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Summary

Background The outbreak of chilblain-like lesions (CLL) during the COVID-19 pan-
Charles Cassius. demic has been reported extensively, potentially related to SARS-CoV-2 infection,
Email: charle.casstus@aphp-fr yet its underlying pathophysiology is unclear.
Objectives To study skin and blood endothelial and immune system activation in
CLL in comparison with healthy controls and seasonal chilblains (SC), defined as

cold-induced sporadic chilblains occurring during 2015 and 2019 with exclusion

21 August 2021

of chilblain lupus.

The study was supported by the Institut National Methods This observational study was conducted during 9—-16 April 2020 at Saint-
de la Sant¢ et de la Recherche Médicale (INSERM)

Louis Hospital, Paris, France. All patients referred with CLL seen during this period
and by a government grant managed by the Agence

of the COVID-19 pandemic were included in this study. We excluded patients

National de la Recherche as part of the ‘Investment . . . . . . . . .
, . . with a history of chilblains or chilblain lupus. Fifty patients were included.

for the Future’ programme (Institut Hospitalo-

Universitaire Imagine, grant ANR-10-IAHU-01, Results Histological patterns were similar and transcriptomic signatures overlapped

Recherche Hospitalo-Universitaire, grant ANR-18-  in both the CLL and SC groups, with type I interferon polarization and a cytotox-

RHUS-0010), grants from the Agence National icnatural killer gene signature. CLL were characterized by higher IgA tissue
de la Recherche (ANR-flash Covid19 ‘AIROCovid’

deposition and more significant transcriptomic activation of complement and
to F.R.L.) and by the FAST Foundation (French

angiogenesis factors compared with SC. We observed in CLL a systemic immune
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response associated with IgA antineutrophil cytoplasmic antibodies in 73% of
patients, and elevated type I interferon blood signature in comparison with
healthy controls. Finally, using blood biomarkers related to endothelial dysfunc-
tion and activation, and to angiogenesis or endothelial progenitor cell mobiliza-
tion, we confirmed endothelial dysfunction in CLL.

Conclusions Our findings support an activation loop in the skin in CLL associated
with endothelial alteration and immune infiltration of cytotoxic and type I IEN-
polarized cells leading to clinical manifestations.

(FRM no. SPF20170938825).
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What is already known about this topic?

e Chilblain-like lesions have been reported during the COVID-19 pandemic.
e They are associated with systemic type I interferon polarization, but the precise
pathophysiology is still unclear.

Datasets related to this article can be found at

https:/ /vwww.nchi.nlm.nih.gov/ geo/ query/ acc.
¢gi?acc=GSE182279. °
D.M.S. and C.C. are joint last authors.

*Plain language summary available online

DOI 10.111 1/bjd.20707

What does this study add?

We demonstrate cutaneous and systemic immune activation and vascular alteration.

e Histological patterns were similar and transcriptomic signatures overlapped in
chilblain-like lesions and a comparator group with seasonal chilblains.

e A systemic immune response was associated with high prevalence of IgA antineu-
trophil cytoplasmic antibodies and an elevated type I interferon signature.

e We confirmed endothelial dysfunction in chilblain-like lesions.

ology.

What is the translational message?
e Chilblain-like lesions and seasonal chilblains seem to share a common pathophysi-
e The strong type I interferon response can be explained by a viral trigger.

e Similar endothelial dysfunctions have been described during mild COVID-19.
e Local or systemic anti-inflammatory treatment could reverse cutaneous manifestations.

A range of cutaneous manifestations have been described in
association with SARS-CoV-2 infection during the COVID-19
pandemic.' Among them, chilblain-like lesions (CLL) have
been occurring more frequently than expected. However, the
link between SARS-CoV-2 infection and CLL is not well estab-
lished.>* Chilblains are cutaneous inflammatory erythematous
papules mainly involving fingers and toes, which are thought
to be triggered by cold. Most of them are idiopathic, and
therefore called seasonal chilblains (SC), but they can be asso-
ciated with connective tissue disease such as lupus erythema-
tous, or monogenic diseases such as STING-associated
vasculopathy with onset in infancy (SAVI).*

SARS-CoV-2 infection strongly triggers the expression of
type I interferon (IFN)-stimulated genes, which assist in the
host’s antiviral protection.’ Diseases mediated by type I IEN,
such as monogenic autoinflammatory interferonopathies or
lupus erythematosus, are characterized by microangiopathy
leading to clinical chilblains.®

SARS-CoV-2 infection seems to be associated with vascular
skin symptoms’ and has been shown to damage capillary
endothelium and disrupt the thrombo-protective state of
endothelial cells,® likely contributing to microvascular throm-
bosis.” "' Moreover, the histopathological features of COVID-

© 2021 British Association of Dermatologists

19-associated CLL include endothelial damage and features of
microangiopathic damage.'”

