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targeting TGF-B1/Smad signaling pathway

and is associated with good prognosis
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Abstract: Whether programmed cell death 5 (PDCD5) is effective for tumor metastasis remains unclear. In this
study, the expression of PDCD5 in 63 osteosarcoma (0S) tissues and two OS cell lines was analyzed. Then the
relationship between PDCD5 expression and clinicopathological features of OS was studied. In addition, adhesion,
wound healing, Transwell and Matrigel tube formation assays were used to explore the role of PDCD5 in OS cell
adhesion, migration, invasion and angiogenesis. Western blotting was used to detect the protein expression of
TGF-B1/Smad signaling pathway and epithelial-mesenchymal transition (EMT)-related markers. At the same time,
key molecules involved in migration, invasion and EMT in tumor specimens were assessed by immunohistochemis-
try. The data showed that PDCD5 overexpression significantly attenuated OS cell adhesion, migration, invasion and
angiogenesis. Furthermore, PDCD5 knockdown caused an opposite effect on these phenotypes in vitro. PDCD5 in-
hibited tumor metastasis by attenuating EMT in OS cells. PDCD5 knockdown enhanced the incidence of metastasis
and EMT in OS cells. Furthermore, PDCD5 expression was reduced by transforming growth factor-1 (TGF-B1) in a
time-dependent manner, and TGF-B1-induced EMT was induced by PDCD5 knockdown. Inactivation of the TGF-f1/
Smad signaling pathway was involved in the anti-tumor function of PDCD5 in OS. Furthermore, tumor progression in
0S patients was associated with low expression of PDCD5, indicating a decrease in survival and a poor prognosis.
Our results suggest that PDCD5 may attenuate EMT by inhibiting TGF-B1/Smad signaling pathway to inhibit OS me-
tastasis and may be a potential adjuvant genetic therapy for OS.
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Introduction will greatly promote the development of new
therapeutic strategies for OS.

Osteosarcoma is the most common malignant

bone tumor, mainly occurring in children and
adolescents. Although current treatment strat-
egies include limb salvage surgery and neoad-
juvant chemotherapy, the long-term disease-
free survival rate of patients with local disease
reaches 60%-75% [1]. However, patients with
local recurrence and distant metastasis have a
5-year survival rate of only 27% to 55% of cur-
rent treatments [2]. Moreover, there is no effec-
tive treatment available for metastatic patients,
causing a poor prognosis, with a 5-year overall
survival rate of less than 10% [3]. Therefore,
there is an urgent need to elucidate the molec-
ular mechanisms of OS cell metastasis, which

Tumor cell metastasis is a very complex pro-
cess that is divided into several stages, includ-
ing adhesion, migration, invasion, angiogene-
sis, and eventually spread in other parts of the
body [4-6]. In this malignant process, tumor
cells overexpress mesenchymal markers, inclu-
ding vimentin, N-cadherin, and fibronectin. At
the same time, they lose expressions of epithe-
lial markers, including E-cadherin and alpha-
catenin, which result in epithelial-mesenchymal
transition (EMT) and subsequent local/distant
metastases. Some cytokines and growth fac-
tors such as TGF-B1, hepatocyte growth factor
(HGF), epidermal growth factor (EGF), etc. can
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stimulate the development and progression
of EMT. TGF-B1 is one of the strongest stimuli
and is overexpressed in many types of human
tumors, including OS [7]. However, the latent
mechanism of the TGF-B1 signaling pathway in
EMT has not been explored to a large extent,
although EMT is thought to be involved in the
metastasis process of OS [8, 9].

The human PDCD5 gene is located on chromo-
some 19q12-g13 and consists of 6 exons and
5 introns. It was first used in 1999 as an up-
regulated gene [10]. In the past decade, re-
search on PDCD5 has made great progress,
indicating the importance of PDCD5 in evolu-
tion and differentiation. It has been reported
that PDCD5 expression is down-regulated in
various tumor tissues, and up-regulation of
PDCD5 can make different tumors significantly
sensitive to chemotherapy. In addition, PDCD5
can interact with different molecules and play
an important role in a variety of signaling path-
ways [11-13].

