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SHORT TITLE

Erdrl exerts preventive effects on AD

ABBREVIATIONS USED:
AD: Atopic dermatitis

Erdrl: Erythroid differentiation regulator 1



CCL17: Chemokine (C-C motif) ligand 17
CCL22: Chemokine (C-C motif) ligand 22
TSLP: Thymic stromal lymphopoietin

VEGF: Vascular endothelial growth factor



TO THE EDITOR:

Atopic Dermatitis (AD) is a multifactorial inflamn@ary skin disease characterized by
a defective skin barrier and dysregulation of thenune system in terms of Th1l and Th2 cell
imbalance (Peng and Novak, 2015). Th2 cytokinesh sas interleukin (IL)-4, IL-13, and
thymic stromal lymphopoietin (TSLP), disrupt skiarber and immune system function and
induce inflammation in the lesional skin. TSLP ign#ficantly increased and activates
dendritic cells (DCs) to produce Th2 chemoattrastamcluding chemokine (C-C motif)
ligands CCL17 and CCL22, resulting in an increabe#-skewed inflammatory responses in

the lesional skin (Soumelis et al. , 2002).

Previously, erythroid differentiation regulator Brdrl) was shown to have a negative
correlation with IL-18, which is closely associateith AD severity (Kim et al. , 2016a,
Trzeciak et al. , 2011). Erdrl is first discovenedWEHI-3 cell line and released under stress
conditions, modulating growth and survival of cdldormer et al. , 2004a, Dormer et al. ,
2004b). Although functions and mechanisms of actemain unclear, recent studies show
that Erdrl displays anti-inflammatory and anti-canceoparties on various skin diseases,
including psoriasis, rosacea, and melanoma (Jua 2011, Kim, Houh, 2016a, Kim et al. ,
2016b, Kim et al. , 2015). Therefore, we hypothedizhat Erdrl would exert preventive
effects on AD through its anti-inflammatory funet®) similar to its effects on psoriasis and

rosacea.

Here, we compared the expression level of Erdrivéet AD lesional skin and
normal skin from humans and mice. To determine Eekpression in AD lesional skin from
human subjects, skin tissues were collected froomabcontrol (n = 5) and AD (n = 11)
patients. This experiment using human subjects was approwedhé ethical committee of the

Catholic University of Korea, and all human subgeptovided written informed consent. Alsall



experimental procedures with mice were approvethbyinstitutional Animal Care and Use
Committee of Sookmyung Women’s University [SM-IACLRD13-0726-022]As shown in
Fig Sla and S1b, Erdrl expression was significdotiyer in AD lesional skin than normal
skin, and effective treatments restored expressiahcating that Erdrl may play a critical
role in AD. To investigate the role of Erdrl in ADgrmatophagosides farina body (Dfb)
ointment was topically applied to the ears of NGINmice to induce AD-like skin
inflammation. Then, 1Qug/kg of recombinant Erdrl (rErdrl) or 2 mg/kg okdmethasone
as a positive control were administered by intrapeeal injection. As shown in Fig 1la,
rErdrl significantly improved the external symptoofiAD-like skin inflammation compared
with the group injected with the vehicle, PBS. Hisgical analysis also showed that rErdrl
administration resulted in decreased inflammata¥ iofiltration, such as eosinophils and

mast cells, and hyper-proliferation in the epidermi

To determine the severity of AD, symptoms of rednesdema, scaling, and
excoriation were scored, and the overall score evaduated by the sum of each category.
The scores were considerably decreased by rErdringdration compared to those in the
vehicle-injected group (Fig 1b and S2). In additiear thickness and ear weight indicative of
edema were also examined. rErdrl treatment markedlyced both ear thickness and weight,
showing decreased hyper-proliferation in the epiderand edema in the ear skin (Fig 1c and
d). The effects of rErdrl on AD were further comfed using 2,4-dinitrochlorobenzene
(DNCB)-induced AD in BABL/C mice. rErdrl alleviategpidermis thickness and mast cell

infiltration in DNCB-induced AD lesional skin (Fi§3a and S3b).

Although AD pathogenesis remains unclear, gendralacteristics of AD include Th2
polarization and high levels of serum IgE (Peng Alondak, 2015). To determine whether

rErdrl administration could suppress IgE and ILrddoiction in the AD mouse model, levels



of IgE and IL-4 were measured. Serum IgE levelsensignificantly increased in mice
induced to have AD that were injected with vehi¢iég 1le). Administration of rErdrl
considerably reduced serum IgE level in the AD-getlimice, and the reduction range was
similar to the dexamethasone-injected group, shgwirat this dose of Erdrl has similar
preventive potential to dexamethasone. ExpressfoliL-d both in the lesional skin and
splenocytes also increased upon AD induction, dmd tncrease in expression was
significantly smaller in the rErdrl-injected groumplying that the distribution of Th2 cells

was reduced in rErdrl-injected mice (Fig 1f).

