Original Article

Technology in Cancer Research &
Treatment

SLC25A22 Promotes Proliferation Volume 17: 1-10

© The Author(s) 2018

and Metastasis of Osteosarcoma Cells oot com ol armisions
DOI: 10.1177/1533033818811143

via the PTEN Signaling Pathway journals sagepb comhomelc
®SAGE

Ming-Wei Chen, PhD' and Xue-jian Wu, PhD'

Abstract

Osteosarcoma is a highly malignant bone tumor. However, due to the high complexity of the occurrence and metastasis of
osteosarcoma, the exact mechanism promoting its development and progression remains to be elucidated. This study
highlights the causal link between solute carrier family 25 member 22 (SLC25A22) and the development, progression, and
metastasis of osteosarcoma. SLC25A22 is upregulated in human osteosarcoma and predicts a poor prognosis. The upre-
gulation of SLC25A22 in osteosarcoma tissues was significantly associated with cell proliferation, invasion, and metastasis.
Studies of functional gain (overexpression) and loss (knockdown) showed that SLC25A22 significantly increases the ability
of osteosarcoma cells to proliferate, as well as invade and metastasize in vitro. At the same time, the expression of
SLC25A22 promoted the progression of the cellcycle of osteosarcoma cell lines and inhibited the apoptosis of osteo-
sarcoma cells. Analysis using a mouse xenograft model showed that xenografts of SLC25A22 stable overexpressing
osteosarcoma cells had a significant increase in tumor volume and weight compared to the control group. Lung metastasis
models in mice showed that expression of SLC25A22 promoted lung metastasis of osteosarcoma in vivo. Furthermore,
SLC25A22 inhibited phosphatase and tensin homolog expression and increased phosphorylation of protein kinase b (Akt)
and Focal Adhesion Kinase (FAK) in the phosphatase and tensin homolog signaling pathway. In summary, SLC25A22 is
highly expressed in osteosarcoma, promoting osteosarcoma cell proliferation and invasion by inhibiting the phosphatase and
tensin homolog signaling pathway.
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Introduction osteosarcoma has once again plateaued.®’ The mechanisms of
cell proliferation, metastasis, and neovascularization of osteosar-
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transduction pathways. An in-depth understanding of the patho-
genesis of osteosarcoma, new therapeutic drugs and approaches,
as well as further improvement in prognosis are still required.®

The p53 gene and retinoblastoma (Rb) inhibitory genes play
an important role in the pathogenesis of osteosarcoma.”!! In
osteosarcoma, mouse double minute 2 (MDM?2) and cyclin-
dependent kinase 4 (CDK4) are frequently amplified or over-
expressed, and MDM2 gene products can interact with p53
protein. In combination with inactivation, the CDK4 product
is a cyclin-dependent protein kinase that easily inactivates Rb
function,'*'* which may be its tumorigenic mechanism. Inhi-
bition of tyrosine kinase signaling is a key area of targeted
therapy for osteosarcoma.'* Tyrosine kinase inhibitors can
competitively block tyrosine kinase receptors or bind directly
to it to block the signal transduction pathway.

Phosphatase and tensin homolog (PTEN) encodes a variety
of special proteins that regulate cellular biological processes
such as cell growth, proliferation, and migration, including
inhibition of the progression of certain tumor cell cycles and
promotion of apoptosis.'>'® Studies found that the occur-
rence, development, and prognosis of various human tumors
such as glioma, breast cancer, prostate cancer, leukemia, and
gastrointestinal tumors may be related to the abnormal
expression of PTEN gene.'””'” Down-regulation of PTEN
gene expression and loss of function may play an important
role in the development of multiple malignancies. Deletion of
the PTEN gene is also found in osteosarcoma, and the positive
expression rate of PTEN in osteosarcoma is significantly
lower than that in adjacent tissues.”’ But whether the abnor-
mal expression of PTEN plays a direct role in the occurrence
and development of osteosarcoma and the molecular mechan-
ism of this effect is not yet clear.

