





FOXO3a links the crosstalk of autophagy and apoptosis

Figure 3. FOXO3a is downregulated in cisplatin-resistant osteosarcoma cells. Heat maps of the 30 most significantly
(P < 0.01) altered genes in cisplatin-resistant osteosarcoma cells were shown. (A) The RNA from MG63, MG63-R12,
U20S and U20S-R5 cells was subjected to miRNA microarray analysis. Each column represents a tissue sample,
and each row represents a probe set. The heat maps indicate high (red) or low (green) levels of gene expression.
(B) gRT-PCR was performed to verify the expression of Hsp110, ATG5, ATG7, Beclin-1, PUMA, Caspase-3, Bcl-6
and FOX03a in cisplatin-resistant osteosarcoma cells. The relative expression of these genes in MG63-R12 and
U20S-R5 cells was normalized to their corresponding parental cells (P < 0.001). (C) The FOXO3a protein level was
downregulated in cisplatin-resistant osteosarcoma cells. MG63, MG63-R12, U20S and U20S-R5 cells were plated
in 96-well plates containing 0.1 ml of 0.5% FBS medium for 24 hrs. The cells were collected and subjected to West-
ern blot analyses for FOXO3a or B-Actin. (D) The activation of autophagy resulted in the downregulation of FOXO3a.
MG63, MG63-R12, U20S and U20S-R5 cells were plated in 96-well plates. After 24 hrs, the culture medium was
replaced with 0.1 ml of fresh medium containing 0.5% FBS and the same medium containing 500 nM rapamycin
for another 24 hrs. The cells were collected and subjected to Western blot analyses for LC3, FOXO3a or B-actin. (E
and F) The inhibition of autophagy resulted in the accumulation of FOXO3a. MG63, MG63-R12, U20S and U20S-R5
cells were treated with or without 3-MA (E), and the MG63-R12 and U20S-R5 cells were transfected with lentivirus
containing either ConshRNA or ATG5-shRNA (F). The cells were collected and subjected to Western blot analyses for
FOX03a, LC3, ATG5 or B-actin. The data represent three independent experiments.

atin-resistant cells. For this purpose, we first downregulated in the MG63-R12 and U20S-
examined the FOXO3a protein levels in the R5 sublines in comparison to their parental
MG63-R12 and U20S-R5 sublines. Consistent cells (Figure 3C). Next, we wanted to examine if
with the mRNA level, FOXO3a was significantly the activation or inhibition of autophagy could
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Figure 4. The overexpression of FOX0O3a in cisplatin-resistant osteosarcoma cells enhances their sensitivity to cis-
platin. A: The overexpression of FOXO3a in cisplatin-resistant osteosarcoma cells resulted in the downregulation of
LC3-ll. MG6B3, MG63-R12, U20S and U20S-R5 cells were transfected with pCDNA3-FOX03a plasmid and incubated
in medium containing 0.5% FBS. After 24 hrs, the cells were collected and subjected to Western blot analyses for
FOX03a, LC3 or B-Actin. B: The overexpression of FOXO3a in cisplatin-resistant osteosarcoma cells increases their
level of apoptosis. MG63, MG63-R12, U20S and U20S-R5 cells were transfected with the pCDNA3-FOX03a plasmid
and incubated in medium containing 0.5% FBS. After 24 hrs, the cells were treated with 10 uM cisplatin for another
72 hrs. The cells were collected and subjected to Western blot analyses for FOXO3a, caspase-3 or B-actin. C and
D: The overexpression of FOXO3a in cisplatin-resistant osteosarcoma cells increased their sensitivity to cisplatin.
MG63, MG63-R12, U20S and U20S-R5 cells were transfected with the pCDNA3-FOXO3a plasmid, and then, the
percentages of surviving cells in each well were calculated by defining the control (MG63 or U20S, O uM cisplatin)
as 100%. The data represent three independent experiments.

affect the FOXO3a protein level. First, we treat- 3a level. Interestingly, the blockage of auto-
ed MG63 and U20S cells with rapamycin, a phagy signaling also resulted in the accu-
mTOR inhibitor, to activate autophagy to mimic mulation of FOXO3a (Figure 3F). These results
the autophagic condition in MG63-R12 and suggested that the activation or inhibition was
U20S-R5 sublines. The immunoblot results able to affect the protein level of FOXO3a.

