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Abstract

Background: Prurigo nodularis (PN) is a highly pruritic, chronic dermatosis
and difficult to treat. PN lesions are characterized by existence of many
hyperkeratotic, erosive papules and nodules. However, the pathogenesis of
PN still remains unelucidated.

Aim: To clarify the keratin role in the epidermis hyperproliferation, the ker-
atin expression pattern in the PN lesional skin.

Methods: In this study, we enrolled 24 patients with PN and 9 healthy
control volunteers. K1/K10, K5/K14, K6/K16/K17 expression pattern were
investigated by using immunohistochemical staining.

Results: The lesional skin consists of the thickened spinous layers, in which
active cell division was found. K5/K14 were upregulated in PN lesional
epidermis, the staining signal localized in the basal layer and lower supra-
basal layers. Hyperproliferation-associated K6 was found in all layers of
epidermal lesional skin, especially in the spinous layers. In contrast, K16
was only detected in the basal and lower suprabasal layers, K17 was
observed in the basal and spinous layers. Terminal differential keratins K1/
K10 were upregulated, detected in the pan-epidermis, but spared in the
basal and low suprabasal layers.

Conclusion: The keratinocytes enter an alternative differentiation pathway,
which are responsible for the activated keratinocyte phenotype, abnormal
keratins expression potentially contributes to the keratinocytes proliferation,
subsequently lead to increased lesional skin epidermis thickness, hyper-
keratiosis and alteration of skin barrier properties.
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1 | INTRODUCTION

Prurigo nodularis (PN) is defined by chronic pruritus
dermatosis, multiple, firm nodules spread on the truck
and the extensor aspects of the limbs."? Kwon et al.
suggest a standardized diagnostic evaluation for PN
including: presence of pruritus >6 weeks, >10 nodules
ranging from 0.5-2.0 cm and on at least two different
body surface areas.® PN patients suffer from high itch
intensity without effective treatment options, an itch-
scratch cycle results in a reduced quality of life.*®
Therapeutically, IFSI-guideline on prurigo nodularis
was provided in 2020, it is advised to adopt a multimode
appro7ach, control itch and treat the pruriginous lesions
et al.

Histological features of PN epidermis showed
compact orthohyperkeratosis (84%), irregular elonga-
tion of the rete ridges (58%), focal or broad hyper-
granulosis (52%),° many types of skin cell altered,
especially Keratinocytes (KC), dermal nerve fibres
density increased,"* pruritogenic mediators (neurokinin
1 receptor(NK1R), IL31RA, NGFR, et al.) expression
patterns in KC underline abnormal KC differentiation in
the PN pathogenesis.?*

The processes of activation and de-activation KC
require the regulatory changes in keratin gene
expression. The keratins are fundamental components
of the KC cytoskeleton, they are typical intermediate
filament proteins, together with microfilaments and mi-
crotubules, which provide the structural resilience of
epithelia cell.’®"'" The keratins are subdivided into two
distinct classes according to sequence homology, type |
keratin (acidic) (K9-K40) and type Il keratin (neutral/
basic) (K1-K8, K71-K86).'%'? Keratins form obligate
heteropolymers by paired type-l and type-Il keratin
molecules in a context- and differentiation-dependent
manner.'® In the epidermis of normal skin, prolifer-
ating basal cells express K5 and K14,' suprabasal
cells synthesize K1 and K10. However, in certain
pathologic conditions, an alternative pathway is open to
KC, triggers KC activation.”® In this process, keratin
expression alterations in the epidermis layers forming
specific patterns, which is related to the significant
modulation upon epidermal diseases,'®'® the specific
expression of keratin genes, K6/K16 and K17 have
been used as markers for activated cells.'”~"° In pso-
riasis, as the early barrier alarmins, over-expressed K6/
K16 and K17 alter the KCs behaviour, cell proliferation,
adhesion, migration and inflammatory. KCs enter the
state of hyperproliferation and innate immune activa-
tion, then trigger the T cells autoimmune activation,
contributing the onset of psoriasis.?°

We propose that KCs hyperproliferation and aber-
rant differentiation are contributing to the hard and thick
lesional epidermis. Examining the profile of keratin

What is already know about this topic?

e Epidermal hyperplasia, inflammation and
neurohyperplasia in the Prurigo nodularis
(PN) dermis affect the formation and chro-
nicity of PN.

e Keratin expression alterations in the epidermis
layers forming specific patterns, which is
related to the significant modulation upon
epidermal diseases.

e Active keratin K6, K16 and K17 mRNA levels
are increased in PN lesional skin.

