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Overexpression of helper T cell type
2-related molecules in the skin of

patients with eosinophilic dermatosis of
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Background: Eosinophilic dermatosis of hematologic malignancy (EDHM) is a rare dermatosis associated
with blood tumors.
Objective: To characterize the expression of T-cell and B-cell markers and pruritogenic mediators in
EDHM skin.
Methods: Immunohistochemical and immunofluorescence analysis were performed in 12 skin samples of
EDHM, 11 samples of bullous pemphigoid (BP), and 5 samples from healthy controls (HC). Serum levels of
interleukin (IL) 4 were analyzed in 11 patients with EDHM, 11 BP patients, and 5 HC by enzyme-linked
immunosorbent assay.
Results: T-cell markers, including clusters of differentiation (CD) 3, CD4, CD8, and CD5 were significantly
overexpressed in EDHM and BP skin compared to HC. A predominance of CD41 over CD81 cells and
GATA31 (helper T cell type 2 [Th2] marker) over T-bet1 (Th1 marker) cells were observed. FOXP3
expression was increased but the FOXP3/CD4 ratio was low. B-cell markers were under-represented,
without significant differences between the 3 groups. IL-4 and IL-31 were significantly overexpressed in
EDHM and BP compared to HC and colocalized with the Th2-associated marker GATA3. Eotaxin-1 was
significantly overexpressed in EDHM compared to BP and HC. IL-4 serum concentration was significantly
increased in EDHM and BP compared to HC.
Limitations: Small sample size; retrospective design.
Conclusions: Targeting Th2-related molecules, in particular IL-4, holds promise for EDHM management.
( J Am Acad Dermatol 2022;87:761-70.)
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INTRODUCTION
Eosinophilic dermatosis of hematologic malig-

nancy (EDHM) is a chronic, relapsing pruritic skin
disorder that occurs in patients with hematologic
malignancies, predominantly B-cell chronic
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lymphocytic leukemia (B-CLL) and B-cell lym-
phomas.1 Clinical presentation includes multiple
erythematous urticarial papules, nodules, plaques,
and/or blisters (Fig 1 and Supplemental Fig 1; avail-
able via Mendeley at https://data.mendeley.com/
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datasets/7x73hh7d7t/2), predominantly affecting the
limbs and trunk. Histopathologic findings include
the dermal infiltration of lymphocytes and a variable
number of eosinophil granulocytes without signifi-
cant infiltration by leukemic cells. Dermal-epidermal
separation mimicking bullous pemphigoid (BP) is
often seen.2,3
CAPSULE SUMMARY

d The pathogenesis of eosinophilic
dermatosis of hematologic malignancy is
still unclear, making the management of
patients challenging.

d The overexpression of helper T cell type
2-associated molecules in the skin of
these patients suggest targeting this
pathway, in particular interleukin 4, as a
potential treatment for the disease.
The diagnosis of EDHM
requires the exclusion of
other pruritic disorders char-
acterized by tissue eosino-
philia (Supplemental Table
1; available via Mendeley at
https://data.mendeley.com/
datasets/7x73hh7d7t/2.)
EDHM management is based
on topical and systemic cor-
ticosteroids; however, re-
lapses are common upon
discontinuation. Therapeutic
options for recalcitrant/re-
lapsing cases are limited

because of the contraindications in using immuno-
suppressive drugs for these patients. Activation of
the helper T cell type 2 (Th2)-type immunity has
been proposed in the pathogenesis,4 however, the
involvement of Th2-related molecules in the disease
has not yet been analyzed.

Here, we characterized the T-cell and B-cell
signatures as well as the expression of Th2-related
molecules, including interleukin (IL) 4, IL-31, and
eotaxin-1, whose therapeutic targeting is currently
under investigation as a treatment for eosinophil-
related disorders in the skin of patients with EDHM.

