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Abstract: In the present study, we investigated the roles of PDCD5 (programmed cell death 5) in multidrug re-
sistance (MDR) of osteosarcoma cells and the possible lurking mechanisms. An adenovirus expression vector of
PDCD5 was constructed and transfected into human adriamycin-resistant osteosarcoma cell line Saos-2/ADM. We
found that up-regulation of PDCD5 could significantly enhance the sensitivity of Saos-2/ADM cells towards vincris-
tine, methotrexate, cisplatin and arsenic trioxide (As203), and could decrease the capacity of cells to efflux adria-
mycin. PDCD5 could significantly down regulate the expression of P-glycoprotein (Pgp), but not affect the expression
of multidrug resistance associated protein (MRP) or the glutathione S-transferase (GST). PDCD5 was also able to
significantly increase the apoptotic activity of modified osteosarcoma cells. Further study of the biological functions
of PDCD5 might be helpful in the understanding of the mechanisms of multidrug resistance (MDR) in osteosarcoma
and exploring PDCD5 based adjuvant genetic therapy.
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Introduction

Osteosarcoma is the most common primary
malignant bone tumor, mainly occurring in chil-
dren and adolescents. Despite current treat-
ment strategies, including a combination of
limb salvage surgery and neo-adjuvant chemo-
therapy, long-term disease-free survival rates
are between 60% and 76% in patients with
localized disease. The patients whose tumors
respond poorly to chemotherapy are at a higher
risk of relapse and adverse outcome [1, 2]. The
most challenging problem that orthopedics
oncologists must deal with is multidrug resis-
tance (MDR) induced by the classic chemother-
apeutic agents, such as vincristine, methotrex-
ate, adriamycin and cisplatin [1-4]. Previous
reports revealed a diverse range of possible
mechanisms of MDR, such as extrusion of drug
by cell membrane pumps, increase of drug
detoxification, DNA damage repair, redistribu-
tion of intracellular drug accumulation, modifi-
cation of drug target molecules, suppression of

drug-induced apoptosis, up-regulation of lipids
and other biochemical changes [5-9]. However,
the precise mechanisms of MDR have not been
fully elucidated to this day.

PDCD5 (programmed cell death 5), earlier
named TF-1 apoptosis-related gene 19 (TFAR-
19), is a novel apoptosis-related gene cloned as
an increased expression gene during the apop-
totic process of TF-1 cells induced by cytokine
withdrawal using a cDNA-RDA method. The
human PDCD5 gene encodes a protein ex-
pressed in tumor cells, which is translocated
rapidly from the cytoplasm into the nuclei of
cells during apoptosis. The appearance of
PDCD5 in the nuclei of apoptotic cells precedes
the externalization of phosphatidylserine and
fragmentation of chromosomal DNA. And the
nuclear translocation of PDCD5 is a universal
early event of the apoptotic process, and may
be a novel early marker for apoptosis [10].
Several pieces of evidence have suggested that
the expression of PDCD5 protein is down-regu-
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lated in some human tumors, such as breast
cancer [11], hepatocellular carcinoma [12] and
gastric cancer [13].

In the previous study, we have firstly found that
PDCD5 would facilitate the sensitivity of K562
cells to idarubicin in vitro and in vivo, suggest-
ing that the PDCD5 might transfer high sensitiv-
ity to other anticancer drugs through apoptosis
[14]. Here the potential roles of PDCD5 in
Adriamycin resistant osteosarcoma cell line
and the possible underlying mechanisms were
further investigated. The results showed that
PDCD5 might mediate Adriamycin resistance of
osteosarcoma through regulation of Pgp and
apoptosis.

Methods and materials
Cell lines and culture

The human osteosarcoma cell line Saos-2, was
obtained from Memorial Sloan-Kettering Can-
cer Center. Human Adriamycin-resistant osteo-
sarcoma cell line Saos-2/ADM was selected in
vitro by growing them in progressively increas-
ing drug concentrations in the medium as
described previously [15]. All the cells were rou-
tinely maintained in high-glucose Dulbecco’s
Modified Eagle’s Minimum Essential Medium
(DMEM) (Invitrogen Co., Carlsbad, CA) supple-
mented with 10% heat-inactivated fetal calf
serum (Gibco) in 37°C humidified incubator
with a mixture of 95% air and 5% CO,, fed every
3 days with complete medium, and subcultrued
when confluence was reached.

