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EXPERIMENTAL STUDY

Lithium prevents cell apoptosis through autophagy induction
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ABSTRACT

OBJECTIVE: Bone marrow stromal stem cells (BMSCs) are widely used as an available source for cell therapy,
tissue engineering, and cellular differentiation-based techniques. Therefore, it is necessary to apply a simple
method through which BMSCs can be protected from cell apoptosis under tough conditions of cell differentia-
tion. Lithium treatment is one of the simple methods in this regard.

METHODS: The isolated BMSCs were divided into three groups: (a) control, (b) serum deprivation and (c) LiCl.
Cell proliferation and apoptosis and autophagy markers in the presence and absence of LiCl were evaluated.
RESULTS: LiCl has shown to increase survival rate of BMSCs under serum deprivation conditions through
autophagy induction (reduced P62 and increased LC3Il) and apoptosis inhibition (expression of XIAP), so that
the cell survival rate, after 12 hours, was 29 %, 59 %, 83 %, 74 %, 49 % for the groups, which received 0, 1,
5, 10, 20 millimolar of LiCl, respectively, as compared to the control group.

CONCLUSION: LiCl leads to decreased apoptosis and increased survival rate through autophagy induction

under serum deprivation conditions (Ref. 5, Ref. 37). Text in PDF www.elis.sk.
KEY WORDS: lithium, bone marrow stromal cells, serum deprivation, autophagy, apoptosis.

Introduction

Inrecent years, cell therapy (1, 2) and gene therapy have gained
a considerable attention as a solution for disease treatments (3, 4).
BMSCs are widely used as an available source for cell therapy and
tissue engineering (5). These cells can differentiate into other cell
lineages via appropriate induction conditions (5-7). However, these
cells quickly disappear after transplantation into the affected area
due to serum deprivation, and they usually have low survival rate
(8). On one hand, under serum deprivation and starvation condi-
tions, autophagy is activated to protect the cells, but if the serum
deprivation is prolonged, apoptosis mechanism will be followed
(8). Many studies showed the protective role of lithium against
oxidative stress caused by serum deprivation (9—12). Studies also
showed that lithium could increase stem cell proliferation (13, 14).
On the other hand, autophagy is a conserved cellular homeostasis
process, which is necessary for eliminating cytoplasmic contents
(15). In this study, the role of LiCl in preventing cell apoptosis
through autophagy induction was investigated.

Material and methods

BMSCs cultivation
Four adult female Wistar rats (6-8 week old) from Pasteur
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Institute were used. Observing ethical rules, the rats were kept in
a 12-12 hours light and dark cycle under standard conditions of
Qazvin University of Medical Sciences for working with animals.
The BMSCs, after being isolated from the long bones of the lower
limb and being washed with PBS, were placed in the DMEM/F12
culture media with 10% FBS, 100 pg/mL penicillin, 100 U/mL
streptomycin, 5 % CO, incubator, 95 % moisture at 37 °C, until
the third passage.

Immunocytochemistry

To investigate the mesenchymal origin of BMSCs at second
passage, 5000 cells were cast equally into each 6-well culture plate.
The immunocytochemistry stages were performed as previously
mentioned (16). In summary, the cells were placed in paraformal-
dehyde solution 4 % for 20 minutes and after being washed with
phosphate buffered, the cells were placed in 0.3 % Triton X for 15
minutes. After being washed with PBS, the cells were exposed to
the primary antibody for 24 hours at 4 °C. The primary antibodies
included CD31 (endothelial cells marker), fibronectin (mesenchy-
mal stem cells marker), CD34 (hematopoietic stem cells marker)
and P62 (autophagy marker) from ABCAM Company. After the
primary antibody incubation, the cells were washed with PBS and
then FITC-conjugated secondary antibody (1:100; Chemicon) was
added for 2 hours at room temperature. The cells were counted us-
ing propidium iodide (PI) through which the nucleus of the cells
became red. For assessing autophagy, the BMSCs were immune-
labelled with a primary p62 antibody, incubated with the FITC-
conjugated secondary antibody (shown in green), and a primary
LC3II antibody, incubated with Alexa flour secondary antibody
(shown in red). The number of autophagosome immune-reactive
cells was determined to estimate the autophagy activity.
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Cell proliferation