Our previous work has shown that PDCD5 was
poorly expressed in OS and could inhibit the
proliferation of OS cells, thereby promoting the
sensitivity of chemotherapy to OS [14]. How-
ever, whether PDCD5 is involved in the invasion
and metastasis of OS cells, and the related
regulatory mechanisms remain unclear. There-
fore, we examined the expression of PDCD5 in
OS specimens and analyzed the correlation
between its expression level and survival rate
of OS patients. In addition, the negative impact
of PDCD5 on invasion and migration was stud-
ied. Furthermore, since EMT plays an important
role in the process associated with OS progres-
sion, the mechanism of action of PDCD5 on
TGF-B1-induced EMT processes in OS cells was
investigated.

Methods
Patients, specimens, and cell lines

The study was conducted in accordance with
ethical standards and in accordance with the
Helsinki Declaration and national and interna-
tional guidelines, and was approved by the
Ethics Committee of Peking University People’s
Hospital. Informed consent was signed by each
patient. From 2005 to 2010, 63 patients with
OS tissue specimens were enrolled in the mus-
culoskeletal tumor center of Peking University
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People’s Hospital for patients who did not re-
quire prior adjuvant chemotherapy or radiother-
apy. All tissue specimens were clinically diag-
nosed by orthopedic oncologists and patholo-
gists, routinely fixed with 10% formalin, and
embedded in paraffin for immunohistochemi-
cal staining.

The human osteosarcoma cell line Saos-2 was
obtained from Memorial Sloan-Kettering Can-
cer Center. Human OS cell line U20S was kindly
provided by Dr. Yi Guo (University of California,
Irvine, USA), Human umbilical vascular endo-
thelial cells, Human breast cancer cell line
MCF-7 and human hepatocarcinoma cell line
HepG2 were obtained from the ATCC (American
Type Culture Collection, Manassas, VA, USA). All
the cells were routinely maintained in RPMI
medium 1640 containing 10% heat-inactivated
fetal calf serum in 37°C humidified incubator
with a mixture of 95% air and 5% CO,, and fed
every 3-4 days with complete medium. Subcul-
true was performed once the cells grew to
confluence.

Immunohistochemistry (IHC)

IHC was carried out as previously described
[15]. Antibodies to PDCD5 (ab75430), phos-
phorylate (p)-Smad2 (ab53100), p-Smad3 (ab-
51177) and TGF-B1 (ab25121) were purchased
from Abcam (Cambridge, MA). Two independent
orthopaedic tumor pathologists (Peng Chang-
liang and Lu Xinchang) blindly rated all parts
and randomly selected 10 high power fields for
each slide. The expression levels of each pro-
tein marker in tumor cells were then indepen-
dently assessed. The percentage of positively
stained cells was rated to O to 3: less than 5%
of positively stained cells were grade O, 5 to
25% were grade 1, 26 to 50% were grade 2,
and more than 50% were grade 3. In addition,
Stain intensity O to 2 was also graded: the weak
intensity was O, weak to medium intensity was
1, and medium to strong intensity was 2. Finally,
we multiplied the percentage score of the inten-
sity score. And the final score between 0 and 2
was defined as low expression, and the score
higher than 2 was defined as high expression.

RNA extraction and real-time RT-PCR

Total RNA was extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) and reverse
transcribed into cDNA using the M-MLV Reverse
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Transcriptase Kit (Promega, USA) according to
the manufacturer’s instructions. PCR primers
for PDCD5 and B-actin were as follows: PDCD5
forward: 5-GTGATGCGGCCCAACAG-3’; reverse:
5-ATCCAGAACTTGGGCTAAGATACTG-3’; and B-
actin, forward: 5-AGCGGGAAATCGTGCGTG-3;
To: 5-CAGGGTACATGGTGGTGCC-3’ [14]. Real-
time RT-PCR was then performed on an ABI
PRISM 7300 Sequence Detection System (Ap-
plied Biosystems, Foster City, California, USA)
using the SYBR Green Real-Time PCR Assay Kit
(TAKARA, Otsu, Japan). The level of B-actin was
used as an internal control. The expression fold
change in expression was calculated using the
2-AACt method.