indicated that rapamycin treatment induced
autophagy and resulted in the decrease of
FOX03a (Figure 3D). Subsequently, we treated
the MG63-R12 and U20S-R5 sublines with
3-MA to inhibit autophagy and then examined Based on the results that MG63-R12 and
the FOX03a protein level. Our results indicated U20S-R5 cells have increased autophagy,

that the inhibition of autophagy lead to the which contributes to the downregulation of FO-
accumulation of FOXO3a (Figure 3E). In addi- X03a, we next investigated if the overexpres-

The overexpression of FOXO3a enhances the
sensitivity of MG63-R12 and U20S-R5 cells to
cisplatin

tion, we also blocked autophagy signaling in sion of FOX03a in MG63-R12 and U20S-R5
MG63-R12 and U20S-R5 sublines by transfect- cells could affect the autophagy status, as well
ing the cells with ATG5-shRNA to knockdown as enhance the sensitivity of these cells against
ATGS expression and then detected the FOXO- cisplatin. First, we transfected the overexpres-
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Figure 5. FOXO3a binds to the promoter of PUMA and positively regulates its expression. (A) FOX03a is not able to
directly bind to the promoters of the genes involved in autophagic signaling. MG63-R12 and MG63-R12+FOX03a
cells were subjected to a ChlP assay using the FOXO3a antibody, and the binding of autophagic signaling genes,
including LC3, SIRT1, Beclin-1, ATG5 and ATG7, was assessed by qRT-PCR. The expression levels of each gene were
normalized against the control vector. (B) FOXO3a specifically binds to the promoter of PUMA. The same DNA in (A)
was used to examine the binding of apoptotic signaling genes, including p53, PUMA, Bax, Caspase-3 and Apaf-1. (C)
A schematic diagram of the PUMA promoter. The promoter region (-1 - -1500) of PUMA is indicated, and the consen-
sus sequence of the FOXO3a binding site is indicated in red. The mutant FOXO3a binding site is indicated in blue.
(D) Luciferase assay. MG63-R12, MG63-R12+FOX03a, U20S-R5, and U20S-R5+FOX03a cells were co-transfected
the firefly luciferase reporter vector pGL4.26-P,, . -Luc or pGL4.26-P, . -l uc with the Renilla luciferase vec-
tor pRL:TK, respectively. After incubation at 37 °C for 24 hrs, the cells were subjected to a luciferase assay using
the Dual Luciferase Reporter Assay System. The luciferase activities in MG63-R12+FOX03a and U20S-R5+FOX03a
cells were normalized against MG63-R12 and U20S-R5 cells, respectively (**P < 0.001).

sion vector pCDNA3-FOX03a into MG63, MG- increase the level of apoptosis in MG63-R12
63-R12, U20S and U20S-R5 cells and then and U20S-R5 cells overexpressing FOXO3a.
examined the LC3-1l/LC3-I ratio to evaluate the Consistently, we also observed decreased cis-
effect of the FOXO3a protein level on autopha- platin resistance in both MG63-R12 and
gy status. Interestingly, the immunoblot results U20S-R5 cells overexpressing FOXO3a com-

pared to cells without FOXO3a overexpression
(Figure 4C and 4D). These results suggested
that FOXO3a is critical for the regulation of
apoptosis status in cisplatin-resistant cells.

showed that the overexpression of FOXO3a
resulted in a decrease in the autophagy sta-
tuses in MG63-R12 and U20S-R5 cells (Figure
4A). Then, we treated cells overexpressing

FOX03a with 10 UM cisplatin and detected FOX03a specifically binds to the promoter of
the level of apoptosis in these cells. Our results PUMA and regulates its expression