Adenovirus infection

The construction and purification of Ad-null and
Ad-PDCD5 (E1, E3 deleted, CMV promoter)
were performed by the AGTC Gene Technology
Company Ltd. (Beijing, China). For infections,
cells were plated in DMEM supplemented with
10% heat-inactivated fetal calf serum and cul-
tured until they achieved 70-80% confluence.
Culture medium was then replaced with low-
serum media (containing 0.5% FBS), and then
infected 24 h later with 400 multiplicities of
infection (MOI). After 36 h, cells were washed
with PBS, and fresh standard medium was
added for subsequently study.

RT-PCR

Total RNA was extracted from cells using TRIzol
reagent (Invitrogen, Carlsbad, CA), following the
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manufacturer’s instructions. Reverse transcrip-
tion was performed and cDNAs were amplified
with the following primer pairs. PDCD5, for-
ward: 5-GTGATGCGGCCCAACAG-3’; reverse:
5-ATCCAGAACTTGGGCTAAGATACTG-3’; and be-
ta-actin, forward: 5-AGCGGGAAATCGTGCGT-
G-3’; reverse: 5-CAGGGTACATGGTGGTGCC-3'.
All of the PCR products were analyzed on 2.0%
agarose gels [16].

Western blotting

Cells were plated at 5 x 10° per well in six well
plates. The following day, cells were treated
with different anticancer drugs. After treat-
ment, for whole-cell extracts, cells were washed
with PBS and lysed in the culture dishes using
lysis buffer (150 mM NaCl, 50 mM Tris-HCL, pH
7.4, 2 mM EDTA, 1% NP-40) containing prote-
ase inhibitors. Then the total cellular proteins
were quantified by Bradford method. Equal
amounts of total protein (50-100 ug per lane)
were electrophoresed in 12% SDS-PAGE and
blotted on a nitrocellulose membrane (0.45
pum, Millipore, USA) in 25 mM Tris-base, 190
mM glycine, and 20% methanol using a semi-
dry blotter. Membranes were blocked with 8%
fat-free milk powder at room temperature for 2
hours and incubated overnight with primary
antibody at 4°C. After three washes for 15 min-
utes in PBS-Tween 20, the membrane was incu-
bated with the horseradish peroxidase-conju-
gated goat anti-mouse 1gG antibody for 1 hour
at room temperature. The membrane was
washed again in PBS-Tween 20; enhanced che-
miluminescence (Amersham, NJ) was added
and monitored for the development of color.
The following antibodies were used: anti-Pgp,
anti-MRP, anti-GST, anti-Bcl-2, anti-cleaved
caspase-3, anti-PDCD5, and anti-beta-actin. All
these antibodies were from Santa Cruz Bio-
technology (Santa Cruz, CA). The density of the
bands was assessed using the BioRad Mul-
tianalyst software (BioRad, Hercules, CA).

In vitro drug sensitivity assay

Different anticancer drugs were freshly pre-
pared before each experiment. Drug sensitivity
was assessed using 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay [17]. Briefly, cells were diluted with the
standard culture medium to the seeding densi-
ty (1 x 10%/well), suspended in 96-well plates
(200 ul/well), and incubated at 37°C for 24
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hours. Then, cells were incubated for 72 hours
in the absence or presence of various concen-
trations of the anticancer agents in 200 pl
medium. Each assay was performed according
to the manufacturer’s instructions. All samples
and standards were run in triplicate. After cells
being cultured for 72 hours, 50 yl of 2 mg/ml
MTT (Sigma) was added into each well, and
cells were cultured for another 4 hours. Then,
supernatants were discarded and 150 ul DMSO
(Sigma) was added into each well to dissolve
crystals. Absorbance was determined by spec-
trophotometry (Biohit, BP80O, Finland) using a
wavelength of 490 nm. Cell survival rates were
calculated according to the formula: survival
rate = (mean A490 of treated wells/mean A490
of untreated wells) x 100%. Finally, the IC50s
of different anticancer drugs to the osteosar-
coma cells were calculated.

Intracellular Adriamycin concentration analysis

Fluorescence intensity of intracellular Adria-
mycin was assessed by flow cytometry [18, 19].
Briefly, osteosarcoma cells in log phase were
trypsinized, resuspended and seeded into
6-well plates at a cell density of 1 x 108/well
and cultured overnight at 37°C. Adriamycin was
added to the medium to the final concentration
of 5 pg/ml. The cells were incubated for 1 h,
and then were trypsinized and harvested for
the determination of Adriamycin accumulation,
or alternatively cultured with fresh, drug-free
medium for another 45 min for the determina-
tion of Adriamycin retention. The harvested
cells were washed with ice-cold PBS, and intra-
cellular Adriamycin was detected by flow cytom-
etry using a flow cytometry device (FACS)
Vantage flow cytometer (Becton Dickinson, San
Diego, CA, USA) with an excitation wavelength
of 488 nm and an emission wavelength of 575
nm. All samples and standards were run in
triplicate.