What does the study add?

¢ High expression level of K5/K14 and K6 et al.
correspond to the increased cell mitotic ac-
tivity within the basal and suprabasal layers.
Terminal differential keratins K1/K10 were
upregulated in the suprabasal layers.

e Hyperproliferative and aberrant differentiation
of Keratinocytes are involved in the lesional
epidermis hyperplasia and hyperkeratiosis.

expression in PN lesional epidermis provides a unique
opportunity to understand the abnormal KC differenti-
ation in PN. In this research work, to draw up the K1/
K10, K5/K14, K6/K16 and K17 expression character-
ization, we investigated the keratin expression pattern
in PN lesional skin using immunohistochemical
staining.

2 | METHODS

In this study, all the experiments were conducted in
accordance with the ethical standards and approved by
the ethical committee of the Peking University Shenz-

hen Hospital. All patients have signed informed
consents.
2.1 | Patient and specimen information

PN patients diagnosis and questionnaire assess were
described in our former paper.?’ The lesional skin
specimens were obtained from the extensor of the ex-
tremities of PN patients (Figure 1a and Table S1). Nine
normal skin biopsies were taken from the arms, legs
and trunk, when the volunteers underwent surgery for
some other reasons.
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FIGURE 1

Histological study of lesional skin biopsy in patient with prurigo nodularis. (a), clinicopathological features of prurigo nodularis,

nodules in circle was taken and divided into two parts, for mRNA analysis or histological experiments; Sections of skin biopsies were H&E
stained; (b), histological observations of the lesional specimen in PN, original magnification: x20; (c), perilesional epidermis, higher
magnification of a region shown in the rectangular in (b), original magnification: x200; increased mitotic activity cells within the basal layer
(d) and suprabasal layer (e) in the lesions, arrowheads point the mitotic cells. Original magnification: x400

2.2 | H&E staining

According to standard procedures, all sections were
accomplished the H&E staining for diagnosis and
observation.

2.3 | Morphologic analysis
Immunohistochemical staining analysis was conducted
according to a previously described procedure.?'® Sec-
tions (4 um) from paraffin-embedded skin tissues were
incubated with goat serum, then exposed to antibodies
(Abs) (Table S2.) or control IgG. The following step was
treated with one of procedures, (1) for immunofluores-
cence (IF), incubated with Alexa Fluor anti-Rabbit (IgG)
secondary antibody (Invitrogen), and stained with DAPI.
(2) for Immunohistochemistry (IHC), incubated with
secondary antibody peroxidase (HRP)-labelled goat
anti-rabbit IgG (1:1) (Zhongshan Goldenbridge). Coun-
terstained using a DAB kit (MXB, Biotechnologies).

All staining sections were detected using an epi-
fluorescence microscopy (Zen, Carl Zeiss).

2.4 | qRT-PCR

The lesional and perilesional skin samples were
extracted by TRIzol, according to the procedure

described in the manufacturer's protocol (Sigma-
Aldrich), cDNA was obtained from the reverse tran-
scription of RNA product by using a transcription kit
(Vazyme Bioteck). Gene expression was quantified by
gRT-PCR protocol (Bio-Rad, Hercules). Sequence-
specific primers were presented in the legend of
Figure S3.

2.5 | Statistical analysis

The relative keratin protein quantification method was
performed according to the routines of Image J soft-
ware (NIH). Gene expression differences between the
lesional skin and normal healthy skin was done with
GraphPad Prism 5 (GraphPad Software Inc.) as
described in Zhong et al.” SPSS 16.0 (SPSS Inc.) was
used to calculate the spearman correlation among
keratin gene, p < 0.05 as statistically significant.

3 | RESULT

3.1 | Histology

All the biopsies were diagnosed by Routine H&E ex-
amination, confirming the clinical diagnosis with char-
acteristic abnormal hyperkeratotic thick epidermis, focal
parakeratosis, elongation on the rete ridges, and
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hypergranulosis in the epidermis (Figure 1a,b),
compared with the surface of the normal healthy
epidermis, which was relatively flat (Figure 1c).

