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Abstract

Background: Graft-versus-host disease (GVHD) has various cutase
manifestations. Little is known about the mechasisrihcutaneous GVHD with
different clinical features.

Objective: To characterize the immunological features and Blmier functions of
cutaneous GVHD.

Methods: Nineteen patients with atopic dermatitis (AD)-li&&/HD, eight patients
with lichen planus (LP)-like GVHD, twenty-four patits with AD and fifteen healthy
controls were included in this study. T cell subglagion in peripheral blood and skin
lesions were measured by flow cytometry and immiuooéscence respectively.
Filaggrin expression in skin lesions was measuged@/bstern blot and
immunohistochemistry. Trans-epidermal water lodSWL) was also measured using
Tewameter® M 300.

Results: The peripheral blood eosinophils in AD-like GVHD mgesignificantly

higher than that in LP-like GVHD. Th2 cells in gareral blood and skin lesions were
increased in AD-like GVHD and LP-like GVHD. Tregllsein peripheral

blood and skin lesions were increased in AD-likeHB) Filaggrin expression and
TEWL were increased in skin lesions of AD-like GVHIDd LP-like GVHD.
Limitations: The number of patients is limited.

Conclusions: Although AD-like GVHD and LP-like GVHD both had elgted Th2
cells and impaired skin barrier, increased eosiitepind Treg cells were found only

in AD-like GVHD.



60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

I ntroduction

Allogeneic hematopoietic stem cell transplantatiHSCT) is an important
therapeutic option for treatment of hematologicallignancies, solid tumors and
severe immunodeficiency disorders. Graft—-versus-tisgease (GVHD) is a common
complication of HSCT, occurring in 50% of patieht&VHD has been traditionally
divided into acute GVHD and chronic GVHD based dinical presentations and
time of onset. Skin is the most affected organ.o@iwr cutaneous GVHD can mimic
various skin diseases such as poikiloderma, lighanus (LP), scleroderma, psoriasis,
dermatomyositis, atopic dermatitis (AD) and othén slisease$®

T cells are considered to play crucial roles iraoeobus GVHI. AD-like GVHD
and LP-like GVHD both have erythematous lesions andles and the T cell
infiltrations are mainly in upper portion of dermidowever, LP-like GVHD is often
associated with oral and nail involvements while-f{& GVHD is characterized by
dry skin, eczematoid dermatitis and itching. Insthétudy, we attempted to
characterize the immunological features and skimidrafunctions in patients with

AD-like GVHD and LP-like GVHD.
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Patients and methods
Study subjects

Nineteen patients with AD-like GVHD, eight patienwith LP-like GVHD,
twenty-four patients with AD and fifteen healthyntals were enrolled in this study.
Peripheral blood samples were obtained from alljesié for measurement of
eosinophils and T cell subpopulation. Sera weraiobtl after centrifugation and
stored at -8@ before use. Skin biopsies were performed in fizgemts with AD-like
GVHD, five patients with LP-like GVHD, six patienigith AD and eight healthy
controls. This study was approved by the Ethics @dtee of Peking University
People’s Hospital. All subjects gave their writterformed consent before they

participated in this study.

Enzyme-linked immunosor bent assay
Total serum IgE level was measured by enzymestnknmunosorbent assay
(ELISA) using human Ready-Set-Go! ELISA Kits (eRience, CA, USA) and

performed according to the manufacturer’s protocol.

PBMCs culture and stimulation

Peripheral blood mononuclear cells (PBMCs) weddaited by Ficoll-Paque PLUS
(GE Healthcare, Sweden). Cell suspensions werestdjuto a concentration of
1x1C/ml and then incubated for 5 hours in the3%% CQ incubator with or

without PMA (50ng/ml), lonomycin Calcium f@j/ml) and BFA/Monensin Mixture
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(3ug/ml BFA, 1.41g/ml Monensin, MultiSciences Biotech Co. Ltd, Chimlsssolved

in RPMI-1640 supplemented with 10% FBS (Gibco, Oiézhnologies, USA).

T cell subpopulation staining

Treg cells were stained with surface markersi{@b4-FITC, anti-CD25-PE) and
nuclear marker (anti-Foxp3-APC) according to thestrinction of the Human
Regulatory T Cell Staining Kit (eBioscience, CA, A)STh1l, Th2, Th17 and Th22
cells were stained with surface marker (anti-CD#) and intracellular markers
(anti-IFN-y-PerCP-Cyanine5.5, anti-IL-4-PE, anti-IL-17A-APhdaanti-1L-22-PE,
respectively) according to manufacturer’s protog@Bioscience, CA, USA). Cells
were acquired on flow cytometry and data were amalyusing analysis software (BD
Biosciences). All stainings were adapted to isotym@ched controls and gated

accordingly.

