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To study the autophagy and mechanism of phosphatidylinositol-3-kinase/protein kinase B/mammalian target
of rapamycin signaling pathway in the directional differentiation of mesenchymal stem cells and to provide
basic research results for its application in medical field is the main objective of the study. The lung cells and
bone marrow mesenchymal stem cells of mice were used as experimental materials. The experimental materials
were divided into five groups according to the settings of no-disturbance, induction of differentiation, promotion
of autophagy and inhibition of autophagy. The characteristics and changes of phosphatidylinositol-3-kinase/
protein kinase B/mammalian target of rapamycin signaling pathway-related signaling molecules, autophagy
activity and differentiation direction of mesenchymal stem cells in five groups were studied. According to the
experimental results, the average value of phosphatidylinositol-3-kinase signaling molecules in the lithium
chloride group was 6.21 on the 1* d of culture and the average value in the Dickkopf-1 group was 5.75. It can
be seen that the activation and inhibition of autophagy activity are related to phosphatidylinositol-3-kinase/
protein kinase B/mammalian target of rapamycin signaling. There is a clear correlation between the activation
of signaling molecules in the pathway. The expression of signaling molecules in the phosphatidylinositol-3-
kinase/protein kinase B/mammalian target of rapamycin signaling pathway can affect the autophagy behavior
of mesenchymal stem cells. This shows that mesenchymal stem cells have great application potential.
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Mesenchymal Stem Cells (MSCs) are adult stem
cells derived from biological mesoderm, which
retain a high degree of self-renewal and multi-
directional differentiation potentiall’l. These cells
have been used in regenerative medicine and tissue
engineering as a possible source of cells with the
ability of differentiation in different tissues!®. The
cells themselves can differentiate into osteogenic
mesenchymal cells and adipogenic mesenchymal
cells, and under appropriate induction operations,
MSCs can also differentiate into cells of other
lineagesP#. Other common lineage cells include
nerve cells, cardiomyocytes and epithelial cellsPl.
Since the discovery of MSCs, these have been
studied in the field of treatment of various diseases.
One representative area is acute respiratory distress
syndrome, a disease that causes diffuse damage to
the alveolar epithelium and the ability of MSCs to
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differentiate into other lineages has a targeted effect
on this diffuse damage to the epithelial tissue.

However, MSCs have obvious defects in the
medical treatment of other tissues, mainly because
the MSCs do not stay in the tissue for a long time
and have limited differentiation ability. Therefore,
it is necessary to further study the directional
differentiation of MSCs!®. The differentiation of stem
cells is highly related to its autophagy mechanism.
Some studies have shown that the proliferation
and directional differentiation of stem cells can be
promoted or inhibited by regulating the autophagy
activity of stem cells”). Autophagy is an important
mechanism for ensuring the turnover of intracellular
substances, a process that allows damaged proteins
and organelles to be degraded and recycled. At the
same time, autophagy is also considered to be related
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to some degenerative diseases and it is also closely
related to the mechanism of tumorigenesis!®. As an
example, Liu ef al. showed the protein involvement
in cell autophagy in primary bone tumors®.

Phosphatidylinositol-3-Kinase (PI3K)/Protein kinase
B (Akt)/mammalian Target of Rapamycin (mTOR)
pathway is one of the most signal transduction
pathways and a vital regulator of cell proliferation,
flourishing, apoptosis and autophagy!®!?. According
to the previous studies, this signaling pathway totally
exists in follicles with the ability of follicular atresia
and apoptosis regulation'!).

There is a theory that the autophagy of MSCs is
affected by the PI3K/Akt/mTOR signaling pathway,
so regulating the expression of the PI3K/Akt/mTOR
signaling pathway and its related signaling molecules
can affect the autophagy of MSCs, further affecting
its directional differentiation ability!'3l.

This study aims to explore the role and mechanism
of PI3K/Akt/mTOR signaling pathway in autophagy
during MSCs directional differentiation and provide
basic results for the application of MSCs in the
medical field.