Cell Counting Kit-8 (CCKS8) was used to examine the effect of
LiCl on cellular proliferation of BMSCs. The cells were divided
into the two groups: (a) BMSCs and (b) BMSCs+ LiCl. The test
was performed on the cells at days 0, 1, 3 and 5, and then, cell pro-
liferation was compared. In summary, the cells were first seeded
on a 96-well culture plate, and after performing the tests on the
cell groups, the CCK8 solution was added to the cells, which were
incubated for one hour, and finally, the optical density of the cells
was measured at 450 nm by an ELISA reader.

Viability test

In order to examine the effects of serum deprivation and the
protective role of LiCl, viability test was performed by trypan blue
staining. 5000 cells were seeded into a 96-well plate, into three
groups: (a) control; (b) serum deprivation; (c) serum deprivation
(SD) with LiCl. The control group consisted of BMSCs with no
treatments. The second group was serum-deprived, in which the
BMSCs placed in the serum-free medium without LiCl (BMSCs+
SD). The third group belonged to serum deprivation and LiCl
(BMSCs+ SD+ LiCl), in which the cells were exposed to LiCl at
different doses (1, 5, 10 and 20 MM) for 12 hours. The mortality
rates in the cell groups were evaluated using trypan blue stain-
ing viability test using a Neobar lam under the microscope. The
percentage of living cells can be obtained by counting the whole
cells and stained cells. Each cell group was counted three times
under the microscope.

ELISA test

The cells of different groups were investigated in terms of the
expression of XIAPusing ELISA. The proteins were extracted by
lysing the cells in RIPA buffer (Sigma) and kept at —80 °C. The
XIAP expressions evaluated according to the company’s protocols
(i.e., R&D Systems, Minneapolis, MN).

Statistical analysis

The results were analysed using SPSS software version 21
(SPSS Inc., Chicago, IL, USA) and analysis of variance (ANOVA)
with Tukey’s multiple tests for comparing among groups.

Results

BMSCs cultivation

The cells adhered to the bottom of the flask after 48 hours
and the spindle-shaped cells filled about 80% of the flask bottom
after 12 hours. At this stage, the cells maintained their spindle-
shaped fibroblastic appearance (Fig. 1A). HSCs (hematopoietic
stem cells) and other existing cells in bone marrow were cleared
off after being washed.

Cluster of differentiation cell markers immunocytochemistry
The cells attached to the bottom of the flask were evaluated
by immunocytochemistry in terms of CD cell markers. They were
positive in terms of fibronectin (bone marrow stem cell marker)
(Fig. 1B) and negative in terms of CD31 (endothelial cell marker)

200fim

200m

Fig. 1. Immunostaining of BMSCs for different markers of cell dif-
ferentiation. A) BMSC:s at third passage. B) Fibronectin. C) CD31, D)
CD34. BMSCs were immunolabeled with primary antibody, incubated
with the FITC-conjugated secondary antibody, and counter-stained
using propidium iodide (PI).
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Fig. 2. Proliferation was analysed by the CCK-8 assay. The prolifera-
tion of BMSCs was significantly increased by LiCl (* p < 0.05).

(Fig. 1C) and CD34 (HSCs marker) (Fig. 1D). The green colour of
the fluorescence light is related to the conjugated secondary anti-
body to the FITC. The cells were counterstained using propidium
iodide (PI), while the cell nucleus emitted red fluorescent light.

