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Abstract
BACKGROUND: Lost of adhesion of the mesenchymal stem cell (MSC) to the extracellular matrix (i.e.,
anoikis) caused poor survival, which limited the therapeutic e�cacy of the MSCs. We recently found that
the suppression of the mammalian sterile 20-like kinase 1 (Mst1) protected the mouse bone marrow
MSCs (mBMSCs) from ROS-mediated cell apoptosis. However, the effect of Mst1 inhibition on the anoikis
of mBMSCs remains elusive.

METHODS: We propose the use of poly-HEMA-induced anoikis following the Mst1 silencing in the
mBMSCs, then cell anoikis were tested by Anoikis Assay Kit and TUNEL Assay Kit, and the change of
integrin (ITG)/FAK signal pathway were measured.

RESULTS: The mBMSCs were susceptible to anoikis but became anoikis-resistant via Mst1 inhibition. In
addition, p- focal adhesion kinase (p-FAK) was upregulated, whereas activated caspase 3 was
downregulated in the poly-HEMA-treated mBMSC/sh-Mst1. Mst1 inhibition activated ITGα5 and ITGβ1
but not ITGα4, ITGαv, or ITGβ3. Further analysis revealed that anoikis resistance conferred by sh-Mst1
was disrupted by either inhibiting ITGα5 or ITGβ1 by using siRNA.

CONCLUSIONS: Mst1 inhibition resulted in the anoikis resistance of mBMSCs by activating the
ITGα5β1/FAK signaling pathway. Inactivation of Mst1 may provide a promising strategy to overcome the
anoikis of the implanted MSCs.

Introduction
Mesenchymal stem cell (MSC) therapy offers an attractive therapeutic approach for pulmonary arterial
hypertension (PAH) because of their antiin�ammatory, immunomodulatory, and regenerative properties
[1]. The therapeutic potential of MSC therapy to improve disease-associated parameters and the
underlying encouraging outcomes for PAH have been demonstrated [2, 3]. However, less than 5% of the
transplanted cells are retained in vivo [4]. Therefore, the low survival rate is likely to be the major obstacle
to a therapeutic MSC-based approach to PAH.

Anoikis is a form of programmed cell death when the cells were detached from the extracellular matrix
(ECM), resulting in apoptosis due to the loss of integrin (ITG)-mediated signals [5]. ITGs are
transmembrane molecules that exist as an α:β heterodimeric complex, which play a role in cell survival [6,
7]. Studies have shown that ITGs have different abilities to protect cells from anoikis by utilizing diverse
signaling pathway, including focal adhesion kinase (FAK) signal [5]. Upon detachment, FAK is one of the
key ITG signal molecules recruited into the focal adhesion sites, consequently activating the cell survival
signal. MSCs have similar features with tumor cells in the ability of unlimited reproduction and some
common molecular pathways [8, 9]. Moreover, substantial evidence has indicated that anoikis is
potentially a major contributor to the apoptosis of transplanted cells [10, 11]. After detachment from the
culture dish for engraftment and injection into the damaged tissue/organ, MSCs encounter the lack of
matrix support and adhesion to ECM. This condition leads to a low propensity to the proliferation and
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adhesion and a change in the series of anoikis signaling pathways [3, 12, 13]. Thus, accumulating
studies have suggested that the regulation of molecules involving adhesion and apoptosis may decrease
the anoikis of the transplanted MSCs [14, 15].

We have previously demonstrated that inhibition of the mammalian sterile 20-like kinase 1 (Mst1)
improved the cell viability in H2O2-induced mouse bone marrow mesenchymal stem cells (mBMSCs) [16].
Mst1 (also known as Stk4) is a serine-threonine kinase that constitutes a key component of the Hippo
signaling pathway, regulates cell apoptosis, and interacts with ITG [17]. However, the effect of Mst1
inhibition on the anoikis, especially the signal pathway controlled by Mst1 inhibition in the anoikis of
mBMSCs, has not been clearly de�ned.

In this study, we examined the potential role of Mst1 inhibition in the regulation of anoikis of mBMSCs
and investigated the change in the ITG/FAK signal by Mst1 inhibition.

Methods

Cell culture
The mBMSCs were obtained as previously described [16]. Cultured mBM-MSCs between passages 3 and
5 were used for the following experiments.