MATERIALS AND METHODS

General information:

In this study, MSCs were treated by in vitro co-culture
and lung cells were used as in vitro co-culture materials
to experimentally regulate the effect of PI3K/Akt/
mTOR signaling pathway on autophagy during the
differentiation of MSCs. In the experiment, mice were
used as the cell source and the MSCs and lung cells
were extracted for operation. All animals were handled
in accordance with animal ethics standards during the
experiment.

Research methods:

Endotoxin-injured lung cells and normal Ilung
cells were extracted from mouse lungs and spinal
cord and MSCs were extracted from mouse spinal
cords as research materials. The reason for using
bone marrow MSCs is that the cells have strong
proliferation and differentiation ability and are easy
for gene transfection!'¥, At the same time, it’s easy
extraction and low immunogenic properties are also
beneficial for experiments. The current methods for
isolating MSCs from bone marrow include density
gradient centrifugation, immunomagnetic bead method
and whole bone marrow adherence method, among
which the density gradient centrifugation method will
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inevitably damage the micro-organisms of the original
MSCs during the operation process, environment
and growth factors, while the immunomagnetic bead
method, although highly accurate, can cause excessive
cell death during the operation, and the equipment cost
is very high. Whole bone marrow adherence method
has the characteristics of small cell damage, high purity
and high activity!'s). In terms of operation method and
cost, the whole bone marrow adherence method is
also a relatively simple and low-cost method among
the mainstream methods. Therefore, the whole bone
marrow adherence method is used here for the isolation
of MSCs. When extracting the spinal cord tissue
of the mice, the mice were killed by dislocation and
the hind limb bones, tendons and related connective
tissues were isolated under sterile conditions, and the
bone marrow cavity was exposed from the back. The
extracted bone marrow suspension was centrifuged
at low speed and transferred for culture. During this
period, the morphology and growth of the cells were
observed under a microscope and the cells cultured
through the Passage 3 (P3) were used as seed cells for
the experiment.

After the MSCs were extracted, the lung cells of the
mice were also extracted. The mice were divided into
two groups and 5 pg/g of endotoxin was injected into
the trachea of one group to induce respiratory distress
syndrome. After the mice of each group were quickly
sacrificed by cardiac puncture and blood drawing, the
lung tissue was excised, washed and digested in culture
medium. The treated lung cells also need to undergo
three processing steps: Density gradient centrifugation,
red blood cell lysis and ethylenediaminetetraacetic acid
rinsing. Among them, density gradient centrifugation
can effectively separate lung cells and extract lung
cells at different levels. This operation is achieved by
using lymphocyte separation liquid and a horizontal
centrifuge. After adding the separation liquid to the
short tube, the digested and filtered lung tissue mixture
is superimposed on the liquid separation layer and
centrifuged. After centrifugation, the tube should
be clearly divided into three layers. The upper layer
is mainly plasma, the middle layer is lymphocyte
separation fluid and the lower layer is red blood cells,
granulocytes and platelets. Erythrocyte lysis is a method
of removing erythrocytes in the stock solution with
erythrocyte lysing solution without damaging nucleated
cells. The specific antigens present on the surface of the
red blood cells, the enzymes in the lysate will attack
these antigens, causing the red blood cells to deform
and swell until they are lysed. At the same time, non-
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enzymatic lysate can also be used to treat erythrocytes.
Due to the special electronegativity, osmotic fragility
and suspension stability of erythrocytes compared
with cells, non-enzymatic lysate can identify and lyse
erythrocytes through these characteristics. A small
amount of other cell types are lysed during this process,
which is normal.

