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ErbB4 affects Th1/Th17 cell differentiation and promotes psoriasis progression
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Psoriasis seriously harms people's physical and mental health. More and more people pay attention to impro-
ving the psoriasis process by immune cells. Our study alters the course of psoriasis by discovering the effect
of ErbB4 on the ratio of Th1/Th17 cells. We detected the expression of ErbB4 in CD4-positive T cells in
peripheral blood of clinical patients and clinical samples by qPCR and detected the expression of ErbB4 in
mouse samples of the model group. ErbB4 siRNA was designed and transfected into cells. The effect of ErbB4
siRNA on Th1/Th17 cell ratio was observed by flow cytometry. ErbB4 siRNA was transfected into mice by
lentivirus infection to observe its effect on psoriasis. Finally, the mechanism of ErbB4 affecting psoriasis was
observed by Western Blot. According to the results, ErbB4 is highly expressed in clinical samples of psoriasis
and CD4-positive T cells of patients with psoriasis. Inhibition of ErbB4 expression can reduce the proportion
of Th1/Th17 cells, improve the pathogenesis of psoriasis and have therapeutic effect on psoriasis. Western Blot
results showed that ErbB4 affected psoriasis through the IL23/IL17A signal axis. Our study demonstrates that
ErbB4 could be a potential immune target for the treatment of psoriasis.
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Introduction

Psoriasis (Psoriasis), was a common chronic inflamma-
tory skin disease, typical skin lesions for scaly erythema or
plaque (1). Psoriasis affects about 3% of the world's popu-
lation. Around 125 million people suffer from psoriasis
worldwide, with 150,000 new cases occurring each year.
The prevalence of psoriasis in six provinces and cities in
China was 0.47% in 2010. At present, there are about 6.5
million patients with psoriasis in China, and the trend is
increasing year by year (2). Studies have shown that pso-
riasis is not only a skin disease, but also a systemic, meta-
bolic disease. Patients with psoriasis are often complicated
with hypertension, coronary heart disease, diabetes, abnor-
mal glucose tolerance, hyperuricemia, obesity and other
internal diseases (3). In 2013, the 67th General Assembly
of the World Health Organization designated psoriasis as
a global health problem. The exact etiology of psoriasis
is not fully understood, but it may be related to genetic,
environmental, immune and other factors (4). There is no
completely effective treatment for psoriasis, all the cur-
rent treatment measures can only achieve short-term effec-
tiveness, and can not achieve long-term relief. The long
course of psoriasis, high recurrence rate, and some courses

of disease even for decades, bring greater mental pressure
and economic burden to patients, and seriously affect the
quality of life of patients (5). Therefore, exploring the pa-
thogenesis of psoriasis and seeking effective treatment is
a hot issue of widespread concern in society, and is also
worthy of in-depth exploration and scientific research in
the field of skin research. It is believed that in the context
of multiple genetic abnormalities, some stimuli (such as
peptides on bacterial walls) activate toll-like receptors and
induce dendritic cells to produce interferon-a and TNF-
a in the skin, stimulating T-cell-related adaptive immune
and inflammatory responses; Thus, IL-12 and IL-23 are
released to promote Th17 cell activation (6). Th17 cells
promote keratinosis and eventually lead to psoriasis. The
pathogenesis of psoriasis is complex, involving all aspects
of innate and adaptive immunity. The cytokines mentioned
above are only a few confirmed intervention sites/triggers
in the pathogenesis of psoriasis (7). And these cytokines
are not necessarily just part of the equation. For example,
TNF-a is also involved in the Th17 keratinocyte abnorma-
lities. Clinical studies have also proved that many other
cytokines, protease and so on are involved in the pathoge-
nesis of psoriasis (8).

Helper T cells (Th) provide complementary functions
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to other cells of the immune system, especially antigen-
presenting cells (APCs) such as macrophages, dendritic
cells and B cells, and play an important role in the acti-
vation and maturation of these cells (9). There are distinct
subpopulations of CD4+ Th cells, including Thl, Th2,
Th17, and regulatory T cells, each activated by a specific
set of cytokines and transcription factors and characterized
by the cytokines they secrete and the effector functions
they perform (10).

