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Abstract

Background: Porokeratosis (PK) is considered a skin-specific auto-
inflammatory keratinization disease. Intriguingly, four causative genes of PK
are in turn arranged in mevalonate pathway, with MVD variants being the
commonest followed by MVK variants in a cohort of Chinese patients. Ev-
idence indicates that mevalonate metabolites induce trained immunity
in human monocytes and regulate T cells at multiple levels. Of note, y3T
cells are dually regulated by intracellular and extracellular mevalonate
metabolism.

Aims: To identify the possible differences in T-cell between MVK or MVD
variants from PK patients.

Materials & Methods: Targeted exome sequencing and exonic CNV
screening were performed in 26 patients with PK. Sanger sequencing was
used to validate all identified variants. Among them, 22 patients were
identified with MVK or MVD variants. PBMCs from 22 PK patients and 27
normal controls (NCs) were analysed by flow cytometry for the frequencies
of T cells subsets, including IFN-y-, and TNF-a-producing T cells.
Results: There were 14 mutations identified in the 26 PK patients, including
6 novel mutations (MVK: c.118_226+1337dup, ¢.388_392delGATATInsC,
€.613A>T, ¢.768G>C, and MVD: c.250C>T, c.988T>@). In contrast to NCs,
significantly decreased frequencies of CD8* and Vy9Vd2 T cells were
observed in the PK patients with MVD variants. Moreover, it was found that
dysregulated secretion of pro-inflammatory cytokines by T cells in both PK
patients with MVK and MVD variants.

Conclusions: Our findings enriched the Human Gene Mutation Databases
and showed probable differences in peripheral T cells subsets between PK
patients and controls.

1 | INTRODUCTION

As a skin-specific autoinflammatory keratinization dis-
eases (AIKDs), porokeratosis (PK, MIM 175800) is
inherited in an autosomal dominant pattern, whose
genetic causative factors are associated with the

hyperactivation of innate immunity, mainly in the
epidermis and upper dermis.” Intriguingly, four caus-
ative genes of PK are in turn arranged in mevalonate
pathway, that is, mevalonate kinase (MVK), phos-
phomevalonate kinase (PMVK), mevalonate (diphos-
pho) decarboxylase (MVD) and farnesyl diphosphate
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synthase (FDPS).?>® Among them, MVD variants are
the commonest cause followed by MVK variants in a
cohort of Chinese patients.®* Notably, the patients
with MVK variants generally showed the widest range
of phenotypes in terms of both the number and the
size of lesions. Giant plaque-type PK ptychotropica
(PPt) appears to be a unique phenotype associated
with MVK variants. The lesions of MVD variants tend
to be more homogeneous and superficial than those
carrying MVK variants. The possible reason is that
MVK and MVD deficiencies result in different metab-
olites of the mevalonate pathway. Generally, it is
accepted that mevalonate metabolites regulate T-cell
at multiple levels.® Based on the previous findings,
we hypothesized that T-cell bearing heterozygous
mutations in mevalonate pathway might be altered
and involved in the autoinflammation of PK. The
possible reason is that the different abnormal meta-
bolic intermediates produced by MVK and MVD vari-
ants might have different effects on T-cell activation
and cytokine production. In this study, we preliminarily
analysed the distribution and cytokine production of
peripheral T-cell subsets in PK patients with MVK or
MVD genotype.

2 | REPORT

The study was approved by the by the Scientific Ethical
Committee of Fudan University, and all participants
provided written informed consent. From 2018 to 2019,
peripheral blood samples were collected from 26 pa-
tients with PK (13 males and 13 females; mean age
53 + 3 years). They were diagnosed by at least two
experienced dermatologists, based on both clinical
features and histological examinations. In view of the
family history, these patients were divided into 15 fa-
milial and 9 sporadic cases. In addition, blood samples
were collected from 27 healthy adult individuals (9
males and 18 females: mean age 42 + 2 years). We
determined the genomic variations in the PK patients by
targeted exome sequencing and CNV analysis.® As
indicated in Table 1, 14 mutations were identified in
MVK, PMVK and MVD, including four novel mutations
in MVK (c.118_226+1337dup, c¢.388_392delGATA-
TinsC, ¢c.613A>T, ¢.768G>C) and two novel mutations
in MVD (c.250C>T, ¢.988T>G) (Figures S1 and S2).
The novel mutations found in this study were confirmed
to be absent in both gnomAD Exomes and ExAC East
Asian database. The commonest MVD mutation
(c.746T>C) was identified in seven of the unrelated
patients, accounting for 26.9% of 26 PK patients. No
mutation was found in three sporadic PK patients.
PBMCs from 22 PK patients with MVK or MVD
variants and 27 normal controls (NCs) were analysed
by flow cytometry for the frequencies of T-cell subsets,
including IFN-y-, and TNF-a-producing T-cells. As