SLC25A22 is a member of the mitochondrial transporter
family that facilitates the transport of glutamate across the
inner mitochondrial membrane into the mitochondrial
matrix.>""** In previous studies, SLC25A22 has a tumor-
promoting function, promoting proliferation and migration of
colorectal cancer cells with mutant KRAS, and formation and
metastasis of colorectal cancer xenograft tumors in mice.
Patients with colorectal tumors that express increased levels
of SLC25A22 have shorter survival times than patients whose
tumors have lower levels. SLC25A22 induces intracellular
synthesis of aspartate, activation of mitogen-activated protein
kinase and extracellular signal-regulated kinase signaling and
reduces oxidative stress.?>>* However, the role of SLC25A22
in tumor growth and metastasis regulation in osteosarcoma has
not been fully elucidated. In this study, we investigated the
biological effect, mechanistic action, and clinical implications
of SLC25A22 in osteosarcoma.

Materials and Methods

Cell Lines and Materials

The U20S, Saos-2, and HOS cell lines were purchased from
ATCC and cultured in DMEM (Gibco, USA) supplemented with

10% FBS (Gibco, USA). The antibodies SLC25A22 (Abcam,
ab137614, England), Cdc25c¢ (Cell Signaling Technology, 4688,
USA), Bcl-2 (Cell Signaling Technology, 15071, USA), cleaved
caspase-3 (Cell Signaling Technology, 9664, USA), cleaved
caspase-9 (Cell Signaling Technology, 9505, USA), cleaved
PARP (Abcam, ab32064, England), cyclin D1 (Cell Signaling
Technology, 2922, USA), cyclin B1 (Cell Signaling Technol-
ogy, 4138, USA), Bad (Abcam, ab90435, England), E-cadherin
(Cell Signaling Technology, 3195, USA), vimentin (Cell Signal-
ing Technology, 5741, USA), MMP-9 (Cell Signaling Technol-
ogy, 13667, USA), PTEN (Cell Signaling Technology, 9188,
USA), p-Akt (Cell Signaling Technology, 4060, USA), p-FAK
(Abcam, ab81298, England), and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (Cell Signaling Technology, 2118,
USA) were used. FITC-Annexin V and PE-propidine iodide
(PE-PI) reagents were purchased from Sigma-Aldrich (APOAF).

Immunohistochemistry

All osteosarcoma samples originated from the First Affiliated Hos-
pital of Zhengzhou University. Paraformaldehyde-fixed osteosar-
coma tissue samples were paraffin-embedded and sectioned. The
sections were deparaffinized in xylene, quenched with hydrogen
peroxide, then rehydrated with ethanol and antigen-recovered and
blocked in sodium citrate buffer. Sections were incubated with
SLC25A22 antibodies for 1 hour at room temperature, prior to
incubation with secondary Horseradish Peroxidase (HRP)-
polymerized antibodies, visualized with DAB, and counterstained
with hematoxylin. The staining intensity and percentage of stained
cells was then assessed. The immunohistochemical staining was
evaluated by semi-quantitative methods, including staining inten-
sity (0-negative, 1-low, 2-medium, 3-strong) and percentage of
stained cells (0%-0%, 1%-1%-25%, 2%-25%-50%, 3%-50%-
100%). The final evaluation results were obtained by adding the
staining intensity score and the percentage score, 3 points or less
was regarded as SLC25A22 low expression, and 4 points or more
was considered as SLC25A22 high expression.

Reverse Transcriptase-Polymerase Chain Reaction

The TRIzol reagent was used to isolate total RNA from frozen
tissue samples and cultured cells. Reverse transcriptase-
polymerase chain reaction (RT-PCR) was performed on the RNA
reverse-transcribed cDNA using SYBR Premix Ex Taq (Takara,
China). The SLC25A22 primers, Forward-GCTGCCGGA
CAGAAGTGG, Reverse-CATTGATGAGCTTGGCTGGC,
were used in this study, with GAPDH used as an endogenous
control gene. SLC25A22-shRNA sequences (CCGGCATCG
CACAGGTGGTCTACTTCTCGAGAAGTAGACCACCT
GTGCGATGTTTTTTG) were provided.