The aim of this study was to analyse deeply the immuno-
logical and vascular pathophysiology of CLL during the

COVID-19 outbreak compared with SC.

Patients and methods

Study design and population

All patients referred to the dermatology department of Saint-
Louis Hospital, Paris, France, with CLL during 9-16 April
2020 of the COVID-19 pandemic were included in this nonin-
terventional observational study. We excluded patients with a
history of chilblains or chilblain lupus. Patients provided writ-
ten informed consent for the collection and analysis of their
data. They were assessed at day 0 and day 14. The following
controls were included: (i) patients with reverse-transcriptase
polymerase chain reaction (RT-PCR)-proven mild COVID-19
chilblains, for
endothelial activation assessment; (ii) patients with SC before
the COVID-19 pandemic defined by typical clinical and histo-
logical presentation without antinuclear antibodies (ANA)

without serological, immunological and

British Journal of Dermatology (2021) 185, ppl1176—-1185
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between January 2015 and March 2019 for histological and
immunological assessment; and (iii) healthy controls (HC)
without COVID-19 symptoms for serological, cytokine and
endothelial activation assessment. We also included HC skin
samples obtained from fresh plastic surgery waste.

Human participant declaration

All parts of the study were approved by the appropriate institu-
tional review boards (Cochin-Port Royal Hospital, Paris,
France) and were conducted in accordance with the current
ethical and legal frameworks of the Declaration of Helsinki.
Informed written consent was received from participants before
inclusion in this study, according to our local ethics rules.

Laboratory parameters

Blood samples were collected in ethylenediaminetetraacetic acid
(EDTA), sodium heparin or 0-11 mol L™ trisodium citrate tubes
(Greiner Bio-One, Courtaboeuf, France). The laboratory parame-
ters recorded included whole blood count (XN3000; Sysmex,
Kobe, Japan); haemostasis tests; IgA level; isotypes of IgG and
IgA antineutrophil cytoplasmic antibodies (ANCA); ANA; anti-
double-stranded DNA antibodies; cryoglobulinemia; cryofibrino-
gen; and anticardiolipin and anti-f,-glycoprotein-I IgG antibod-
ies (IgM and IgG). The haemostasis tests (STA R Max system;
Stago, Asnieres sur Seine, France) included prothrombin time
(PT), activated partial thromboplastin time (aPTT), fibrinogen,
D-dimers (Liatest D-Di Plus, Stago), antithrombin activity (Sta-
chrom, Stago), protein C activity (Protein C Coag; Siemens,
Munich, Germany) and protein S activity (Staclot PS, Stago),
lupus anticoagulant (LA) using integrated diluted Russell viper
venom time (dRVVT LAC Screen and LAC Confirm, Siemens) and
LA-sensitive aPTT, as described previously.'?

Flow spike assay

114

This assay is described in Grzelak et a and is detailed in

Appendix S1 (see Supporting Information).

Cytokine assays

Prior to protein analysis, plasma samples were treated in a P3 lab-
oratory for viral decontamination using a protocol validated for
SARS-CoV-2. Briefly, samples were treated with Triton X-100 1%
(v/v) for 2 h at room temperature. TFN-0:2, IFN-y and IL-17A
protein plasma concentrations were quantified by a Simoa triplex
assay developed with Quanterix Homebrew kits (Quanterix, Bil-
lerica, MA, USA). Interleukin (IL)-6, tumour necrosis factor
(TNF)-o, and IL-10 were measured with a commercial triplex
assay (Quanterix). The limits of detection of these assays were
2 fg mL~" for IFN-02 and 7 fg mL ™" for IFN-y.

Assessment of interferon-stimulated gene expression in
whole blood

Total RNA was extracted using an RNA isolation kit. Further
details are provided in Appendix S1.