Vector construction and lentivirus infection

The lentiviral vector (LV-PDCD5) containing the
PDCD5 DNA sequence, the lentiviral vector (LV-
shPDCD5) containing the PDCD5 siRNA sequ-
ence, and the null scrambled shRNA (LV-Con-
trol) were constructed by Lanmeng (Langfang,
China). The construct containing the PDCD5
and PDCD5 shRNA sequences was cloned into
the pGCSIL-GFP (green fluorescent protein) vec-
tor (Lanmeng). Four target sequences were syn-
thesized as follows: siPDCD5-1: 5-TGGACTC-
TGATGAAGATGA-3’; siPDCD5-2: 5-GGTATCAG-
AACAAGGTTTA-3’; siPDCD5-3: 5'-GTAATGGACT-
CTGATGAAG-3'. Then, Lentiviral production and
infection were performed as previously report-
ed [16]. Stable cell lines expressing PDCD5 or
PDCD5 shRNA were selected for 15 days with
0.5 pg/ml puromycin. The expression of PDCD5
was detected and the strongest PDCD5 inhibi-
tor was selected for the sequent research.

Western blot analysis

Standard Western blot analysis was performed
as previously described [14]. Antibodies against
PDCD5 (ab75430), vimentin (ab92547), E-cad-
herin (ab76055), TGF-B1 (ab25121) and VEGF
(vascular endothelial growth factor, ab46154)
were purchased from Abcam (Cambridge, MA).
The following antibodies were purchased from
Cell Signaling Technology (Beverly, MA, USA):
Smad2/3 (#3102), p-Smad2 (#3108), p-Smad3
(#9520), MMP-2 (matrix metalloproteinase-2,
#4022) and MMP-9 (#3852). The Snail (sc-
113766), Slug (sc-111905) and GAPDH (sc-
47724) antibody was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA).
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Endothelial adhesion assay

Endothelial adhesion assays were performed
as previously described [17]. First, HUVECs
were harvested and washed twice with RPMI
medium 1640 containing 10% heat-inactivated
fetal calf serum and resuspended in the same
medium at 2.5 x 105 cells/ml. 7.5 x 105 HUVECs
were plated in 6-well plates. After incubation at
37 °C for 20 min, 3 x 10* tumor cells transfect-
ed with LV-PDCDb5, LV-shPDCD5 or LV-Control
were then delivered into the wells preincubated
HUVEC cells for 30 min at 37°C. The wells were
gently washed twice with PBS to remove non-
adherent cells. For quantification, at least six
random images are taken. Then, when the
tumor cells adhered to the endothelial mono-
layer, we quantified and photographed using a
fluorescence microscope system.

Wound healing assay

The migration ability of OS cells was measured
by a wound healing assay. First, cells were
seeded in a six-well plate at a cell density of
6 x 10%/ml. After 24-hour culture, the cells
were infected with LV-PDCD5, LV-shPDCD5 or
LV-Control, and cultured until confluence for
subsequent experiments. The wound was ma-
de by scratching the tip of a plastic pipette. The
plate was washed twice with phosphate buff-
ered saline (PBS) and then we removed cell
debris and isolated cells. The cells were then
incubated with the complete growth medium.
When the cells migrated to the injured blank
area, photographs were taken at 0 and 24
hours after the wound, respectively.

Cell migration and invasion assays

Cell migration assays were performed in a
Transwell chamber with 8.0 um pore mem-
brane as previously described [15]. Briefly,
after 72 hours of infection with LV-PDCD5,
LV-shPDCD5 or LV-Control, cells were harvest-
ed and resuspended in serum-free medium.
The cells having a density of 5 x 10* cells/ml
(200 pl) were then added to the upper cham-
ber. 600 ul of medium containing 10% FBS was
added to the lower chamber. The chamber was
incubated at 37°C for 3 hours in a humidified
atmosphere containing 5% CO,/95% air. There-
after, the cells on the bottom surface were fix-
ed in methanol and stained with 0.1% crystal
violet, and countered in 5 randomly selected
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Table 1. Association of PDCD5 expression with the clinicopatho-

logical characteristics of OS

assessed using a digital mi-
croscope system.

