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SPAG6 silencing inhibits the growth of the malignant myeloid
cell lines SKM-1 and K562 via activating p5S3 and
caspase activation-dependent apoptosis
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Abstract. SPAG6, which is a novel cancer-testis antigen, is
overexpressed in myeloid malignancies. Previously, SPAG6
was found in UPD (uniparental disomy) region of myeloid cell
DNA from MDS patients and reported that SPAG6 may be
a predictive marker of minimal residual disease in pediatric
acute myeloid, but the biological role of SPAG6 in myeloid
malignancies remains unclear. The present study was under-
taken to determine the expression and functional significance
of SPAG6 in malignant myeloid hematologic cell lines. A
short hairpin RNA (shRNA) targeting SPAG6 was designed
that could specifically inhibit SPAG6 expression at the mRNA
and protein levels when introduced into the malignant myeloid
hematologic cell lines SKM-1 and K562. The results from flow
cytometry and CCK-8 assays showed that SPAG6 silencing
inhibited the proliferation of SKM-1/K562 by inducing apop-
tosis. Furthermore, SPAG6 silencing resulted in activation of
caspase-3, -9 and -8 and upregulated the mRNA and protein
expression of p53 and PTEN. Then, we subcutaneously inocu-
lated the monoclonal cells into NOD/SCID mice to establish
xenograft models, and we found that the SPAG6-shRNA
lentivirus dramatically inhibited tumor growth and increased
apoptosis in vivo. These findings demonstrate that SPAG6
might have a role in malignant myeloid hematologic cell prolif-
eration and apoptosis by regulating caspase proteins and p53,
suggesting that SPAG6 may be a potential therapeutic target.

Introduction

Myelodysplastic syndromes (MDSs) are a group of clonal
hematopoietic stem cell disorders characterised by inef-
fective hematopoiesis leading to blood cytopenias and a
variable risk of transformation to acute myelogenous leukemia
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(AML) (1). AML is a hematologic cancer characterised by the
accumulation of immature myeloid precursors in the bone
marrow and peripheral blood (2), mortality in MDS results
from pancytopenia or transformation to AML. Genetic and
molecular mechanisms are central in the pathogenesis of
hematopoietic diseases such as MDS and AML. It would be
of great value for the management of patients with MDS or
AML if a number of molecular markers could be identified
to enable better prediction of disease progression and prog-
nosis. Recurrent chromosomal abnormalities are detected in
approximately half of patients with MDS, the most common
single cytogenetic aberrations include del (5q), trisomy 8, and
del (7q)/-7 (3), and some dominant gene mutations caused
by chromosome abnormalities associated with MDS patho-
genesis and prognosis have been found (4). High-throughput
sequencing technologies and high-resolution whole-genome
scanning technologies have revealed molecular alterations in
genes of numerous pathways, and the identification of genes
relevant to the pathophysiology of malignancy also opens
the possibility of targeted therapy. Gene expression profiling
studies identified SPAG6 (sperm-associated antigen 6) as an
upregulated gene in CD34* cells from MDS and AML patients
(), hinting that SPAG6 may participate in the occurrence and
development of MDS and AML.

SPAG6 was first identified in a human testis cDNA expres-
sion library and was named after its function associated with
sperm maturation. It has been shown that SPAG6 is a critical
protein in the assembly and structural integrity of the sperm
tail axoneme and is necessary for flagellar motility (6,7). By
immunohistochemical analysis SPAG6 has been found overex-
pressioned in breast and lung cancer specimens (8). In addition,
SPAG®6 is overexpressed in pediatric AML and CALM/AF10-
positive leukemia (9,10), and might thus be the candidate gene
to focus on in AML. However, the biological role of SPAG6 in
cancers remains vague, the characterization of its effects on
hematological malignant cells is still unknown.

In the present study, to clarify the role of SPAG6 in MDS
and myeloid leukemia cells, we first confirmed the expres-
sion of SPAG6 in hematologic malignant cell lines and then
silenced SPAG6 by lentivirus-mediated shRNA in the MDS
cell line SKM-1 (derived from a male patient with AML
transformed from MDS) (11) and the myeloid leukemia cell
line K562 (myeloid blast crisis chronic myelogenous leukemic
cells with properties of AML M6) (12). The functional effect



650

of SPAG6 was studied through apoptosis, proliferation and
cell cycle analysis. In an effort to explain the genetic mecha-
nism by which these effects were obtained, we measured the
modulation of the expression of genes known to be involved
in apoptosis and oncogenesis. Furthermore, we generated
experimental xenografts in NOD/SCID mice to observe the
functional effect of knocking down SPAG6 on cell growth
in vivo.