After the required cells are extracted, an in vitro
co-culture model for the experiment needs to be
established. This model is mainly done using insert cell
culture dishes. The device is a two-layer cell culture
device that can be used to detect the invasive ability
and related characteristics of cells!'®. The principle is
that the cells to be tested are placed in a low-nutrient
medium, another layer is provided with a high-nutrient
medium and a matrigel that mimics the extracellular
matrix is placed in the middle of the two layers. The
ability of the cells to invade can be seen by observing
the entry of the cells into the high nutrient solution layer.
Here, lung cells are placed in the upper layer and MSCs
are placed in the lower layer to create an environment
in which stem cells differentiate into lung cells. There
are five groups of in vitro culture models.

Blank group: This group cultured MSCs alone without
adding other cells or substances.

Normal cell group: This group cultured MSCs and
normal lung cells.

Damaged cell group: The group cultured MSCs and
endotoxin-induced injured lung cells.

Lithium chloride group: The group cultured MSCs
and endotoxin-induced injured lung cells, and lithium
chloride was added at a concentration of 4 mmol/l to
activate the Wingless-related integration site (Wnt)
pathway, and affect the expression of PI3K/Akt/mTOR-
related signaling molecules.

Dickkopf-1 (DKK-1) group: The group cultured
MSCs and endotoxin-induced injured lung cells, and
added 20 ng/ml of DKK-1 to inhibit the Wnt pathway
and affect the expression of PI3K/Akt/mTOR-related
signaling molecules.

Observation indicators:

Morphological observation: Using an inverted
microscope to observe the cultured MSCs and their
differentiation process, the bone marrow MSCs used
in the experiment should be spindle-shaped and similar
in shape to fibroblasts. In addition, a large number of
bone MSCs should show a spiral growth under the
microscope field!"”.
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Detection of surfactant markers: The expression of
surfactant in MSCs was detected by flow cytometry.
The detection method performs multi-parameter
quantitative analysis on a single sample and its principle
is to measure cell size, morphology, internal structure,
internal spatial distribution, etc. through the scattering
of fluorescent signals. Sorting by flow cytometry is
faster and more accurate among current methods. In the
assay, MSCs should express Cluster of Differentiation
(CD) 20 and CD90, but not CD45.

Osteogenic differentiation ability of cultured MSCs:
The osteogenic differentiation ability of bone marrow
MSCs is one of its important research values. In the
experiment, the MSCs were divided into an induction
group and a control group. The osteogenic differentiation
induction medium was used in the induction group and
the medium was changed normally in the control group,
and the morphological changes of the cells in the two
groups were observed. Afterwards, it was stained with
alkaline phosphatase and mineralized nodules, and its
changes were observed under the microscope. Finally,
the alkaline phosphatase concentration and enzyme
activity of the lysate were determined.

Adipogenic differentiation ability of cultured
MSCs: The adipogenic differentiation ability of
bone marrow MSCs is one of its important research
values. The cells were seeded on culture plates and
divided into control group and induction group. The
normal medium exchange operation was carried out
in the cells of the control group and the adipogenic
differentiation induction medium was added in the
induction group. The medium was changed every 3 d
and the cell morphology changes were observed under
the microscope. After 12 d of induction, oil red O was
used for staining and the cell morphology after staining
was observed.

The related molecules of PI3K/Akt/mTOR signaling
pathway was detected on the 1%, 3" and 7™ d after cell
culture. Western blotting was used for detection and the
signal molecules as detection objects included PI3K,
AKT and mTOR. The expression of these signaling
molecules can be used to understand the activation
of PI3K/Akt/mTOR signaling pathway during the
differentiation of MSCs to other cells!'®.

The autophagy marker proteins of MSCs were detected
on the 1%, 3 and 7" d after culture in the laboratory.
The detection method uses Western blotting, which
can detect a specific target protein from a mixture of
multiple proteins with high accuracy. The stem cell
autophagy marker proteins used for observation here
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are microtubule-associated protein 1 alpha (a)/1 beta
(B)-Light Chain 3 (LC3) I and LC3-II and Beclin-1
proteins.

