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Abstract

Introduction: Endoplasmic reticulum stress (ERS) has been implicated in the pathogenesis of various inflammatory
diseases. However, the role of ERS in psoriasis is still unclear.

Aim: To examine ERS in psoriasis keratinocytes and to assess the association of ERS with skin inflammation re-
sponse.

Material and methods: We investigated ERS in keratinocytes of normal skin, lesional and perilesional psoriasis
vulgaris (PV) skin tissues using transmission electron microscope (TEM) examination, Western blot and immunos-
taining analysis.

Results: By TEM examination, we found that endoplasmic reticulum (ER) in psoriatic keratinocytes was ultrastruc-
turally abnormal, with changes in ER morphology and the ER expansion. Using Western blot and immunostaining
analysis, we showed that the expression of ERS-associated proteins, such as BiP, CHOP and XBP1, was enhanced
in PV epidermis compared to the healthy skin. Moreover, abundant TNF-a protein was correlated to the increased
BiP, CHOP and XBP1 expression in PV epidermis.

Conclusions: Our findings demonstrate that PV keratinocytes have an increased ERS, which may contribute to the

pathogenesis of PV.
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Introduction

Psoriasis is classified as a chronic, immune-mediated
skin disease that affects approximately 2—3% of the pop-
ulation in the world [1]. There are five major subtypes of
psoriasis: vulgaris (plaque), guttate, pustular, inverse, and
erythrodermic, and psoriasis vulgaris (PV) represents the
most common disease variant, constituting approximately
85-90% of psoriatic patients [2, 3]. The cause of psoriasis
is very complex and it is primarily driven by aberrant im-
mune response in combination with skin barrier disruption,
genetic susceptibility and environmental stimuli [4]. The
pathophysiology of PV is characterized by keratinocyte hy-
perproliferation and immune cell infiltration, mainly T cells
and dendritic cells (DCs) in the dermis [5, 6]. The recent ad-
vances in the understanding of psoriasis pathogenesis have
directly led to the development of highly effective therapeu-
tic targets, such as against IL-17 and IL-23 [4]. Although it
is clear that immune cells, such as T cells and DCs, play an

important role in the pathogenesis of PV, the contribution of
epidermal keratinocytes to the disease still remains poorly
understood [7].

The endoplasmic reticulum (ER), a specialized cellular
organelle is mainly responsible for protein homeostasis,
including protein folding, maturation and protein qual-
ity control in the cells. Any condition that disturbs pro-
tein processing, particularly the accumulation of newly
synthesized, unfolded proteins in ER lumen can lead to
a state known as endoplasmic reticulum stress (ERS). In
response to ERS, different signalling cascades are acti-
vated in the cells, evoking a stress response mechanism
known as unfolded protein response (UPR) that aims to
restore ER homeostasis [8]. Increasing evidence suggests
that UPR intersects with many different inflammatory
and stress signalling pathways, including the JNK-AP1
and NF-kB-IKK kinase pathways [9, 10]. The close link
between ERS and inflammation is a likely contributor to
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the integration of ER function and the pathogenesis of
various diseases associated with inflammation [11-13].
However, how ER changes and whether ERS implicates
in PV pathogenesis have not been studied.

Aim

The main purpose of the present study was to deter-
mine ER and ERS in psoriatic keratinocytes. We examined
the ultrastructure of ER using transmission electron mi-
croscopy (TEM) and discovered ER morphological chang-
es in psoriatic keratinocytes, indicative of the increased
ERS. Moreover, we investigated the expression and local-
ization of ERS markers: binding immunoglobulin heavy-
chain protein (BiP), C/EBP homologous protein (CHOP)
and X-box binding protein 1 (XBP-1) and found that the
level of their expression is increased in psoriatic epider-
mis [14]. We further showed that the upregulated tumour
necrosis factor a (TNF-a) expression in PV epidermis in-
dicates that both ERS and inflammation are activated in
psoriatic keratinocytes.

