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Agrin activates YAP in human skin fibroblast (HSF) through integrin
mediated adhesion and Lrp4/MuSK receptor-mediated signaling pathways.
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Abstract

Objective: To investigate the effects of agrin on YAP expression in Human Skin Fibroblast (HSF), and
the possible mechanism.

Methods: Expression of agrin in HSF was downregulated by siRNA transfection. Migration and
invasion ability of HSF was determined by Transwell migration and invasion assay. Expression and
phosphorylation levels of agrin, Yes-Associated Protein (YAP), Focal Adhesion Kinase (FAK) and
Muscle Associated Receptor Tyrosine kinase (MuSK) were detected by Western blot.

Results: Expression of agrin was significantly downregulated after agrin siRNA transfection (p<0.01).
Proliferation, migration and invasion ability of HSF cells was significantly reduced after agrin silencing
(p<0.01). No significant differences in total expression levels of YAP, FAK and MuSK were found
between cells with or without agrin silencing, while agrin silencing significantly increased
phosphorylation level of YAP and significantly reduced phosphorylation level of FAK and MuSK
(p<0.01).

Conclusion: Agrin can activate YAP in HSF possibly through the interactions with integrin mediated

adhesion and Lrp4/MuSK receptor-mediated signaling pathways.

Keywords: Agrin, Human skin fibroblast, Yes-associated protein, Focal adhesion kinase, Muscle associated receptor

tyrosine kinase.

Introduction

Skin is an important protective barrier for the body against the
harm from environment. Loss of skin integrity may cause
illness, injury or even death [1]. Skin wound healing is a
complex and interactive process with the involvement of
various factors including parenchymal cells, blood cells,
soluble mediators and Extracellular Matrix (ECM) components
[2]. Repair of skin tissue damage can generally be divided into
three overlapped stages including inflammatory phase, cell
proliferation and tissue formation, and tissue remodeling [3].
During cell proliferation and tissue formation phase, a huge
number of myofibroblasts will be accumulated to secrete
collagen, Fibronectin (FN) and hyaluronic acid, which in turn
leads to the formation of ECM [4]. Besides the secretion of
ECM components, myofibroblasts can also release tissue
inhibitors of metalloproteinases and matrix metalloproteinases
to remodel newly formed ECM [4]. Myofibroblasts apoptosis
will occur after secretion of ECM, but a portion of
myofibroblasts will bypass apoptosis to transform into
fibroblasts [4]. It's well accepted that interactions between
ECM and intracellular factors such as growth factors play
pivotal roles in skin wound healing [5,6]. Therefore, the
understanding of interactions between ECM and cells will
definitely accelerate clinical studies on treatment of skin injury.
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As a heparan sulfate proteoglycan of ECM, Agrin has been
proved to be involved in various in vivo physiological
processes including synaptogenesis and interactions between
cells, which is important for tissue formation step of tissue
damage repair [7]. A recent study has shown that agrin
regulates focal adhesion integrity in patients with
hepatocellular carcinoma to promote the progression of tumor
[8]. In other studies, Agrin was found to activate Yes-
Associated Protein (YAP) to regulate a variety of cellular
processes including cell proliferation, differentiation and
migration, which can seriously affect repair of skin tissue
damage [3,9]. In addition, the functions of Agrin in those
processes were proved to be related with its interactions with
integrin mediated adhesion and low-density lipoprotein
receptor-related protein-4 (Lrp4)/Muscle Associated Receptor
Tyrosine Kinase (MuSK) receptor-mediated signaling
pathways [9]. In view of the functionality of Agrin and the
mechanism of skin wound healing, it will be reasonable to
hypothesize that Agrin may also play important roles in skin
damage repair through the interactions with the same signal
transduction pathways. Therefore, understanding the role of
Agrin in skin tissue damage repair may eventually improve its
treatment.

In this study, expression of Agrin in Human Skin Fibroblast
(HSF) was downregulated by siRNA transfection. Effects of
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agrin silencing on HSF proliferation, migration and invasion
were investigated. In addition, effects of Agrin silencing on the
expression and phosphorylation of YAP, Focal Adhesion
Kinase (FAK) and MuSK were also explored.

Materials and Methods

Cell culture

HSF were purchased from American Type Culture Collection
(ATCC, USA). Cells were cultured in 1640 medium (Hyclone,
Logan, UT, USA) containing 10% FBS (Invitrogen, Carlsbad,
CA, USA), 100 U/ml streptomycin and 100 mg/ml penicillin G
(Invitrogen, Carlsbad, CA). Cell culture conditions were 37°C
and 5% CO,.

SIRNAs transfection

Agrin siRNA (L-031716-00-0050) was purchased from
Dharmacon (Thermo Fisher Scientific). According to the
instructions, 50 nmol siRNA was transfected into HSF cells
using Lipofectamine 2000 transfection reagent (11668-019)
(Invitrogen, Carlsbad, USA). Cells transfected with siRNA
were harvested 48 h later for subsequent experiments.