Hematoxylin-eosin staining and immunohistochemistry

The formalin-fixed skin tissues were embeddedparaffin and cut into jm
sections, stained with hematoxylin and eosin. Ranunohistochemistry, the section
slices were incubated in 3% hydrogen peroxide arent washed in
phosphate-buffered saline (PBS), followed by amtigerieval using 0.01 mM citrate
buffer (PH=6.0) and 5% bovine serum albumin bloekadhe sections were
incubated with the mouse anti-filaggrin antibody5Q, Santa Cruz, CA, USA)

overnight at 4. The sections were then incubated with the seagndatibody,



121  stained with DAB and counterstained using hematoxylhe results were recorded
122 using the digital Leica Application Suite imagingstem (Leica, Solms, Germany).
123

124 Immunofluorescence

125 Dual immunofluorescence was carried out to caliae IFN+y, IL-4, IL-17A,
126  IL-22 and Foxp3 to CD4. Briefly, OCT-embedded skissues were cut intopn
127  sections, boiled in EDTA buffer (PH=9.0) for antigeetrieval. The sections were
128 incubated with the primary antibody overnight atl.4Then the sections were
129  incubated with corresponding fluorescence secondatijpody and counterstained
130 using DAPI. The sections were observed under iedefftuorescent microscope
131 (Nikon, Tokyo, Japan) at x200 magnification undpprapriate absorption/emission
132 wavelengths (Alexa Fluor 594nm or 488nm). The insagere captured using Nikon
133 Digital Still Camera and analyzed by two indeperdewestigators. Immuno-stained
134  cells in the entire epidermis and dermis were cedi@nd results were expressed as
135 the number of positive cells/nfminter-observer variations for the counts weres les
136  than 10%.

137

138  Western Blotting

139 The skin tissues were lysed with RIPA Lysis Bufféolarbio, Beijing, China)

140  using TissuelLyserll (Qiagen, CA, USA), followed dgntrifugation at 12,00Q for

141 15min. Protein concentrations were determined ugia@3CA assay. Subsequently,

142 an equal amount of protein sample was loaded ih e@&t and subjected to sodium
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dodecyl sulfate-polyacrylamide gel for electroplsiseAfter electrophoresis, the
proteins were transferred onto polyvinylidene difide (PVDF) membrane. After
blocking with 5% skim milk, the PVDF membrane wasubated with the mouse
anti-filaggrin (1:1000, Santa Cruz) overnight at.Mouse anti-actin (1:1000,
Proteintech) was used as a control. Then the memabnaere incubated with
corresponding secondary antibodies. The specifid®aere observed by
ImageQuant 350 (GE, MA, USA) with standard chemihescence (Thermo, IL,

USA). The band intensity was calculated by Imagdtivere compared witR-actin.

Trans-epidermal water loss

Trans-epidermal water loss (TEWL) was measuradgusewameter€ M 300,
which is an open chamber device (Courage & Khazdéetronic GmbH, Cologne,
Germany). The value of TEWL was expressed in*finiThe Tewameter@M 300
has accuracy of +0.5gAf under normal room condition (ID-30°C) and humidity

40-60% according to the manufacturer.

Statistical analysis

All data were analyzed by SPSS version 21.0 (IBMrpGoNY, USA). The
comparisons between two groups were analyzed Wdengn-Whitney U test or the
Fisher exact test. One-way analysis of variance wgasl to multiple comparisons. A

value of p<0.05 was considered statistically significant. @fdad Prism software



164  (GraphPad, CA, USA) was used to plot the graphs.
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Results
Patient characteristics

The characteristics of patients with cutaneousiG\Wvere summarized in Tablé.
Increased peripheral blood eosinophils were foun®6.8% patients with AD-like
GVHD, significantly higher than that of LP-like G\M (p=0.011, Figure 1).
Eosinophils were also found in the infiltrationtbe skin lesions of AD and AD-like
GVHD (Figure 1). Elevated total serum IgE was found63.2% patients with

AD-like GVHD and 50.0% patients with LP-like GVH@&ta not showh .