Expression of PDCD5

Variables Cases , : — P-values Statistical analysis
Low expression High expression
Gender 0.980 The GraphPad Prism software
Male 33 21 12 was used to execute experi-
Female 30 19 11 mental data. Kaplan-Meier
Age 0.384 analysis was used to assess
<20 40 27 13 the relationship between PD-
520 23 13 10 CD5 and patient survival. The
Tumor location 0.797 relatioqship betweep PDCD§
Femur 26 15 11 and cllnlcopathologwgl var!-
. ables was analyzed using chi-
Tibia 19 12 ! square test. Log-rank test and
Humerus 10 7 3 X2 were used to assess differ-
Others 8 2 ences, Fisher's exact proba-
Histological types 0.984 bility and Student’s t-test were
Osteoblastic 33 21 12 used for comparison between
Chondroblastic 17 11 6 groups. Data were expressed
Others 13 8 5 as mean = SD. P<0.05 was
Enneking stage 0.003 gonsidered statistically signi-
I+ 43 22 21 ficant.
Il 20 18 2 Results
Distant metastasis 0.000
No 40 17 23 PDCD5 low expression cor-
Yes 23 23 0 related with progression and

microscope fields per well, and the non-migrat-
ing cells on the upper surface were gently
scraped off.

For the invasion assay, the same procedure as
the migration assay described above was per-
formed except that the upper chamber mem-
brane was coated with 100 ul 200 ug/ml Ma-
trigel (BD Biosciences, Franklin Lakes, NJ, USA)
for 60 minutes at room temperature before the
experiment.

Matrigel tube formation assay

The procedure was carried out as described
previously [15]. Briefly, cells were seeded in a
60 mm plate containing fresh 1% serum medi-
um for 24 hours, and 2 ml of conditioned medi-
um was harvested. Meanwhile, a 96-well plate
was precoated with 50 yl of Matrigel (10 mg/
ml; BD Biosciences) per well, and incubated at
37°C for 1 hour. Then, 5 x 10* HUVECs were
suspended in conditioned medium of 100 pl of
OS cells, and then gently added to the precoat-
ed 96-well plate. The plates were then incubat-
ed for 8 hours at 37°C and tube formation was
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poor prognosis of OS patients

Table 1 shows the clinical and pathological fea-
tures of 63 OS patients enrolled in this study.
The PDCD5 expression of the OS samples was
examined by immunohistochemistry. The defi-
nition criteria for the representative PDCD5
staining pattern in OS tissues are shown in
Figure 1A. PDCD5 expression was stronger in
23 (36.51%) samples and weaker in the other
40 samples (63.49%). In subsequent studies,
patients were therefore divided into PDCD5-
low (weak expression; n=40) and PDCD5-high
(strong expression; n=23) groups. Correspond-
ingly, PDCD5 gene expression was significantly
down-regulated in the two tested OS cell lines,
human hepatoma cell line (HepG2) and human
breast cancer cell line (MCF-7) (Figure 1B), whi-
ch is consistent with previous reports [18, 19].

To assess the relationship between PDCD5 ex-
pression and OS prognosis, the correlation be-
tween high PDCD5 expression and OS clinico-
pathological features was analyzed. The results
showed that PDCD5 expression was significant-
ly associated with Enneking stage (P=0.003)
and distant metastasis (P=0.000), whereas
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Figure 1. Strong PDCD5 expression in OS correlates with better patient overall survival. A. Scores indicating PDCD5
levels in representative OS tissues. Scale bar =100 uym. B. PDCD5 expression was determined by real-time RT-PCR
on total RNA extracted from human Saos-2 and U20S osteosarcoma cell lines, HepG2 hepatocarcinoma cell line,
MCF-7 breast cancer cell line and normal bone tissues. C. Kaplan-Meier survival analysis of overall survival in all
patients. The curves of overall survival according to PDCD5 expression level in 63 patients with osteosarcoma.