Cell migration and invasion assay

To determine cell migration ability, 5 x 10% cells were
inoculated into the upper chamber of Transwell chamber (BD
Biosciences, San Jose, USA), and RPMI-1640 medium
containing 20% FCS was used added to the lower chamber to
serve as chemical attractant. After incubation for 24 h, the
membrane was stained with 0.5% crystal violet for 20 min.
After that, cells on membrane were counted under a light
microscope (400X, Olympus, Tokyo, Japan). Cell invasion
assay was performed in the same way of migration assay
except that upper chamber was pre-coated with Matrigel
(356234, Millipore, Billerica, USA).

Western blot

Cells were lysed with lysis buffer (PO013K, Beyotime), and
total protein was extracted. Concentration of total protein was
determined by BCA method. After that, 30 pg protein from
each sample was subjected to 10% SDS-PAGE electrophoresis,
followed by transmembrane to PVDF membrane (Bio-Rad,
Hercules, USA). After blocking with 5% skim milk,
membranes were incubated with primary antibodies of Agrin
(1: 1000, sc-25528, Cruz Biotechnology Inc.), YAP (1: 1000,
14074, Cell Signaling Technology), phosphorylated YAP
(Ser127) (1: 1000, 13008, Signaling Technology) and
endogenous control B-actin (1: 1000, 4970, Cell Signaling
Technology) overnight at 4°C. After washing, membranes were
incubated with secondary antibody (1: 10000, 7074, Cell
Signaling Technology) at 37°C for 1 h. Signal was detected by
enhanced chemiluminescence method (Pierce SuperSignal,
Thermo Scientific) and grayscale values were measured using
Bio-Imaging System (Millipore, Billerica, USA). This
experiment was repeated three times.
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Statistical analysis

SPSS19.0 software was used to analyse the data. Comparisons
between groups were performed by t test. p<0.05 was
considered to be statistically significant.

Results

Effects of Agrin silencing on cell proliferation,
migration and invasion

Agrin plays important roles in cell proliferation,
differentiation, migration and invasion. In this study, Agrin
expression was downregulated by siRNA transfection to study
the effects of Agrin on cell proliferation, migration and
invasion. Compared with control group, expression level of
Agrin was significantly reduced after siRNA transfection,
(p<0.01) (Figure 1A). Compared with control group,
proliferation rate of cells transfected with siRNA was
significantly reduced (Figure 1B). Besides cell proliferation,
Agrin can also affect cell migration and invasion. In our study,
migration and invasion ability of cells transfected with siRNA
was significantly reduced (Figures 1C and 1D) compared with
cells without siRNA transfection. Those data suggest that
Agrin expression is essential for proliferation, migration and
invasion of HSF.
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Figure 1. Effects of agrin silencing on cell proliferation, migration
and invasion. A: Expression level of agrin was down-regulated by
SIRNA transfection; B: Cell proliferation was reduced by agrin
silencing; C: Cell migration was reduced by agrin silencing; D Cell
invasion was reduced by agrin silencing. Notes: *“compared with
control group, p<0.01.

Effects of agrin silencing on YAP expression and
phosphorylation

As an important intracellular effector, YAP can significantly
affect cell structure and ECM rigidity. Therefore, effect of
Agrin silencing on YAP expression and phosphorylation was
explored in this study. As shown in Figure 2, no significant
difference in total expression level of YAP was found between
cells with or without Agrin silencing. However,
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phosphorylation level of YAP (Serl27) was significantly
increased after Agrin silencing (p<0.01). Those results
suggested that Agrin silencing can activate YAP.
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Figure 2. Effect of agrin silencing on YAP expression and
phosphorylation. A: Representative results of Western blot; B:
Expression level of agrin was down-regulated by siRNA transfection;
C: Phosphorylation level of YAP was increased after agrin silencing.
sex .

compared with control group, p<0.01.

Effects of agrin silencing on FAK expression and
phosphorylation

Effects of agrin on YAP depend on integrin mediated adhesion,
where Focal Adhesion Kinase (FAK) plays an important role.
Therefore, effects of Agrin silencing on FAK expression and
phosphorylation were explored in this study. As shown in
Figure 3, no significant difference in total expression level of
FAK was found between cells with or without Agrin silencing.
However, phosphorylation level of FAK was significantly
decreased after Agrin silencing (p<0.01). Those results
suggested that Agrin silencing can inactivate FAK.
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Figure 3. Effects of agrin silencing on FAK expression and
phosphorylation. A: Representative results of Western blot; B:
Expression level of agrin was down-regulated by siRNA transfection;
C: Phosphorylation level of FAK was increased after agrin silencing.
**compared with control group, p<0.01.