T helper cellsin cutaneous GVHD

Th1l cells were increased in patients with AD-IB®HD both in peripheral blood
(p=0.001, Figure 2) and skin lesiong=0.002) as compared with healthy
control. Th2 cells were increased in peripheral blood ofigpés with AD-like
GVHD and LP-like GVHD (=0.002, p=0.014, vs. healthy control respectively,
Figure 2). The infiltration of Th2 cells was alswieased in skin lesions of AD-like
GVHD and LP-like GVHD p=0.003,p<0.001, vs. healthy control respectively).
Th22 cells were increased in peripheral blood ofike GVHD (p=0.033, vs. healthy
control, Figure 2). The infiltration of Th22 celigas increased in lesions of AD-like
GVHD and LP-like GVHD as compared with healthy goht(p<0.001, p<0.001,
respectively). The infiltration ofTh17 cells was elevated in lesions of AD-like GVHD

(p=0.002, vs. healthy control).
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Treg cellsin cutaneous GVHD

The number of Treg cells was increased in patienth AD-like GVHD both in
peripheral bloodg=0.024, vs. healthy control, Figure 2) and skindes £=0.023, vs.
healthy control). No increase of Treg cells wasnibin LP-like GVHD. Data about
the infiltrations of T cell subpopulation in skirsions were not shown in this

manuscript.

TEWL, filaggrin expression in cutaneous GVHD

TEWL was significantly elevated in patients wi#D-like GVHD and LP-like
GVHD (p<0.001,p<0.001, vs. healthy control respectively, Figure @)e filaggrin
expression was increased in patients with AD-lik¢HB and LP-like GVHD
(p<0.001, p<0.001, vs. healthy control respectively, Figure dhereas it was

decreased in patients with Ap<0.001, vs. healthy control, Figure 4).
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Discussion

Chronic cutaneous GVHD represents a wide rangeliofcal manifestations
reflecting a spectrum of superficial (lichenoiddasheep (scleroderma-like) cutaneous
inflammations. We had reported AD-like GVHDThe clinical features of patients
with AD-like GVHD include eczematous Ilesions, dnkirns itching. The
histopathologic changes of AD-like GVHD include dgimal spongiosis, scattered
kerationcyte necrosis and a sparse perivasculalitratibn of lymphocytes and
eosinophils. Perifollicular infiltrations are found some patients. These patients
usually have an observed favorable outcome. Thecali features and laboratory
findings are quite similar to atopic dermatiti§hese patients are different from the
eczematoid GVHD reported I§reamer et af Patients with eczematoid GVHD have
features of weeping lesions, erythroderma and ssec@ated with the poor outcome,
suggesting that they represent different formsuameous GVHD. Moreover, drug
eruption was ruled out by careful history taking. fact, most patients developed
cutaneous GVHD when corticosteroid or immunosuggivesagents were tapered to
lower doses.

None of the patients with AD-like GVHD had histoof AD or other allergic
diseases. However, five AD-like GVHD patients reeei HSCT from donors with
history of AD or other allergic diseases, suggestirat atopy could be transmitted by
HSCT. This has been reported ®gdemir’

Increased peripheral blood eosinophils were foanahaitients with AD-like GVHD,

which is often a biologic marker in allergic synares including asthma and AD.
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Eosinophilia after allogeneic HSCT had been repore a favorable prognostic
marker®*? This was confirmed by our AD-like GVHD patientd, @ whom had an
observed favorable outcome.

GVHD has a complicated aetiology but ultimatelythe result of donor T cells
identifying disparate histocompatibility antigenfstioe recipient and causing injuries
to host tissue¥’ T cells play a crucial role in development of GVHOD4 T cells
are able to differentiate into Thl, Th2, Th17, Thaad Treg cell$*** A balanced
interaction among CO4T cell subpopulation is important in maintainingmune
homeostasis. AD is regarded as a Th2-driven diséémeever, Thl cells also play
roles in chronic phase of At:*' The Th1/Th2 paradigm also occurs in GVHD. Acute
GVHD is thought to be a Thil-biased immune resptnaad chronic GVHD is
considered as a Th2-predominant paradigmm. this study, we found that Th2 cells
were increased in AD-like GVHD and LP-like GVHD.tAbugh Thl cells were also
increased in patients with AD-like GVHD, the ratd Th2/Th1l was still increased.
The results suggest that AD-like GVHD and LP-lik¢ D might have the similar
pathogenesis - a Th2-predominant paradigm.

Th17 cells have been implicated in many inflammatwnditions?® Reinhardt et
al reported that Th17 were increased in cutaneous G¥HVie found that Th17 cells
were increased in the skin infiltration of patiemish AD-like GVHD but not LP-like
GVHD.

Nograles et & has reported that increased Th22 cells infiltrati@s found in AD.

However, the reports about Th22 cells in patierita ®VHD were controversiaf 2*
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In this study, we found that Th22 cells were insezhin lesions of AD-like GVHD
and LP-like GVHD.

We found that Treg cells were increased in perighblood and skin lesions of
AD-like GVHD. Treg cells are committed to suppressiunctions and play a crucial
role in maintaining immune homeostasis and se#rtoice. Adoptive transfer of Treg
cells is a treatment option for patients with vas@utoimmune diseases or receiving
transplantatio® High target Treg dose had been reported to dezr@sincidence
of GVHD.?® Our findings might suggest that Treg cells inditton was associated
with the favorable outcome of AD-like GVHD.