Adenovirus infection
The adenovirus harboring Mst1 shRNA (Ad-sh-Mst1) and the control vector for Mst1 shRNA (Ad-NC-Mst1)
were purchased from WZ Biosciences (China). Vector details have been described previously [16]. The
shRNA sequence targeting mouse Mst1 was GCCCTCACGTA GTCAAGTATT.

Nude mouse tumorigenicity
A total of 10 female nude mice (4 weeks old) were purchased from the Beijing Vital River Laboratory
Animal Technology Co., Ltd. (No. 110011211101205428) and maintained in a speci�c pathogen-free
environment. Then, 5.0×106 of the mBMSCs, mBMSC/NC-Mst1, and mBMSC/sh-Mst1 were injected into
the right �ank near the hind leg of each nude mouse. The tumors were measured with a caliper every 4
days. At 60 days after cell inoculation, all mice were terminated with ether anesthesia, and the tissues
were harvested. All animal procedures were approved by the Animal Care and Use Committee of
Shandong First Medical University (No. 2021-177).

Differentiation capacity assay
For the osteogenic differentiation, mBMSCs, mBMSC/NC-Mst1, and mBMSC/sh-Mst1 were cultured for
21 days in a complete α-MEM medium containing 10−7 M dexamethasone, 10 mM β-glycerol phosphate,
and 50 µM ascorbate-2-phosphate. The media were changed every 3 days. Calcium deposits were
detected by alkaline phosphatase staining.
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For the adipogenic differentiation, the cells were incubated for 21 days in a complete α-MEM medium
containing 10−6 M dexamethasone, 0.5 µM isobutylmethylxanthine, and 10 ng/ml insulin. The adipogenic
induction medium was changed every 3 days. The lipoid substances were stained with Oil Red O. Both
alkaline and Oil Red O staining were visualized by light microscopy.

siRNA transfection
The siRNAs were obtained from GenePharma (China). The sequences of the sense and antisense strands
of the siRNA were as follows: mouse siRNA-ITGα5, 5 -GCAGGGAGAUGAAGAUCUACC  (sense) and 5 -
UAGAUCUUCAUCUCCCUGCAG  (antisense); mouse siRNA-ITGβ1, 5 -GGAGAACCACAGAAGUUUACA-
3 (sense) and 5 -UAAACUUCUGUGGUUCUCCUG-3  (antisense); and siRNA-negative control (NC), 5 -
UUCUCCGAACGUGUCACGUTT  (sense) and 5 -ACGUGACACGUUCGGAGAATT-3  (antisense). Then, 24 h
after infecting Ad-sh-Mst1, the mBMSCs at 75% con�uence were transfected with ITGα5 or ITGβ1 or NC
siRNA (50 nM) by using the Lipofectamine RNAi MAX (Invitrogen) according to the manufacturer’s
instructions. The level of ITGα5 or ITGβ1 expression was signi�cantly blocked by the transfected siRNA.

Cell treatment
Dishes coated with poly-hydroxyethyl methacrylate (Poly-HEMA; Sigma, USA) were used to prevent the
adhesion of cells to the tissue culture plates. Brie�y, poly-HEMA stock were dissolved in 95% ethanol at a
concentration of 12 mg/ml, and 1 ml of the 12 mg/ml poly-HEMA was added to each well of a 6-well
plate, which was dried overnight in a clean bench. Cells were transfected as previously described. Cells (5
× 105) were plated in each well coated with 12.5 mg/ml Poly-HEMA for a certain time.

Cell viability assay
The CCK-8 assay (Beyotime Institute of Biotechnology, China) was then employed to assess the cell
viability. After being cultured in poly-HEMA-coated dishes, the cells were collected and seeded
(3×103/well) in 96-well plates. Then, 10 µl/well CCK‐8 at 10% dilution was added to each well, and the
plate was incubated for 1 h in an incubator. Spectrophotometric readings were normalized using cell-free
medium as a blank. Absorbance was measured at 450 nm by using a Multiskan MK3 microplate reader,
and the experiments were repeated thrice. Cell viability was calculated as the ratio of control.