tients’ gender (P=0.980), tu-
mor location (P=0.797), and
histological type (P=0.984)
(Table 1).

siRNA-1 siRNA-2

siRNA-3

Control

Saos-2

The comparison of the prog-
nostic impact of PDCD5 on
overall survival in OS patients
with high PDCD5 protein and
low PDCD5 protein expres-
sion indicated that patients

V205 — T S

GAPDH

Figure 2. Transfection of siPDCD5-1 inhibits PDCD5 expression at protein
level. Western blotting assessment on the effects of siPDCD5 on endoge-
nous PDCD5 protein expression. Saos-2 and U20S were transfected with
non-silencing siRNA or siPDCD5s. At 24 hours post transfection, endogenous
PDCD5 protein expression was measured by Western blotting. Significant
decreased expression of endogenous PDCD5 was observed in siPDCD5-1
transfected cells, whereas in non-silencing siRNA transfected cells, endog-
enous PDCD5 shows no decrease. GAPDH serves as the internal control.

there was no significant correlation between
PDCD5 expression and age (P=0.384), OS pa-
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with high PDCD5 levels had
significantly higher 10-years
survival rate than those with
low PDCD5 levels according
to the Kaplan-Meier curve
evaluation (P=0.0092, log-
rank test; Figure 1C). These
results indicated that PDCD5
down-regulation was signifi-

cantly associated with progression, metasta-
sis, and adverse outcomes in OS patients.
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Figure 3. PDCD5 inhibits the OS cell adhesion. Representative images of GFP transfected tumor cells adhering to
the endothelial monolayer (magnification x 100). The data (mean + SD) are statistically significant of three sepa-

rated experiments, P<0.01.

Transfection of siPDCD5-1 reduced PDCD5
expression at protein level

Non-silencing siRNA control and the four candi-
date siRNAs (siPDCD5-1, -2, and -3) targeting
PDCD5 were transfected into osteosarcoma
cells. At 24 hours after transfection, the levels
of PDCD5 protein in Saos-2 and U20S cells
transfected with siPDCD5-1 decreased signifi-
cantly, as assessed by Western blotting (Figure
2). In contrast, siPDCD5-2, siPDCD5-3 and non-
silent siRNA had no such effect. Therefore, siP-
DCD5-1 strongly and specifically inhibited the
expression of PDCD5 protein in osteosarcoma
cell lines.

PDCD5 inhibited OS cell adhesion, metastasis
and invasion in vitro

To examine whether PDCD5 affects OS cell ad-
hesion, metastasis and invasion, lentiviral PD-
CD5 (LV-PDCD5) and PDCD5 shRNA (LV-shPD-
CD5) vectors were constructed. The in vitro mi-
gration and invasion ability of the transduced
cells was then measured. Cell adhesion assays
showed a significant decrease in cell adhesion
capacity of LV-PDCD5 lentiviral cells compared
to control lentiviral cells (Figure 3). In contrast,
cells infected with LV-shPDCD5 showed enhan-
ced adhesion (P<0.01) (Figure 3).
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Wound healing and transwell migration assays
were used to further analyze the effect of PD-
CD5 on OS cell migration, indicating that PD-
CD5 overexpressing 0S cells exhibited signifi-
cantly reduced cell migration (Figure 4A-D). In
contrast, PDCD5 inhibition resulted in a signifi-
cant increase in migration relative to control
cells (Figure 4A-D). The effect of PDCD5 on
tumor cell invasion in vitro was further exam-
ined by Matrigel-coated Transwell chamber.
Corresponding to the results of the migration
assay, PDCD5 overexpression inhibited cell in-
vasion (Figure 4B-D), while PDCD5 inhibition
was enhanced (Figure 4B-D).

Furthermore, in LV-PDCD5 lentiviral cells, the
expression of MMP-2 and MMP-9 was signifi-
cantly reduced in tumor invasion and migration.
In contrast, when OS cells were infected with
LV-shPDCDb5, the results were reversed (Figure
4E). These results indicated that PDCD5 could
inhibit adhesion, metastasis and invasion of OS
cells.