Cell proliferation by LiCl

Cell proliferation test was performed by CCK-8 on two group
of BMSCs (control) and BMSCs+ LiCl. It was observed that the
number of the cells increased after being placed in 5 MM of LiCl
for 48 hours. On the fifth day, the difference in cell prolifera-
tion for the BMSCs+ LiCl group was significantly higher than
that of the BMSCs group (p < 0.05), and 1.5 times increase was
observed for the BMSCs+ LiCl group compared to the BMSCs
group. In this study, the number of the BMSCs was significantly
increased after exposing to LiCl at day 5, compared to the con-
trol group (Fig. 2).
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Fig. 3. Cell viability by trypan blue in BMSCs treated without (con-
trol) or with LiCl (0, 1, 5, 10, 20 mM). (* p < 0.05) compared to con-
trol groups.

BMSCs viability

Viability test was performed on the cells in order to examine
the protective effect of the LiCl under serum deprivation conditions
to prevent the BMSCs death. In the viability test, the untreated
BMSCs were considered as the control group in third passage. In
order to evaluate the protective effects of the LiCl, the cells were
treated without serum at different concentrations of the LiCl for
12 hours. After 12 hours, the cell viability was 29 %, 59 %, 83
%, 74 %, 49 %, respectively, for the group, which received 0, 1,
S, 10 and 20 MM of LiCl, compared to the control group. The
mortality rate was higher for the group, which did not receive
LiCl and serum (survival rate: 29 %, viability: below 50 %) and
significant differences (p < 0.05) were observed compared to the
control group (Fig. 3).

LiCl in autophagy induction

In order to examine whether oxidative stress caused by se-
rum deprivation can affect autophagosome formation, the BM-
SCs with/without serum were exposed to the LiCl (5§ MM) for
12 hours (Fig. 4). The level of autophagy was evaluated by de-
termining LC3II/LC3I and P62. The P62 is an autophagy marker.
It can be bound to the LC3 and then can be degraded through
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autophagy-lysosomal pathway. Therefore, high level of the P62
indicates a problem in autophagy. In BMSCs (control) in normal
autophagy, P62 is at a low level and LC3II was not expressed
(Fig. 4A). In this study, it was observed that P62 was increased by
reducing serum level (serum deprivation or starvation state) and
increasing time, in a sense that the highest level of P62 observed
in the cells without treatment with LiCl after 12 hours indicating
autophagy inhibition (Fig. 4C). The level of LC3II after 12 hours
of serum deprivation was reduced (Fig. 4C). However, this ratio
increased in an environment containing LiCl (5 MM) (Fig. 4B).
Quantification of the number of autophagosomes per cell in BM-
SCs, BMSCs+ SD, and BMSCs+ SD+ LiCl groups have been
shown in Figure 4D. The autophagosome number of BMSCs+ SD
group increased twofold in comparison with the BMSCs+ SD+
LiCl group (Fig. 4D).

LiCl effects on XIAP protein levels

In the BMSCs (control) group, the expression of XIAP was
4 ng/ pl, which was reached to 1 ng/pl in BMSCs+ SD group.
However, XIAP was higher for the group BMSCs+ SD+ LiCl
with 12 ng/ ul (Fig. 5).