Cell Counting Kit-8 Assay

Cell proliferation was measured using the cell counting kit-8
(CCK-8) kit (Dojindo Laboratories, Japan). The treated cells
were collected and inoculated into 96-well plates at a density of
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Figure 1. SLC25A22 is highly expressed in human osteosarcoma. A, The total RNA of 40 osteosarcoma tissues and their adjacent tissues was
extracted, and SLC25A22 mRNA was detected by RT-PCR. B, The protein of 40 osteosarcoma tissues and their adjacent tissues was extracted
and the protein level of SLC25A22 was detected by Western blot. C, The expression of SLC25A22 in osteosarcoma tissues and paracancerous
tissues was detected by IHC. D, A typical IHC schematic showing the expression of SLC25A22 in osteosarcoma tissues and adjacent tissues.
E, Survival curve of patients with osteosarcoma expressing SLC25A22 at high and low levels. IHC indicates immunohistochemical; RT-PCR,

Reverse transcriptase-polymerase chain reaction.

10* cells per well and cultured for 24 to 72 hours. Then, 10 pL
of CCK-8 solution was added to each well at 24, 48, and 72
hours, and cell viability was measured using a microplate
reader at 450 nm absorbance.

Colony Formation Assay

Treated cells were seeded into 12-well plates with 100 cells per
well, then cultured at 37°C for approximately 15 days. The
cells on the plate were washed twice with phosphate buffer
saline (PBS) solution and fixed with 4% paraformaldehyde for
30 minutes, before the addition of 500 pL of crystal violet for
15 minutes. Colonies were counted and statistically analyzed.

Cell Cycle Assay

The cell cycle assay was performed using 4 x 10° treated cells,
which were collected and fixed at 4°C in 70% ethanol overnight.
The cells were then resuspended in PBS and incubated with 10
mg/mL RNase and 1 mg/mL propidium iodide for 30 minutes at
37°C. DNA content analysis was performed by flow cytometry
(BD Biosciences, USA). Modfit software was used to analyze
the distribution of cells in different stages of the cell cycle.

Cell Apoptosis Assay

In brief, 2 x 10° osteosarcoma cells were inoculated in 6-well
plates. After digestion to collect cells, cells were stained with
Annexin V-FITC and PE-PI (Sigma-Aldrich, USA) in the dark
for 5 minutes. Finally, the proportion of apoptosis was quantified
by flow cytometry on a flow cytometer (BD Biosciences, USA).

Xenograft Tumor Model and Lung Metastasis Model

in Vivo

Subcutaneous transplantation of tumors was achieved by
implanting 4 x 10° Saos-2 cells into the skin of BALB/c nude
mice. The length and width of the tumor was measured every
other week to determine the tumor volume. The mice were
sacrificed at 35 days and the tumors were extracted and
weighed. The lung metastasis model was established by
injecting the treated 5 x 10° Saos-2 cells into the BALB/c
mice via the tail vein. The mice were sacrificed 30 days later
to observe the metastases of the osteosarcoma cells in the
lungs and statistically analyzed. All experiments were
approved by the First Affiliated Hospital of Zhengzhou
University Ethics Committee.
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Wound Healing Assay

Equal amounts of differently treated cells were seeded in 6-
well plates to approximate confluence, linear wounds were
carefully made with 200 pL sterile tips, cell debris was
removed by washing with PBS, and cells were incubated for
24 hours. Photographs of the wound monolayer were taken at
0 and 24 hours after wounding.

Cell Invasion Assay

To measure cell invasion, a Transwell (Corning Incorporated)
was placed in the well of a 24-well culture plate. In the lower
chamber, 600 pL. of DMEM medium containing 10% fetal
bovine serum was added, with serum-free DMEM and treated
10° cells added to the upper chamber. After 24 hours of culture,
the migrated cells were fixed with 4% paraformaldehyde and
stained with 0.1% crystal violet. The number of cells was
quantified by counting 3 independent fields under a light
microscope.

TdT-mediated dUTP Nick-End Labeling (TUNEL) Assay

The treated Saos-2 cells were fixed in 4% paraformaldehyde
for 30 minutes, washed once with PBS and incubated with
0.1% Triton X-100 in an ice bath for 2 minutes. The treated
cells were then washed twice with PBS, 50 uL of TUNEL
solution (Roche, 11684817910) was added and the cells were
incubated at 37°C for 60 minutes. Finally, the cells were
observed under a fluorescence microscope.