LC3 dual fluorescent autophagy virus (monomeric Red
Fluorescent Protein (mRFP)-Green Fluorescent Protein
(GFP)-LC3) autophagy indicator marker and tracking
autophagy protein changes. Changes in LC3 protein
were followed on the 1%, 3" and 7™ d after culture using
mRFP-GFP-LC3. The autophagy activity of cells can
be judged according to the intensity and co-localization
of red and green fluorescence.

Cell proliferation index: The changes in the number of
cells were roughly evaluated by inverted phase contrast
microscopy at daily intervals and the tetrazolium
salt colorimetric experiment was performed on each
experimental group on the 1%, 3 and 7™ d, and the cells
in each group were calculated based on the results,
growth and proliferation.

Index of cell invasion rate: For the 5 experimental
groups, bone marrow MSCs were placed in the upper
layer of the insert cell culture dish and lung cells
were placed in the lower layer, and the interstitial and
basement membrane structures were reorganized. After
culturing in a cell incubator, the cell invasion rate was
observed. The method for judging this index is the ratio
of the sum of the number of cells migrated to the lower
layer and attached to the lower surface of the terminal
to the total number of cells before culture.

Statistical analysis:

The analysis software used in this study was Statistical
Package for the Social Sciences (SPSS) 13.0 and (X+s)
was used to indicate the measurement data involved in

Fig. 1: Observation results of cell morphology
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the study. The test method was t-test. The test result was
p<0.05 to indicate statistical significance and p<0.01 to
indicate the result of significant statistical significance.

RESULTS AND DISCUSSION

Identification results of the culture of MSCs were
explained here. In the experiment, the whole bone
marrow adherence method was used for the isolation
of primary cell culture. Fig. 1 shows the situation when
the cultured cells were digested and passaged to the 3
passage. The cells in the figure were distributed evenly
and the overall growth trend was swirling.

After direct observation of cell growth, cell surface
markers were detected by flow cytometry and the
detection results were shown in fig. 2. Fig. 2a is the
detection result of CD29", fig. 2b is the detection result
of CD90" and fig. 2c¢ is the detection result of CD45-
negative.

Identification results of directional differentiation
ability of MSCs are as follows. Since the bone marrow
MSCs were used in the experiment, the differentiation
directions of these cells included osteogenic
differentiation and adipogenic differentiation. The
morphological observation results of the osteogenic
differentiation process of bone marrow MSCs are
shown in fig. 3. Fig. 3a shows the morphology of the
cells in the control group at 12 d after the induction of
osteotropism and fig. 3b shows the morphology of the
cells in the induction group at 12 d after the induction
of the osteopathy. Fig. 3¢ is the morphology of the
cells in the control group after staining and fig. 3d is
the morphology of the cells in the induction group after
staining.
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Fig. 2: Detection results of different cell surface markers, (a) CD29; (b) CD90 and (c) CD45
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Fig. 3: Morphological observation results of cells induced by osteotropism, (a) Control group; (b) Induced group; (c) Stained control group and (d)

Stained induced group

At the same time, the morphology of adipogenic
differentiation of bone marrow MSCs was observed
and the results are shown in fig. 4. Fig. 4a shows the
shape of the cells in the induction group when they are
not stained and fig. 4b shows the shape of the cells in
this group after being stained with oil red O.

After the morphological observation of the
two differentiation directions of MSCs, the cell
differentiation was analyzed from a quantitative point
of view. The analysis results are shown in fig. 5. During
the analysis, mineralized nodule staining was used for
bone orientation induction and a semi-quantitative
detection method of residual dye solution was used for
fat orientation induction.
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Detection results of signal molecule activation of
PI3K/Akt/mTOR signaling pathway is explained here.
Table 1 shows the detection results of the activation of
several pathways in different cell states and induction
modes. It can be seen that both induction methods
significantly affect the expression of MSCs, showing
obvious inhibitory and promoting effects.

