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DEAR EDITOR, The novel coronavirus disease (COVID-19) pan-

demic, caused by severe acute respiratory syndrome coron-

avirus-2 (SARS-CoV-2), is a challenging situation globally due

to its contagious nature. SARS-CoV-2 enters the host cell by

the receptor-binding domain of its spike protein interacting

with the angiotensin-converting enzyme 2 (ACE2) receptor

present on the host cell surface.1 Host proteases, mainly trans-

membrane protease, serine 2 (TMPRSS2), play a vital role in

cleaving the SARS-CoV-2 spike protein, thereby enabling the

virus to enter the host cell by endocytosis. SARS-CoV-2 mainly

affects the respiratory system of the infected host; however, its

manifestation in other organs has also been reported.2 A func-

tional ACE2 receptor and TMPRSS2 protease in a particular cell

type in a tissue microenvironment are the major determinants

in virus tissue tropism. No concrete evidence is available about

skin tropism of SARS-CoV-2 and its implications in inflamma-

tory dermatological conditions, but skin-associated changes

have been reported in patients with COVID-19.3 However, it

is inconclusive whether these skin-specific changes are primar-

ily due to SARS-CoV-2 infection or develop as a result of

adverse reactions to drugs used in COVID-19 management.

The status of SARS-CoV-2 determinants in inflammatory

skin diseases like psoriasis is not known. Furthermore, inter-

ferons are considered the major antiviral host response, and a

recent study has shown that ACE2 is the interferon-stimulated

gene.4 Interferons are the prominent proinflammatory cytoki-

nes and play a major role in psoriasis pathogenesis. Increased

expression of interferon-c (IFN-c) is reported in psoriatic

lesions.5 It may be possible that enhanced expression of inter-

ferons such as IFN-c in psoriatic lesions increases the ACE2

expression that may be exploited by SARS-CoV-2 towards skin

manifestation. Therefore, to address this hypothesis, we deter-

mined the status of major determinants of SARS-CoV-2 infec-

tion (i.e. ACE2 and TMPRSS2) in the peripheral blood and

skin of people with psoriasis.

We recruited 40 patients with psoriasis (30 male and 10

female) and 40 controls (30 male and 10 female), and blood

samples were collected from both groups. Skin biopsy samples

were collected from lesional skin of patients with psoriasis (n

= 40) and the control group (n = 30; all male). Informed

consent was obtained and the study was approved by the

institutional ethics committee. Total RNA was isolated from

peripheral blood mononuclear cells and skin homogenates

using Trizol reagent. Transcripts levels of ACE2 and TMPRSS2

were determined by quantitative polymerase chain reaction

using b-actin as the endogenous control, as described previ-

ously,6 and data are represented as 2�DCt. Transcript levels of

ACE2 were significantly increased in peripheral blood (P=

0.023) and lesional skin (P= 0.013) of patients with psoriasis

compared with controls, but no significant difference was

observed for TMPRSS2 (P > 0.05) (Figure 1a, b).

Expression of ACE2 and TMPRSS2 proteins (Abcam, Cam-

bridge, UK) was determined in tissue lysates of psoriatic and

control skin by Western blotting using b-actin as loading con-

trol, as described previously.7 Blot intensities quantified by

densitometry analysis revealed significantly increased expres-

sion of ACE2 (P= 0.009) in lesional skin compared with con-

trol skin, but no significant difference was observed for

TMPRSS2 (P = 0.19) (Figure 1c).

Next, we performed in vitro studies using primary adult

human epidermal keratinocytes (HEKa cells) maintained in

keratinocyte growth medium-2 (PromoCell, Heidelberg, Ger-

many) supplemented with optimized growth factors (HiMedia

Laboratories, Mumbai, India), antibiotics and antimycotics

(Sigma-Aldrich, St Louis, MO, USA) in 5% humidified CO2 at

37 °C. HEKa cells were treated with 0.1 lg mL�1 polyi-

nosinic–polycytidylic acid [poly(I:C)] (Sigma-Aldrich) alone,

or a combination of poly(I:C) and recombinant human IFN-c
(rhIFN-c, 1 ng mL�1; R&D Systems Inc., Minneapolis, MN,

USA) for 24 h. Poly(I:C) mimics viral dsRNA and acts as a
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Toll-like receptor 3 agonist. Significantly increased ACE2

expression (~2.5 fold) was observed in HEKa cells after poly

(I:C) treatment compared with controls (P= 0.034) (Fig-

ure 1d). However, the combination poly(I:C) + rhIFN-c
potentiated the ACE2 expression (~5 fold) (P= 0.008). No

significant difference was observed in the expression of

TMPRSS2 (P= 0.093) after treatment of HEKa cells with poly

(I:C) alone, but the combination of poly(I:C) and rhIFN-c
significantly enhanced the expression of TMPRSS2 (P= 0.045)

(Figure 1d). Additional information will be made available on

direct request.

Significantly increased expression of ACE2 in the peripheral

blood and lesional skin of patients with psoriasis rendered

them a risk group for SARS-CoV-2. Plaserico et al. reported no

significant association between psoriasis and COVID-19 risk,

but the study was limited by the low number of patients with

COVID-19 (six out of 1830 people in the psoriasis cohort).8

Mediators of inflammation such as cytokines may mediate the

upregulation of ACE2 receptor expression in skin ker-

atinocytes, favouring the binding of SARS-CoV-2, and host cell

proteases such as TMPRSS2 may facilitate entry of the virus, as

proposed by Hoffmann et al.1 SARS-CoV-2 creates favourable

conditions for skin tropism, particularly in patients with

inflammatory skin diseases like psoriasis and may exacerbate

the disease. However, further investigation is highly warranted

in this direction.
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Figure 1 (a, b) ACE2 and TMPRSS2 transcript expression profiles in peripheral blood (a) and skin (b) of patients with psoriasis (n = 40) and

healthy controls (n = 40 in blood, n = 30 in skin) (Mann–Whitney U-test; mean and SEM). (c) Protein expression of angiotensin-converting

enzyme 2 (ACE2) and transmembrane protease, serine 2 (TMPRSS2) was determined in skin homogenates of patients with psoriasis (n = 40) and

controls (n = 30) in triplicate (Student’s t-test). (d) The effect of polyinosinic–polycytidylic acid [poly(I:C)] – alone or in combination with

recombinant human interferon-c (rhIFN-c) – on ACE2 and TMPRSS2 expression. Left: immunofluorescence staining (original magnification 9 40);

right: transcript quantification (in triplicate) in adult human epidermal keratinocytes for 24 h (one-way ANOVA test). P-values < 0.05 were deemed

significant; bars and error bars indicated the mean and SEM.
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