British Journal of Dermatology (2021) 185, ppl1176-1185

Soluble markers of endothelial activation and/or
angiogenesis

Platelet-poor plasma (PPP) was obtained from EDTA samples
after centrifugation at 2500 g for 15 min at day 0 and 14.
After a second centrifugation at 2500 g for 15 min, PPP was
stored at —80 °C until analysis of vascular markers. Four
biomarkers related to endothelial dysfunction or activation
(angiopoietin-1, angiopoietin-2, endoglin and soluble E-
selectin) and four biomarkers related to angiogenesis or
endothelial progenitor cell mobilization [vascular endothelial
growth factor (VEGF)-A, c-Kit, basic fibroblast growth factor
(b-FGF) and VEGF receptor]| were quantified in PPP with a
Human Magnetic Luminex Assay from R&D Systems (Lille,
France). Data were assessed with the Bio-Plex 200 using Bio-
Plex Manager 5.0 software (Bio-Rad, Marnes-la-Coquette,
France) as described previously.'’

Circulating endothelial cell counting after
immunomagnetic separation

Peripheral venous blood samples were collected on EDTA at
day 14. Circulating endothelial cells (CECs) were counted by
an operator blinded to the patients’ clinical features. Immuno-
capture of CECs from whole blood was performed at 4 °C
using magnetic beads (Dynabeads M-450, Dynal; Invitrogen,
Carlsbad, CA, USA) coated with S-Endo 1 (Biocytex, Marseille,
France), a monoclonal antibody raised against the endothelial
antigen CD146. To avoid nonspecific binding of leucocytes to
CD146-coated beads, the cell suspensions were flushed vigor-
ously through the pipette tip during the washing steps and
then suspended in acridine orange (3 pg mL~' in phosphate-
buffered saline; Sigma-Aldrich, Saint-Quentin Fallavier, France)
before being counted under a fluorescence microscope (Aeye =
490 nm). CECs were identified according to their morpholog-
ical criteria, namely > 10 beads bound to > 20-pm cells or
cells with < 10 beads but with a well-preserved and recogniz-
able morphology (clear nucleus in a well-delineated cytoplasm
and a size consistent with that of endothelial cells). The num-
ber of cells in aggregates was determined from the number of
cells with spherical rosette features. The endothelial nature of
the isolated cells was confirmed by measuring lectin Ulex euro-
paeus agglutinin-1 expression. The number of CECs was
expressed as cells per mL of blood.'"!

Histological examinations

Skin biopsies from CLL were performed in 13 patients. Histo-
logical sections were stained with haematoxylin, eosin and
safran. For each sample, histological parameters (epidermal
changes, basal vacuolization, inflammatory infiltrate, and type
and location of affected vessel) and immunohistochemical
analysis for CD61 (integrin B3, clone 2F2; Leica Biosystems,
Newecastle upon Tyne, UK), identifying intravascular platelet
microthrombi, CD123 (clone 6H6; Exbio, Vestec, Czech
Republic) and IgA (polyclonal; Dako, Glostrup, Denmark),

© 2021 British Association of Dermatologists
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were performed on a BenchMark ULTRA immunostainer
(Roche-Ventana, Basel, Switzerland). IgA staining was per-
formed on paraffin-embedded tissue sections as described pre-

viously."®

Gene expression

From a lesional dermoepidermal skin biopsy, 10 formalin-
fixed paraffin-embedded (FFPE) sections were taken, each
10 pm thick. Total RNA was automatically extracted from tis-
sue samples using the Maxwell RSC RNA FFPE Kit protocol
(Promega,
100 ng (5 pL) of total RNA from each sample using the
NanoString nCounter Human Immunology V2 kit according

Charbonnieres-les-Bains, France). We analysed

to the manufacturer’s instructions (NanoString Technologies,
Seattle, WA, USA) (Appendix S1).

Statistical analysis

GraphPad Prism v8.4.0 was used for statistical analysis (Graph-
Pad Software, La Jolla, CA, USA). Comparisons of groups were
performed using the unpaired t-test without correction,
whereas correction for variance inequality was performed
using Welch’s correction when the F-test P-value was < 0-2.
The Holm—Sidak method was used to correct for multiple test-
ing. Correlations between quantitative variables were assessed
using Spearman’s correlation coefficient and the associated P-
value. P-values < 0-05 were considered statistically significant.