MATERIALS AND METHODS
Patients

The study received approval from our institutional
review board. Twelve lesional skin biopsies and 11
serum samples were obtained from 11 patients with
EDHM (4 males and 7 females; mean age, 72 years,
range 57-89 years). Samples were collected in
patients with active disease and prior to treatment.
Diagnosis of EDHM was established based on the
following criteria: (1) a known history of a hemato-
logic malignancy; (2) recurrent skin eruptions char-
acterized by papules, nodules, urticarial plaques, or
blisters with intense pruritus; (3) eosinophilic infil-
tration upon histopathology; and (4) exclusion of
other causes of tissue eosinophilia.5 BP was
excluded by direct immunofluorescence, indirect
immunofluorescence using human skin as a sub-
strate, and enzyme-linked immunosorbent assay for
detection of autoantibodies against BP180 and
BP230.
Skin specimens and serum samples of 11patients
with BP (5 men and 6 women; mean age, 78 years,
range 65-85 years), and 5 healthy people (3 men and
2 women; mean age, 69 years, range 61-87 years)
were included as controls. The diagnosis of BP
required the demonstration of linear junctional de-
posits of IgG/C3 by direct immunofluorescence and
detection of circulating anti-
basement membrane zone
antibodies by indirect immu-
nofluorescence or enzyme-
linked immunosorbent
assay. None of the controls
had a history of hematologic
malignancies.

Immunohistochemistry
Formalin-fixed paraffin-

embedded (FFPE) 3-�m tis-
sue sections were prepared
for immunohistochemical
analysis. Sample processing
was performed with automated immunostainer
(Ventana Discovery ULTRA, Ventana Medical
Systems). Sections were deparaffinized in EZ prep
(#950-102; Ventana Medical Systems). Antigen
retrieval was achieved by incubation with cell-
conditioning solution 1 (CC1) (#950-124; Ventana
Medical Systems). Sections were then incubated with
the following primary antibodies: anti-clusters of
differentiation (CD) 3 (#790-4341, Ventana Medical
Systems), anti-CD4 (#790-4423,Ventana Medical
Systems), anti-CD5 (#790-4451, Ventana Medical
Systems), anti-CD8 (#790-4460, Ventana Medical
Systems), anti-CD19 (#119R-14, Cell Marque), anti-
CD20 (#760-2531,Ventana Medical Systems), anti-
CD79a (#790-4432, Ventana Medical Systems),
anti-FOXp3 (#ab20034, Abcam), anti-T-bet (#760-
4598, Ventana Medical Systems), anti-GATA3 (#760-
4897, Ventana Medical Systems), anti-IL-4 (#sc-53084,
Santa Cruz Biotechnology), anti-IL-31, (#ab102750,
Abcam), and anti-eotaxin-1 (#ab133604, Abcam).
Signal was developed with UltraMap diaminobenzi-
dine antimouse or antirabbit detection kit (Ventana
Medical Systems).

Immunohistochemistry analysis
Stained sections were digitally scanned at 3400

magnification with Aperio AT2 (Leica Biosystems)
into whole slide digital images. Each .SVS format file
was imported into the HALO Link (Indica Labs)
image management system. The image annotations
in the dermis of EDHM, BP, and HC were drawn
blinded to the status of clinical information. T-cell
and B-cell marker as well as IL-4 and IL-31 detection

https://data.mendeley.com/datasets/7x73hh7d7t/2
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Fig 1. Clinical presentation of eosinophilic dermatosis of
hematologic malignancy characterized by multiple tense
blisters on the abdomen of a male patient with concom-
itant B-cell chronic lymphocytic leukemia.

Abbreviations used:

BP: bullous pemphigoid
CD: clusters of differentiation
EDHM: eosinophilic dermatosis of hematologic

malignancy
HC: healthy control
IL: interleukin
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in the dermis was performed using HALO Multiplex
immunohistochemistry analysis software version
v3.1.1076.308 (Indica Labs), based on cytonuclear
features such as stain intensity, size, and roundness
for CD31, CD41, CD51, CD81, CD191, CD201,
CD79a1, FOXP31, GATA31, T-BET1, IL-41, and IL-
311 cells. The software automatically excludes tissue
gaps from analysis and the settings were set up to
include the full range of staining intensity (from
weak to strong). Data were expressed as cellular
density.