Cell adhesion
After being cultured in poly-HEMA-coated dishes, the collected cells were resuspended in the complete α-
MEM medium and then plated in triplicates (5× 104 cells/well) onto the well coated with �bronectin (10
g/ml), which was previously blocked for 1 h with 1% BSA. After 6 h, the cells were washed by PBS and
stained with crystal violet. Before 10% acetic acid was used, the unbound dye was removed by PBS. The
absorbance was read at 630 nm by using a Multiskan MK3 microplate reader. The experiment was
repeated thrice. Cell viability was calculated as the ratio of control.

Anoikis assay
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Anoikis assay was performed using the Anoikis Assay Kit (ab211153, Abcam, USA) according to the
manufacturer’s instructions. After transfection, the cells were added to each well of the 96-well Anchorage
Resistant Plate for 36 h and then treated with s AM/EthD-1. Quantitative measurement was performed
using a microplate reader at Ex/Em = 485/515 nm (Calcein AM) and Ex/Em = 525/590 nm (EthD-1).

Flow cytometry
After 36 h of incubation in poly-HEMA-coated dishes, the cells were collected after centrifugation at 300
×g for 5 min and incubation in the antibody (ITGα4 [1/500 dilution, 553157, BD], ITGα5 [1/500 dilution,
557447, BD], ITGαv [1/300 dilution, 740946, BD], ITGβ1 [1/500 dilution, 561796, BD], ITGβ3 [1/100
dilution, 740677, BD]) for 1 h, which was performed according to the operation manual.

Anoikis was also analyzed using in situ Direct DNA Fragmentation (TUNEL) Assay Kit (ab66108, Abcam).
After being cultured in poly-HEMA-coated plate, the cells were collected and added to 70% ice ethanol for
30 min. Then, ethanol was removed, and the cells were resuspended by a wash buffer. Then, the cells
were stained with a staining solution for 60 min. Prior to the addition of the PI/ RNase A solution, the cells
were treated using a rinse buffer twice. Quanti�cation was analyzed by the BD FACSDiva software
(Ex/Em = 488/520 nm for FITC, and 488/623 nm for PI).

Quantitative PCR (qPCR)
The qPCR was performed as previously reported [16]. The total mRNA from the mBMSCs underwent
differentiation via 21-day exposure to osteogenic or adipogenic condition, or the cells transfected with
siRNA were isolated using Trizol Reagent (Thermo Fisher Scienti�c, Inc.). The RNA was subsequently
reverse transcribed to cDNA, and ampli�ed using SYBR® Premix Ex TaqTM  kit (Takara, Dalian, China) on
ABI 7500 real-time PCR system (Applied Biosystems). Each experiment was repeated thrice. Data were
normalized using the housekeeping gene GAPDH by the 2−ΔΔCT method. The primer sequences are shown
in the Supporting Information Table 1.

Western blot analysis
To determine the protein expression, Western blot analysis was performed. After being cultured in poly-
HEMA-coated plate, the whole-cell protein extracts were prepared in RIPA lysis buffer, subjected to SDS-
PAGE, and transferred onto PVDF membranes. The membranes were then blocked for 1 h with 5%
skimmed milk or BSA in TBST and incubated overnight at 4 ℃ with the following primary antibodies
(diluted by Western Primary Antibody Buffer, Beyotime): Mst1 (1:1000, ab51134, Abcam), ITGα5 (1:1000,
ab150361, Abcam), ITGβ1(1:1000, ab179471, Abcam), Phospho-FAK (Tyr397) (1:500, 3283S, CST), FAK
(1:1,000, 3285S, CST), activate caspase 3 (1:1000, ab214430, Abcam), and caspase 3 (1:1000, ab18297,
Abcam). GAPDH (1:1000, 5174S, CST) served as the loading control. The anti-rabbit IgG and HRP-linked
antibody (1:1000, 7074S, CST) were used. The relative protein expression levels were compared with
those of GAPDH by using ImageJ software.

Statistical analysis
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All results were expressed as means ± SD. The data were analyzed by one-way ANOVA. P value less than
0.05 was considered signi�cant.

Results

Lost cell-ECM adhesion enhanced the aberrant apoptosis
and Mst1 expression of the mBMSCs
Poly-HEMA is used to construct an arti�cial anchorage-independent culture condition to mimic the
suspended state of mBMSCs. Here, we assessed the susceptibility of mBMSCs to anoikis in detached
condition. The results from the anoikis assay by TUNEL and Anoikis Assay Kit showed that the rate of
mBMSC apoptosis increased in the detached-condition induced by poly-HEMA in a time-dependent
manner (Figs. 1A–C). These results suggested that culturing in precoated Poly-HEMA plates induced
anoikis of mBMSCs.