Statistical Analysis

The SPSS version 17.0 was used for all statistical analyses. All
experimental data are expressed as mean (SD) of at least 3
independent experiments. The ¢ test was used to analyze the
differences between the experimental groups. Kaplan-Meier
survival analysis was performed to analyze survival distribu-
tion. Spearman correlation analysis was used to assess the cor-
relation between the expression levels of SLC25A22 and
clinical data. All differences were considered statistically sig-
nificant at P < .05.

Results

High Expression of SLC25A22 in Human Osteosarcoma

The RT-PCR results showed that the mRNA level of
SLC25422 was highly expressed in osteosarcoma tissues com-
pared to adjacent tissues (Figure 1A). Similarly, SLC25A22
protein was highly expressed in tumor tissues (Figure 1B). The
immunohistochemical (IHC) analysis of SLC25A22 expres-
sion in 40 pairs of tissue specimens showed that SLC25A22
is significantly higher expressed in osteosarcoma tissue than
paracancerous tissue (Figure 1C and D). These 40 tumor tissues
were further divided into a high-expression group and low-
expression group according to IHC scores, the results showed

Table 1. Analysis of SLC25A22 Expression and Clinical Data of
Patients With Osteosarcoma.

SLC25A22 Expression

Variables Cases (n) Low High P Value

Total 40 16 24

Age (years) 930
<20y 27 10 17
>20y 13 5 8

Gender .692
Male 24 9 15
Female 16 7 9

Histology .501
Osteoblastic 17 6 11
Chondroblastic 13 4 9
Fibroblastic 7 4 3
Others 3 2 1

Tumor location 177
Distal femur 23 10 13
Proximal tibia 13 5 8
Elsewhere 4 1 3

Ennecking staging .0011
/11 17 12 2
/v 23 10 13

Distant metastases .003
No 14 10 4
Yes 26 6 20

that SLC25A22 was closely related to the patient’s ennecking
stage and distal metastasis (P <.05, Table 1). Moreover, the
survival of osteosarcoma patients with a high expression of
SLC25A22 was significantly lower than that of patients with
low SLC25A22 expression (Figure 1E). These results indicate
that SLC25A22 is highly expressed in human osteosarcoma
tissues and predicts a poor prognosis.

Increased Proliferation of Osteosarcoma Cell Lines
by SLC25A22 In Vitro and In Vivo

Next, it was found that SLC25A22 is highly expressed in
U20S and Saos-2 cells, with lower expression in HOS cells
(Figure 2A). Therefore, U20S, Saos-2, and HOS cells were
selected as research models, with shRNA knockdown of
SLC25A422 gene performed in U20S and Saos-2 cells, and
SLC25A22 overexpressed in HOS cells (Figure 2B). Knock-
down and overexpression of SLC25A22 in osteosarcoma cells
were then detected at both mRNA (Figure 2C) and protein
levels (Figure 2B). In U20S and Saos-2 cells, knockdown of
SLC25A22 by shRNA significantly slowed cell proliferation.
In HOS cells, overexpression of SLC25A22 increased the pro-
liferation rate of cells (Figure 2D). Similarly, colony formation
assays confirmed that the number of clones in SLC25A22
knockdown U20S and Saos-2 cells was reduced, and the num-
ber of clones of HOS cells was increased by SLC25A22 over-
expression (Figure 2E). Then, the functions of SLC25A22 were
investigated in in vivo tumors. Subcutaneous tumorigenesis
experiments were performed in nude mice with stably
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Figure 2. SLC25A22 increases proliferation of osteosarcoma cell lines in nude mice models. A, 293, SF-86, U20S, Saos-2, 143B, MG63, HOS
cells were lysed and SLC25A22 protein levels were detected by Western blot. B, SLC25A22 knockdown efficiency and overexpression were
detected by Western blot. C, The knockdown and overexpression efficiency of SLC25A22 was examined by RT-PCR. D, SLC25A22 KD U20S