The changes of autophagy in MSCs under the influence
of PI3K/Akt/mTOR signaling pathway is necessary to
detect the expression of autophagy marker proteins
at different times. The autophagy marker proteins
involved in the detection include LC3-I, LC3-II and
Beclin-1, and the detection results are shown in Table
2.
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(a) Unstained

(b) Stained

Fig. 4: Morphological observation results of cells induced by lipotropism, (a) Unstained cells and (b) Stained cells
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Fig. 5: Quantitative analysis results of cell directional differentiation, ([l ) Control group and ([—]) Induced group

TABLE 1: DETECTION RESULTS OF ACTIVATION OF RELEVANT NEW SIGNAL ANALYSIS OF SEVERAL

CHANNELS
Time (d) Access Blank group NO;T:J:e“ Injl;:iﬂpcell chlcl-riitcrl];ugn:oup DKK-1 group
PI3K 6.51+0.05 7.31x0.04 6.42+0.04 6.21+0.03 5.75+0.07
1 AKT 4.80+0.04 4.24+0.08 4.10£0.05 4.12+0.04 4.93:0.02
mTOR 5.49+0.08 4.11+0.02 5.03:0.03 4.89+0.08 5.73+0.06
PI3K 5.97+0.04 6.08+0.05 2.05+0.07 3.09+0.05 8.02+0.02
3 AKT 4.64+0.04 4.20+0.07 4.13:0.02 3.08+0.04 5.10+0.02
mTOR 4.72+0.04 5.15+0.08 3.25£0.03 4.82+0.07 5.62+0.04
PI3K 3.89+0.02 4.08+0.08 3.84+0.05 3.47+0.06 8.04:0.08
7 AKT 3.41+0.07 3.19+0.05 3.41+0.02 2.84+0.03 6.71:0.03
mTOR 2.89+0.03 3.04:0.08 2.88+0.05 2.83+0.04 7.44+0.03
TABLE 2: EXPRESSION OF AUTOPHAGY MARKER PROTEINS OF MSCs
Tme @ L retan Blankeroup e chioride group | DKK-1 2roup
LC3-1 0.29+0.07 0.40+0.07 0.45+0.02 0.46+0.06 0.20+0.04
1 LC3-lI 0.28+0.03 0.34+0.06 0.39+0.01 0.40+0.07 0.22+0.04
Beclin-I 0.29:0.05 0.32:0.03 0.41:0.02 0.51+0.05 0.19+0.06
LC3-1 0.39+0.05 0.41+0.02 0.58+0.06 0.69+0.08 0.21+0.04
3 LC3-lI 0.33+0.04 0.39+0.08 0.53+0.06 0.63+0.02 0.29+0.05
Beclin-I 0.41+0.06 0.45:0.04 0.52+0.03 0.73+0.06 0.25+0.07
LC3-1 0.50+0.04 0.45+0.06 0.69+0.03 0.98+0.24 0.38+0.04
7 LC3-lI 0.59+0.05 0.62+0.03 0.72+0.05 1.11:0.03 0.39:0.13
Beclin-I 0.54+0.03 0.60+0.07 0.71+0.06. 1.01+0.02 0.41:0.02
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Tracking results of LC3 changes was shown here. In
order to accurately track and visualize the changes
of autophagy in MSCs, the changes of LC-3 protein
were tracked by the mRFP-GFP-LC3 dual fluorescent
autophagy indicator system marker, and the results
are shown in fig. 6. In fig. 6, the 1% and 2" rows are
the detection results of GFP and RFP on the 3% d,
respectively, and the 3™ and 4" rows are the detection
results of GFP and RFP on the 7™ d, respectively. From
left to right were blank group, normal cell group, DKK-
1 group, damaged cell group and lithium chloride
group. On the 1% d, there was little difference in the
brightness of the groups, but on the 3™ d, the brightness

ine.com

of the DKK-1 group increased significantly.