ErbB (v-erb-a erythroblastic leukemia viral onco-
gene homolog 4) belongs to the epidermal growth factor
receptor family, which consists of extracellular domains,
transmembrane domains and cytoplasmic tyrosine kinase
domains (11-13). In humans, the ErbB family consists of
four members: ErbB1, ErbB2, ErbB3, and ErbB4. Increa-
sing evidence suggests that ErbB4 plays a crucial role in
regulating cell growth, as ErbB4 overexpression promotes
cell proliferation and cell survival, while ErbB4-deficient
cells exhibit decreased proliferation and cell survival (14,
15). Recently, Zhang et al. reported that miR-302b inhi-
bits cancer-related inflammation by post-transcriptional
regulation of ErbB4, IRF2 and CXCR4, and down-regula-
tion of these genes leads to reduced cytokine production,
suggesting that ErbB4 plays a role in inflammation (16).
At the same time, ErbB4 is highly expressed in colorec-
tal cancer cells, promoting the occurrence of colorectal
cancer (17). Interestingly, in non-transformed colitis cells,
inflammatory agents such as TNF-o can induce strong
expression of ErbB4 through a mechanism involving NF-
kB signaling (18). Both TNF-o and NF-kB play critical
roles in the pathogenesis of psoriasis, and ErbB4 is highly
expressed in the epidermis of the skin and influences epi-
dermal thickness.

Therefore, we wanted to explore the regulatory rela-
tionship between ErbB4 and psoriasis through this study.

Materials and Methods

Clinical sample collection

A total of 30 psoriasis samples from patients with
psoriasis and healthy individuals were used in this study.
Written informed consent was obtained from all patients
prior to their inclusion in this study. All tissues were stored
at —80 °C before use.

Cell isolation and stimulation

Naive CD4+T cell was isolated by isolation kit from
Miltenyi (130-094-131 for human naive CD4+T, 130-104-
453 for mouse naive CD4+T). The isolation details fol-
lowed the supplier protocol.

For Th1/Th17 cell differentiation, naive CD4+T was
cultured in RPMI1640 medium (BI, Israel) contained with
1% P/S (penicillin and streptomycin) (BI, Israel) and 20%
FBS (fetal bovine serum) (Gibco, NY) in an atmosphere
of 5% CO2, at 37°C. After cultured, CD3/CD28 (5pg/ml,
eBioscience, 16-0037-81; 14-0289-82) functional antibo-
dy was used to stimulate the activation of Naive CD4+T
cells. When CD4+T cells were activated, IFNy (10 pg/ml,
Peprotech, USA) was used to induce CD4+T cells to dif-
ferentiate into Th1 cells, and TGF- (5 ng/ml, Peprotech,
USA) was used to induce CD4+T cells to differentiate into
Th17 cells.

Animal model

Female BALB/c mice (6-8 weeks) were purchased
from Gempharmatech Co., Ltd. The mice were raised
adaptively under the same conditions. For the psoriasis-
like mouse model, mice were treated with 65 mg IMQ
(Imiquimod) cream (Sichuan Med-shine Pharmaceutical,
H20030128) daily on their backs for 7 days. Control mice
were smeared with blank cream.

ErbB4 interference

In vitro, to knock down the expression of human ErbB4,
siRNA for ErbB4 (si-ErbB4: 5’-ATGCCATTTGGACA-
TGTAATTGT-3") was utilized and non-specific control
(si-NC: 5’-CCGUUGAAAGGCCUACCCUCA-3’) were
purchased from Sangon Biotech. All these sequences were
transfected onto cells that grew to 60% confluence with
INTERFERin (Polyplus, France). After 36 h cultured at
37°C, 5% CO,, cells were collected after transfection.