6 Technology in Cancer Research & Treatment

A Control SLC25A22 KD Saos-2 B
80 W Control {9 \[-9
— = M SLC25A22 KD v v
£ 3> LN ¥
= 60 € B & P
] & 0 & O
E 40 < =% (o =%
= 20 . SLC25A22 W . e
3 > .
ol )
GUGI & GaM Cyclin BT M. - -
U208
Cdc25C s ‘
80 Wl Control -
o . . I SLC25A22 KD Cyclin D1 - - —
x
E 40 GAPDH - - o .
o 3 207 e - Saos-2 U208
Vector SLC25A22 T ——
HOS
a0 Il Control
9 B SLC25A22 KD
60
é i
£ 40 . g
) = 20
Q
0
GO/IG1 S GaM & 5
G Control SLC25A22 KD D \;ﬂ,"‘“ ?,ﬂ,‘*'
S e A B 5 3
z 2 i O P
. ! 2 104 F o F o
4 & [=%
U20s g : Sy % cleaved caspase-9 - ——
5 3 i 5
i *l 4 L ’ - 3 - cleaved caspase-3 .- - -
.gi;:a ] th: ;giﬁtu ) sﬂf 04
W mii® ¥ Y et Control SLC25A22 KD Cleaved-PARP e S == S
_ _ ] T Bad —— —_—
e 2| =] 815
. GAPDH aes G s
Saos-2 i .. £ 2] ]
| | G| S T 5
§ o 3
1 ﬁ o i
15 "‘ i il “ Control  SLC25A22 KD

Figure 3. SLC25A22 accelerates cell cycle progression and inhibits cell apoptosis of osteosarcoma cells. A, SLC25A22 KD U20S, Saos-2 cells
and overexpressing HOS cells were subjected to cell cycle detection by flow cytometry. The results were analyzed with Modifit software and the
proportions for each period were calculated. B, SLC25A22, cyclin B1, cdc25¢, and cyclin D1 protein levels were detected by Western blot in
SLC25A22 KD U208, Saos-2 cells and overexpressing HOS cells. C, Forty-eight hours after U20S and Saos-2 cells were transfected with
shRNA (SLC25A22 KD or control), cells were stained with FITC-Annexin V and PE-PI, and apoptotic cells were detected by flow cytometry
and subsequently analyzed with Flowjo software. D, Cleaved caspase-3, cleaved caspase-9, cleaved PARP, and Bad were detected by Western
blot in SLC25A22 KD U20S, Saos-2 cells and overexpressing HOS cells.

expressing SLC25A22-shRNA Saos-2 cells and stably over- reduced (Figure 2F), with the tumor size (Figure 2G) and
expressing SLC25A22 HOS cells. The tumor forming ability weight (Figure 2H) being significantly smaller than those of
of SLC25A22 knockdown Saos-2 cells was significantly the control group. In contrast, the HOS cell tumorigenicity,

Figure 2. (Continued). and Saos-2 cells and overexpressing HOS cells were cultured in 96-well plates, and the number and viability of the cells
were respectively measured using CCK-8 after 1, 2, and 3 days of culture. E, SLC25A22 KD U20S and Saos-2 cells and overexpressing HOS
cells were subjected to colony formation experiments, and the number of clones was recorded. F, Saos-2 cells and HOS cells were infected with
lentivirus containing SLC25A22-shRNA and SLC25A22 overexpression vector, respectively. Stably infected Saos-2 cells and HOS cells were
implanted subcutaneously in nude mice. After 3 weeks, the tumor was removed and photographed. G, During tumor growth, the tumor volume
was recorded. H, At the end of the experiment, the tumor weight of each group was measured. I, After the above-mentioned grouped tumor
tissues were embedded in paraffin, the expression of PCNA was detected by immunohistochemistry. J, The tumor paraffin sections were
subjected to the TUNEL assay, and green fluorescence represented tissue cells with DNA damage.
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Figure 4. A, SLC25A22 promotes the invasion and metastasis of osteosarcoma cells by altering the PTEN signaling pathway. Wound healing
assay: stable SLC25A22 knockdown U20S, Saos-2 cells, and overexpressed HOS cells were plated in 6-well plates for wound healing
experiments, and healing was observed and photographed at 24 hours. B, Cell invasion assay: stable SLC25A22 knockdown U208, Saos-2 cells,
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tumor volume, and weight increased after SLC25A22 over-
expression (Figure 2F-H). Immunohistochemistry of
SLC25A22-knockdown and overexpressed tumor tissues
showed that the expression of proliferating cell nuclear anti-
gen (PCNA) was significantly reduced after SLC25A22
knockdown, and increased after SLC25A22 overexpression
(Figure 2I). Immunofluorescence staining showed that
apoptosis-induced DNA damage was significantly increased
in SLC25A22-knockdown tumor tissues by TUNEL assay
(Figure 2J). These results indicated that SLC25A22 promoted
the proliferation of osteosarcoma cell lines and tumor forma-
tion in nude mice models.