During AD pathogenesis, Th2 chemoattractants, CCGiridd CCL22, are increased to
recruit the Th2 cells to AD lesional skin (Grosakt, 2009). As shown in Fig 2&lp mRNA
expression in AD lesional skin was significantlycteased in the rErdrl-injected group
compared with the vehicle-injected group. In acaamk with the decreased level Tp,
both the mRNA and protein levels of CCL17 and CCla#e also downregulated by rErdrl
injection in the AD lesional skin. Keratinocytesdaactivated DC are known to be the main
producers of CCL17 and CCL22, respectively, in Adimelis, Reche, 2002, Vulcano et al. ,
2001). In the vehicle-injected group, CCL17 and @Clwere expressed primarily in the
epidermis and dermis, respectively, and expressias decreased by rErdrl injection (Fig

2b).

Next, we determined the effect of Erdrl on angi@sen It has been reported that a
representative angiogenic factor VEGF expressiosigaificantly higher in the stratum
corneum of AD than normal stratum corneum, sugggdtiat keratinocytes in AD lesional
skin produce greater amounts of VEGF. Also, VEGFIle are highly correlated with AD
scores, especially redness and edema (Amarbayasgalal. , 2012). Fig 2c shows that

expression of VEGF in the lesional skin, especi&igratinocytes in the epidermis, was



significantly inhibited by rErdrl injection. CD3inmunofluorescence staining data indicated
that angiogenesis was induced in the vehicle-iagegfroup but was significantly decreased

by rErdrl injection (Fig 2d).

This study suggests that rErdrl has preventivectsffen AD. Th2 chemoattractants
and IL-4 expression were decreased by rErdrl inidddced mouse model. Erdrl was
previously reported to also have a therapeuticcefba psoriasis, which is a Thl-dominant
skin disease (Kim, Houh, 2016b). These studiesynipht rErdrl might regulate both Thl
and Th2 responses. Recent studies have showneawvatat therapeutic agents improve the
symptoms of AD by increasing generation of Trege Tikeatment significantly increases the
number of Treg cells, leading to suppression of &ahd Th2 responses along with reduction
of serum IgE in AD (Haitz and Anandasabapathy, 20H&n et al. , 2015, Li et al. , 2016).
Therefore, further investigation is needed to deiee whether Erdrl suppresses both Thl

and Th2 responses by enhancing generation of Treg.

CONFLICT OF INTREST DISCLOSURE

The authors state no conflict of interest.

ACKNOWEDGEMENTS

This research was supported by Basic Science Risdznogram through the National
Research Foundation of Korea (NRF) funded by theisty of Education, Science and
Technology (NRF-2013R1A1A2062797) and Creative Malke Discovery Program through

the National Research Foundation of Korea (NRFHé&ahby the Ministry of Science, ICT



ACCEPTED MANUSCRIPT

and Future Planning (2016M3D1A1021387).



REFERENCES

Amarbayasgalan T, Takahashi H, Dekio I, Morita Bntént of vascular endothelial growth
factor in stratum corneum well correlates to losaberity of acute inflammation in patients

with atopic dermatitis. International archives ey and immunology. 2012;157:251-8.

Dormer P, Spitzer E, Frankenberger M, Kremmer Eythfoid differentiation regulator
(EDR), a novel, highly conserved factor I|. Induntimf haemoglobin synthesis in

erythroleukaemic cells. Cytokine. 2004a;26:231-42.

Dormer P, Spitzer E, Moller W. EDR is a stressteglasurvival factor from stroma and other

tissues acting on early haematopoietic progen{eslix). Cytokine. 2004b;27:47-57.

Gros E, Bussmann C, Bieber T, Forster I, Novak MprEssion of chemokines and
chemokine receptors in lesional and nonlesionaéupkin of patients with atopic dermatitis.

The Journal of allergy and clinical immunology. 20124:753-60 el.

Haitz KA, Anandasabapathy N. Docosahexaenoic Albayiates atopic dermatitis in mice by
generating T regulatory cells and m2 macrophages.Jburnal of investigative dermatology.

2015;135:1472-4.

Han SC, Koo DH, Kang NJ, Yoon WJ, Kang GJ, Kang l#Kal. Docosahexaenoic Acid
Alleviates Atopic Dermatitis by Generating Tregs danlL-10/TGF-beta-Modified
Macrophages via a TGF-beta-Dependent Mechanism. Jbernal of investigative

dermatology. 2015;135:1556-64.



10

Jung MK, Park Y, Song SB, Cheon SY, Park S, HoutetYal. Erythroid differentiation
regulator 1, an interleukin 18-regulated gene, ast® metastasis suppressor in melanoma.

The Journal of investigative dermatology. 2011;2896-104.

Kim KE, Houh Y, Lee J, Kim S, Cho D, Park HJ. Doegulation of erythroid differentiation
regulator 1 (Erdrl) plays a critical role in pssrgapathogenesis. Experimental dermatology.

20164a;25:570-2.

Kim KE, Houh Y, Park HJ, Cho D. Therapeutic Effect€Erythroid Differentiation Regulator
1 on Imiquimod-Induced Psoriasis-Like Skin Inflantroa. International journal of

molecular sciences. 2016b;17.