Test results of cellular reproduction are as follows.
The experiment also monitored the changes in cell
reproduction and recorded the test results on the 1%, 3%
and 7™ d of the experiment for comparison. The results
are shown in fig. 7. It can be seen that the cell value of
the lithium chloride group is the highest, and the DKK-
1 group is the lowest.

Finally, the cell invasion rate of MSCs was detected.
This link can be used to analyze the ability of MSCs to
differentiate into other cells. The measurement results
are shown in Table 3.

Fig. 6: Results of tracking LC-3 protein by mRFP-GFP-LC3 double fluorescent autophagy indicator system

5 _
=
=
=
=
= 4 F
Wy —
5 _—
= e
= i
o =
= - -
= = e = R
= 2 -~
k=
=
=)
]
G L
1
Time (dav

Fig. 7: Test results for cell reproduction, (
(w===) Injured cell group

Special Issue 4, 2022

Indian Journal of Pharmaceutical Sciences

—
e———— __ _ —
T —_ — -
-
[
e e —— T ——————m
a— - - R -
——
i ¥
3 !

5)

+-) Blank group; (—— ) DKK-1 group; ( ---) Normal cell group; ( ——) Lithium chloride group and

255



www.ijpsonline.com

TABLE 3: CELL INVASION RATE DETECTION RESULTS

Time-12 h
Groups Results
Cell invasion rate 0
Blank group p -
p* <0.05
Cell invasion rate 16.77+1.21
Normal cell group p <0.05
p* -
Cell invasion rate 18.01+0.04
Injured cell group p <0.05
p* <0.05
Cell invasion rate 19.25+0.31
Lithium chloride group p <0.05
p* <0.05
Cell invasion rate 19.02+0.05
DKK-1 group p <0.05
p* <0.05

Note: p represents the result of the comparison between the corresponding group and the blank group and p* represents the result of
the comparison between the corresponding group and the normal cell group

MSCs have strong self-renewal ability and have multi-
directional differentiation potential. Such cells can
differentiate into osteogenic mesenchymal cells and
adipogenic mesenchymal cells, and experiments have
shown that artificial induction of such cells can also
differentiate into neural cells and epithelial cells!'?!. In
this experiment, by observing the morphology of MSCs
and the identification results of flow cytometry, it can be
seen that the cell culture results are relatively successful
and the characteristics of MSCs are very obvious. The
differentiation direction induction experiment was
carried out on the cultured stem cells and it was found
that according to the different induction methods,
the MSCs showed a very obvious differentiation
direction. The alkaline phosphatase activity of the
cells reached 0.114 under the osteoinduction and the
average lipid accumulation value of the cells under
the adipogenic induction reached 0.058 and in both
induction directions, the response of MSCs to the dye
was very obvious. The experimental results on the
differentiation ability of MSCs are consistent with the
theory. In the activity of MSCs, the ability of autophagy
is indispensable. Autophagy facilitates the recycling
of cytoplasm and accelerates organelle synthesis!?’.
Through the mechanism of autophagy, MSCs can
ensure the normal progress of their proliferation and
differentiation functions. However, studies have shown
that in general, the basal autophagy activity of MSCs
in vivo is not high and the autophagy activity will
gradually decrease during the process of directional
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differentiation induction, which leads to the loss of
proliferation and proliferation of MSCs differentiation
ability!,