Acceleration of Cell Cycle Progression and Suppression
of Cell Apoptosis by SLC25A22 in Osteosarcoma Cells

Compared to the control group, the GO/G1 phase ratio of
SLC25A22 knockdown U20S and Saos-2 cells was increased,
and the ratio of S phase and G2/M phase was decreased, indi-
cating that SLC25A22 knockdown inhibited cell cycle progres-
sion. In contrast, the ratio of GO/G1 phase in the cell cycle of
HOS cells overexpressing SLC25A22 was decreased, and the
ratio of S and G2/M phases was increased (Figure 3A). The
expression of cell cycle-related proteins was examined before
and after SLC25A22 intervention. After SLC25A22 knock-
down in U20S and Saos-2 cells, the expression of cyclin B1,
cdc25c, and cyclin D1 was significantly decreased (Figure 3B).
The expression of SLC25A22 was also associated with inhibi-
tion of apoptosis in osteosarcoma cells. SLC25A22 knockdown
in osteosarcoma cell lines U20S and Saos-2 resulted in a sig-
nificant increase in the proportion of apoptotic cells compared
to the control group (Figure 3C). When cells are in apoptosis,
caspase-3, caspase-9, and PARP will be cleaved, which can be
used as a marker of apoptosis. There was a significant increase
in the expression of cleaved caspase-3, cleaved caspase-9, and
cleaved PARP as well as an increase in the expression of
apoptosis-related protein Bad after SLC25A22 knockdown in
U20S and Saos-2 cells (Figure 3D). In summary, SLC25A22
could accelerate the progression of osteosarcoma cell cycle and
inhibit osteosarcoma cell apoptosis.

Promotion of the Invasion and Metastasis of
Osteosarcoma Cells Attributed to SLC25A22

Altering the PTEN Signaling Pathway

In the wound healing assay, the migration ability of U20S and

Saos-2 cells after SLC25A22 knockdown was decreased, while
HOS cell migration speed after SLC25A22 overexpression was

increased (Figure 4A). In Transwell experiments, U20S and
Saos-2 cells after SLC25A22 knockdown reduced cell inva-
sion, and HOS cells increased after SLC25A22 overexpression
(Figure 4B). Epithelial to mesenchymal transition (EMT) pro-
motes invasion and metastasis of tumor cells. E-cadherin inhi-
bits this process, whereas vimentin and MMP-9 promotes
EMT. The expression of E-cadherin in SLC25A22 knockdown
U20S and Saos-2 cells increased, with a decreased expression
of vimentin and MMP-9, whereas overexpression of
SLC25A22 caused the opposite in HOS cells (Figure 4C). The
PTEN signaling pathway participates in this process, as knock-
down of SLC25A22 reduced PTEN expression and increased
phosphorylation of Akt and FAK (Figure 4D). Next, the Saos-2
cells knocked down by SLC25A22 were injected into nude
mice via the tail vein to establish a metastatic model of osteo-
sarcoma cells. The HE staining showed that the control group
of osteosarcoma cells metastasized in the lung, while the lung
metastasis cells were significantly reduced after SLC25A22
knockdown (Figure 4E and 4F). Furthermore, the proportion
of lung metastases after SLC25A22 knockdown was signifi-
cantly reduced (Figure 4G). Based on the above results in cell
lines and mice model, we hypothesize that SLC25A22 pro-
moted the invasion and metastasis of osteosarcoma by regulat-
ing the PTEN signaling pathway.