In vivo, to knock down the expression of mouse ErbB4,
siRNA for ErbB4 (si-ErbB4: 5’-CGGGAACTAGCTG-
TACGTTGTGC-3") was utilized and non-specific control
(si-NC: 5’-GCUUGCGGACCAUCGAGT-3") were pur-
chased from Sangon Biotech. All these sequences were
transfected onto mice by in-vivo-JETRNA (Polyplus,
France).

qPCR assay

Following the supplier’s protocol, total RNA was
recovered from cells by using ISOLATION TRIzol buf-
fer® (Multi Sciences, Hangzhou), and cDNA was obtai-
ned from reverse-transcribed RNA with the RT-PCR
Kit (Yeasen, China). The qRT-PCR was used PerfectS-
tart® Sybr qPCR Mix (Vazyme, Nanjing). The expres-
sion levels were calculated by 2744 assay. Primers of
ErbB4 and B-actin were stated below: B-actin (human):
5’-CCATCGCCAGTTGCCGATCC-3’ (F) and 5°-GC-
GAGAGGAGCACAGATACCACCAA-3> (R); ErbB4
(human): 5’-GTCCAGCCCAGCGATTCTC-3" (F) and
5’-AGAGCCACTAACACGTAGCCT-3> (R); ErbB4
(mouse): 5’-CCTTCCTGCGGTCTATCCGA-3’ (F) and
5’-CCAAAGTTGCCATCTTTCCTGTA-3* (R); P-actin
(mouse): 5’-GTGACGTTGACATCCGTAAAGA-3’ (F)
and 5’-GCCGGACTCATCGTACTCC-3’ (R).

Th1/Th17 ratio

Thl and Th17 cell ratio was detected by flow cyto-
metry (BD, C6). For human, Th1 and Th17 was marked by
anti-CD4-FITC (11-0049-42), anti-IFNy-PE (12-7319-42)
and anti-IL17A-APC (17-7179-42). For mouse detection,
Thl and Th17 cells was labeled by anti-CD4-FITC (11-
0041-82), anti-IFNy-PE (12-7311-82) and anti-IL17A-
APC (17-7177-81). All the antibody was obtained from
eBioscience, Thermo.

H&E assay

The skin tissue of mice was fixed with 4% parafor-
maldehyde, dehydrated after fixed, and then embedded
with paraffin. The embedded tissue was sliced (5um) using
a microtome (Leica, HistoCore BIOCUT), hematoxylin
and eosin stain buffer (ServiceBio, Wuhan) were used for
staining, and the sections were observed by optical mi-
croscope and preserved at room temperature.
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Western blot

Whole-cell lysis was manufactured by RIPA buffer
(Univ, Shanghai). 8% gel detaches protein and then was
shifted to PVDF membranes (Whatman, USA). PBST
(Univ, China) and 5% no-fat milk powder (CST, USA)
were used to block the PVDF. Then, the PVDF was cultu-
red for 12 h with first antibodies (Arigo, Taiwan, China),
including 1L23 (ARG59349), IL17A (ARG55256) and
actb (ARG62346). The next day, after blocking with 2nd
antibody (Abcam, China), the pattern was presented by
an image capture system (Wix, USA), and the grayscale
value of the target was counted by Image J.

Statistical

The average + SD standard deviation measures data
from triple repeat. Student t-test serves two cohorts.
Tukey's multiple-comparison serves multiple groups. P<
0.05 means statistical difference.

Results

ErbB4 was high expression in psoriasis

In order to observe the effect of ErbB4 in psoriasis, we
first need to know its expression level in psoriasis. The-
refore, we collected blood samples from clinical patients
for T cell enrichment and collected clinical tissue samples
for detection by qPCR. In Figure 1A, the expression level
of ERBB4 in peripheral blood CD4+T cells of clinical
patients was higher than that of normal people. The same
results were showed in Figure 1B, the expression of ErbB4
in psoriasis patients was also higher than that in normal
skin. The results of qPCR showed that the expression of
ErbB4 in the model group was higher than that in the nor-
mal group, no matter in CD4-positive T cells extracted
from the peripheral blood of mice or in skin tissue (Figure
1C). In summary, ErbB4 is highly expressed in psoriasis.