PDCDS5 inhibited HUVEC tube formation and
expression of VEGF in OS cells

HUVECs were cultured on Matrigel-coated pla-
tes in conditioned medium to investigate the
effect of PDCD5 on neovascularization. After
8 hours of incubation, cells infected with LV-
PDCD5 lentivirus showed significantly reduced

Am J Transl Res 2019;11(2):1116-1128
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Figure 4. PDCD5 was associated with the invasive and metastatic potential of OS. A. Representative micrographs
of the motility of PDCD5-overexpressing or PDCD5-silencing cells in the wound healing assay at O h and 24 h com-
pared to vector control cells. B-D. Representative micrographs and quantification of the invasiveness of PDCD5-
overexpressing or PDCD5-silencing cells in the transwell migration and invasion assays compared to vector control
cells. E. PDCD5 decreased the expression of MMP-2 and MMP-9 in OS cells. Error bars represent mean + SD from
three independent experiments, **P<0.01.
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Figure 5. PDCD5 inhibits HUVECs tube formation and downregulates the expression of VEGF of OS cells. Represen-
tative phase-contrast images of the tubes that formed (magnification x 100). PDCD5 suppressed the expression of
VEGF protein.

LV-Control LV-shPDCD5 LV-PDCD5

Saos-2

u20s

A LV-Control LV-shPDCD5 LV-PDCD5 LV-Control LV-shPDCD5 LV-PDCD5

E-cadherin s = . . m— . E—
Vimentin —— ‘ . —
PDCD5  — - “ﬁ‘ - - - | ——
GAPDH T S S S e

B Saos-2 u20s

= Saos-2 u20s Saos-2 u20s

=]

= =

g 25- 2 25

g - - . :

@ 201 2 20

< a

E 15 .z: 1.5

£ 157 Z 1.5

£ £

S 10 * = - £ 104 . L .

'§ S

& 0.5 £ o05-

~ 5

2 g

® 0.0- £ 0.0-

= N\ 8 N

= S &L & & & & 3 S &L S & S &
poo ~(3° .\Qo Aoo {30 g QO S’o(‘ Q° Q p° ‘80 \\90
38 ’ 2 &Y v R

Figure 6. PDCD5 regulated EMT in vitro. A. Western blot analysis of E-cadherin and vimentin proteins in PDCD5-over-
expressing or PDCD5-silencing cells. B. Representative micrographs of E-cadherin and vimentin mRNA expressions
in PDCD5-overexpressing or PDCD5-silencing cells as determined by real-time RT-PCR. Bars represent the mean +
SD of three independent experiments, *P<0.01.

HUVEC tube formation relative to control lenti- effect (Figure 5). VEGF was the most potent
viral cells (P<0.01) (Figure 5). However, cells in- angiogenic factor in tumor angiogenesis [20].
fected with LV-shPDCD5 showed the opposite VEGF protein level assay showed a significant
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Figure 7. PDCD5 participates in TGF-B1-induced EMT. A. Western blot of PDCD5, vimentin, E-cadherin, Snail and
slug in the indicated cells in response to treatment with 10 ng/mL TGF-B1 for O, 24, and 48 h. B. Twenty-four hours
post-transfection of LV-Control or LV-shPDCD5 lentivirus, the cells were treated with TGF-B1 (2 ng/ml) for an ad-
ditional 48 h. The expressions of PDCD5, E-cadherin, vimentin, Snail and slug were detected by Western blot. C.
Representative images and data of a transwell invasion assay for Saos-2 and U20S cells. TGF-B1 stimulation signifi-
cantly increased the invasiveness of both tumor cell lines compared with that in the absence of TGF-B1 (LV-Control),
and LV-shPDCD?5 lentivirus cells enhanced the effect of TGF-B1. Each bar represents the mean + SD, **P<0.01. All
images are representative of three independent experiments with similar findings.

increase in VEGF expression in LV-shPDCD5
lentiviral cells, whereas VEGF expression was
significantly reduced in LV-PDCD5 lentiviral
cells (Figure 5). Therefore, it can be concluded
that PDCD5 can significantly inhibit angiogene-
sis of OS cells.