Discussion

It is well known that SLC25A22 encodes a high-capacity mito-
chondrial glutamate carrier expressed in cells with increased
metabolic demands.?>® There is growing evidence that meta-
static lesions may encounter more oxidative stress than primary
tumors, therefore requiring the upregulation of the tricar-
boxylic acid cycle (TCA) cycle intermediates.?’ Studies have
shown that high expression of SLC25A22, which encodes the
mitochondrial glutamate transporter in other tumors, alters the
production of mitochondria-associated metabolic pathways and
metabolites, including amino acid metabolism such as alanine
and aspartic acid, and the ornithine cycle.?* After interference
with the tumor suppressor PTEN, the glutamate transporter-
mediated increase in glutamate metabolism is enhanced, while
inhibition of PTEN inhibits the proteasomal degradation path-
way of glutamate transporters.”® Therefore, the promotion of
SLC25A22 in osteosarcoma may also depend on the PTEN-
mediated glutamate metabolic pathway.

It has been shown that SLC25A22 is a novel oncogene in
KRAS-mutant colorectal cancer. SLC25A22 knockdown
inhibits cell growth and migration/invasion in KRAS-
mutant colorectal cancer cells in vitro, attenuating

Figure 4. (Continued). and overexpressed HOS cells were plated in Transwells and the invaded cells were stained with crystal violet and

photographed. C, E-cadherin, vimentin, and MMP-9 protein levels were detected by Western blot in SLC25A22 knockdown U20S, Saos-2 cells,
and overexpressed HOS cells. D, PTEN, phosphorylated Akt, and phosphorylated FAK were detected by Western blot in SLC25A22 knockdown
U208, Saos-2 cells, and overexpressed HOS cells. E, Control and SLC25A22 knockdown Saos-2 cells were used to construct a lung metastasis
model, and HE staining showed 2 groups of lung metastases. F, Comparison of the number of lung metastatic cells in the control and SLC25A22
knockdown groups. G, The number of mice with lung metastases in the two groups, control and SLC25A22 knockdown lung metastasis model

mice.
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tumorigenicity and metastasis in vivo.”> This study was the
first to demonstrate that SLC25A22 promotes the prolifera-
tion and metastasis of osteosarcoma cells by regulating the
PTEN signaling pathway, and is significantly correlated with
the poor prognosis of patients with osteosarcoma. Downregu-
lation of SLC25A22 significantly inhibited the proliferation
of osteosarcoma cell lines, increased the apoptosis of osteo-
sarcoma cell lines and significantly increased cells in GO/G1
phase. Transwell experiments confirmed that the down-
regulation of SLC25A22 significantly decreased the invasion
and migration of osteosarcoma cells. Studies have shown that
the positive expression rate of PTEN in osteosarcoma is sig-
nificantly lower than that in cartilage tissue, suggesting that
the expression of the PTEN protein is decreased in osteosar-
coma, thus losing the negative regulation of cell cycle, caus-
ing abnormal proliferation of cells and leading to
tumorigenesis.”’ The molecular biology of PTEN regulation
in osteosarcoma is mainly the mutation or heterozygous dele-
tion of the PTEN gene. The protein encoded by the PTEN
gene can negatively regulate the PI3K/Akt signal transduction
pathway in osteosarcoma, antagonizing this signal pathway to
inhibit the pathological process of the tumor.’® The Western
blotting data showed that the expression of the PTEN protein
in osteosarcoma cell lines was significantly increased after
SLC25A22 expression was inhibited. Therefore, SLC25A22
can regulate the biological behavior of osteosarcoma cells by
inhibiting PTEN.

Epithelial to mesenchymal transition is a critical step in the
invasion metastasis cascade.’'™> This study showed that
SLC25A22 induced EMT phenotypes in osteosarcoma cells
by activating mesenchymal markers and downregulating
epithelial markers. In addition, knockdown of SLC25A22
reduces the expression of MMP9, which plays an important
role in the formation of the tumor microenvironment and in
the promotion of cancer progression and metastasis.>* How-
ever, the mechanism by which SLC25A22 regulates EMT and
MMPs needs further exploration.

Metastatic cancer cells undergo significant metabolic
rewiring and this metabolic plasticity allows them to survive
under restricted conditions.> 7 The present study shows that
the metabolic enzyme SLC25A22 promotes the invasion and
metastasis of osteosarcoma. Mechanistically, the PTEN sig-
naling pathway is involved in role of SLC25A22 in the inva-
sion and metastasis of osteosarcoma. These findings suggest
that the SLC25A22/PTEN pathway is a new mechanism for
osteosarcoma metastasis, so PTEN inhibitors may be useful
for treating patients with osteosarcoma with high SLC25A22
expression.
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