Discussion

The BMSCs are widely used as an invaluable source of cell
therapy. Therefore, it is necessary to apply a simple method through
which BMSCs number can be increased and cell apoptosis can be
prevented in serum deprivation conditions without using growth
factors and genetic engineering methods. Lithium treatment is one
of the simple methods in this regard. Interestingly, after removing
LiCl from the BMSCs culture medium, it was observed that cell
proliferation returned to its original state. These reversible effects
were already observed in the nervous system. For example, in a
study, it was found that lithium neurotoxicity disappeared after
its discontinuation since lithium could easily cross the plasma
membrane and did not bind to the membrane proteins, thus, it
was easily expelled by the kidneys (17, 18). So, using Li as a
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Fig. 4. Inmunohistochemical localization of p62 and LC3II in BMSCs. LC3I1I and P62 accumulate in BMSCs. (A) P62 and LC3 immunostain-
ing of BMSCs (control). Note the accumulations of P62 (green) in the BMSCs. (B) LiCl stimulation of autophagy in BMSCs. In bone marrow
stromal Starved cells (serum deprived) treated with the LiCl (5 mM) for 12 h, Autophagosomes appear as LC3 and/or P62 puncta. Arrows
denote vacuoles or accumulations of P62 (green) or LC3II (red). P62 and LC3II-immunoreactive inclusions seemed to be near each other, but
they did not absolutely colocalize; (C) Distribution of autophagosome types according to the expression of LC3II and P62. Autophagosomes
expressing P62 are shown in green and LC3II alone are shown in red, respectively; autophagosomes co-expressing LC3II and P62 are shown
in yellow. BMSCs were immunolabeled with the primary P62 antibody, incubated with FITC- conjugated secondary antibody (green), and
primary LC3 antibody, incubated with the Alexa flour secondary antibody (red). (D) Quantification of the number of autophagosomes per cell
is shown in D. * p <0.05, for the differences between the indicated groups with BMSCs (control) groups.
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Fig. 5. XIAP relative protein expression in BMSCs, BMSCs+ SD, and
BMSCs+ SD+ LiCl groups. XIAP protein level regulated by serum
deprivation (SD) and LiCl in BMSCs. * p < 0.05, for the differences
among the indicated groups.

therapeutic drug is advantageous, in this regard. In this study, (a)
LiCl increased BMSCs proliferation without affecting the pheno-
type and differentiation of them, (b) LiCl prevented BMSCs from
apoptosis through autophagy induction under serum deprivation
conditions. For assessing anti-apoptotic effects of Li on the cells,
we used X chromosome-linked inhibitor of apoptosis (XIAP) as
a marker, as it is one of the anti-apoptotic proteins, which inhibit
the activity of the cell death proteases, caspase-3, -7, and -9 (19,
20). The BIR2 domain of the XIAP can inhibit caspase-3, -7 while
BIR3 is needed for potent caspase-9 inhibition (20). Therefore,
XIAP has a great potential to inhibit apoptosis in BMSCs under
serum deprivation. In this study, we indicated that in BMSCs, the
level of XIAP was reduced under serum deprivation conditions and
increased in the environment containing LiCl. Lithium can reduce
apoptosis by increasing the expression of XIAP. Studies showed
that lithium could increase the expression of Bcl-2 and heat shock
protein while reducing the expression of proapoptotic p53 and
Bax (21). Lithium can reduce the activity of caspase 3 and calpain
(22). Lithium inhibits the activity of glycogen synthase kinase-3b
(GSK-3b). GSK-3b has a protective role; therefore, the cell can
be protected when GSK-3b is inhibited. Under normal nutritional
conditions, TRIP-Br3 can increase the survival rate of the cells
through fixing XIAP. However, under starvation and serum depri-
vation conditions, it is degraded, which ultimately results in XIAP
protein being unstable and the cell dies. XIAP can inhibit caspases
in the cell by activating the mitochondria antioxidant enzymes.
It has been previously reported that the increased expression of
XIAP had the ability to prevent the transplanted cells from apop-
tosis under hypoxia and inflammatory conditions. Previous studies
showed that XIAP could prevent apoptosis caused by caspases and
viral infections. The XIAP can inhibit and destroy caspases through
activating proteasome (23). The XIAP anti-apoptotic properties
were reported to have decreased effect in HL60 cells under serum
deprivation conditions (24). Thus, XIAP alone cannot prevent
apoptosis per se and other factors must be taken into consideration.