Inhibition of ErbB4 suppressed Th1/Th17 cells diffe-
rentiation

In order to understand whether ErbB4 affects the pso-
riasis process by influencing T cell differentiation, we
tested ErbB4 levels in isolated naive CD4-positive T cells
after induction stimulation. ErbB4 siRNA was transfected
to interfere with ErbB4 expression and detect its effect on
T cell differentiation. In Figure 2A, ErbB4 mRNA level
was raised in Th17 and Thl cells, compared to naive T
cells. The transfection efficiency was determined by
qPCR, the results hinted that ErbB4 siRNA played a role
in inhibiting the expression of ErbB4 (Figure 2B). Cru-
cially, flow cytometry showed that decreased expression
of ErbB4 inhibited the differentiation of naive T cells into
Th1/Th17 cells, and the proportion of Th1/Th17 cells was

sion of ErbB4

Figure 1. The expression of ErbB4 in psoriasis. A. The mRNA le-
vel of ErbB4 in CD4 positive T cells from psoriasis patients. B. The
mRNA level of ErbB4 in skin tissues from psoriasis patients. C. The
level of ErbB4 in IMQ-induced mice. * indicates P<0.05, ** indicates
P<0.01, and *** indicates P<0.001. Data are exhibited as average +
SD.

significantly reduced (Figure 2C). These results suggested
that ErbB4 affects Th1/Th17 cell differentiation.

Interference of ErbB4 alleviated the process of psoria-
sis

Mice models of psoriasis were constructed by using
IMQ, to observe whether ErbB4 can improve psoria-
sis progression, we transferred ErbB4 siRNA into mice
using an in vivo transfection reagent. H&E staining re-
sults showed that, compared with the blank group, the
skin lesions of model group mice were serious and a large
number of inflammatory cells infiltrated. The skin condi-
tions of mice treated with ErbB4 siRNA were significantly
improved, and H&E staining showed reduced inflamma-
tory cell infiltration and improved lesions (Figure 3A).
The qPCR results showed that ErbB4 was enhanced in
the IMQ model group, and had declined in the IMQ+si-
ERBB4 group (Figure 3B). The spleen was an important
immune organ, after the dissection of mice in each group,
the spleen was removed for observation, and it was found
that the spleen of mice in the model group was significant-
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Figure 2. Effect of ErbB4 on Th1/Th17 differentiation. A. The
expression of ERBB4 in different Th cells was detected by qPCR. B.
Transfection efficiency was detected by qPCR. C. Flow cytometry
was used to detect Th1/Th17 cell differentiation, CD4 for Helper T
cell, IFNy for Th1 cell, and IL17A for Th17 cell. * indicates P<0.05,
** indicates P<0.01, and *** indicates P<0.001. Data are exhibited as
average + SD of triple single experiments.
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Figure 3. Impact of ErbB4 siRNA on IMQ-induced mice model. A.
H&E staining was used to detect the pathological changes of skin tis-
sue. B. The level of ErbB4 was calculated by qPCR. C. The shape of
spleen was observed and photographed, and the expression of ErbB4
in CD4+T cells of spleen was detected by gPCR. D. Flow cytometry
was used to detect Th1/Th17 cell differentiation, CD4 for Helper T
cell, IFNy for Th1 cell, and IL17A for Th17 cell. * indicates P<0.05,
** indicates P<0.01, and *** indicates P<0.001. Data are exhibited as
average = SD of triple single experiments.




Rongrong Tang et al. / ErbB4 promotes psoriasis progression, 2023, 69(12): 1-5

td

N
RO
0\_‘0 oxe\’ <&
S -3 .
© W W % T ?* 3 control
& IMQ+si-NC
IL23 s 6 B8 IMQ-+si-ErbB4
H
24
g o ik
© 2
: g
R Ri=1t] W=l i

1L23 IL17A
Figure 4. The Signaling mechanism of ErbB4 for psoriasis. The
protein level of IL23/IL17A was determined by western blot. * indi-
cates P<0.05, ** indicates P<0.01, and *** indicates P<0.001. Data
are exhibited as average + SD of triple single experiments.

ly enlarged, and ErbB4 siRNA could alleviate this pheno-
menon (Figure 3C). Flow cytometry was used to detect
the Th1/Th17 ratio in the peripheral blood of mice in each
group. It was found that compared with the blank group,
the Th1/Th17 ratio in the model group was increased, but
that in the ErbB4 siRNA group was decreased (Figure
3D). In summary, these results demonstrated that ErbB4
could alleviate the progression of psoriasis by reducing the
Th1/Th17 cell ratio.

ErbB4 affected progression of psoriasis through 1123/
IL17A axis

In order to explore the mechanism by which ErbB4 af-
fects the ratio of Th1/Th17 cells in the treatment of psoria-
sis, IL23/IL17 was detected by Western Blot assay. From
the protein results, IL23 and IL17 were raised in the model
group, compared with the control group, and disturbed by
ErbB4 siRNA transfection (Figure 4).