indicated in Figure 1, the PK patients with MVD variants
exhibited a significant decrease in the frequencies of
peripheral CD8" and Vy9V&2T cell in the CD3* T-cell
subsets compared with that of the NCs (p = 0.0009
and p = 0.0216, respectively). Therefore, the PK pa-
tients with MVD variants had a correspondingly
higher CD4/CD8 ratio compared to that of the NCs
(p =0.0006). In addition, we found that the percentages
of total V51*, V51*Vy9* and V51*Vy9~ T-cells in the
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FIGURE 1 Gating strategy for flow cytometry (a), representative
flow cytometry analyses (b), and scatterplot graphs (c) showed the
frequencies of CD4+, CD8+ and Vy9Va2T cells in the CD3+ T-cell
subsets and the ratio of CD4* T-cell/CD8* T-cell
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CD3* T-cell subsets remained unchanged in the PK
patients with either MVK or MVD variants compared
with that of the NCs (Figure S3). Figure 2 showed IFN-y
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FIGURE 2 Representative flow cytometry analyses (a) and scatterplot graphs (b) of TNF-a and IFN-y production in CD4+, CD8+ and
Vy9Va2T cells in the PK patients with MVK and MVD variants. MVK, the PK patients with MVK variants (n = 10); MVD, PK patients with MVD

variants (n = 12); NCs, normal controls (n = 27)

production by CD8™ T-cell was increased in PK patients
with MVK variants compared with that of the NCs and
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p = 0.0301, respectively). Moreover, TNF-a production
by Vy9Vs2 T-cell was significantly increased in the PK
patients with MVD variants compared with that of the
NCs and the PK patients with MVK variants (p = 0.0085
and p = 0.0432, respectively).

Different from the patients with MVK variants, we
observed that there were significant decreases in
percentages of both CD8" and Vy9V&2T cells in the
CD3* T cells subsets in those with MVD variants. A
reduction in the number of peripheral y8T cells, along
with the elevated numbers in the skin, has been re-
ported in patients with psoriasis.® A possible expla-
nation was that CD8" and Vy9Va2T cells might home
to the skin in the PK patients with MVD variants. As for
non-conventional lymphocytes, human y3T cell acts as
the first line of defence and bridge the innate and
adaptive immune systems, representing <5% of pe-
ripheral T-cell in the adult human peripheral blood. y8T
cells are at the crossroads of autoinflammation and
autoimmunity, which produce cytokines and chemo-
kines to promote the development of mixed-pattern
immune-mediated inflammatory diseases.® It is well
established that multiple phosphorylated mevalonate
metabolites are potent agonists of Vy9V82T cells.® As
the major peripheral y8T-cell subsets, Vy9Va2T cells
are dually regulated by intracellular and extracellular
mevalonate metabolism. Moreover, the peripheral
Vy9Va2T cells from PK patients with MVD variants
showed a higher proportion expressed TNF-a
compared with NCs. In a different way, the dysregu-
lated secretion of IFN-y by CD8* T-cells were
observed in the PK patients with MVK variants. It is
noteworthy that the IFN-y signalling for CD8" T-cells
differentiation are delivered early in the immune
response. The autocrine IFN-y signalling plays an
important role in Th1 differentiation and CD8* T-cells
cross-priming.'®'" It suggested that autoreactive
CD8" and 8T cells might play a critical role in the
skin-specific autoinflammatory PK. However, it was not
known to what extent, if any, the pro-inflammatory
effects of these T-cells might affect the pathogenesis
of PK.

Danger signals from exogenous pathogens and
endogenous keratinocyte death might trigger skin
inflammation. Under certain circumstances, genetic
defects in mevalonate pathway might block DNA
degradation during epidermal cornification and
develop a vertical ‘column’ of parakeratosis, histo-
logically defined as a cornoid lamella (CL). In the
context of a heterogeneous group of disease, CL
unifies all phenotypes of PK. It is remarkable that
non-specific papillary dermal lymphocytic infiltration
are frequently seen under the CL.'? The local im-
mune cell infiltration and chronic activation are
involved in the pathomechanisms of PK.'® The limi-
tations of this study include a small sample size and
the lack of comparison of CD8*T and 5T cells in the

lesions of PK with MVK or MVD variants. Further
investigation is necessary to explore resident T-cells
in the lesions of PK.

Taken together, our findings showed alterations in
peripheral T-cell subsets found in PK patients and
provided the cues to further studies on autoreactive
CD8+T and ydT cells in the pathogenesis of auto-
inflammatory keratinization.
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