For eotaxin-1, analysis was performed in the
epidermis using HALO area quantification analysis
software, version 2.1.7 (Indica Labs) based on the
staining intensity and distribution of eotaxin-1 stain-
ing. The software automatically excludes tissue gaps
from analysis, and the settings were set up to
recognize as positive staining area that were marked
fromweak to strong staining. Data were expressed as
stain density.

Immunofluorescence
Sample processing was performed with auto-

mated immunostainer (Ventana Discovery ULTRA,
Ventana Medical Systems). The sections were depar-
affinized in EZ prep (#950-102; Ventana Medical
Systems) and antigen retrieval was achieved by
incubation with CC1 (#950-124; Ventana Medical
Systems) for 36 minutes at 95 8C. Sections were
blocked with blocking buffer (phosphate-buffered
saline, pH 7.4; 2.5% bovine serum albumin, 10%
normal goat serum) for 32 minutes at 37 8C, then
incubated with the following primary antibodies:
anti-GATA3 (#760-4897, Ventana Medical Systems),
and anti-IL-31 (#ab102750, Abcam). After another
cycle of blocking buffer for 16 minutes at 37 8C, the
sections were incubated with fluorescent secondary
antibodies: polyclonal Alexa Fluor 594 and poly-
clonal Alexa Fluor 647 (1:500, Invitrogen) (1 hour
and 32 minutes, room temperature) and with anti-IL-
4 (#sc-53084, Santa Cruz Biotechnology), previously
conjugated with fluorescein isothiocyanate conjuga-
tion kit lightning-link (#ab102884, Abcam) for
1 hour, room temperature.

The sections were coverslipped using a water-
based mounting medium with 4969-diamidino-2-
phenylindole (Abcam). Fluorescence images were
obtained using an AxioImager 2 microscope (Carl
Zeiss). Imaris software (version 8.1.2: Bitplane AG)
was used for 3-dimensional reconstruction of the
structured illumination Z-stacks.

Serum measurements
The levels of IL-4 were measured using a com-

mercial enzyme-linked immunosorbent assay kit (IL-
4 kit, cat. no. D4050, R&D Systems, Inc) according to
the manufacturer’s instructions. Samples and stan-
dards were analyzed in duplicate and only variation
coefficients\15% were accepted.

Statistical analysis
The data are shown as mean 6 standard devia-

tion. Statistical analysis was performed using one-
way analysis of variance Brown-Forsythe and Welch
multiple comparison test (GraphPad Prism, version
8.5.0.02). All tests were considered statistically sig-
nificant at P\ .05.

RESULTS
Patients

Associated malignancies included B-CLL (9 pa-
tients), marginal zone B-cell lymphoma (1 patient),
and Hodgkin lymphoma (1 patient). Clinical presen-
tation resembled BP in 5 patients; 4 out of 5
presented with urticarial plaques and tense blisters;
and 1 patient presented with multiple tense blisters.
Histopathologic findings included subepidermal
detachment and a superficial interstitial and perivas-
cular lymphocytic infiltrate with eosinophils.

Three patients presented with disseminated
erythematous papules and nodules without blis-
tering. Histopathologic examination revealed a su-
perficial dermal interstitial and perivascular
inflammatory infiltrate mainly composed of lympho-
cytes with few eosinophils.
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Three patients presented with erythematous indu-
rated papulonodular lesions and urticarial plaques
affecting the lower and upper limbs. Histopathologic
findings showed a diffuse inflammatory infiltrate
with numerous eosinophils extending throughout
the entire dermis. One of these patients experienced
a relapse 2 years after diagnosis, characterized
by targetoid lesions with central blistering.
Histopathology revealed dermal edema and a dense
inflammatory superficial and deep dermal infiltrate
mainly composed of eosinophils with flame figures
(both skin samples from this patient were included in
the analysis).