DNA fragmentation assay

After incubation with 2 pg/ml of Adriamycin,
Adriamycin resistant cells were collected and
washed twice with cold PBS [20]. Cell pellets
were resuspended in lysis buffer and incubated
overnight at 50°C with continuously shaking.
The nucleic acids were extracted with phenol-
chloroform, precipitated with ethanol-sodium
acetate, and redissolved in deionized water
containing 100 mg/ml RNase A. After incuba-
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tion in a water bath at 37°C for 30 minutes, the
DNA samples were analyzed on 2.0% agarose
gel containing 0.1 pug/ml ethidium bromide.

Annexin V staining

After incubation with 2 ug/ml of Adriamycin,
Adriamycin resistant cells were washed twice
with cold PBS and resuspended in 100 pl bind-
ing buffer at a concentration of 1 x 10%/ml.
Then, 5 ul Annexin V-FITC (BD Biosciences,
USA) and 10 pl of 20 pg/ml propidium iodide
(50 pg/mL, Sigma) were added to these cells.
After incubation at room temperature for 15
minutes, 400 pl Annexin-binding buffer was
added to each sample, and the samples were
kept on ice for counting the stained cells by flow
cytometry. Annexin V binds to those cells that
express phosphatidylserine on the outer layer
of the cell membrane, and propidium iodide
stains the cellular DNA of those cells with a
compromised cell membrane. The fluorescence
intensity of individual cells was measured by a
flow cytometer (Becton Dickinson, USA), at
least 10,000 cells were counted and the data
were analyzed using Becton Dickinson Cell Fit
Software (BD, USA). Viable cells were negative
for both Pl and annexin V; apoptotic cells were
positive for annexin V and negative for PI,
whereas late apoptotic dead cells displayed
both high annexin V and PI labeling Non-viable
cells which underwent necrosis, were positive
for Pl and negative for annexin V. The apoptotic
percentage of 10,000 cells was determined.

Statistical analysis

The data were expressed as means + SD. We
determined the changes of IC50s and Adria-
mycin content by One-way analysis of variance
(ANOVA). The statistical package for the social
sciences (SPSS) software (version 17 for
Windows; SPSS Inc., Chicago, IL, US) was used
to analyze the data. P < 0.05 was considered
significant.

Results

The expression level of PDCD5 in Adriamycin
resistant Saos-2 cells

Expression of PDCD5 was down-regulated in
Adriamycin resistant osteosarcoma cells. We
detected the expression of PDCD5 in Saos-2
and Saos-2/ADM by both RT-PCR and Western
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Figure 1. Expression of PDCD5 in Saos-2 osteosarcoma as detected by the RT-PCR (A) and Western blotting (B). PCR
products were electrophoresed on a 2.0% agarose gel, with beta-actin as an internal control. For Western blotting,
cell lysates were separated on a 12% SDS polyacrylamide gel, and the blot was probed with a specific monoclonal
anti-PDCD5 antibody, with beta-actin as an internal standard to normalize loading protein.

blotting, and observed down regulated expres-
sion of PDCD5 in Saos-2/ADM cells at both
mRNA and protein levels (Figure 1).

In vitro drug sensitivity assay

To investigate whether PDCD5 is involved in the
reversal of MDR in osteosarcoma cell line Saos-
2, we attempted to upregulate PDCD5 by ade-
novirus transfection and determine the in vitro
anticancer drug sensitivities of these cell lines.
Western blotting showed that PDCD5 expres-
sion was increased in cells transfected with
Ad-PDCD5 (Figure 2). Therefore, we used these
transfected cells for the subsequent experi-
ments. We compared the in vitro sensitivity of
the transfectants and their respective control
cells to four commonly used anticancer drugs.
The results showed that Ad-PDCD5 transfected
Saos-2 cells in which PDCD5 was over ex-
pressed had significantly lower IC50 for all the
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five drugs than Saos-2 cells transfected with
Ad-null as a control (Table 1).