Results

Patient characteristics

Fifty patients were included; their characteristics are described
in Table S1 (see Supporting Information). Twenty-nine (58%)
had suggestive extracutaneous COVID-19 symptoms, including
asthenia (n = 14), fever (n = 11), upper airway and ear—
nose—throat symptoms (n = 16), cough (n =9), dyspnoea
(n=12) and anosmia (n = 1). Twenty (40%) had been in
close contact with a person with confirmed COVID-19. The
median duration between suggestive extracutaneous symptoms
(when present) and CLL was 7 days [interquartile range (IQR)
2-16]. The median duration between suggestive extracuta-
neous symptoms and study inclusion was 24 days (IQR 16—
31). The median duration between onset of CLL and study
inclusion was 15 days (IQR 10-21).

Toes and fingers were involved in 86% and 24% of
patients, respectively (Figure S1; see Supporting Information).
Other cutaneous manifestations concurrent with CLL were
extensive livedo (n = 2; 4%), arthralgia (n = 1; 2%), erythe-
matous papules on scars (n = 2; 4%), maculopapular exan-
thema (n = 4; 8%) and urticaria (n = 1; 2%). CLL remission
at day 15 was observed in only 16 patients (32%). Seven
patients (14%) developed a new CLL flare in the meantime,
and 10 patients (20%) had persistent livedo or peripheral vas-
cular disease at day 15.

© 2021 British Association of Dermatologists

Association with SARS-CoV-2

Real-time RT-PCR testing for SARS-CoV-2 was performed
using a nasopharyngeal swab at inclusion for all patients with
CLL (n = 50), and in the skin (n = 6) and the stools (n = 3)
of some patients. RT-PCR was negative for all samples tested.

COVID-19 serological tests were performed using three dif-
ferent techniques at inclusion and 14 days later: (i) IgG
COVID Abbott Architect test (Abbott Laboratories, Libertyville,
IL, USA); (ii) IgG and IgA enzyme-linked immunosorbent
assay (ELISA) nucleocapsid COVID EUROIMMUN tests (EURO-
IMMUN, Liibeck, Germany); and (iii) flow spike IgA and IgG
detection.'® The serological results were compared with the
data from patients with RT-PCR-confirmed mild COVID-19.
The serological tests were all negative in the CLL group,
except for four positive and four doubtful IgA ELISA anti-
SARS-CoV-2 tests at the first visit (Table S2; see Supporting
Information). All samples from the comparator group with
confirmed COVID-19 were positive.

Chilblain-like lesions are characterized by immune
cytotoxic infiltration, interferon polarization and
endothelial alteration in the skin

To assess the pathophysiology of CLL we first studied all skin
histological characteristics of 13 patients with CLL, compared
firstly with 13 patients with SC before the COVID-19 pan-
demic and secondly with HC. All CLL and SC samples showed
lymphocytic infiltration around superficial and deep dermal

Table 1 Histological characteristics of chilblain-like lesions (CLL)

compared with seasonal chilblain (SC)

CLL sC P-
(n=13) (n=13) value
Deep perisudoral lymphocytic 9 10 > 0-99
infiltrate
Dense perivascular lymphocytic 10 11 > 0-99
infiltrate
Lymphocytic acrosyringitis 3 3 >0-99
Papillary oedema 10 9 >0-99
Red blood cell extravasation 8 6 0-69
Plump endothelial cells 9 12 0-32
Epidermal vacuolization 2 5 0-38
Keratinocyte necrosis 2 5 0-38
Presence of microthrombi 8 4 0-24
CD61 7 7 > 0-99
CD123 (%), median 2 (2-5) 5 (2-5) 0-19
(interquartile range)
Cytoplasmic endothelial cells IgA 13 8 0-04
deposition
Vascular lumen IgA deposition 8 5 0-43
Interstitial papillary dermis IgA 8 0 0-002
deposition
Epidermis IgA deposition 8 3 0-11
Positive dermis and/or 5 3 0-67

perisudoral alcian blue staining

The data are presented as the number, except for CD123.