T-cell markers
T-cell infiltration was characterized by evaluating

CD3, CD4, CD8, and CD5 immune staining in EDHM,
BP (Fig 2), and healthy control (HC) samples
(Supplemental Fig 2; available via Mendeley at
https://data.mendeley.com/datasets/7x73hh7d7t/2.)
CD31 T-cell density was similar between EDHM and
BP samples and significantly enhanced compared to
HC (P = .01 and P = .001, respectively). In EDHM,
CD31 T cells were localized both in the superficial
and mid dermis; whereas in BP CD31, T cells were
mainly distributed in the superficial dermis.
Compared to HC, both CD41 and CD81 cell density
was significantly higher in EDHM (P = .002 and
P = .002, respectively) and BP (P = .0005 and P = .01).
However, CD41 T-cell dermal density was higher
than the density of CD81 cells in both EDHM and BP.
No significant differences emerged between EDHM
and BP.

Collectively, these data suggest a predominance
of Th cells to cytotoxic T cells in either EDHM or BP.
Finally, CD5 (a marker of T-cell activation) positive
T-cell dermal density6 was similar in EDHM and BP,
but both were significantly increased compared to
HC (P = .02 and P = .007, respectively).

Skin samples were then stained with antibodies
against T-bet and GATA3, the master transcription
factors of Th1 and Th2 cells, respectively.7 There
were no significant differences in dermal density of
T-bet1 cells between EDHM, BP, and HC (P = .9 and
P = .8, respectively). GATA31 cells density was
similar between EDHM and BP and significantly
higher compared to HC (P = .01 and P = .007,
respectively). Collectively, these results suggest a
predominance of Th2 cells over Th1 cells in both
EDHM and BP. Finally, dermal infiltration of regula-
tory T cells (T-reg cells) was evaluated by staining
samples with FOXP3.8 Compared to HC, FOXP31

cell density showed a slight but not significant
(P = .05) increase in EDHM, which, however,
resulted in significant BP (P = .03). The FOXP3/
CD4 ratio was 6.3% and 6.8% in EDHM and BP,
respectively. The FOXP3/CD4 ratio in BP skin was
similar to that previously reported.9

B-cell markers
CD19, CD20, and CD79a markers were selected to

quantify B-cell infiltration in the skin samples from
EDHM and BP patients (Fig 3) compared to HC
(Supplemental Fig 2). All of these B-cellerelated
markers were consistently under-represented in
EDHM; BP skin compared to T-cell markers and no
significant differences emerged with regard to
dermal density of CD191 (P = .2 and .4, respectively),
CD201 (P = .17 and P = .18), and CD79a1 (P = .3 and
P = .1, respectively) B cells among all groups.

Th2-related molecules
The skin expression of some Th2-associated

cytokines, including IL-4, IL-31, and eotaxin-1 were
analyzed in EDHM, BP (Fig 4), and healthy skin
(Supplemental Fig 2). IL-4 is the main Th2-
cellederived cytokine contributing to eosinophils’
recruitment and direct stimulation of pruritogenic
sensory fibers.10 IL-4 levels were measured in serum
samples from EDHM and BP patients. Data showed a
significant increase in serum concentration of IL-4 in
patients with EDHM and BP compared to HC
(P = .001 and P = .03, respectively).

Immunohistochemical data showed a signifi-
cantly increased IL-41 cell density in EDHM and
PB, compared to HC (P = .0001 and P = .0002,
respectively) (Fig 4). IL-31, another Th2-related
cytokine, has been shown to be overexpressed in
pruritic skin diseases, including atopic dermatitis, BP,
and cutaneous T-cell lymphomas.11,12 In the current
study, the dermal density of IL-311 cells was signif-
icantly increased in EDHM and BP compared to HC
(P = .02 and P = .0006, respectively).