PDCD5 reduced EMT of OS cells in vitro

EMT enables the tumor cells to gain invasive
properties and metastatic growth characteris-
tics. During the process of EMT, the tumor cells
would mislay the expression of cellular adhe-
sion proteins and gain expression of mesenchy-
mal markers [21, 29]. To determine if PDCD5
reduced EMT, the expression of EMT markers
was assessed. The results showed that PDCD5
overexpression increased the level of epithelial
markers (E-cadherin) in both OS cell lines and
decreased the level of mesenchymal markers
(vimentin) (Figure 6A). In contrast, silencing PD-
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CD5 reduced the level of epithelial markers and
increased the level of mesenchymal markers
(Figure 6A). Similar results in real-time RT-PCR
analysis of these genes was obtained (Figure
6B). Together, these findings indicate that PD-
CD5 can reduce EMT in OS cells.

PDCD5 was involved in TGF-B1 reduced EMT

For the most potent EMT inducer TGF-B, the
effect of PDCD5 on EMT of OS cells was evalu-
ated. TGF-B1 reduced PDCD5 expression in a
time-dependent manner. High expression of
mesenchymal marker vimentin and low expres-
sion of E-cadherin were accompanied by this
decrease (Figure 7A). To further investigate the
effect of PDCD5 on TGF-B1 reduced EMT and
cell invasiveness, LV-shPDCD5 and LV-controls
were transfected into Saos-2 and U20S cells.
The results showed that the expression of
the epithelial marker was decreased and the
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overexpressing or PDCD5-silencing cells.

expression of the mesenchymal marker was
increased after 48 hours of LV-shPDCD5 in-
fection with TGF-B1 (Figure 7B). Furthermore,
silencing PDCD5 increased the invasive ability
of tumor cells according to the above changes
in EMT (Figure 7C). These results indicate that
PDCD5 plays an important role in EMT in TGF-
B4 reduction in OS.

PDCD5 inactivated TGF-B1 signaling pathway

TGF-B1/Smad signaling plays a key role in the
invasion and migration of many cancer cells.
Therefore, the TGF-B1/Smad signaling pathway
was examined to investigate the mechanism
by which PDCD5 inhibits OS cell migration and
invasion. As shown in Figure 7, expression of
TGF-B1 was significantly reduced in PDCD5
overexpressing cells and increased in PDCD5
silencing cells. We all know that activated TGF-
B4 can induce phosphorylation of downstream
targets Smad2 and Smad3. When Smad4
forms a heterooligomer complex with these
phosphorylated Smads and translocates to the
nucleus to regulate mMRNA transcription, there-
by modulating the biological effects of TGF-31,
such as cell growth, invasion and migration
[22]. As expected, PDCD5 overexpression was
significantly reduced, but silencing PDCD5 in-
duced phosphorylation of smad2 and smad3
(Figure 8), suggesting that PDCD5 contributes
to the regulation of the TGF-B1/Smad signaling
pathway. Our data indicate that PDCD5 can in-
hibit the invasion of OS cells through the inacti-
vation of the TGF-B1/Smad signaling pathway.

Discussion

Our previous study reported that programmed
cell death 5 (PDCD5) acted as a tumor suppres-
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Similar to endometrioid endo-
metrial cancer and chondro-
sarcoma [23, 24], patients
with lower PDCD5 expression
levels have shorter overall
survival than patients with
higher PDCD5 expression lev-
els, suggesting that PDCD5
may be an independent prog-
nostic factor for OS patients. More importantly,
down-regulation of PDCD5 can increase adhe-
sion, migration and invasion of OS cells by in-
ducing EMT and activating TGF-B1/Smad sig-
naling pathway, and is significantly associated
with OS progression.