indicated that cisplatin treatment lead to in-

creased cleavage of caspase-3 (Figure 4B), Our microarray assay results identified seve-
which suggested that cisplatin treatment could ral autophagy genes (ATG5, ATG7 and Beclin-1)
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that were upregulated and two apoptosis
genes (PUMA and Caspase-3) that were down-
regulated. To examine if FOXO3a could directly
regulate the expression of these genes, as well
as other critical members involved in the auto-
phagy and apoptosis pathways, such as LC3,
SIRT1, p53, Bax and Apaf-1, we performed a
chromatin immunoprecipitation (ChIP) assay to
detect if FOXO3a could bind to the promoters of
these genes. By treating the FOXO3a antibody
bound to Protein A agarose to precipitate DNA
from MG63-R12 and MG63-R12+FOX03a
cells, the enriched DNAs were detected with
gRT-PCR. Our results indicated that no obvious
difference was found for the binding of autoph-
agic signaling members, including LC3, SIRT1,
ATG5, ATG6 and Beclin-1 in MG63-R12 and
MG63-R12+F0OX03a cells (Figure 5A). However,
among those autophagic members, we found
the expression of PUMA was significantly upreg-
ulated in MG63-R12+FOX03a cells compared
to MG63-R12 cells, which suggests that
FOX03a might directly bind to the PUMA pro-
moter region and positively regulate PUMA
expression. To verify this conclusion, we ana-
lyzed the sequence in the PUMA promoter
region to identify if it contained a FOX03a
binding site. Accordingly, we selected a 1,500
bp-promoter region in PUMA and searched
for the FOXO3a binding site in the ALGGEN-
PROMO database (http://alggen.lsi.upc.es/cgi-
bin/promo_v3). By comparing the potential
transcription factor binding sites, we found
that the PUMA promoter region contained a
FOXO3a consensus site (CATTTGT) located at
(-1098)-(-1105) bp from the initiation site
(Figure 5C). To further verify the binding of
FOX03a to the PUMA promoter, we generated
PUMA promoter luciferase reporter constructs
containing either with wild type (WT) or mutat-
ed FOXO3a-binding sites (Figure 5C). After co-
transfecting the pGL4.26-P,,,, ~Luc or
PGL4.26-P, .\ \ueanLUC VECTOr With the Renilla
luciferase vector pRL-TK in MG63-R12, MG63-
R12+FOX03a, U20S-R5 and U20S-R5+FOX03a
cells, we investigated the contribution of FO-
X03a to the activation of PUMA. As shown in
Figure 5D, the overexpression of FOXO3a in
either MG63-R12 or U20S-R5 cells activated
the expression of PUMA containing the WT pro-
moter but failed to activate the expression of
PUMA containing mutated promoter (Figure
5D). These results suggested that FOXO3a
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was able to directly bind to the promoter of
PUMA and modulate its expression.

Given that PUMA is a key player upstream of
intrinsic apoptosis signaling, we next sought to
investigate the effect of the FOXO3a level on
the apoptosis pathway. Accordingly, we first
examined the mRNA levels of intrinsic pathway
members, including p53, PUMA, Bcl-2, Bax,
Caspase-9 and Caspase-3 in MG63-R12, MG-
63-R12+FOX03a, U20S-R5, and U20S-R5+
FOXO3a cells. Interestingly, we found the levels
of PUMA, Bax, Capase-9 and Caspase-3 were
significantly increased, while the Bcl-2 mRNA
level was dramatically decreased in MG63-
R12+FOXO3a and U20S-R5+FOX03a cells
compared to MG63-R12 and U20S-R5 cells,
respectively (Figure 6A and 6B). However, we
did not find an expression change for p53 in
these cells (Figure 6A and 6B). Furthermore,
we also detected the protein levels in MG-
63-R12, MG63-R12+FOX03a, U20S-R5, and
U20S-R5+FOX03a cells. Consistently, we also
observed the induced levels of PUMA, Bax,
cleaved Caspase-9 and Caspase-3, a decrea-
sed level of Bcl2, but no change in the p53
level in MG63-R12+FOX03a and U20S-R5+
FOX03a cells compared to MG63-R12 and
U20S-R5 cells, respectively (Figure 6C).

Based on the results that the overexpression
of FOXO3a activated apoptosis signaling, we
next sought to evaluate whether the overex-
pression of FOX0O3a in MG63-R12 and U20S-R5
had effects on cell proliferation and sphere for-
mation. As shown in Supplementary Figure 2A,
the cell proliferation assay results indicated
that the overexpression of FOXO3a in MG-
63-R12 and U20S-R5 cells significantly inhi-
bited cell growth. The results of the sphere
formation assay indicated that the overexpres-
sion of FOXO3a in MG63-R12 and U20S-R5
cells lead to a significant decrease in the abi-
lity to form spheres (Supplementary Figure
2B). To evaluate if the overexpression of
FOX03a in MG63-R12 and U20S-R5 cells re-
sults in similar suppressive effects in vivo, we
injected nude mice with MG63-R12, MG63-
R12+FOX03a, U20S-R5 and U20S-R5+FOX03a
and then monitored tumorigenesis for 30 days
by measuring tumor volumes at 5-day inter-
vals. Mice injected with MG63-R12+FOX03a
and U20S-R5+FOX0O3a cells showed signifi-
cantly decreased tumor volumes (45% reduc-