Discussion

Psoriasis is a chronic, relapsing, inflammatory and sys-
temic immune-mediated disease induced by genetic and
environmental effects (19). Due to the difficulty of treat-
ment and the high risk of relapse, patients often suffer
from it for life. It was understood that in China, the inci-
dence of psoriasis was about 0.47%, and there were nearly
7 million patients deeply troubled by the disease, of which,
nearly 60% of patients had a course of more than 10 years,
more than 80% of the patients when they saw a doctor
was moderate to severe disease, society was faced with a
heavy burden of disease (20). Psoriasis could be cured but
it was difficult to cure, conservative estimates of nearly
10 million patients, of which, more than 90% are psoria-
sis vulgaris, that was, the lesions mainly involve the skin,
and generally did not have much impact on health (5, 21).
The exact initial trigger for psoriasis was still unknown,
and the cause was still being painstakingly explored. The
results of the present study believed that under the premise
of specific genetic background, after the effect of acquired
and external environment, it leaded to skin immune dys-
function (22). For most patients with psoriasis, the impact
on psychology and life was far greater than the impact on
physical health, so the correct understanding and view of
psoriasis was very important, active treatment and control
symptoms, improve the quality of life was the key.

In our study, we found that ErbB4 was highly ex-
pressed in skin tissues and peripheral blood T cells in the
psoriasis group, and inhibition of ErbB4 expression could
affect the proportion of Th1/Th17 cells through the 1L23/

IL17 signaling axis, thus improving the therapeutic effect
of psoriasis

The primary effector function of Thl cells lies in cell-
mediated immunity and inflammation, including the acti-
vation of other immune cells such as macrophages, B cells
and CDS positive cytotoxic T lymphocytes (CTLS) in cy-
tolysis and other effector functions (23). Effector Th1 cells
also secreted a large amount of IFNy (24). In addition to
further expanding the Thl cell population, the effector Th1l
cells also activated the lysate activity of macrophages by
inducing more than 200 target genes. In addition to clea-
ring intracellular infections, the Th1 response played a cri-
tical role in activating CD8+ cytotoxic T lymphocytes to
target and kill tumors, in addition to enhancing CTL survi-
val and memory (25). CD40 also promoted class switching
in B cells, producing IgGG2a antibodies. Th17 cytokines
play a wide range of roles in inflammation and tissue pro-
tection, especially mucosal immunity. Th17 cells were es-
sential for the maintenance of mucosal immunity, but their
dysregulation was associated with the pathogenesis of
autoimmune inflammation. It was their role in promoting
this inflammation that first demonstrated the existence of a
third subset of CD4+ T helper cells distinct from the clas-
sical Th1/Th2 model (26-28). The Th17 cytokines IL-17A
and IL-17F promoted the production of pro-inflammatory
cytokines in target tissues, which not only recruited innate
immune cells (such as mesophils) to mediate inflammation
but also further promoted Thl7 activation in a positive
feedback manner (29).

IL-23 was mainly produced by activated dendritic cells,
macrophages and monocytes, and was a new member
of the heterodimer factor family of IL-12. It was mainly
composed of two subunits, [L-23p19 and IL-12/IL-23p40.
IL-12/IL-23p40 was a subunit that was co-contained with
IL-12. When IL-23p19 and IL-12/IL-23p40 subunits exist
alone, they do not have biological functions (30). Only
when the two subunits were interlinked to form homolo-
gous dimers, could they play biological functions. 1L-23
played its biological function mainly by interacting with
its receptors and activating downstream signaling pa-
thways. The [L-23 receptor included the IL-12 receptor 1
(IL-12RB1) and two subunits of the IL-23 receptor. 1L-23
mainly acted on Th17 cells, played an important role in
the proliferation and stability of Th17 cells, and could pro-
mote the production of cytokines such as IL-17A, IL-17F
and IL-22 in Th17 cells (31, 32).

In a word, Our study represents certification that ErbB4
modulated the psoriasis process. From this perspective,
new strategies and guidelines for the diagnosis and treat-
ment of psoriasis can be developed.
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