British Journal of Dermatology (2021) 185, ppl1176—-1185
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Figure 1 Chilblain-like lesions (CLL) and seasonal chilblains (SC) display a common transcriptomic signature and histological pattern. (a)

Histological sections of CLL skin samples representing from top to bottom: haematoxylin—eosin—safran (HES) showing dense perivascular

lymphocytic infiltrate (scale bar = 100 um); HES showing plump endothelial cells (scale bar = 100 pm); endovascular CD61 immunostaining
(scale bar = 100 pm) and diffuse IgA immunostaining (scale bar = 250 pm). (b—d) Skin transcriptomic profiles of CLL (n = 10), SC (n = 4) and

healthy controls (HC) (n = 4). (b) Two-dimensional hierarchical clustering was performed on a set of 70 genes whose average expression

significantly differed between CLL, SC and HC. All values were log2 transformed and mean centred across each gene. (c) Principal component

analysis of gene expression data of skin samples showing the distance between CLL, SC and HC. (d) Venn diagram comparing differently

expressed genes with P < 0-05 between CLL, SC and HC.

blood vessels. Other histological patterns were frequent in
both CLL and SC, namely dense perivascular lymphocytic infil-
trate, lymphocytic acrosyringitis, lymphocytes around the
sweat gland coil, papillary oedema, extravasation of red blood
cells, presence of CD123-positive plasmacytoid dendritic cells,
presence of plump endothelial cells, and presence of CD61-
positive platelet microthrombi. CD61 staining was used to
highlight platelet microthrombi. IgA staining was observed in
interstitial papillary dermis only in CLL and not in SC (Table 1
and Figure la).

We compared the skin immune transcriptomic signature of
10 CLL, four SC and four HC skin samples (Figure 1b—d). The
three groups clustered independently with an overlap between
two CLL and SC samples, suggesting a common immune
pathophysiology. Among 589 genes, we identified 296 differ-
entially expressed genes (DEGs) between CLL and HC, most of
them being upregulated. Common DEGs between CLL and SC
included type I and II interferon pathways (upregulation of
CXCL9, CXCL10, CXCL11, IDO1, TLR1, TLR2, TLR7, TLR8, MYD88,
IRFS, IFNAR2, IFI16, IRAK1, IRAK4 and NFKBI); T helper 1 cell
polarization (upregulation of CXCR3 and downregulation of
GATA3 and RORC); cytotoxicity markers (upregulation of gran-
zyme A, granzyme B, granzyme K, granulysin and perforin);

British Journal of Dermatology (2021) 185, pp1176-1185

natural killer cell signalling (upregulation of KLRC2, KLRCI,
KLRD1, KLRC3, CD96, KLRC4, KLRFI, KLRBl and KLRGIl) and
other activation and regulatory immune markers (LILRBI,
LAG3, TIGIT, CTLA4, FOXP3, IL2RA, BTLA, HLA-DR genes and
PDCDILG2).

Interestingly, 57 DEGs were specific to CLL, involving: (i)
complement activation (upregulation in the classical pathway
of Clg, Cls and C1 inhibitor, and the alternative pathway C2
and properdin, with downregulation of membrane attack
complex components C5 and Cé6); and (ii) angiogenesis
(upregulation of PDGFB and downregulation of TNFSF12) (Fig-
ure 1).

IgA antineutrophil cytoplasmic antibodies and elevated
type | interferon signature characterize systemic immune
response in chilblain-like lesions

We next assessed the systemic immune response during CLL.
Firstly, ANA were positive in 10 (20%) patients (titre >
160) but none had either anti-extractable nuclear antigen or
anti-DNA antibodies. Three (6%) patients had significant
levels of cryofibrinogen. Three (6%) patients had low levels
of C3 (range 0-73-0-75g L") and 10 (20%) had low levels
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of C4 (range 0-12-0-15g L™'). Concerning ANCA, IgG
ANCA were positive in four patients, with cytoplasmic fluo-
rescence without specificity. Notably, IgA ANCA were posi-
34 of 46 (74%) with
fluorescence: four with proteinase 3 specificity, three with

tive in patients cytoplasmic
bactericidal/permeability increasing protein (BPI) specificity,
one with lactoferrin specificity and three with cathepsin G
specificity. IgA ANCA were positive in all five SC samples
that could be analysed.

We next studied circulating cytokines and the blood
type I IFN signature at day 0 and day 14 in CLL com-
pared with patients with non-severe COVID-19, patients
with SAVI, and HC. As shown in Figure 2(a), the type I
IFN gene signature in whole blood was significantly higher
in CLL than in HC. Three patients reached the level
observed in patients with SAVI. CLL samples also exhibited
a peculiar cytokine profile with a significant elevation of
IFN-02 and nonsignificant elevation of IFN-y compared
with HC, and a significant decrease of IL-10 (Figure 2b).
Other cytokines (IL-6, TNF-a and IL-17A) were similar in
both groups (Figure 2c). When initially elevated, cytokine
levels normalized at day 14.