Am J Cancer Res 2017;7(7):1407-1422
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Figure 6. The overexpression of FOXO3a activates the p53-independent intrinsic apoptosis pathway. A and B: The
overexpression of FOXO3a activates the downstream gene expression of PUMA. The mRNAs from MG63-R12, MG63-
R12+FOX03a, U20S-R5, and U20S-R5+FOX03a cells were used to determine the expression of p53, PUMA, Bcl-2,
Bax, Caspase-9, Caspase-3, Apaf-1 and FOXO3a. The relative expression of these genes in cells overexpressing
FOXO3a was normalized against the individual gene expression in their corresponding non-overexpression cells (*P
< 0.05, **P < 0.001). C: The overexpression of FOXO3a increases the protein levels of PUMA downstream. Cell ly-
sates from MG63-R12, MG63-R12+FOX03a, U20S-R5, and U20S-R5+FOX03a cells were subjected to Western blot
analyses for p53, PUMA, Bcl-2, Bax, Caspase-9, Caspase-3, Apaf-1 and FOXO3a. D: The overexpression of FOXO3a
decreases the ability to form tumors in vivo. MG63-R12, MG63-R12+FOX03a, U20S-R5, and U20S-R5+FOX03a
cells were injected intradermally into the flanks of mice. Tumor volumes were measured with fine calipers at 5-day
intervals.

tion by day 25) compared with mice injected function in both autophagy and apoptosis
with MG63-R12 and U20S-R5 cells (Figure processes have been identified, the underlying
6D). These results suggested an important role molecular mechanism is still not fully under-
for FOXO3a in the control of tumorigenesis in stood [20-22]. In the present study, we discov-
vivo, as well as tumor cell proliferation, sphere ered that cisplatin-resistant osteosarcoma
formation, and cell migration in vitro. cells have increased autophagy status, which
Discussion caqses the .de.gr.a.dation of FOXO3a. Intgr—

estingly, the inhibition of autophagy results in
It is well known that autophagy often inhibits FOXO3a accumulation, which can specifically
apoptosis [2]. Although many regulators that bind to the promoter region of PUMA and acti-
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Figure 7. A schematic diagram of the crosslink between au-
tophagy and apoptosis in human osteosarcoma cells. Inhibition
of autophagy signaling results in the accumulation of FOXO3a,
which specifically binds to the promoter of PUMA and activates
its expression. Activated PUMA inversely inhibits anti-apoptotic
proteins, such as Bcl-2, causing the abolition of Bcl-2-inhibiting
Bax, eventually leading to the activation of Bax, which further
activates the caspase cascades and causes apoptosis.

vate its expression. The activated PUMA in-
versely inhibits anti-apoptotic proteins, such
as Bcl-2, causing the abolition of Bcl-2 inhibit-
ing Bax. This eventually leads to the activation
of Bax, which further activates the caspase
cascades and causes apoptosis (Figure 7). In
conclusion, our results provide evidence for a
transcriptional mechanism that connects auto-
phagy and apoptosis. More importantly, this
crosslink provides a reasonable approach for
many ongoing clinical trials that use chloro-
quine-based drugs to inhibit autophagy to
enhance the ability of other cancer drugs to
induce apoptosis.