Depressed PDCD5 expression contributes to
enhance aggressive behavior of OS cells, and
overexpression of PDCD5 reduces in vitro ad-
hesion, angiogenesis, migration and invasion,
while silencing enhances these malignant be-
haviors. In other words, there is a significant
negative correlation between the expression of
PDCD5 and the metastasis and invasion of OS.
Tumor metastasis is a complex multi-stage pro-
cess. In this process, tumor cells will express a
variety of different properties, including altered
adhesion, increased motility, invasiveness, and
angiogenic capacity to achieve distant metas-
tasis [25]. At the same time, the degradation of
stromal extracellular matrix (ECM) is a critical
step in tumor invasion and metastasis. Dozens
of studies have shown that MMP-2 and MMP-9
play key roles in tumor invasion and metastasis
[26], including OS [27]. In addition, VEGF is the
most potent tumor angiogenic factor involved
in the invasion and metastasis of tumor cells. It
can stimulate the spread of many human can-
cers. In fact, VEGF expression is frequently
upregulated in many tumors, including OS [28].
In our study, we found that expression of MMP-
2, MMP-9 and VEGF increased in PDCD5 sil-
enced cells and decreased in PDCD5 overex-
pressing cells, suggesting that PDCD5 can at
least partially reduce metastasis and invasion
by modulating expression of MMP-2, MMP-9
and VEGF.

Am J Transl Res 2019;11(2):1116-1128



PDCD5 inhibits osteosarcoma cell metastasis

Previous studies have shown that tumor cells
acquire invasive ability mainly through EMT, a
process in which the tumor cells mislay the
expression of cellular adhesion proteins and
gain expression of mesenchymal markers,
which play a key role in the development and
progression, invasion and migration of various
human tumors, including OS [29]. Our results
suggest that down-regulation of PDCD5 can
increase adhesion, migration and invasion, ac-
companied by increased expression of the
mesenchymal marker vimentin and decreased
expression of the epithelial marker Ecadherin.
Conversely, enhancing PDCD5 has the oppo-
site effect. These results indicate that down-
regulation of PDCD5 plays a key role in obtain-
ing cell motility and invasiveness of OS cells by
inducing EMT.

TGF-B1 is a multifunctional growth factor that
affects many functions of various cellular pro-
cesses, such as cell differentiation, prolifera-
tion, angiogenesis, invasion, and metastasis.
Dozens of reports have confirmed that TGF-B1
is up-regulated and over-expressed in a variety
of human malignancies including OS [30]. TGF-
B1 not only inhibits tumors, but also promotes
tumors, depending on the stage of tumor pro-
gression [31]. TGF-B1 signaling inhibits tumor
proliferation by inducing cell cycle arrest and
apoptosis in the early stages of tumorigenesis.
At the same time, in the advanced stage of can-
cer, it promotes tumor invasion and metastasis
through EMT [32]. In this present study, we
found that TGF-B1-induced EMT in OS cells was
associated with significant downregulation of
PDCD5 expression. Related changes in OS cells
included a significant decrease in E-cadherin
expression, increased expression of vimentin,
and enhanced invasiveness. These data indi-
cate that PDCD5 acts as an inhibitor of TGF-B1-
induced EMT in OS.

In order to better explore the molecular mecha-
nism of PDCD5 down-regulating OS cell metas-
tasis, the TGF-B/Smad signaling pathway was
further studied. TGF-B1 binds to the TGF-B1
type | receptor, which is a transmembrane pro-
tein with a Ser/Thr kinase domain, then phos-
phorylates Smad2 and Smad3, regulates the
expression of downstream target genes, and
promotes EMT and metastasis of tumor cells
[33]. In this study, we found that levels of phos-
phorylated smad2 and phosphorylated smad3
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were reduced in PDCD5 overexpressing cells
and increased in PDCD5 silenced cells. Thus,
the effect of PDCD5 on reducing EMT and pro-
moting OS cell invasion is at least partially me-
diated by inactivating TGF-B1/Smad signaling.

In conclusion, PDCD5 was found to be under-
expressed in OS cell lines and tissues, which
was associated with poor clinical prognosis
and OS aggressive progression. In addition,
PDCD5 downregulated invasion and metasta-
sis by modulating the TGF-B1/Smad signaling
pathway and inhibiting the EMT in OS. Thus,
PDCD5 might be helpful in the understanding
of the mechanisms of metastasis and invasion
in osteosarcoma, and exploring PDCD5 based
adjuvant genetic therapy.
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