Skin barrier functions of cutaneous GVHD have retrbfully studied. TEWL is a
key marker for skin barrier functions. We foundttm&WL was increased in patients
with AD-like GVHD and LP-like GVHD, illustrating tat the skin barrier functions
were impaired in cutaneous GVHD. Loss-of-functionll) mutations of filaggrin
gene had been found in patients with AD, which mesglt in skin barrier defeéf:?°
To our surprise, filaggrin expression was increasedoth AD-like GVHD and

LP-like GVHD, suggesting that these cutaneous GVjpHlients have no filaggrin

defect. High expression of filaggrin might be indddy cutaneous inflammation.
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Conclusion

AD-like GVHD and LP-like GVHD are two forms of cutaous GVHD. This study
demonstrated that total serum IgE level and ThZs ogkre elevated in AD-like
GVHD and LP-like GVHD. Although skin barrier funotis were impaired in AD-like
GVHD and LP-like GVHD, the filaggrin expression wiasreased in both diseases.
Increased eosinophils and Treg cells were foundiDAlike GVHD, which might be

associated with the favorable outcome of the deseas
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Abbreviations
AD, atopic dermatitis; HSCT, allogeneic hematopoistem cell transplantation;
GVHD, graft-versus-host disease; LP, lichen plaB\ICs, peripheral blood

mononuclear cells; TEWL, trans-epidermal water.loss
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Table I . Characteristics of the patients

AD-like GVHD LP-like GVHD

Gender

Male 10 8

Female 9 0
Mean age (y) 25.05 28.25
Original diseases

AML 7 1

CML 1 2

ALL 10 3

MDS 0 2

AA 1 0
Donor/Recipient

Related 18 8

Unrelated 1 0
GVHD prophylaxis

CSA 13 6

CSA MMF 5 1

CSAMTX 1 1
Mean time after HSCT(month) 18.78 28.86
Onset of skin lesion after HSCT(day) 343.0667 699.1
History of allergic disease of donor | 5 0




Dry skin 17 6

ltching 16 6

Distribution of lesions

Face 0 2
Palms or soles 0 1
Trunk and extremities 2 1
Widespread 17 4
Nails 2/19 4/8
Oral mucosa 1/19 5/8

Other system involvements

Gl 3 2

Liver 5 4

354  AA, aplastic anemia; ALL, acute lymphoid leukemiaViL, acute myeloid leukemia; CML,

355  chronic myeloid leukemia; CSA, cyclosporin A; Glugocorticoid; MDS, myelodysplastic

356  syndrome; MMF, mycophenolate mofetil; MTX, methasite

357
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Figure 1. Eosinophils in peripheral blood and skin lesions of cutaneous GVHD
Eosinophils in peripheral blood and representagpietures of hematoxylin and eosin
(HE) showing the infiltration of eosinophils in skiesions. Data were displayed as
mean + SEM. p<0.05; ***p<0.001. HC, healthy control; AD, atopic dermatitis;
AD-like GVHD, atopic dermatitis-like graft-versusé$t disease; LP-like GVHD,

lichen planus-like graft-versus-host disease.

Figure 2. T cell subpopulation in cutaneous GVHD. Representative FACS plots of
Thil-, Th2-, Thi7-, Th22-, and Treg cells detecte@€D4 T cells by flow cytometry
were exhibited. The percent of Thl-, Th2-, Th1727-, and Treg cells in CD4T
cells was analyzed. Data were displayed as meanEM. S*p<0.05. FACS,
fluorescence activating cell sorter; HC, healthyntool; AD, atopic dermatitis;
AD-like GVHD, atopic dermatitis-like graft-versugé$t disease; LP-like GVHD,

lichen planus-like graft-versus-host disease.

Figure 3. Trans-epidermal water loss (TEWL) in cutaneous GVHD. Data were
displayed as mean + SEM. *$%0.001. HC, healthy control; AD, atopic dermatitis;
AD-like GVHD, atopic dermatitis-like graft-versug$t disease; LP-like GVHD,

lichen planus-like graft-versus-host disease.

Figure 4. Filaggrin expression in cutaneous GVHD. Filaggrin expression in skin
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lesions was measured by Western blot and immuraathiemistry. The representative
images of immunohistochemistry showing filaggrimpeession in skin lesions were
exhibited (400x). Data were displayed as mean + SE#Ip<0.001. HC, healthy
control; AD, atopic dermatitis; AD-like GVHD, atapi dermatitis-like
graft-versus-host disease; LP-like GVHD, lichen npistlike graft-versus-host

disease.
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