Material and methods
Human skin biopsies

This was an open, prospective and parallel-arm clini-
cal study. The whole procedure of the study has been ap-
proved by the Ethics Committee of Shenzhen Hospital,
Southern Medical University (Guangzhou, China). Four-
teen patients (9 males and 5 females) with an age range
from 20 to 57 years were enrolled into this study. All the
patients met the diagnostic criteria for PV in the disease
activity period. Their psoriatic area and severity index
(PASI) was from 9 to 32.7. The diagnosis of PV was based
on clinical and histological features. These patients had
not received any systemic or topical treatment apart from
bland emollients at least 2 weeks before the study and
no other systemic or skin diseases were accompanied.
A detailed history and a complete physical examination
were documented for all patients. Lesional and perile-
sional biopsies from the trunk or limbs were obtained by
surgical resection. Control skin biopsies were collected
from 14 age- and sex-matched healthy people treated
for benign pigmented nevus of the trunk or limbs. The
normal skin from the removed nevus tissues (3 mm away
from the nevus site) was harvested and used as control.
All consecutive biopsies were taken in an individual pa-
tient or control subject from the same anatomical area.
Institutional review board approval and written informed
consent for all subjects were obtained before entering
into this study according to the Declaration of Helsinki.

Electron microscopy

The normal skin and psoriatic skin were cut into
fragments, immediately fixed with 2.5% glutaraldehyde
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(Roche) and followed by fixation with 1% osmium tetrox-
ide. The fragments were contrasted with 0.4% uranyl ac-
etate overnight, dehydrated with a graded alcohol series,
and then embedded in Spurr resin. The blocks were sec-
tioned with 1-3 cm thickness and stained with toluidine
blue solution in 50% ethanol to determine the area of
interest. Finally, ultrathin (90 nm thick) slices obtained
with a diamond knife were collected using a 200-mesh
grid and contrasted with 4% uranyl acetate solution and
0.4% lead citrate. All slices were examined under a trans-
mission electron microscopy (JEM-1230, Leica, Germany).

Immunohistochemical analysis

Skin biopsy samples were fixed with 4% formalin,
embedded in paraffin and sectioned for immunohis-
tochemistry. Briefly, immunohistochemical staining
was performed using antibodies against BiP (BS1154,
Bioworld, USA), CHOP (BS1136, Bioworld, USA), XBP1
(BS6857, Bioworld, USA) and TNF-a. (BS6000, Bioworld,
USA) followed by incubation with horseradish perox-
idase-conjugated secondary antibodies. DAB (brown)
peroxidase substrates were used for visualization.

Western blot analysis

To separate epidermis and dermis, skin biopsies were
immediately cut into strips with ophthalmic scissors and
incubated in 1.2 U/ml dispase Il (Roche, Switzerland) for
30 min at 37°C. The epidermal sheets were detached,
washed and grinded with liquid nitrogen repeatedly. The
epidermal tissues were lysed with radioimmunoprecipita-
tion assay (RIPA) buffer (Beyotime, Nanjing, China). After
centrifugation (12,000 g, 15 min at 4°C), protein concentra-
tion was determined using BCA assay kit (Pierce, Rockford,
IL, USA) and subjected to SDS-PAGE and blotted onto PVDF
membrane (GE Healthcare, Beijing, China). After blocking
(5% non-fat milk), membrane was incubated with prima-
ry antibodies for 2 h, washed and further incubated with
horseradish peroxidase-conjugated secondary antibodies
for 1.5 h. Protein bands were visualized using enhanced
chemiluminescence (Amersham-Buchler, Braunschweig,
Germany) and exposed to X-ray medical film (Kodak,
Tokyo, Japan). GAPDH was used as the loading control.

Statistical analysis

Statistics was performed using PRISM software
(GraphPad Prism 5). All results are expressed as mean +
SD. Statistical differences between groups were deter-
mined according to one-way analysis of variance (ANOVA).
P-values < 0.05 were considered statistically significant.