With the use of CCK-8, the cell proliferation of the mBMSCs also decreased in a time-dependent manner
(Fig. 1D), and the mBMSCs exhibited decreased adhesion in the precoated poly-HEMA plates for 24, 36,
and 48 h (Fig. 1E) compared with that at 0 h. The ability of cell adhesion decreased after the cells were
cultured in precoated poly-HEMA plates. These observations suggested that the anchorage-independent
growth in mBMSCs were suppressed.

To determine the change in the Mst1 expression under the detached condition, we checked the expression
level of the Mst1 proteins. The results indicated the upregulation of proapoptotic protein Mst1 in the
detached mBMSCs (Fig. 1F), and Mst1 expression increased signi�cantly after the cells were cultured for
36 h in the detached condition (Fig. 1F). These phenomena suggested that the anoikis mBMSCs
exhibited higher expression of Mst1. Combined with the results in our previous study, Mst1 inhibition may
shift the anoikis induced by poly-HEMA. Thus, Mst1-depleted mBMSCs were then examined to test the
hypothesis that Mst1 inhibition protected the mBMSCs from anoikis. The mBMSCs were infected with the
adenovirus harboring the Mst1 shRNA, and the mRNA and protein expression levels of Mst1 were
analyzed by qPCR and Western blot (Supporting Information Fig. S1).

The mBMSCs/sh-Mst1 exhibited multipotent capabilities in
vitro and no oncogenesis in vivo
We evaluated the effect of Mst1 inhibition on the osteogenic and adipogenic differentiation of the
mBMSCs. As shown in Figs. 2A and C, the suppression of Mst1 was correlated with an increase in
osteogenic and adipogenic differentiation of the mBMSCs. Then, to determine accurately the effects of
Mst1 inhibition on the progression of osteogenic and adipogenic differentiation in the mBMSCs, qPCR
was performed. Runx2 and Alkaline phosphatase (ALP), which are the osteoblast differentiation markers,
were both signi�cantly increased in the mBMSC/sh-Mst1 (Fig. 2B) [18]. In addition, in the adipogenic
differentiation of mBMSCs, the mRNA level of the proliferator-activated receptor gamma (PPARg), a key
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regulator of adipogenic differentiation, was signi�cantly elevated by Mst1 inhibition. The expression of
the late adipogenesis marker, i.e., fatty acid binding protein 4 (FABP4), was also increased (Fig. 2D) [19].

No tumor-like mass appeared at 60 days postinjection in animals injected with mBMSC/sh-Mst1
(Fig. 2E). At 60 days postinjection, subcutaneous tissue, lung, liver, kidney and heart were harvested and
weighed, and the weight of the lung, liver, kidneys and heart in each group were kept approximately the
same (Fig. 2F and Supporting Information Table 2). Histological analysis showed no formation of
stromal structures by the mBMSC/sh-Mst1 in the subcutaneous tissue (Fig. 2G).

Suppression of Mst1 protected the mBMSCs from anoikis
When combined with the change in anoikis, cell proliferation, cell adhesion, and Mst1 expression, the
mBMSCs were cultured in precoated poly-HEMA plates for 36 h. Anoikis-induced cell apoptosis of
mBMSCs was detected using TUNEL and a commercial kit, in which the culture plate was coated with
poly-HEMA, and Calcein AM/EthD-1 was used for anoikis detection. A signi�cantly decreased cell death
was observed in the mBMSCs/sh-Mst1 (Figs. 3A–C). Similar to the abovementioned, the ability of cell
proliferation and adhesion were also improved by Mst1 inhibition (Fig. 3D, E). These results suggested
that Mst1 inhibition signi�cantly attenuated the ECM detachment‐induced anoikis in the mBMSCs.