3.2 | Increased KC proliferation in basal
and suprabasal layers

Epidermal rete ridges showed a folded structure with
the convoluted basal layer, the enlargement of the
basal layer resulted in greatly increased germinative
cells. The basal layer cells in the lesional epidermal skin
were closely packed with higher nuclear and cyto-
plasmic ratio, at the tip of rete ridges, more cells
divided. In suprabasal layer, cell neuronal nuclei were
enlarged with dense cytoplasm. Increased mitotic ac-
tivity within the suprabasal layers showed the high
proliferative status in the epidermis (Figure 1d,e,f). The
increased numbers of epidermal KC piles up and the
epidermis thickens.

4 | KERATIN EXPRESSION

4.1 | K5/K14 and K1/K10 expression
profile in PN lesions

As keratins play essential roles in the KC, we were
wondering whether the expression patterns of keratins
would be changed during the lesional epidermis devel-
opment. Immunohistochemical staining was used to
detect the expression patterns of keratins. The staining
results showed that K1, K10, K5 and K14 were all
expressed in the border of the PN lesional nodular. In the

border skin, K5 and K14 were expressed in basal cells,
while differentiation cells in suprabasal layers express
K1 and K10 (data not shown). These keratins expression
pattern are almost same to the healthy control skin.

In the PN lesional skin region, the K5 staining signal
was detected in the basal layer and spinous layer, the
signal was much stronger in the cells of basal layer and
variable with an apparent gradient staining intensity
towards suprabasal layer in the biopsies samples
(Figure 2a,b). Furthermore, localization of K14 was the
same as K5 in the PN lesional skin (Figure S2). In the
staining signal positive KCs, the K5/K14 expression
was observed in the cytoplasm, but not in the nuclei
(Figure 2b and Figure S2).

Compared with the normal skin, K10 protein expres-
sion level was higher in the lesional skin based on the
western blot analysis (Figure 3a). K10 was detected with
a strong signal in almost all the suprabasal layers cells.
Except for the basal layer, K10 staining was completely
spared even in the first and second suprabasal layers
(Figure 3c), these cells were almost in the same cell
morphology with bigger nuclei (Figure 3d).

For the PN lesions, K1 mRNA expression was
highly correlated with K10 expression (p = 0.01)
(Figure S3). K1 staining pattern was similar to the K10
in the PN lesional epidermis (Figure S3).

4.2 | Hyperproliferation keratin
expression

Staining KC labelled with K6 antibody was panepidermal
in the PN lesional epidermis. We investigated two anti-
bodies against K6a and K6b, they displayed similar

(a) SL (b) SL
K5 ' 5
l' \ S
..’/
g ., ol 20 um
¢ S =
FIGURE 2 Immunohistochemical localization of K5 expression in the lesional skin epidermis. a, K5 signal in the lesional epidermis, b, is

magnification of rectangle part in the Figure 2a, Original magnification : (a), x100;(b), x400. SL, lesional skin
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FIGURE 3 K10 expression in the PN lesional skin epidermis. (a), K10 protein levels comparison between lesional skin and normal healthy
control by Western blot and Image J software analysis, **, p < 0.01; (b), K10 immunohistochemical localization in normal healthy control,
original magnification: x100; (c), K10 immunohistochemical localization in PN lesions, original magnification: x200; (d), H&E staining from the
same biopsy in a neighbour slides, original magnification: x400. Two blue circles in the (c) and (d) point the same location, which were sliced

in the same specimen. NC, healthy control, SL, lesional skin

expression profiles, which were presented in the differ-
entiating suprabasal compartment of the interfollicular
epidermis, especially in the spinous layer (Figure 4 and
Figure S1). Different from the K6 localization, the staining
pattern of K16 was limited in the basal layer and lower
suprabasal layer cells (Figure S4).

K17 was induced in the lesional epidermis, it was
detected throughout the cytoplasm of basal and
suprabasal layer cells. The staining was patchy in the
suprabasal layer, showing variable K17 expression
levels (Figure S5).

5 | DISCUSSION

The epidermis is a dynamic, continually renewing
structure. In the normal epidermal skin, the germinative
and post-mitotic cells exist in the proliferative basal
layer, they experience a transient amplification and
divide into differentiated daughter cells. One of the
daughter cells leaves the basal layer, move upwards to
the epidermal surface, differentiate and form horny cell,
ultimately, exfoliates.?*72*

We observed mitotic cells in the suprabasal layers in
the PN lesional skin (Figure 1d,e,f). Ki67 expression was
localized in the lower suprabasal layers and basal layer
cells (Figure S1), Ki67 is an antigen expressed in
actively division cells, therefore Ki67 is used as a
marker of cell proliferation.?® The increased mitotic ac-
tivity within the basal and suprabasal layers thickens the
spinous layer, the PN lesional epidermal architecture
appears like amplified normal epidermal multilayers.