PDCD5 down regulated MDR1 expression

Adriamycin was fluorescent and this character-
istic provided easy monitoring of its intracellu-
lar accumulation and retention by flow cytomet-
ric (FCM). As shown in Table 2, decreased accu-
mulation of Adriamycinin PDCD5-overexpressed
cells was observed as compared with that of
the controls (P < 0.05). To study whether the
alteration in ADM accumulation and retention
is mediated by MDR-1 (Pgp), MRP1 or GST, the
expression of these two molecules in the trans-
fectants and their parental cell lines were
detected by Western blotting. We observed that
down expression of PDCD5 was accompanied
by increased expression of MDR-1. Meanwhile,
all these cell lines exhibited no obvious differ-
ence of MRP and GST expression as shown in
Figure 2.

Int J Clin Exp Med 2014;7(12):5429-5436
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Figure 2. Western blotting analysis of Pgp, MRP, GST, Bcl-2, cleaved-caspase-3 and PDCD5 in osteosarcoma cells.

GAPDH was used as an internal control.

Effect of PDCD5 on apoptosis

Induction of apoptosis is an important mecha-
nism of anticancer drugs. We investigated the
capacity of Saos-2 cells to undergo PDCD5-
induced apoptosis by DNA fragment and
Annexin V staining. Treatment of Saos-2/ADM-
Ad-null and Saos-2/ADM-Ad-PDCD5 cells with 2
ug/ml of ADM resulted in internucleosomal
DNA fragmentation, evidenced by the forma-
tion of DNA ladders on agarose gels, a hallmark
of cells undergoing apoptosis. No DNA ladders
were detected in the sample from control cells.
Similarly, results of Annexin V staining suggest-
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ed that Adriamycin could induce Saos-2/ADM-
Ad-PDCD5 cells apoptosis and the apoptotic
rate of Saos-2/ADM-Ad-PDCD5 cells was sig-
nificantly higher than that of Saos-2/ADM-Ad-
null cells.

Effect of PDCD5 on proteins regulating apop-
tosis

To gain insight into the molecular mechanisms
involved in PDCD5-mediated apoptosis, the
expressions of Bcl-2 and Caspase-3 were ass-
essed in Saos-2 cells treated with Adriamycin.
As shown in Figure 2, the expression of Bcl-2

Int J Clin Exp Med 2014,7(12):5429-5436
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Table 1. IC50s (ug/L) of anticancer drugs for different osteosarcoma cells

ADM VCR MTX CDDP As.0,
Saos-2 126.31 + 21.67 745+ 1.29 24.24 + 4.58 121.46 + 17.34 869.25 + 196.45
Saos-2-Ad-null 131.58 + 19.19 6.98 + 1.36 25.65 + 3.98 98.83 + 15.98 850.39 + 162.98
Saos-2-Ad-PDCD5 85.74 + 17.45° 5.63 + 0.95° 16.27 £ 2.732 67.56 + 12.72° 571.18 + 10.65°
Saos-2/ADM 6946.47 + 1189.58 373.96 + 27.67 42.45 + 13.01 176.17 £ 37.73 1128.42 + 276.68
Saos-2/ADM-Ad-null 6754.76 + 957.37 384.93 + 41.84 41.28 + 10.47 186.12 + 12.98 1098.34 + 194.34
Saos-2/ADM-Ad-PDCD5 4638.14 + 914.69° 218.45 + 46.87"° 26.22 + 3.97° 127.76 + 14.61° 673.98 + 15.66"

Note: survival rate of osteosarcoma cell to anticancer agents were evaluated by MTT assay as described in materials and methods. The IC50 values were determined by
the dose-effect curves of different anticancer agents. Data are means * SD of different independent experiment. 2P < 0.05, compared with Saos-2-Ad-null; ®P < 0.05,

compared with Saos-2/ADM-Ad-null.

Table 2. Adriamycin accumulation and retention
in various cells

Cell lines Accumulations  Retention

Saos-2 61.5+5.20 29.6+3.17
Saos-2-Ad-null 59.6 +6.09 31.5+2.96
Saos-2-Ad-PDCD5 74.5 £ 6.92° 36.8 +3.122
Saos-2/ADM 38.3+3.51 20.4+1.98
Saos-2/ADM-Ad-null 41.9+552 21.6+2.05
Saos-2/ADM-Ad-PDCD5  67.4 + 6.41° 32.2 + 3.86°

Note: Adriamycin accumulation and retention were measured
by flow cytometry, and intracellular Adriamycin concentration
was represented by average fluorescence intensity. Values
were represented as mean + SD. 2P < 0.05, compared with
Saos-2-ad-null cells; °P < 0.05, compared with Saos-2/ADR-
ad-null cells.

protein was decreased in response to Adria-
mycin. However, the level of cleaved Caspase-3
was increased after Adriamycin treatment.

