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Abstract

Inflammatory skin diseases remain as one of the most common problems in dermatology. Skin inflammation is a complex
process that starts with the introduction of a stimulus such as an allergen or an antigen that triggers the skin to produce in-
flammatory substances called cytokines and chemokines. At present, the approved drugs for treating inflammatory skin con-
ditions are corticosteroids, yet these can have negative side effects on the skin. Erythroid Differentiation Regulator 1 (Erdr1)
is a cytokine previously thought to be connected with hemoglobin synthesis only but was recently found to be involved in
inflammation. This review examined the role of Erdrl as a therapeutic target in the treatment of inflammatory skin disorders.
By reviewing previous studies, it was evident that Erdr1 has pro-apoptotic activities; it is able to induce apoptosis in melanoma
cells by the regulation of factors such as Bcl-2 and Bax. Treatment with recombinant Erdrl (r Erdrl) was also able to inhibit
rosacea by inhibiting blood vessel growth or angiogenesis and preventing further infiltration of inflammatory cells. There was
also significant reduction of erythema, inflammatory cell infiltration, and microvessel density with vascular endothelial growth
factor (VEGF). Altogether, these studies suggest that Erdr1 has a therapeutic effect on inflammatory skin diseases, particulatly
psoriasis, rosacea and other skin disorders.
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Introduction skin tissues to create vasodilation and the activation of nerve cells.
They also trigger the migration of immune cells from the blood
to the skin where these cells trigger the release of more inflamma-

Inflammatory skin diseases remain as one of the most common

problems in dermatology. They often present unpleasant symp- tory substances such as enzymes, cytokines and free radicals that

toms such as rashes, itchiness, swelling, hives and redness. They further create more skin damage.
may also be chronic, as in the case of psoriasis, atopic dermatitis

and rosacea. Acute inflammation of the skin typically arises from At present, the approved drugs for treating inflammatory skin

exposure to ultraviolet radiation, allergens or chemical irritants conditions are corticosteroids. Indeed these drugs are effective

in soap, shampoos or hair dyes. This usually disappears after one for eczema, atopic dermatitis, seborrheic dermatitis and all other

to two weeks without any damage to the undetlying skin. On the atopic skin conditions. However they have negative side effects

other hand, chronic inflammation gives rise to a sustained cell- on the skin such as a skin thinning effect, immunosuppression, an

mediated immune response in the skin that lasts for months to increase in blood glucose levels and abnormalities in the adrenal

vears with remissions and exacerbations gland. Studies are currently being conducted on possible targets

for therapeutic agents that can effectively treat inflammatory skin
Skin inflammation is 2 complex process that starts with the intro- conditions. One of these targets is Erythroid Differentiation Reg-

duction of a stimulus such as an allergen or an antigen that trig- ulator 1 (Erdrl), a cytokine previously thought to be connected

gers the skin to produce inflammatory substances called cytokines with hemoglobin synthesis only but was recently found to be in-

and chemokines. These substances then bind to receptors in the volved in inflammation. This review aims to examine the role of
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Erdrl as a therapeutic target in the treatment of inflammatory
skin disorders.

Methods

A literature search was done on Pubmed using the search terms
“erythroid differentiation regulator 1” and “erdr1”. The articles
were later scanned for relevant data. The bibliographies of the ar-
ticles were further examined for relevant references. All the evalu-
ations were done by the author. Relevant data from twelve (12)
articles were included in this review.

Results
Erythroid Differentiation Regulator 1

Erythroid Differentiation Regulator 1 (Erdr1) is a cytokine which
was initially known as a factor for hemoglobin synthesis in murine
and human erythroleukemia cell lines [1]. This autocrine factor is
found in normal cells and is situated in the inner portion of the
cytoplasm, where it is secreted by the vesicles. Exdrl is said to be
secreted in response to stress and its action is necessary in the
growth and survival of the hematopoietic system. Recent studies
have shown that this factor is able to protect against cancer by
limiting its growth and spread to other parts of the body. In one
particular study |2], Erdr] was able to limit the growth and spread
of cancer cells by inducing E-cadherin and activating the immune
system, particularly natural killer (NK) cells. Activated NK cells
are then able to eliminate cancer cells by inducing apoptosis and
cytolytic granule exocytosis.

Jung et al [2] reported that the expression of Erdrl is negative-
ly regulated by intetleukin (IL)-18 which is a pro-inflammatory
cytokine in murine cells. Increase in 11-18 is related to cancer
progression in the form of increased proliferation, formation of
new blood vessels (angiogenesis) and metastasis. Erdr] has the
opposite effect on cancer cells, as mentioned before.

IL-18 is also expressed in non-immune cells such as epithelial cells
and keratinocytes. It also plays an essential role in skin inflamma-
tion. Thus, IL-18 suppression may be an effective therapeutic ap-
proach for inflammatory skin conditions. Recently, more research
is being conducted with regards to the role of Erdrl in treating
and preventing inflammation because of its negative correlation
with IL-18. This article aims to discuss the mechanism of action
as well as the effects Exdr1 on inflammatory skin conditions, par-
ticularly psoriasis and rosacea.

