concentrations
(r=-0.178) (data not shown).

3.3. Change of plasma Gzm B levels after treatment of AD

Plasma from AD patients was divided into two groups, non-
treatment (n=25) and treated groups (n=21). After treatment with
oral Hi-antihistamines (e.g. levocetirizine, fexofenadine and
olopatadine), leukotriene receptor antagonist (montelukast), Th2
cytokine inhibitor (suplatast), betamethasone/d-chlorphenir-
amine (Celestamine®), tacrolimus ointment and/or topical corti-
costeroids, plasma GzmB levels were significantly decreased in the
treated group compared with the non-treatment group
(33.8+22.8pg/mL vs. 66.3+31.9pg/mL, P=0.0002) (Fig. 5a).
Serum LDH level (249.2+74.5I1U/L vs. 346.1+136.5IU/L,
P=0.004; Fig. 5b), TARC level (802.6+661.6pg/mL vs.
12822.1 +24466.5 pg/mL P=0.03; data not shown) and VAS score
(38.84+:24.9% vs. 76.2+14.0%, P<0.0001; Fig. 5c¢) was also
significantly decreased in the treated group compared with the
non-treatment group.

4. Discussion

Natural sources of Gzms are restricted to peripheral blood CTLs
and NK cells [8,9,13]. It has been previously reported that GzmB-
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expressing cells are increased in lesions of patients with
inflammatory skin diseases, including AD, psoriasis, allergic
contact dermatitis and pityriasis rosea compared with healthy
skin [12,15]. This study showed that plasma GzmB levels were
higher in patients with AD and psoriasis than in healthy controls
(Fig.1). Notably, plasma GzmB levels in patients with AD were also
significantly and positively correlated with VAS score (Figs. 2 a and
4 e) and plasma GRP levels (Fig. 4c). The plasma GzmB
concentration gradually increased with increasing VAS score
(Fig. 3), and both GzmB and VAS score decreased after treatment
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Fig. 5. Comparison of plasma GzmB levels in treated and non-treated patients with
AD. Plasma GzmB level (a), serum LDH level (b) and VAS score (c) decreased in
treated patients (n=25) compared with non-treatment patients (n=21) with AD.
Data were evaluated by Student’s t-tests. P < 0.05 indicated statistical significance.

of AD (Fig. 5a and c). The serum levels of GRP, an itch-related
peptide [20-22], were previously shown to correlate with disease
severity and pruritus in patients with AD [23,24]. GRP has been
shown to play a key role in mediating itch sensation by interacting
with GRP receptor-expressing neurons in the spinal dorsal horn
[2,20-22]. These findings suggest that plasma GzmB levels may
objectively reflect the degree of pruritus in patients with AD,
although it has not been determined whether GzmB evokes
scratching behavior in vivo.

Of the members of the Gzm family, GzmB exerts the strongest
apoptotic activity, inducing caspase-dependent or -independent
apoptosis in virus-infected and other potentially harmful cells
[8,10]. Generally, an increased level of GzmB in lesional tissue has
been linked to the pathogenesis of allergy and inflammatory and/
or autoimmune diseases, including AD, allergic asthma and
rheumatoid arthritis [ 14,15,25,26]. Physiologically, GzmB has been
reported to promote aging of the skin followed by cleavage of
extracellular matrix protein after ultraviolet irradiation [11,13], and
to destroy joints by mediating proteoglycan degradation in
rheumatoid arthritis [26]. In the patients with AD, GzmB
expressing cells are increased in the dermis, dermoepidermal
junction area and the site of spongiosis in the epidermis compared
with normal skin [14]. In this study, we found a positive correlation
among plasma GzmB level, SCORAD index (Fig. 2b) and serum
levels of TARC or LDH in the patients with AD (Supplementary
Fig. 2), whereas no positive correlation between plasma GzmB and
PASI score in patients with psoriasis (Fig. 2d). A recent study has
demonstrated that the frequency of CD4 + CD28™! cells express-
ing cytotoxic granules (e.g. Gzms and perforin) were increased in
the peripheral blood of psoriasis patients, although there was no
positive correlation between CD4 + CD28™! cells and PASI [27]. In
addition, GzmB expressing cells were increased in the dermis of
psoriasis, and they were significantly lower as compared with that
in lesional skin with AD [14]. These differences may explain the
lack of correlation of plasma GzmB concentration with pruritus
and disease severity in patients with psoriasis.

GzmB is shown to play a major role in apoptosis [13]. Apoptotic
cells have been detected in the lesional epidermis of patients with
acute AD and contact dermatitis. Keratinocyte apoptosis is the
initiating event in the development of the epidermal pathology in
patients with eczematous dermatitis [28]. In fact, both plasma
GzmB and clinical markers of AD (e.g. LDH) decreased after
treatment of AD (Fig. 5a and b). These findings may explain the
correlation between plasma GzmB level and the degree of skin
inflammation in patients with AD. In contrast, apoptosis has been
reported suppressed in psoriatic lesions, a finding that may be
related to the characteristics of psoriatic histopathology [29]. Thus,
other pathogenic factors might be related to the severity of
psoriasis.

In conclusion, this study has shown that plasma GzmB
concentrations correlate with the severity of pruritus and
dermatitis in patients with AD, but not those with psoriasis.
GzmB may play an important role in the induction of intractable
itch and dermatitis in AD, and may reflect the degree of pruritus
and dermatitis in patients with AD.
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