The immunoblot data further supported the above notion. FAK, a focal adhesion protein, is a main
mediator of cell–substrate adhesion. Consistent with the increased ability of cell adhesion, mBMSC/sh-
Mst1 exhibited a robust FAK activation in Western blot analyses (Figs. 3F, G). Similar to apoptosis,
anoikis is mediated by caspase activation. In this study, the effect of Mst1 inhibition on the activation of
caspase 3 was measured using Western blot. As shown in Figs. 3F and G, Mst1 inhibition signi�cantly
suppressed the activation of caspase 3 in the suspension-grown mBMSCs. These data indicated that
Mst1 inhibition reactivated the FAK/Caspase3 pathway in the anchorage-independent mBMSCs.

Activation of ITGα5β1 by Mst1 inhibition conferred anoikis
resistance to the mBMSCs
Given that cell anoikis is mediated by the heterodimeric cell surface receptor ITG, we explored the role of
ITGs in anoikis-resistant mBMSCs/sh-Mst1. First, we compared the expression pro�le of ITGα5, ITGαv,
ITGα4, ITGβ1, and ITGβ3 in the poly-HEMA-treated mBMSCs by �ow cytometry. The levels of ITGα5,
ITGαv, ITGα4, ITGβ1, and ITGβ3 decreased signi�cantly in the anoikis groups than in the control groups
(Figs. 4A, B). The poly-HEMA-treated mBMSC/sh-Mst1 showed an increasing trend for ITGα5 and ITGβ1
compared with the anoikis mBMSCs, whereas the level of ITGαv, ITGα4, and ITGβ3 showed no different
expression pro�les between the anoikis mBMSCs and poly-HEMA-treated mBMSCs/sh-Mst1 (Fig. 4A, B).
These data indicated that the sh-Mst1 inhibition reactivated ITGα5 and ITGβ1.

To demonstrate the changes in ITGα5 and ITGβ1, we studied their role in anoikis-resistant mBMSCs/sh-
Mst1 as our model. We performed the anoikis susceptibility by their individual genetic ablation. The
transfection e�ciencies are shown in Figs. 4C–F. In the anoikis-resistant mBMSC/sh-Mst1, the siRNA-
mediated ablation of ITGα5 or ITGβ1 reversed cell death, cell proliferation, and cell adhesion (Figs. 5A–E),



Page 8/18

and the FAK/Caspase 3 pathway was inactivated by either ITGα5 or ITGβ1 siRNA (Figs. 5F–K).
Knockdown of ITGα5 or ITGβ1 did not affect the expression of Mst1 (Fig. 5G).

Discussion
Compelling evidence has indicated that anoikis limits the therapeutic e�cacy of MSCs implanted for
tissue repair [20]. Here, we provided the �rst demonstration that mBMSC/sh-Mst1 could survive after the
detachment from the substratum by the process called anoikis resistance. We also showed that this
response was mediated by the upregulation of the ITGα5β1/FAK signal.

Loss of cell-ECM adhesion promotes death by anoikis, the perturbation of which leads to abnormal cell
proliferation [21]. By contrast, enhancing the adhesion of MSCs may bene�t the MSC-based therapies
that exploit the tropisms of MSC for the injured sites by guiding permanent anchorage to the target tissue
[22, 23]. Moreover, the acquisition of anoikis resistance could facilitate anchorage-independent growth
[24]. In the poly-HEMA-treated mBMSC systems, we noticed that upon detachment, the mBMSCs
underwent apoptosis and loss of cell proliferation and cell adhesion. However, combined with the
previous study, Mst1 inhibition not only overcame anchorage-dependent apoptosis (i.e., anoikis) of the
mBMSCs but also improved mBMSC adhesion to ECM and cell proliferation. Therefore, Mst1 inhibition
may enhance the survival of the transplanted mBMSCs through the inhibition of anoikis.

Mst1 has been demonstrated to serve as a key component of a multistep signaling pathway that controls
various cellular processes, including cell differentiation. [25]. In the present study, we showed that Mst1
inhibition improved the osteogenic and adipogenic differentiation capability of mBMSCs, which is
regarded as the gold standard of testing the differentiation potential of the MSCs. The multipotential
differentiation capacity makes the MSCs an attractive target for cell-based regenerative therapies [1–3].
Thus, Mst1 inhibition may improve the curative effect of mBMSCs on PAH.