Systemic endothelial activation

Lastly, we studied the systemic modifications in haemostasis and
endothelial activation during CLL. The PT ratio and aPTT were
normal in all patients. Only three patients (6%) had a moderate
increase in D-dimer levels (510, 560 and 1680 ng mL ™).
Antithrombin, and protein C and protein S activity levels were
within the normal range in all patients, except for three (6%)
with slightly decreased protein S activity (45, 48 and 49 IU
dL™"). Five patients (10%) had transient positive lupus anticoagu-
lant, which was negative 15 days later. One patient (2%) had iso-
lated IgM anticardiolipin positivity and one (2%) had isolated
IgM anti-B3,-glycoprotein-I positivity.

We next quantified four biomarkers related to endothelial
dysfunction or activation (Figure 3a) and four biomarkers
related to angiogenesis or endothelial progenitor cell mobiliza-
tion (Figure 3b). We found a significant increase in all
biomarkers of endothelial dysfunction in CCL compared with
HC. Among angiogenic-related biomarkers, VEGF-A, VEGFR-2
and c-Kit were significantly increased, while b-FGF was simi-
lar. Kinetics of endothelial dysfunction biomarkers (day 0 and
day 14 after first sampling) suggested normalization of
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Figure 2 Patients with chilblain-like lesions (CLL) display a systemic immune response with an enhanced type I interferon (IFN) signature. (a)
IFN-stimulated gene (ISG) score based on the expression of six genes (IFI44L, IFI27, RSAD2, SIGLEC1, IFIT1 and ISG15) measured with quantitative

reverse-transcriptase polymerase chain reaction in whole blood cells from patients with CLL (n = 57), healthy controls (HC) (n = 20) and patients

with STING-associated vasculopathy in infancy (SAVI) (n = 4). (b, ¢) Serum cytokine concentrations were measured in HC (n = 7), patients with
CLL at day 0 (DO) (n = 50) and day 14 (D14) (n = 7) and patients with COVID-19 (n = 4). The data are presented as scattered dot plots; the

horizontal bar represents the median and the whiskers represent the interquartile range. P-values were calculated using the Wilcoxon—-Mann—

Whitney test; P-values < 0-05 were considered significant. IL, interleukin; TNF, tumour necrosis factor. ¥P < 0-05; where not specified (ns),

differences are not statistically significant.
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Figure 3 Patients with chilblain-like lesions (CLL) display circulating markers of endothelial injury. Soluble serum markers (a) of endothelial
dysfunction or activation and (b) related to angiogenesis or endothelial progenitor cell mobilization were measured in patients with CLL at day 0
(DO) (n = 34) and day 14 (D14) (n = 34), patients with COVID-19 (n = 19) and healthy controls (HC) (n = 34). The data are presented as
scattered dot plots; the horizontal bar represents the median, and the whiskers represent the interquartile range. P-values were calculated using the
Wilcoxon—Mann—Whitney test; P-values < 0-05 were considered significant. bFGF, basic fibroblast growth factor; VEGF, vascular endothelial
growth factor; VEGFR, VEGF receptor. *P < 0-05, **P < 0-01, ****p < 0-0001.

endothelial activation with time (Table S3; see Supporting
Information). However, there was no association between the
level of endothelial markers and recovery in patients with CLL.

Increase of endothelial markers was associated with the delay
between blood sampling and CLL onset (Table S4; see Support-
ing Information). In particular, angiopoietin-1, angiopoietin-2
and VEGF-A were increased in patients with CLL sampled >
20 days after skin lesions had started (‘late’ CLL) compared
with patients sampled at earlier timepoints (‘early’ CLL)
(P =0-05, 0-007 and 0-003, respectively). Similarly, CECs
were also upregulated in ‘late’ vs. ‘early’ CLL (P = 0-03).

Discussion

Beyond classical COVID-19 symptoms, several publications
have reported CLL potentially associated with SARS-CoV-2

) L 207
infection.”

The epidemiology and clinical features of CLL
have been extensively studied and published; however, little is

known about the pathophysiology of CLL. This study
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illustrates that both the immune system and endothelial cells
play a critical role in the genesis of CLL.