Kim M, Kim KE, Jung HY, Jo H, Jeong SW, Lee J, dt Recombinant erythroid
differentiation regulator 1 inhibits both inflamn@t and angiogenesis in a mouse model of

rosacea. Experimental dermatology. 2015;24:680-5.

Li H, Li C, Zzhang H, Zhang L, Cheng R, Li M, et &ffects of lidocaine on regulatory T

cells in atopic dermatitis. The Journal of alleemd clinical immunology. 2016;137:613-7 e5.

Peng W, Novak N. Pathogenesis of atopic dermatimical and experimental allergy :

journal of the British Society for Allergy and Cigal Immunology. 2015;45:566-74.

Soumelis V, Reche PA, Kanzler H, Yuan W, EdwardHBmey B, et al. Human epithelial

cells trigger dendritic cell mediated allergic arfimation by producing TSLP. Nature



11

immunology. 2002;3:673-80.

Trzeciak M, Glen J, Bandurski T, Sokolowska-Wojdyh Wilkowska A, Roszkiewicz J.
Relationship between serum levels of interleukini@& and disease severity in patients with

atopic dermatitis. Clinical and experimental demhagy. 2011;36:728-32.

Vulcano M, Albanesi C, Stoppacciaro A, Bagnati RAMIico G, Struyf S, et al. Dendritic
cells as a major source of macrophage-derived ckiey@CL22 in vitro and in vivo.

European journal of immunology. 2001;31:812-22.



12

FIGURE LEGENDS
Figure 1. Erdr1 alleviated the characteristic clinical symptoms of atopic der matitis (AD).

(a) Representative lesions on the ear and the dfaitle head from each group (N=6 /group)
are shown. The sections from mouse ear tissues st@reed with hematoxylin and eosin to
examine histopathological features of the skinolesi21 days after AD induction. Black
arrows indicate the infiltration of eosinophils.lTidine blue staining was used to determine
the infiltration of mast cells in the lesional skiRed arrows indicate mast cells. (Scale bar =

60 um)

(b) The severity of AD symptoms was evaluated base@-point scoring system. The AD
score was graded as 0 (absent), 1 (mild), 2 (mte)erar 3 (severe) based on the sum of the

scores of clinical symptoms, such as redness, edsrakiing and excoriation.

(c and d) Ear thickness was measured with a catipee a week. On day 21 after AD
induction, a 0.8-cm diameter punch hole was excisad both ears of each mouse (total 12

tissues) and then weighed by using an electromilesc

(e) On day 21, sera were collected, and the coratemt of IgE was determined by an

ELISA.

() IL-4 mRNA levels were determined using RT-PCR. quantify the intensity of bands for
IL-4 expression, the densitometry program, TotallG) was used. Densitometry data shows
the ratio of nucleic acid intensity to the loadicantrol. All values were normalized relative
to the normal. Data shows the average of IL-4 mRiXpression from three representatives
of each group (N=6 /group). To determine systefnid production, spleen was isolated from
each mouse. Spleen size and percentage of CD& T cells within an equal number of

splenocytes were assessed as shown in Fig S4A 4Rd T3eatment with rErdrl or Dex
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suppressed enlargement of the spleen, howevee s no difference in T cell percentage
between the groups. An equal number of cells (50% from each group was used to
determine cytokine levels. The concentration o#lin splenocyte-conditioned media was
measured by an ELISA. Each bar represents the m&in (*P < 0.05, **P < 0.01, ***P <

0.001). A representative experiment of three inddpat experiments is shown.

Figure 2. Erdrl inhibited Th2 chemoattractants and angiogenesis in atopic dermatitis

(AD)-induced mouse ear tissue.

(@) The relative mRNA expression levels @p, Ccll7, and Ccl22 were measured by
guantitative RT-PCR analysis on mouse ear tissum fihree representatives of each group

(N=6 /group). Each bar represents the mean £ SD.

(b) Protein expression of the Th2 chemoattract@@kl7 and CCL22 were detected through
immunohistochemistry (IHC). Paraffin-embedded sewi were stained with rabbit anti-

mouse CCL17 and CCL22 antibodies (1:1000 dilutiétgbbit IgG was used as an isotype
control. CCL17 expression was highly dominant i@ ¢épidermis, and CCL22 expression was

detected in the dermis (red arrows). (Scale bad gn6)

(c) The expression of VEGF was detected through $téihing. Paraffin-embedded sections
were stained with rabbit anti-mouse VEGF antibott2@O0 dilution). VEGF expression was
highly dominant in the epidermis. (Scale bar = 60) In addition, the relative mRNA
expression level ofegf was measured by quantitative RT-PCR analysis onsmear tissue

from three representatives of each group (N=6 fgrdData are presented as the mean = SD.

(d) Immunofluorescence determination of CD31 exgimes Paraffin-embedded ear tissue

sections from representatives of normal, vehicBSPcontrol, rErdrl 10 pg/kg), and Dex (2
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mg/kg) groups were stained with goat anti-mouse TBAtibody (red) and DAPI (blue).
White arrows indicate CD31lexpression. A representative experiment of thneependent

experiments is shown.
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