Osteosarcoma is a solid tumor that com-
monly occurs in children and adolescents. Che-
motherapy is an important part of the treat-
ment for most people with osteosarcoma [25].
The drugs used most often to treat osteosar-
coma include methotrexate, doxorubicin, cispl-
atin, ifosfamide, cyclophosphamide and epiru-
bicin. Although these drugs exhibit good antitu-
mor efficacy at the beginning of chemotherapy,
osteosarcoma patients tend to show resistance
to these drugs over time, and cancer cells are
resurgent. To study the resistance of osteosar-
coma cells to chemotherapeutic drugs, we
treated two osteosarcoma cell lines, MG63 and
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U20S, into medium containing cisplatin. Two
obtained cisplatin-resistant sublines, MG63-
R12 and U20S-R5, exhibited higher levels of
autophagy but lower levels of apoptosis after
treatment with cisplatin (Figure 1C and 1D).
These phenomena suggest that we may find
some molecules that control the crosslink
between autophagy and apoptosis in these
cells. Then, we performed a microarray assay
to analyze gene expression profiles in MG-
63-R12 and U20S-R5 cells and sought to iden-
tify some key regulators. Fortunately, we found
that the transcription factor FOXO3a is signifi-
cantly downregulated in these cisplatin-resis-
tant cells (Figure 3A and 3B). Pharmacological
treatments to inhibit or activate autophagy
caused inverse effects on the FOX03a protein
level; thus, the inhibition of autophagy causes
the accumulation of FOXO3a, while the activa-
tion of autophagy leads to FOXO3a degradation
(Figure 3C and 3D). However, we did not illumi-
nate the mechanism of FOXO3a downregula-
tion in cisplatin-resistant cells. The current un-
derstanding of FOXO3a modification include
phosphorylation and ubiquitination. FOX03a
can be phosphorylated by a number of kinases,
such as AKT, IKK (IkB kinase), and ERK1 and 2
(extracellular signal-regulated kinase 1 and 2),
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on multiple sites, such as S249, S322 and
S$325 [27]. The phosphorylation FOXO3a by
AKT promotes its association with an ubiquitin
E3 ligase, which can polyubiquitinate FOX03a,
eventually causing its degradation [27, 28]. In
recent years, a number of microRNAs, such as
miR-29a [29], miR-132 [30], miR-182 [31], miR-
212 [30], and miR-622 [32], have been report-
ed to directly target the 3’-untranslated region
(UTR) of FOXO3a and negatively regulate its
expression. Because of the complicated me-
chanism of FOXO3a expression regulation, we
will investigate the underlying mechanism of
FOX03a downregulation in cisplatin-resistant
cells in the future.

Our results indicate that osteosarcoma cells
seem to require a certain level of FOXO3a. The
overexpression of FOXO3a in normal MG63
and U20S cells does not significantly increased
cell sensitivity to cisplatin; however, its overex-
pression in MG63-R12 and U20S-R5 cells sig-
nificantly increased the sensitivity of cells to
cisplatin (Figure 4C and 4D). Moreover, the
overexpression of FOXO3a in cisplatin-resistant
cells can significantly decreases cell prolifera-
tion, sphere formation, cell migration and in
vivo tumor formation ability (Figure 6D and
Supplementary Figure 2). These results clearly
demonstrate that the FOXO3a level is impor-
tant for the carcinogenicity of osteosarcoma
cells. More importantly, these results provide a
new strategy for osteosarcoma drug resistance
treatment in the future.

We also demonstrated that FOXO3a was able
to directly bind to the PUMA promoter and posi-
tively regulate its expression (Figure 5). The
degradation of FOXO3a in cisplatin-resistant
cells results in the downregulation of PUMA
and the inhibition of the intrinsic apoptosis
pathway. Based on these results, we revealed
the underlying mechanism of the decreased
apoptosis status in cisplatin-resistant cells.
Importantly, we also established a new cross-
link between autophagy and apoptosis, the
activation of autophagy causes FOX0O3a degra-
dation, thereby resulting in the downregulation
of PUMA and eventually leading to the inhibition
of apoptosis signaling. This crosslink is not
dependent on p53 because it is upstream of
PUMA (Figure 6A-C). However, we did not exam-
ine if the overexpression or downregulation of
p53 has any effect on the FOX0O3a level and the
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sensitivity of MG63-R12 or U20S-R5 cells to
cisplatin. The overexpression or downregula-
tion of p53 in cisplatin-resistant cells would
affect PUMA expression; however, we do not
know if there is a feedback regulation mecha-
nism between PUMA and FOXO03a. We will
investigate the effect of p53 levels on this
crosslink in the future.