Although the clinical trial data provide evidence of the extraordinary safety pro�le of MSC therapy,
scholarly literature has presented several reviews of the role of MSCs in the tumorigenic progression [26–
28]. Furthermore, anoikis resistance can protect tumor cells against mechanical stress-induced cell death
[29]. Therefore, the improved anoikis resistance of MSCs may promote the initiation of tumor. In the
present study, anoikis of mBMSCs was suppressed by Mst1 inhibition, while nude mouse tumorigenicity
assay may demonstrate the safety pro�le of the administration of mBMSC/sh-Mst1.

Many experimental data have demonstrated that the deregulation of ITG and changes in their expression
pro�le can contribute to several cellular processes, including cell survival, adhesion, and proliferation.
Moreover, as a switch, by changing the ITG expression, cells could overcome anoikis [30]. ITGs are
transmembrane αβ heterodimers, and at least 18 α and 8 β subunits are known. However, integrin
heterodimers may differ in their ability to suppress apoptosis and survive under special circumstances
[24]. For example, downregulation of ITGα5β1 can contribute to acquisition of anoikis resistance of
human intestinal carcinoma cells. However, upregulation of ITGα5β1 leads to anoikis resistance by
eliciting antiapoptotic signals, including the activation of the FAK [5, 24, 31]. In this study, ITGα5, and
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ITGβ1 were upregulated in the mBMSC/sh-Mst1 cultured in the cell-detachment condition. Moreover,
ITGα5 and ITGβ1 were proposed to account for the Mst1 inhibition-induced anoikis resistance in the
mBMSCs. Suppressing either ITGα5 or ITGβ1 by siRNA did not affect Mst1 expression, but Mst1
inhibition-induced anoikis resistance was abolished. These results suggested that ITGα5β1 acted as a
downstream of Mst1 and a collaboration existed between ITGα5 and ITGβ1 involved in anoikis-resistant
mBMSCs/sh-Mst1These phenomena suggested that suppression of Mst1 interacted with ITGα5b1 to
support the anoikis resistance of the mBMSCs.

Limitation
Considering that mBMSCs were conferred anoikis resistance by the suppression of the Mst1 expression,
further experiments need to be carried out. For example, we did not test the role of Mst1 overexpression in
the mBMSCs cultured in the detached condition. We also did not exclude the possibility of additional
factors that may promote anoikis resistance and the direct interaction between Mst1 and ITGα5β1.

Conclusion
Mst1 inhibition signi�cantly improved cell survival, cell proliferation, and adhesion of the mBMSCs
cultured in detached condition by activating the ITGα5β1/FAK signal pathway. Moreover, Mst1 inhibition
not only improved the multipotent capabilities of mBMSCs but also retained the safety pro�le of
mBMSCs. Thus, Mst1 inhibition-based delivery may increase the therapeutic e�cacy of MSCs, making
them ideal candidates for clinical transplantation in PAH.
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Figure 1

Poly-HEMA-treated mBMSCs exhibit susceptibility to anoikis. A. The ratio of TUNEL positive-cell
(apoptotic cells) of mBMSCs in pre-coated poly-HEMA condition for 0h, 12h, 24h, 36h and 48h using �ow
cytometry. B. Data expressed as fold of 0h groups. C. Anoikis Assay Kit was used to detect anoikis of
mBMSCs cultured in pre-coated poly-HEMA condition for 0h, 12h, 24h, 36h and 48h. Quantitated with a
�uorescence microplate reader and data expressed as fold of oh groups. D. Cell viability was measured in
mBMSCs cultured in pre-coated poly-HEMA condition for 0h, 12h, 24h, 36h and 48h by CCK-8. Data
expressed as fold of 0h groups. F. Cell adhesion of mBMSCs was analyzed in mBMSCs in pre-coated
poly-HEMA condition for 0h, 12h, 24h, 36h and 48h. Data expressed as fold of 0h groups. G. Cell lysates
from mBMSCs cultured in pre-coated poly-HEMA condition for 0h, 12h, 24h, 36h and 48h were subjected
to Western blot analysis for protein expression of Mst1. The expression of protein was expressed as fold
of GAPDH. Values are mean ± SD of three independent experiments in each case. **p < 0.01, *p < 0.05,
ncp >0.05.
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Figure 2