Discussion

The programmed cell deathb (PDCD5) gene was
first cloned from TF-1 cells in Laboratory of Medical
Immunology of Peking University in 1999. It has
been reported that PDCD5 is obviously upregulat-
ed in the process of apoptosis. In the process of
cells undergoing apoptosis, PDCD5 protein translo-
cates to the nucleus and accumulates in the nucle-
us. Then, it induces chromosome DNA fragmenta-
tion and phosphatidylserine (PS) externalization
without other stimuli. In this process of apoptosis,
some holds that the PDCD5 might bind to the DNA
double strand and induce its break [10]. However,
the biological function of PDCD5 is far from being
completely clear.

Increased exclusion of intracellular drugs is one of
the common and important mechanisms of MDR.
Our study demonstrated that PDCD5 in-
creased Adriamycin accumulation and retention in
osteosarcoma cells. It has been demonstrated
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that Pgp, MRP-1 and GST are the most impor-
tant drug transporters in mammalian cells [21-
23]. In the present study, we showed that the
expression of Pgp was downregulated by
PDCD5, suggesting that downregulation of Pgp
is likely responsible for the increase in drug
accumulation and retention, and thus is one of
the mechanisms by which PDCD5 reverses
osteosarcoma MDR. However, it is noticed that
in this study, PDCD5 reversed the resistance of
Saos-2 cells not only against drugs that are
specific substrates of Pgp such as ADM and
VCR [24], but also against the anticancer drugs
that are not adequate substrates of Pgp such
as CDDP, MTX and As,O, [25], suggesting that
mechanisms other than the Pgp pathway exists.

One of the primary causes of chemotherapy
failure in osteosarcoma is resistance to chemo-
therapeutic drugs. Attempts to improve chemo-
therapy outcomes by increasing drug concen-
tration or by changing to another agent have
only been partly successful, and often result in
unacceptably severe side effects. Adriamycin,
an anthracycline anticancer agent, is the pri-
mary chemotherapeutic agent to osteosarco-
ma. Adriamycin is an inhibitor of DNA topoisom-
erase Il and is used as an anticancer drug that
generates DNA double strand breaks resulting
in DNA damage. It has been reported that
MDR-1 might mediate the Adriamycin-related
MDR osteosarcoma [26]. The Pgp, encoded by
MDR1 gene, functions as an ATP-dependent
drug efflux pump, in effect to remove Adriamycin
out of the cell membrane to decrease the intra-
cellular concentrations [24]. But the precise
mechanism of resistance of Adriamycin is not
completely elucidated and is the subject of
future experimental work.

Attenuated apoptotic capability is an important
potential mechanism of MDR. It is reported that
the Adriamycin resistant lung cancer cells
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would processed a large number of changes in
the proteomic changes contributed to a more
apoptosis resistant state [26]. In this study, the
difference of PDCD5 gene between the wild
and Adriamycin resistant osteosarcoma cell
line was demonstrated for the first time from
the transcription and translation of mRNA to
proteins. This difference may partially explain
the biological behavior of the Adriamycin resis-
tant osteosarcoma cells. The result suggested
that reduced PDCD5 may contribute to the
malignancy of the refractory osteosarcoma in
clinical practice.

As is known to us, the PDCD5 is a novel cloned
apoptosis related gene. And the exact mecha-
nism by which PDCD5 regulates apoptosis
remains to be elucidated. Our previous study
has uncovered that the adenovirus-PDCD5
would facilitate the sensitivity of K562 cells to
idarubicin in vitro and in vivo, suggesting that
the PDCD5 might transfer high sensitivity to
other anticancer drugs through apoptosis [14].
In this present study, we detected that the
PDCD5 gene could partly reverse the Adriamycin
resistance of osteosarcoma cells. The investi-
gated bcl-2 was found to be down-regulated by
PDCD5, and the cleaved caspase-3 was up-
regulated by PDCD5. We proposed that the
PDCD5 might reverse the Adriamycin resis-
tance by exerting its apoptosis-accelerating
effects through the mitochondrial activation
pathway. Whether other apoptosis related mol-
ecules was involved in the reversal of osteosar-
coma’s Adriamycin resistance by PDCD5 is left
for further investigation [27, 28].

It must be emphasized that this study was per-
formed using only Saos-2 cells, its relevance to
osteosarcoma cells and its clinical implications
need to be further investigated.

In conclusion, PDCD5 is involved in the reversal
of osteosarcoma MDR. Modulation of Pgp
expression is most likely one of the underlying
mechanisms. How PDCD5 regulates MDR-1
and other possible mechanism and molecules
that are involved in PDCD5 reversed MDR
remain to be further elucidated.
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