The results indicated that lithium could lead to autophagy in-
duction by converting LC3I to LC3II and reducing P62. Although
the appropriate functions of lithium are known, its mechanism in
cell survival through activating and augmenting autophagy was

not well-known. In BMSCs, the mortality rate was increased as
the serum level of culture medium was reduced in the presence
of lithium. In this study, we indicated that lithium could increase
the cell survival rate through autophagy induction under serum
deprivation conditions. The conversion of LC3-I to LC3-II rep-
resents autophagy in mammals. P62 can be broken down by au-
tophagy and acts as a carrier receptors (cargo) in order to destroy
ubiquinone substrates. P62 can be bound and aggregated with
LC3/Atg8 through LIR, LC3-Interacting Region. Recent studies
indicated that LC3-I is converted to LC3-II due to a food depri-
vation, reduced oxygen and chemotherapy and is placed into an
autophagosome membrane, and therefore, LC3-II in cell would
lead to autophagy induction. In hypoxia or serum deprivation
conditions, as well as stressful conditions for the cell, the proteins
and damaged organelles can be degraded and recycled through
the process of autophagy. LC3-II along with P62 participates in
the formation of autophagosomes membranes. LC3 can be found
in Soluble LC3I and LC3-II is its lipidated and autophagosome
form. In other words, LC3-1II is a conjugated form of LC3. Dur-
ing autophagy, autophagosome takes cytoplasmic components
containing proteins and cytosolic organelles. Subsequently, cy-
tosolic form of LC3 (LC3-I) binds to phosphatidylethanolamine
(PE) in order to create conjugated LC3-PE (LC3-II), which is
used in autophagosome membrane (25). We analysed the seques-
tosome-1 (SQSTM1/ P62), here referred to as P62, to investigate
the Li effects on the autophagy process as it is an important in-
tracellular protein, which is induced by cellular stress and plays
a significant role in regulating the signalling pathways of the cell
death. It is a scaffold protein containing many parts functioning
in signal transmission, proliferation, cell survival, death, swell-
ing, tumour formation, and the response to oxidative stress. P62
can clear misfolded/aggregated proteins as well as damaged or-
ganelles in cells by regulating autophagy (26). P62 can promote
mammalian target of rapamycin complex 1 (mTORC1) activity
and inhibit autophagy, by binding to mTORC1 and phosphory-
lating Unc-51 like Autophagy Activating Kinase (ULK) 1/2 and,
therefore, reduced P62 would deactivate mTORC]1 and activate
autophagy (27). On the other hand, microtubule-associated pro-
teins 1A/1B light chain (LC3) 3B is a protein that in humans is
encoded by the MAP1LC3B gene and is used to assess autoph-
agy activity levels as we used it in the current study. The LC3 is
one of the important proteins in the autophagy pathway, where it
functions in substrate selection and autophagosome biogenesis.
The LC3 can be found in the cytosol as LC3I form, while LC3II
is concentrated in autophagosome membrane (28). In many stud-
ies, the expression of LC3 was investigated as an indicator of au-
tophagy induction as the previous study reported (15). Moreover,
the conversion of LC3I to LC3II represents autophagy initiation,
and greater amounts of LC3II indicate an increase in the forma-
tion of autophagic vacuoles in the cell. Autophagosomes bind to
lysosomes and create an autolysosome and its contents are de-
graded by lysosomal hydrolysis. In accordance with our study,
also previous studies showed the protective effects of lithium
in autophagy induction (29) in oligodendrocytes (30), microglia
(31), endothelial cells (32), dopaminergic neurons (33), cerebel-
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lar cells (34), and PC12 cells (9). In addition, lithium also plays a
protective role in autophagy induction in many diseases such as:
spinal cord injury (35), amyotrophic lateral sclerosis, prion, Par-
kinson‘s disease and colorectal cancer (36). The previous study
showed that lithium protected PC12 cells under serum depriva-
tion conditions by activating the PI3K/Akt pathway and inhibiting
FoxO1 (9). Many studies showed the protective effects of lithium
and these effects attributed to the activating phosphatidylinosi-
tol 3-kinase/Akt4 and the extracellular signal-regulated kinase
(ERK) pathway (37). However, in this regard, we focused on the
autophagy-mediated actions of lithium.

Conclusion

LiCl leads to reducing apoptosis and augmenting autophagy,
proliferation and survival rate of the cells under serum depriva-
tion conditions.
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