In summary, our results uncovered three major
findings: (1) we identified FOXO3a is a key fac-
tor in the regulation of human osteosarcoma
cell sensitivity to chemotherapeutic drugs; (2)
we revealed FOXO3a is able to specifically bind
to the PUMA promoter and positively regulate
the downstream event of the intrinsic apopto-
sis pathway; and (3) we showed a new tran-
scriptional mechanism that connects autopha-
gy and autophagy.
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Supplementary Table 1. Primers used for gRT-PCR

Gene Forward Reverse

B-Actin 5’-CACCAACTGGGACGACAT-3’ 5’-ACAGCCTGGATAGCAACG-3’
ATG5 5-TGTTACCATTTTGACTGGTCG-3’ 5’-CTGCAGTCAAGAGACAGGTAATC-3’
ATG7 5-TGGAGCAGCTCATCGAAAGCC-3'  5’-TCCAAGGTCCGGTCTCTGGTTG-3’
Beclin-1 5-TGGCACAGTGGACAGTTTGG-3’ 5’-TGTCAGAGACTCCAGATATG-3’
Hsp110 5’-AGGATGAGAAATACAACCAT-3’ 5’-TCAATATTTGGGCCATTTGGA-3’
PUMA 5-TGCACTGACGGAGATGCGGACT-3" 5’-AGAGTGAAGGAGCACCGAGA-3’
Caspase-3 5-GAATGGGCTGAGCTGCCTGTAA-3' 5’-TTCTTACTTGGCGATGGCG-3’
Bcl-6 5-GCGCCAGAAGCATGGCGCCAT-3" 5-GCTATGATTTGCACTAGTGGATG-3’
FOXO3a 5’-CATGTAGAGTGTTGTGGAGAGC-3’ 5-AACGGCTGGCCTGTCCTGAA-3’

Supplementary Table 2. Primers used for ChlIP assay

Gene Forward Reverse

ATG5 5’-ACGCCATTCTCCTGCCTCAGAC-3"  5-CCATCCAAGAGTACATATCT-3’
ATG7 5-AGTGCTGTGATTACAGGCG-3’ 5'-TAATTAACTAGCCACCATG-3’
Beclin-1 5’-ACAAGCGTGAGCCACCATGC-3’ 5-CCTGGCCAACACAGTGAA-3’
LC3 5’-AGCATCCTGTTCTATCCTGT-3’ 5’-CACAGTCCCGTGACGTCAT-3’
SIRT1 5-GCAACCGACTAAGGAGAAAAG-3"  5-GGAATTTCCACGTCTTCCTGA-3’
Apaf-1 5’-ATGAGCCGTGGCAGGAGTGC-3’ 5’-CTCAAGTCTTCGCGGGTC-3’
Bax 5-GGGGTGGCTCAAGCCTGTAAT-3"  5-GTGTTGCCCAGGCTGGAG-3’
Caspase-3 5-AGAGAGACCTGAGGGTAACC-3’ 5-CTAGGTCTTCCTGAGAGTCC-3’

PUMA

5’-ATATGTCATAATCCATGGTT-3’

5’-ATGTCAGACTTCTCAAAC-3’
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Supplementary Figure 1. Cisplatin-resistant osteosarcoma cells are insensitive to cisplatin treatment. MG63,
MG63-R1, MG63-R12, MG63-R23 and MG63-R35 cells (A), as well as U20S, U20S-R5, U20S-R20 and U20S-R33
cells (B), were plated in 96-well plates. After 24 hrs, the culture medium was replaced with 0.1 ml of fresh medium
containing 0.5% FBS and the same medium containing the indicated concentrations of cisplatin for another 72
hrs. The percentages of surviving cells in each well were calculated by defining the control (MG63 or U20S, O uM
cisplatin) as 100%.
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Supplementary Figure 2. The overexpression of FOXO3a results in decreases in the cell proliferation and sphere
formation ability of cisplatin-resistant osteosarcoma cells. A: MG63, MG63-R12, MG63-R12+FOX03a, U20S, U20S-
R5 and U20S-R5+FOX03a cells were plated in 96-well plates containing 0.1 ml of DMEM medium with 0.5% FBS.
Cells on each day were subject to a MTT assay to evaluate the degree of cell proliferation, and the cell viability was
determined at 490 nm. B: MG63, MG63-R12, MG63-R12+FOX03a, U20S, U20S-R5 and U20S-R5+FOX03a cells
were plated in 24-well plates at a density of 100 cell/well. Fresh media was added every 2-3 days. After 9 days, the
numbers of spheres were counted. Scale bar = 50 ym (**P < 0.001).