The autophagy activity of cells can be effectively
regulated which is an important factor for fully applying
the differentiation potential of MSCs for the treatment
of diseases. There is a view that the autophagy activity
of MSCs may be regulated by the PI3K/Akt/mTOR
signaling pathway. Therefore, this study focused on
the differentiation of MSCs into alveolar epithelial
cells as the research content to observe the PI3K/Akt/
mTOR signaling is the effect of the pathway on this
process?., In the experiment, the MSCs were set under
different induction conditions and it was found that the
expression of PI3K/Akt/mTOR signaling molecules
in the injured lung cell group and the lithium chloride
group was significantly down-regulated compared
with the normal lung cell group. In addition, the PI3K/
Akt/mTOR signaling molecules in the DDK-1 group
also showed significant differences from those in the
normal lung cell group with the expression of AKT and
mTOR-related signaling molecules on the 1% d being
4.93 and 5.73, respectively. The experimental results
show that the expression of PI3K/Akt/mTOR pathway-
related signaling molecules in MSCs will show great
differences under different induction environments.
At the same time, observing the detection of cell
reproduction and invasion rate in the experiment, it
was found that the DDK-1 group had the smallest cell
reproduction value and the lithium chloride group had
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significantly higher values than other groups. Induction
environment and its differentiation performance
showed obvious consistency with the expression of
PI3K/Akt/mTOR pathway-related signaling molecules.
Other related studies have reached the same conclusion
as this experiment. During the process of activating
the Wnt pathway and accelerating the differentiation
of other MSCs, the expression of Phosphatase and
Tensin homolog (PTEN) proteins of lithium chloride
will increase, significantly up-regulated, that is, when
MSC s differentiate into other cells, their differentiation
ability is greatly affected by the PTEN-PI3K/Akt/
mTOR signaling pathway.

Other studies in this field have shown that various
receptors, ligands and related components of the Wnt
signaling pathway can therefore be expressed on
MSCs?*, In the lithium chloride-induced environment,
the expression of autophagy-related proteins
significantly increased during the differentiation of
MSCs into alveolar epithelial cells?¥. At the same
time, autophagy inhibitors can significantly reduce the
differentiation of MSCs[®!. The results of this study
indicate that the differentiation process of MSCs is
affected by its autophagy mechanism. The higher the
autophagy activity of MSCs within a certain range, the
stronger the cell differentiation ability and the lower the
autophagy activity, the weaker the cell differentiation
ability. In this experiment, several autophagy marker
proteins in MSCs were detected by Western blotting.
The test results showed that the expressions of LC3-I,
LC3-II and Beclin-1 proteins in the injured cell group
and the lithium chloride group were significantly
up-regulated compared with the normal cell group.
On the 7" d, the Beclin-1 expression in the lithium
chloride combined injury cell group was 1.0 and 0.71,
respectively, while the Beclin-1 expression in the
blank group was only 0.54. In contrast, in the DKK-1
group, the expression of the MSCs in this group was
significantly inhibited on all three autophagy marker
proteins. The DKK-1 group had a LC3-I expression of
0.2 on the 1* d and at the same time the blank group
and normal cell group were 0.31 and 0.4, significantly
higher than the DKK-1 group. At the same time, by
observing the tracking effect of the dual fluorescent
autophagy indicator labeling system on LC-3 protein,
it is not difficult to see the changes of LC-3 protein in
each group of subjects in different environments. On
the 1% d, there was little difference in the brightness of
each group. However, on the 3™ d, the brightness of the
DKK-1 group was greatly improved and the damaged
cells in the lithium chloride group were both dimmed.
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On the 7™ d, the indicator brightness of the five groups
of research subjects has shown obvious difference,
from bright to dark, they are DKK-1 group, blank
group, normal cell group, damaged cell group and
lithium chloride group. The DKK-1 group in which the
autophagy marker protein was inhibited had the highest
brightness and the lithium chloride group in which the
expression of this protein was upregulated showed the
lowest brightness. The experimental results show that
the autophagy activity of MSCs has a direct impact on
their differentiation behavior.

The research results were summarized and it was found
that regulating the PTEN-PI3K/Akt/mTOR signaling
pathway would significantly affectthe autophagy activity
of cells. The autophagy activity of MSCs affects their
differentiation ability. Therefore, the PI3K/Akt/mTOR
signaling pathway plays an important regulatory role in
the directional differentiation and autophagy of MSCs.
By up-regulating or down-regulating the expression of
PI3K/Akt/mTOR signaling pathway-related molecules,
the autophagy of MSCs shows differentiation.
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