The relationship between SARS-CoV-2 infection and CLL is
still controversial; however, recurrence of previous chilblain
lesions during the second wave of COVID-19 and peaks of
CLLs of COVID-19 deaths
2020'®"” strongly suggest that this disorder is closely related
to SARS-CoV-2 infection.”® In our study, SARS-CoV-2 assays
were almost all negative except for four serology results at day
0.

concomitant with peaks in

As described partially in other studies,”'

the present
study showed skin and systemic type I IEN polarization, which
could be explained by a strong antiviral response towards
SARS-CoV-2 in CLL or other viruses in SC, involving the type
I IEN pathway. Histological aspects of CLL included vascular
alterations such as lymphocytic infiltrates in vessel walls and
microthrombi, but we did not observe true leucocytoclastic
vasculitis as seen with SAVL® This is potentially related to
lower IFN levels in CLL.
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We also observed a strong cutaneous upregulation of genes
related to cytotoxic T cells and natural killer cells. Interest-
ingly, granzyme B has been shown to induce dysregulated
and also IFN-y
release by skin keratinocytes.”® Altogether, these findings

. . a1 24
angiogenesis and vascular permeability,

argue for the role of a type I IFN and cytotoxic axis, which
has been previously shown to act in synergy”® and to be
defective in critically ill patients with COVID-19.”” Moreover,
our results suggest a common pathophysiology between CLL
and SC. Even if some patients had positive ANA or low-level
complement, none fulfilled at least four of the American Col-
lege of Rheumatology revised criteria for systemic lupus ery-
thematosus or had histologically ascertained cutaneous discoid
lupus lesions.

Small-vessel vasculitis includes ANCA-related vasculitis, IgA-
related vasculitis and cryoprotein-related vasculitis. These are
characterized by cutaneous manifestations such as purpura,

28,29

livedo or ulcers. In this study we found a low prevalence

of cryofibrinogenaemia, inconsistently with a previous
study.*® However, we found a high prevalence of ANCA of
the IgA isotype, seen in 73% of patients with CLL and in
100% with SC, associated with vascular and interstitial IgA
deposition. The association of systemic and local IgA activation
could explain the cutaneous vasculitis with a possible
postviral pathophysiology, in both CLL and SC. Indeed, IgA
anti-SARS-CoV-2 is the first immunoglobulin detectable after
SARS-CoV-2 infection,'® and several studies have highlighted
COVID-19-related IgA manifestations.®' >

The pathogenicity of IgA ANCA found in our patients with
CLL remains unclear, but previous reports suggest their poten-
tial implication in erythema elevatum diutinum, skin vasculi-
tis, ulcerative colitis and granulomatosis with polyangiitis.****
The vasculitis observed in our patient was mainly composed
of lymphocytes, which is unusual. Indeed, IgA immune-
complex vasculitis is usually associated with neutrophil infil-
tration, partially explained by the fact that IgA complexes can
activate neutrophils via the IgA Fc receptor FcoRI (CD89),
thereby inducing neutrophil migration and activation, which
ultimately cause tissue damage.’® It has been shown that
ANCA can recognize vascular endothelial cell-bound ANCA-
associated autoantigens, such as myeloperoxidase, finally lead-
ing to complement activation and vascular injury.37

Vascular and endothelial injury has been shown to be the
hallmark of SARS-CoV-2 infection and could explain, at least
in part, the pathophysiology of CLL. Our study confirms the
increase of cutaneous histological and systemic markers
(angiopoietin-1, angiopoietin-2 and VEGF-A) of endothelial
dysfunction with normalization over time. The transcriptomic
analysis revealed that both the complement pathway and
angiogenesis seemed specifically activated in CLL compared
with SC. We previously described an increase at admission in
angiopoietin-2 and von Willebrand factor related to worsening
of patients with COVID-19,'%*® which supports the role of
microcirculatory dysfunction. Angiopoietin-2 is a regulator of
angiogenesis that can be rapidly released by activated endothe-
lium in the presence of thrombin or inflammatory cytokines,

© 2021 British Association of Dermatologists

and participates in the responsiveness of endothelium to
inflammatory, hyperpermeability apoptosis. This injury could
be explained (i) by activation or apoptosis of endothelial cells
by the immune system, notably cytotoxic molecules, or (ii)
through complement-mediated microvascular injury.*”

In conclusion, our findings support an activation loop in
the skin in CLL, which associates with endothelial alteration
and immune infiltration of cytotoxic and type I IFN-polarized
cells leading to clinical manifestation.
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