Co-localization analysis indicated a co-expression
for IL-4 and IL-31 and the Th2-related marker,
GATA3, thus confirming that IL-4 and IL-31 derived
from GATA31 Th2 cells (Fig 5).

Eotaxin-1 serves as a potent attractant for eosin-
ophils and is mainly produced by keratinocytes.13 In
our study, eotaxin-1 was mainly produced by kera-
tinocytes and, in the dermis, by endothelial cells. The
density of the expression of eotaxin-1 in the
epidermis showed a gradient from the basal to the
spinous layer in both EDHM and BP and was
significantly higher in EDHM compared to BP and
HC (P = .03 and P = .005, respectively) (Fig 4).

DISCUSSION
In this study, we observed an overexpression of

Th2-associated molecules in either EDHM or BP,

https://data.mendeley.com/datasets/7x73hh7d7t/2


Fig 2. Representative images reporting hematoxylin and eosin staining of EDHM and BP
samples and representative images and pooled data of CD3, CD4, CD8, CD5, GATA3, T-bet,
and forkhead box protein P3 staining of EDHM and BP samples. Data are reported as
mean 6 standard error of mean, one-way analysis of variance Brown-Forsythe and Welch
multiple comparison test. Magnification: 340; inset: 3200 (scale bars: 500 �m, inset 100 �m).
BP, Bullous pemphigoid; CD, clusters of differentiation; EDHM, eosinophilic dermatosis of
hematologic malignancy; H&E, hematoxylin and eosin; HS, healthy skin.
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consistent with the clinicopathologic overlap be-
tween both diseases.14 The latter finding might have
led to overestimate the incidence of BP in patients
with lymphoproliferative disorders,15 highlighting
the importance of performing immunofluorescence
studies for the differential diagnosis between BP and
EDHM.16
We noted first that EDHM, similar to BP, was
characterized by increased infiltration of CD31 T
cells, the most being CD41 T cells, similar to previ-
ously reported data.3,17,18 We also showed an up-
regulation of the Th2-cellerelated marker GATA3 in
EDHM as well as in BP skin. The Th1-associated
marker T-bet was the only T-cell marker that was



Fig 3. Representative images reporting hematoxylin and eosin staining of EDHM and BP and
representative images and pooled data of CD19, CD20, and CD79a staining of EHDM and BP
samples. Data are reported as mean6 standard deviation, one-way analysis of variance Brown-
Forsythe and Welch multiple comparison test. Magnification: 340; inset 3200 (scale bars:
500 �m; inset 100 �m). BP, Bullous pemphigoid; CD, clusters of differentiation; EDHM,
eosinophilic dermatosis of hematologic malignancy; H&E, hematoxylin and eosin; HS, healthy
skin; IL, interleukin.
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Fig 4. Representative images reporting hematoxylin and eosin staining of EDHM and BP
samples, pooled data of IL-4 serum concentration in EDHM and BP patients compared to
healthy controls and representative images and pooled data of IL-4, IL-31, and eotaxin-1
staining of EHDM and BP samples. Data are reported as mean 6 standard deviation, one-way
analysis of variance Brown-Forsythe and Welch multiple comparison test. Magnification: 340;
inset 3200 (scale bars: 500 �m; inset 100 �m). BP, Bullous pemphigoid; DAPI, 49,6-diamidino-
2-phenylindole; EDHM, eosinophilic dermatosis of hematologic malignancy; IL, interleukin.
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Fig 5. Representative images of a triple immunofluorescence staining of GATA3, IL-4 and IL-31
of EDHM (left upper panel) and BP (left lower panel). Magnification: 340 (scale bars: 10 �m).
Representative 3-dimensional surface reconstruction of GATA3, IL-4, and IL-31 positive cells
generated from structured illumination microscopic imaging using Imaris Software of EDHM
(right upper panel) and BP (right lower panel). BP, Bullous pemphigoid; EDHM, eosinophilic
dermatosis of hematologic malignancy; IL, interleukin.
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similarly expressed in the skin of EDHM, BP, and
healthy subjects. Collectively, these findings re-
vealed a strong shift in Th2 cells in EDHM and BP
skin. We also noted an enhanced infiltration of
FOXP31 T-reg cells in EDHM and BP skin (significant
only for BP). Overall, the proportion of FOPX31 cells
to the whole CD41 T-cell population was low for
both diseases, thus indicating that infiltrating T-reg
cells are probably numerically insufficient to coun-
teract dermal inflammation promoted by Th2 cells. A
shift in Th2-type immunity has been reported in
patients with B-cell malignancies experiencing other
immune-mediated complications, such as hemolytic
anemia.19 This may suggest common abnormalities
in T-cell compartments driving different paraneo-
plastic manifestations associated with B-cell
malignancies.