Mechanism of Action

Erdr1 has pro-apoptotic activities; it is able to induce apoptosis in
melanoma cells by the regulation of factors such as Bcl-2 and Bax
[3]. It also acts by inhibiting blood vessel growth or angiogenesis
and preventing further infiltration of inflammatory cells [4].

Under low cytokine levels, Exdrl stimulated a seven-fold increase
in the number of human haematopoietic progenitors |5]. These
progenitors then gave rise to at least two lineages when they re-
sponded to Erdrl and had more than one-fold increase in colony
quantities. Erdrl is released from irradiated stromal cells and can
partly substitute for stromal cells in Burkitt's lymphoma, giving
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the impression that it functions as a stromal survival factor for
stroma-responsive cells.

In mammalian cells, Erdr] is mostly expressed as a 56 kDa di-
mer and shows higher activity than the recombinant monomer
[6]. The activity profile is bell-shaped. Expression was observed
in many normal mouse tissues, yet in haematopoiesis it was largely
confined to CD34+ cells. It was enhanced by a series of stimuli
such as phorbol ester, and transformed cells generally showed a
higher level of EDR expression than normal ones. The protein
is localized at the inner side of the cytoplasmic membrane and is
released in part via vesicles. In view of the broad range of EDR-
expressing tissues the function obviously exceeds haemoglobin
synthesis induction.

Erdr] expression is present in primary keratinocytes and normal
skin cells. It is enhanced by UVB radiation. PD98059, an extracel-
lular signal-regulated kinase (ERK) inhibitor and SB203580, a mi-
togen-activated protein kinase (MAPK) inhibitor, greatly reduced
Erdr] expression after irradiation with UVB. Erdrl is able to act
through ERK and p38 MAPK pathways. There is a possibility
that Erdrl can be targeted by drugs to reduce apoptosis in ke-
ratinocytes as found in inflammatory skin conditions like arthritis
and melanoma [7].

Effects on the Skin

Psoriasis: Psoriasis is 2 common skin disorder that is said to af-
fect 2 to 3 % of the global population. It presents as red and white
scaly plaques in the topmost layer of the skin. Though the cause
is not fully understood, research shows that immune-mediated in-
flammation is the culprit. Psoriasis may occur as a response to var-
ious stimuli such as infection, stress and allergens which, in turn,
can stimulate keratinocytes to secrete cytokines and chemokines
in the skin. This event then leads to the migration of immune
cells such as neutrophils, dendritic cells, macrophages and Type
1 helper cells from the blood vessels to the skin. The skin cells,
especially keratinocytes, proliferate at a fast rate and create the
plaques for which psoriasis is known.

Some studies have proposed that interleukin-17 (IL-17) and tumor
necrosis factor-o. (TNF-a) are the cytokines responsible for ke-
ratinocyte activation and excessive proliferation, thus they can be
used as markers for psoriasis. Other cytokines are also implicated
in the pathogenesis of psoriasis. IL-18 can be recalled as a major
cytokine for skin inflammation and is produced by keratinocytes,
epithelial cells, monocytes and dendritic cells. The concentration
of interleukin 18 in plasma is also related to psoriasis severity [4].

Kim et al., in 2016 studied the effects of Erdr1 on skin inflamma-
tion especially that in psoriatic skin triggered by imiquimod treat-
ment. Recombinant Erdrl significantly decreased skin inflamma-
tion in psoriasis and its accompanying signs and symptoms such
as redness and scaling. It also decreased inflammatory cytokine
levels especially those regulated by Th17 cells.

Recombinant Erdr] also down-regulated CCL20 and CCRG6, fur-
ther giving the impression that Erdrl relieves skin inflammation
from psoriasis by regulating the presence of Th17 cell in affected
skin. In summary, the study showed that Erdrl may be useful in
the treatment of psoriasis.
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Recombinant Erdr1 has also been shown to relieve inflammatory
processes such as infiltration, thickening, skin desquamation, red-
ness, scaling and itchiness. It also decreased the levels of biomark-
ers for psoriasis.

Interleukins 17 and 22 were also significantly decreased by rErdrl
in psoriatic skin. These cytokines are produced by Th17 cells and
are the ones that trigger the hyperproliferation of the epidermis
and skin barrier damage in psoriasis.

Melanoma and Skin Cancers

Melanoma is said to arise from chronic inflammation which in
turn is triggered by ultraviolet (UV) radiation and other factors in
the environment. Recently, studies have shown that inflammation
in melanoma is due to the secretion of cytokines such as TNE,
IL-1, IL-6, IL-18, matrix metalloproteinases (MMP), and vascular
endothelial growth factor (VEGF). These cytokines are also re-
sponsible for other types of cancers.

Jung et al,, [2] found that Erdrl expression was higher in nor-
mal melanocytes compared with melanoma cell lines. This result
was also confirmed in human skin from melanoma patients and
healthy donors, indicating that Exrdr1 expression is downregulated
in melanoma. In the study, Erdrl expression was found to be
negatively regulated by IL-18, which has a pro-cancer effect on
melanoma.