Results
Ultrastructural changes of the ER in PV epidermis

Electron micrographs revealed that the epidermis
of control subjects had similar basic features. The basal
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and spinous layers of keratinocytes were joined by des-
mosomes or interdigitations, containing a large nucleus
with loose chromatin, the presence of mitochondria, and
scarce endoplasmic reticulum cisternae and numerous
free ribosomes (Figures 1 Al, 1 A2). Keratinocytes from
adjacent tissue of PV patients were metabolically active
and ER appeared similar to that of control normal skin

(Figures 1 B1, 1 B2). By contrast, the stratum spinosum
of PV epidermis showed markedly metabolically active
keratinocytes. Their nuclei were surrounded by granular
endoplasmic reticulum with changes of ER morphology
and the ER size expansion, suggesting that ER metabo-
lism may be altered in psoriatic keratinocytes (Figures
1C1,1C2).
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Figure 1. Ultrastructural analysis of ER in PV skin. Al — Control skin. The arrow demonstrates basal cells connected with
spinous layer cells by desmosomes or hemidesmosomes. Nu — nucleus. A2 — Control skin. The arrow demonstrates ER.
A large number of free ribosomes are observable in keratinocytes. B1 — Adjacent skin tissue. The arrows demonstrate
metabolically active cells and basement membrane (BM). B2 — Adjacent skin tissue. Normal ER are observable in the
keratinocytes. C1 — Psoriasis skin tissue. The arrow demonstrates diving cells. C2 — Psoriasis skin tissue. The arrow dem-

onstrates inflated ER
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Figure 2. The expression of ERS-associated proteins is enhanced in psoriasis skin. A — Representative results of West-
ern blot analysis. GADPH was used as a loading control. B — Quantitative results of protein expression basing on the
intensity of Western blot assay as shown in panel A. Each dot represents one sample

C — control normal skin, P — psoriasis A — adjacent tissue. ***P < 0.001, **p < 0.01, *p < 0.05.
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Increased expression of BiP, CHOP, XBP1
and TNF-a proteins in PV epidermis

To identify whether PV keratinocytes had an in-
creased ERS or activated UPR, we performed Western
blot analysis with extracts of epidermis from normal
skin, perilesional adjacent tissue, and lesional PV tissue
using antibodies against BiP, CHOP and XBP-1(S) (Figure
2 A). The expression of BiP, XBP-1 and CHOP was sig-
nificantly upregulated in PV epidermis compared with
healthy controls, but only mildly increased in adjacent
tissue (Figure 2 B). TNF-a expression was significantly
upregulated in PV tissue and showed a similar pattern
as UPR proteins (Figures 2 A, B). These results suggest
that the UPR was activated in epidermal keratinocytes
of PV lesional skin.

Figure 3. BiP, XBP-1, CHOP and TNF-o are overexpressed by the PV epidermis. Sections of control normal skin

Immunohistochemical analysis of BiP, CHOP, XBP1
and TNF-a expression in PV skin

We further examined the expression and localiza-
tion of BiP, XBP-1, CHOP and TNF-a in PV skin and the
controls by immunohistochemical analysis. As shown in
Figure 3, the expression of BiP in healthy controls was
almost completely restricted to the epidermal basal layer
cells. In contrast, diffuse expression and strong stain-
ing signal of BiP was observed within the hyperplastic
epithelium psoriasis skin and its expression was also
increased in the epidermis of perilesional adjacent skin.
XBP1, a transcriptional factor which lacked the stain-
ing signal in the healthy control skin, was increased in
expression by basal and spinous layer cells in psoriatic
skin and mainly localized in the nuclei (Figure 3). Simi-

(Q), psoriasis
vulgaris tissue (P) and adjacent skin tissue (A) were stained with anti- BiP, XBP-1, CHOP and TNF-a antibodies respectively
and counterstained with haematoxylin. Representative images are shown. Scale bar, 100 pm
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larly, CHOP expression was markedly elevated in psoriatic
skin and was limited in the basal spinous cell layer (Fig-
ure 3). TNF-a staining revealed that its expression was
robustly increased in psoriatic skin, both the dermis and
epidermis (Figure 3).