In agreement with the enhanced expression of
GATA3, we noted a strong up-regulation of IL-4 and
IL-31, two important cytokines promoting Th2-type
inflammation and pruritus, in both EDHMandBP. IL-4
was also significantly up-regulated in the patients’
serum. Remarkably, in atopic dermatitis (a Th2-driven
skin disease characterized by enhanced tissue expres-
sions of IL-4 and IL-31), therapeutic targeting of these
inflammatory pathways has shown remarkable
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clinical activity.20,21 Likewise, dupilumab, a mono-
clonal antibody targeting the IL-4-receptor a, is
currently emerging as a new therapeutic opportunity
for steroid-resistant BP.22 Our findings on increased
cutaneous and serum IL-4 levels in EDHM are
consistent with the reported efficacy of dupilumab
in 2 patients with EDHM.23,24 Moreover, results of the
present study prompted us to use dupilumab in a
patient with EDHM, obtaining a long-term disease
remission off systemic steroids.25

We observed a strong expression of eotaxin-1 in
EDHM epidermal skin. Intriguingly, bertilimumab, a
monoclonal antibody targeting eotaxin-1, has shown
promising results in clinical trials in BP.26 Our study
supports further exploring this molecule as a future
therapeutic opportunity also for EDHM.

Previous studies have identified leukemic cells
within the inflammatory infiltrate of EDHM.3,27,28

B-cell targeted therapies have shown efficacy for
EDHM treatment, supporting a pathogenic relevance
of these cells in EDHM.29 Although we did not
directly investigate the presence of leukemic cells
in EDHM skin, results of our investigation were
similar to other studies that indicated a low expres-
sion of B-cell markers in EDHM skin, suggesting that
EDHM is clearly distinct from leukemia cutis.3,27,28

One hypothesis could be that leukemic cells interfere
with the local immune environment in the skin,
promoting a Th2-type inflammatory response.
Although in patients with active tumor expansion
and concomitant EDHM, leukemia-directed treat-
ment may be best suited for the management of
both conditions, targeting the effector phase of
EDHM, which likely relies on an aberrant T-cell
activation in the skin, may be preferable for patients
with EDHM occurring during a stable or remission
phase of their hematologic condition.

The limitations of this study include the relatively
small sample size and the retrospective design.
Further, in this study we focused mainly on T cells,
whereas other immune cells, including mast cells
and basophils, have not been analyzed.

Conclusions
Our analysis confirms a previous hypothesis on an

immunologic skewing toward Th2 immunity in
EDHM. Th2 cells may sustain cutaneous inflamma-
tion through IL-4 and IL-31 expression, whereas
increased production of eotaxin-1 in keratinocytes
can contribute to eosinophil recruitment. This study
and previous clinical reports suggest that dupilumab
could be considered as a therapeutic option for
patients with corticosteroid-resistant EDHM. Given
the therapeutic success of targeting eotaxin-1 and IL-
31 in other eosinophil-mediated skin diseases,30
inhibition of these molecules holds promise for a
personalized approach to EDHM management.
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