Overexpression of Erdrl significantly inhibited cell migration, in-
vasion, and proliferation in B16F10, a murine melanoma, in vitro.
In addition, melanoma lung metastasis and tumor growth were
suppressed in mice implanted with Erdrl-overexpressing mela-
noma. This study found that Erdrl overexpression leads to the
downregulation of heat shock protein 90 (HSP90), a ubiquitous
chaperone that reportedly acts as a pro-cancer factor which is en-
hanced in advanced malignant melanoma related to stress condi-
tions. Inhibition of HSP90 suggests that Erdrl acts as a regula-
tory protein for melanoma motility.

Erdr] was shown to decrease the growth of melanomas in mice
by regulating apoptosis in vitro and 7 vive. 8 Intraperitoneal in-
jection of recombinant Erdrl significantly reduced melanoma
growth implanted onto mouse skin. Moreover, exogenous treat-
ment of recombinant Erdrl on B16F10 cells increased apoptosis
by reducing Bcl-2 expression while enhancing Bax én vitro.

In a study by Jung et al 9, it was found that Erdrl overexpres-
sion markedly inhibited the level of cell migration, invasion, and
proliferation in B16F10 cells in vitro. In addition, Erdr] over-
expression significantly suppressed melanoma lung colonization,
metastasis, and tumor growth 7 vivo.

According to Lee et al., 10, Erdrl is strongly expressed in the
nuclei of normal skin cells, sebaceous gland, blood vessels, ec-
crine glands and nerves. In skin affected with seborrheic keratosis,
eccrine spiradenoma and sebaceous hyperplasia, it was noted to
be weak. It was rarely observed in malignant skin cancers such
as malignant melanoma, squamous cell carcinoma and basal cell
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Rosacea

Rosacea is another common inflammatory skin disorder that of-
ten affects the central tissues of the face, such as the nose, fore-
head, chin and cheeks. This condition is due to a complex inter-
play between blood vessels, nerves and immune cells in the skin.
The proliferation of blood vessels or angiogenesis is one charac-
teristic of rosacea and plays an important role in inflammation.

Studies have shown that the inflammation, vasodilation, fibrosis
and neurosensory activation in rosacea are caused by the secretion
of cytokines such as IL-18. Erdrl expression has been examined
in the skin tissues of patients with rosacea. Histological analysis
revealed that Erdr] expression is lower in patients with rosacea
than normal controls. However, 11.-18 exhibited a higher expres-
sion level in rosacea patients compared to healthy donors [11].

In addition, Erdr]l was able to treat rosacea in mice by regula-
tion of angiogenesis [12]. Intraperitoneal administration of re-
combinant Erdr] relieved clinical rosacea symptoms in a rosacea
mouse model. Decreased VEGF expression and the suppression
of CD34+ microvessel growth were also detected on the skin of
Erdrl-treated animals, suggesting that Erdr]l suppresses angio-
genesis. Additionally, an anti-inflammatory effect of Erdr]l medi-
ated by reduced infiltration of inflammatory cells such as CD4+
and CD8+ T cells was demonstrated. These data suggest that
Erdr] suppresses T cell-mediated inflammation.

Treatment with recombinant Erdrl (r Erdrl) was also able to in-
hibit rosacea by inhibiting blood vessel growth or angiogenesis
and preventing further infiltration of inflammatory cells. Aside
from the improvement of rosacea skin lesions, rErdr] was shown
to inhibit TNF-a production and chemokine secretion. These
findings were also noted in psoriasis [4].

Kim et al [11]., were able to show that Exdr1 was downregulated,
whereas IL-18 was upregulated, in patients with rosacea. Treat-
ment with recombinant Erdr1 (rErdrl) resulted in a significant re-
duction of erythema, inflammatory cell infiltration, and microves-
sel density with vascular endothelial growth factor (VEGE).

Conclusion

This article aimed to review the effects of Erdrl on inflamma-
tory skin conditions. By reviewing previous studies, it was evi-
dent that Erdrl has pro-apoptotic activities; it is able to induce
apoptosis in melanoma cells by the regulation of factors such as
Bcl-2 and Bax. Treatment with recombinant Erdrl (r Erdrl) was
also able to inhibit rosacea by inhibiting blood vessel growth or
angiogenesis and preventing further infiltration of inflammatory
cells. Inhibition of HSP90 suggests that Erdrl acts as a regulatory
protein for melanoma motility. Additionally, Exrdrl suppresses T
cell-mediated inflammation. Treatment with recombinant Erdrl
(tErdr1) resulted in a significant reduction of erythema, inflam-

matory cell infiltration, and microvessel density with vascular en-
dothelial growth factor (VEGF).

Altogether, these studies suggest that Erdr] has a therapeutic ef-

carcinoma. fect on inflammatory skin diseases, particularly psoriasis, rosacea
and other skin disorders. More studies are needed to ascertain
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whether Erdrl has effects on other inflammatory skin conditions

such as atopic dermatitis, alopecia and autoimmune disorders, as

well as on skin cancers; safety studies in humans should also be

done.
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