Discussion

Psoriasis is a complex inflammatory process me-
diated by innate and adaptive immunity and there is
evidence that immune cells, cytokine and chemokine
networks play important roles in psoriasis development
[5, 15-17]. Although the contribution of immune response
to psoriatic skin inflammation has been extensively char-
acterized, it is still not clear how epidermal keratinocytes
contribute to the disease pathology. Previous studies pri-
marily described their dramatic changes in proliferation
and aberrant differentiation of keratinocytes during the
pathogenesis of psoriasis. Recent studies demonstrated
that keratinocytes also exhibit a potent capacity to initi-
ate skin inflammation to trigger the onset of inflamma-
tory response in psoriasis [7]. Thus, by further identify-
ing their abnormal behaviours and intrinsic mechanisms,
those initiating skin inflammations are crucial for under-
standing the pathogenesis of psoriasis.

In the current study, we found that the ER in PV ke-
ratinocytes was ultrastructurally abnormal, implying the
existence of ERS. We also demonstrated the increased
expression of ERS-associated proteins: BiP, CHOP and
XBP1in the PV epidermis. The results suggested that ERS
might be linked with the development and progression of
psoriasis pathogenesis. To our knowledge, this is the first
report on augmented ERS in PV keratinocytes. In line with
our observations, a recent study has reported that ERS
is activated in the dermal macrophages and endothelial
cells under diabetic obese conditions [18]. Because of the
high level of cytokine production by macrophages, ERS
is supposed to play a systemic role in the psoriasiform
inflammation of the diabetic skin [18]. In contrast, Sugi-
ura [19] et al. showed that psoriasis vulgaris tissues had
a low expression of BiP The different observation with
the report here might be rather methodical, as it only ex-
amined BiP expression by immunohistochemical staining
with limited skin biopsies (n = 3) [19].

ERS has been implicated in the pathogenesis of many
types of inflammatory and autoimmune diseases [20].
There are several potential avenues through which ER
function is linked to inflammatory signalling [13, 21, 22].
For example, Deng et al. reported that both the IRE1a and
PERK branches of the UPR can lead to activation of the
NF-kB-IKK pathway [23, 24]. Activated NF-«B translocates
into the nucleus and switches on the expression of vari-
ous genes involved in inflammatory pathways, such as
IL-1 and TNF-a.. ERS also activates the cleavage of ER-
resident transcription factor, CREBH, to induce a systemic
inflammatory response [22]. Recently, the ATF6 branch
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of the UPR has also been linked to NF-kB-IKK signalling
[25] suggesting that specific inflammatory triggers may
signal through different branches of the UPR. Moreover,
the UPR has been reported to cause increased expression
of pro-inflammatory factors such as IL-8, IL-6, MCP-1, and
TNF-a [20]. TNF-a is an important pro-inflammatory cy-
tokine and plays an essential role in the pathogenesis of
PV. In our study, we observed the correlated expression
pattern between ERS- proteins and TNF-a.. Therefore, we
presumed that the increased TNF-a level may at least
partially result from ERS of PV and the close link between
ERS and inflammation is a likely contributor to the patho-
genesis of PV, given the critical role of inflammation in
psoriasis.

Conclusions

Taken together, our study provides the first observa-
tions of increased ERS in PV skin. The findings suggested
that ERS may be an important mediator of inflammation
through the induction of TNF-a expression and may play
a crucial role in the pathogenesis of PV. Future studies
will focus on whether altering ERS signalling could be
used as a treatment strategy for psoriasis.
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