Effects of agrin silencing on MuSK expression and
phosphorylation

Effects of agrin on YAP may also depend on Lrp4/MuSK
receptor-mediated signaling pathways. Therefore, effects of
agrin silencing on MuSK expression and phosphorylation were
explored in this study. As shown in Figure 4, no significant
difference in total expression level of MuSK was found
between cells with or without Agrin silencing. However,
phosphorylation level of MuSK was significantly decreased
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after agrin silencing (p<0.01). Those results suggested that
agrin silencing can inactivate MuSK.
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Figure 4. Effects of agrin silencing on MuSK expression and
phosphorylation. A: Representative results of Western blot; B:
Expression level of agrin was down-regulated by siRNA transfection;
C: Phosphorylation level of MuSK was increased after agrin
silencing. ™"compared with control group, p<0.01.

Discussion

As a large proteoglycan, the primary role of agrin is involved
in embryogenesis to regulate the development of the
neuromuscular junction [10,11]. Besides that, functionality of
agrin has been extensively investigated in a variety of human
tumors including hepatocellular carcinoma [9,12], breast
cancer [9], and oral squamous cell carcinoma [13] and so on. It
has been reported that expression of Agrin significantly
increases cell proliferation, differentiation and migration of
both hepatocellular carcinoma cell line Hep3B 2.1 and breast
cancer cell line MCF7 [9]. In the study of oral squamous cell
carcinoma, Kawahara et al. reported that downregulation of
Agrin expression could significantly reduce migration and
adhesion ability of tumor cells, in addition, reduced expression
level of Agrin protein also leaded to the increased
chemosensitivity of tumor cells to cisplatin [13], which in turn
promotes treatment efficacy of oral squamous cell carcinoma.
Beside tumor cells, Agrin also plays a critical and non-
redundant role in survival, development and functions of
myeloid cells [14]. Consistent with previous studies, in this
study, Agrin siRNA silencing was found to significantly reduce
the proliferation, migration, and invasion abilities of HSF,
indicating that Agrin may plays pivotal roles in cell
proliferation and tissue formation after skin damage.

Yes-associated protein, or Yap, is a key player in hippo
pathway-regulated cell differentiation and proliferation during
the growth and development of adult animals including human
[15]. In the study of skin development, activation of YAP was
found to promote proliferation and inhibit differentiation and
apoptosis of primary mouse keratinocytes, while inactivation
of YAP reversed those processes [16], in addition, YAP can
interact with the TEA domain of its target cysteine-rich
angiogenic inducer 61 (CYRG61) to balance the growth and
differentiation of skin cells [16]. In kidney podocytes, YAP can
interact with PPXY motifs of dendrin through its WW domains
to reduce staurosporine-induced, dendrin-dependent apoptosis,
in addition, downregulation of YAP in kidney podocytes can
significantly increase podocyte apoptosis induced by
adriamycin [17]. A recent study showed that, YAP, as a major
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player in hippo signaling pathway, could regulate tissue
regeneration, organ size, and self-renewal of stem cells,
indicating the essential roles of YAP in cutaneous wound
healing [18]. All those previous studies indicate an opposite
role of YAP to that of Agrin. In the study of liver cancer,
Chakraborty et al. reported that Agrin played a role as a
mechanotransduction signal to regulate the activation of YAP
through hippo signaling pathway [8]. In our study,
downregulation of Agrin was found to activate YAP, indicating
the adverse effects of agrin on YAP activation in fibroblast.

A recent study has shown that effect of agrin on the activation
of YAP is closely related to integrin-mediated focal adhesion
[8]. As kind of cytoplasmic tyrosine kinase, FAK plays pivotal
roles in transduction of various integrin-mediated signals [19].
FAK is usually localized in focal adhesions to recruit talin to
nascent adhesions [20]. It has been reported that agrin confines
hippo signaling to focal adhesions through its interactions with
FAK-ILK-PAK1 pathway [21], and the axis formed by agrin
and FAK drives EMT in hepatocellular carcinoma [22]. In our
study, phosphorylation level of FAK was significantly reduced
in cells with agrin silencing, indicating the important role of
YAP in activating FAK protein in fibroblasts. Effects of agrin
on the regulation of YAP activation can also be achieved
through the interactions between agrin and Lrp4/MuSK
pathway [21]. In motor neurons, agrin can promote the
formation of neuromuscular junction by stimulating LRP4-
MuSK receptor in muscles [23]. Previous studies also found
that agrin in ECM could also interact with LRP4/MuSK
pathway to maintain the activation of YAP, so as to promote
the progression of hepatocellular carcinoma [21]. Consistent
with previous studies, in our study, downregulation of agrin
was found to significantly reduce the phosphorylation of
MuSK protein, indicating the pivotal roles of agrin in the
activation of MuSK.

In summary, agrin is essential for the proliferation, migration
and invasion ability of HSF cells. Expression level of agrin is
negatively correlated with the phosphorylation level of YAP
but positively correlated with the phosphorylation level of FAK
and MuSK. Therefore, we conclude that agrin can activate
YAP in HSF possibly through the interactions with integrin
mediated adhesion and Lrp4/MuSK receptor-mediated
signaling pathways.
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