The osteoblastic and adipogenic differentiation potential of mBMSCs/sh-Mst1 and the safety pro�le of
mBMSCs/sh-Mst1 administration. A. Representative images of ALP staining of mBMSCs after cultured in
osteogenesis induction medium for 21 days. B. Representative images of Oil Red O staining of mBMSCs
after cultured in adipogenesis induction medium for 21 days. C. qPCR analysis of the relative levels of
Runx2 and ALP mRNA expression in mBMSCs cultured in adipogenesis induction medium for 21 days. D.
qPCR analysis of the relative levels of PPAR  and FABP4 mRNA expression in mBMSCs cultured in
adipogenesis induction medium for 21 days. E and F. Model was established in nude mice
subcutaneously implanted with mBMSCs (n=3), mBMSCs/NC-Mst1 (n=3), mBMSCs/sh-Mst1 (n=4).
Representative images of heart, liver, spleen, lung and kidney in each group after 60 days post-injection.
G. Para�n-embedded subcutaneous sections derived from cell-injection cites were stained with
hematoxylin and eosin (H&E). Data are mean ± SD of three technical replicates. **p < 0.01, *p < 0.05, ncp
>0.05.
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Figure 3

The effect of Mst1 inhibition on anoikis-mBMSCs. Cells were cultured in pre-coated poly-HEMA condition
for 36h. A. The ratio of TUNEL positive-cell (apoptotic cells) analyzed by �ow cytometry. B. The data were
expressed as fold of control groups. C. Cells were stained with Calcein AM and EthD-1, then quantitated
with a �uorescence microplate reader. The ratio was were normalized by control groups. D. Proliferation
of mBMSCs as determined by CCK-8 assay and expressed as fold of control groups. E. Cell adhesion
evaluated as fold of control groups. F and G. Expression of p-FAK (Tyr397) and activate caspase 3 as
evaluated by Western blot analyses. GAPDH served as control. Values are mean ± SD and experiments
are completed in triplicate. **p < 0.01, *p < 0.05, ncp >0.05.
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Figure 4

The change of ITG protein expression in mBMSCs/sh-Mst1 cultured in pre-coated poly-HEMA condition.
Cells were cultured in pre-coated poly-HEMA condition for 36h. A. Flow cytometry analysis investigating
the expression of the ITGα5, ITGαv, ITGα4, ITGβ1, and ITGβ3, B. Data are expressed as fold of control
groups. C and D. mBM-MSC/sh-Mst1 was transfected with siRNA-NC, siRNA- ITGα5 and siRNA-ITGβ1,
ITGα5 and ITGβ1 expression levels were determined by PCR and Western blot analysis. GAPDH was used
as the loading control. Values are expressed as mean ± SD, n = 3. **p < 0.01, *p < 0.05, ncp >0.05.
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Figure 5

ITGα5β1/FAK signal pathway was activated in mBMSCs/sh-Mst1 cultured in pre-coated poly-HEMA
condition. mBMSCs/sh-Mst1, mBMSCs/sh-Mst1 transfected with siRNA-NC, mBMSCs/sh-Mst1
transfected with siRNA- ITGα5, mBMSCs/sh-Mst1 transfected with siRNA-ITGβ1 were cultured in pre-
coated poly-HEMA condition for 36h. A. The ratio of TUNEL positive-cell (apoptotic cells) analyzed by
�ow cytometry. B. The data were expressed as fold of control groups. C. Anoikis was also analyzed using
Anoikis Assay Kit, and quantitated with a �uorescence microplate reader and normalized by sh-Mst1
groups. D. Cell proliferation assessed by CCK-8 assay and expressed as fold of sh-Mst1 groups. E. Cell
adhesion expressed as fold of sh-Mst1 groups. F-K. Western blotting measures expression levels of Mst1,
ITGα5, ITGβ1, p-FAK and activate caspase 3. GAPDH was used as the loading control. Values are
expressed as mean ± SD. Measurements were performed in three replicates. **p < 0.01, *p < 0.05, ncp
>0.05. 1 group, Poly-HEMA treated mBMSCs/sh-Mst1; 2 group, Poly-HEMA treated mBMSCs/sh-Mst1
transfected with siRNA-NC; 3 group, Poly-HEMA treated mBMSCs/sh-Mst1 transfected with siRNA- ITGα5;
4 group, Poly-HEMA treated mBMSCs/sh-Mst1 transfected with siRNA- ITGβ1
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