In the condition of injury and disease, keratin
expression levels, localization or posttranslational mod-
ifications changed, consequently, keratin modulates cell

migration, tumour growth et al.'® Therefore, keratin
immunohistochemistry has been widely applied in sur-
gical pathology for the differential diagnosis of undiffer-
entiated malignancies since 1980s.2° To date, little is
known about the keratin expression profile in PN lesional
epidermis, and no research has been done to discover
the possible correlation of KC proliferation and differen-
tiation with the keratin expression.

KC in PN lesional skin become abnormally acti-
vated, K5/K14 strongly positive staining signal distrib-
uted in basal and spinous layer cells, which were
consistent with increased mitotic activity within the
suprabasal layer (Figure 1d,e). K6/K16 and K17 mRNA
levels in the PN lesional skin were found to be signifi-
cantly higher than the perilesional skin.?° K16 and K17
expression are limited in the lower suprabasal layer and
basal layers (Figures S4 and S5). Their expression
patterns in PN epidermis are quite different from the K6
(K6a and K6b), they are over-expressed throughout the
interfollicular epidermis in PN nodularis. K6 is required
to the expression of desmoplakin, which connect the
intermediate filaments and desmosome to regulate the
KC cell-cell and cell-matrix adhesion.?” We speculate
that K6 is binding with another protein to form complex
in the upperbasal layers, and play an important role in
the tight and compact epidermis forming, which need to
be proved in the future.

In the PN lesional skin epidermis, the K1 and K10
are over-expressed in the panepidermis, expression
levels were increased (Figure 3c and Figure S3). In
contrast to the psoriasis lesions, K1/K10 levels are
significantly reduced, which are interpreted as a defect
of terminal cell differentiation. These results are
consistent with the histological observation between PN
and psoriasis.?®2°
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FIGURE 4
NL, perilesional skin, SL, lesional skin

The keratin expression profile in PN epidermis was
summarized (Table S3), they are different from the
healthy epidermis, the psoriasis,®®3'" hypertrophic
scar'’ and squamous cell carcinoma,® In a summary,
hyperproliferative and aberrant differentiation of KCs are
involved in the hard cornification in the thick epidermis
development,®2"-33 it offers a deeper insight to under-
stand epidermal hyperplasia and PN pathogenesis.

K5 and K6 are encoded by neighbouring genes,
they are paralogs in the keratin cluster analysis, so do
the K14, K16 and K17."° Previous studies proved that
the activation process can be affected by growth factors
and cytokines (e.g. IL-1, TNF-a, TGF-a, TGF-p and
IFN-y).%* Recent research discovered the upregulation
of epidermal inflammatory ILs (IL-4 and IL-17),
epidermal receptor expression, MAPK signalling® in the
PN lesional skin, which is helpful to investigate how the
keratins are regulated in the KC in the lesions.

In psoriasis, K17 is a potential therapeutic target,
K17-specific antisense oligonucleotides could knock
down the K17 protein content and inhibit the KC pro-
liferation in vitro.® In clinical practice, IL-17A antibodies
(Secukinumab and Ixekizumab), and IL-17 receptor A
inhibitors (Brodalumab) could reduce the K17 expres-
sion,®® which are effective and safe therapies for pso-
riasis. The keratinizing disorder of pathyonychia
congenital is mainly caused by the mutation in K6, K16
and K17 genes, the siRNA for the site of K6aN171K
mutant is a clinical efficacy treatment.>® These treat-
ments prompt us important clues in the therapy for PN.

6 | CONCLUSIONS

Finally, epidermal KC may play an important role in
the pathogenesis of the PN, we focused on the rela-
tionship between the proliferation of abnormal KC in PN
skin lesions and keratin expression patterns. Hyper-
proliferative and aberrant differentiation of KCs are

Immunohistochemical localization of K6a expression in the PN epidermis. Original magnification: (a), NL, x200; (b), SL, x100;

involved in the epidermal hyperplasia and orthohy-
perkeratosis. Keratins play vital roles in the PN lesion
forming process, their expression data help us to un-
derstand the clinical and morphological characters
in the PN lesions. In the future, the potential signal-
ling regulation system and over-expressed keratins
are going to be new treatment targets for the PN
patients.
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