Materials and methods

Cell line culture. The human myelodysplastic syndrome cell
line SKM-1, was kindly provided by Professor Jianfeng Zhou
from Tongji Medical College of Hua Zhong University of
Science and Technology. The erythroleukemia K562, acute
promyelocytic leukemia NB4, melanoma A375, liver cancer
HepG2, gastric cancer SGC7901 cell lines were kept frozen
in our laboratory. Cells line SKM-1, K562, NB4 were cultured
in RPMI-1640 and A375, HepG2, SGC7901 were cultured in
DMEM, respectively supplemented with 10% heat-inactivated
fetal bovine serum (Gibco, Grand Island, NY, USA) and
100 U/ml penicillin/streptomycin (Beyotime, Bejing, China) at
37°C in a humidified atmosphere of 5% CO,.

Lentiviral construction and infection. Lentiviral short hairpin
RNAs (shRNAs) in pGC-GYV vector containing a CM V-driven
GFP reporter were obtained from Genechem Ltd. (Shanghai,
China). The RNA: target sequence for SPAG6 was 5'-TGATGC
TAAATTGAAGCAT-3' and that for nonsense negative control
(NC) was 5"TTCTCCGAACGTGTCACGT-3". Lentivirus was
produced in 293T cells as described previously (13). SKM-1
and K562 cells at exponential stage were plated in 6-well
plates (5x10* cells/well), transduced with SPAG6-shRNA
lentivirus or NC-shRNA lentivirus in the presence of 5 pg/ml
polybrene at MOI (multiplicities of infection) of 100 and 20,
respectively, as described (14). After 5 days, the transduction
efficiency was evaluated by flow cytometry.

Quantitative reverse transcription PCR (qRT-PCR). Total
cellular RNA was extracted from cells using the TRIzol
reagent, and the reverse transcription reaction was performed
using the Prime Script™ RT reagent kit according to the manu-
facturer's instructions (Takara Biotechnology, Dalian, China).
PCR reactions were performed in an ABI PRISM 7500 real-
time PCR system (Applied Biosystems, Foster City, CA, USA)
for 39 cycles. To normalise for differences in RNA quality and
reverse transcription efficiency, we used the reference gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an
endogenous control. The relative gene expression levels were
quantified using the equation 244%, Three replicates of each
sample were run on the same plate. The PCR primer pairs used
were as follows: SPAG6: F: 5'-CCTTTCAGCTCTCAGTCAG
GTTTC-3'; R: 5'-TCTTCACGTTTCATCCTTGTCCTT-3'
(product size: 119 bp). GAPDH: F: 5-CTTTGGTATCGTGG
AAGGACTC-3"; R: 5-GTAGAGGCAGGGATGATGTTCT-3'
(product size: 132 bp). P53: F: 5"TGTGGGATGGGGTGAG
ATTTC-3"; R: 5-CTGTTGGTCGGTGGGTTG-3' (product
size: 147 bp). PTEN: F: 5-~ACACGACGGGAAGACAAGTT-3
R: 5-CTGGTCCTGGTATGAAGAATG-3' (product size:
157 bp).
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Western blot analysis. Cells were collected and lysed in RIPA
lysis buffer supplemented with 1 #M PMSF, and the protein
concentration of the supernatant was determined using the
BCA protein assay kit (Beyotime). A total of 50 ug of protein
per lane was boiled in loading buffer, separated by 10%
SDS-polyacrylamide gel electrophoresis (PAGE), and trans-
ferred to PVDF membranes. The membranes were blocked
with 5% skim milk for 2 h and then incubated overnight at 4°C
with specific antibodies. The following antibodies were used as
primary antibodies: rabbit polyclonal antibodies against SPAG6
(Abcam, Cambridge, UK, dilution: 1:1,000); p53 (Immunoway,
Newark, DE, USA, dilution: 1:500); PTEN, caspase-3, -8 and
-9 (Immunoway, dilution: 1:500) and GAPDH (Immunoway,
dilution: 1:1,000), B-actin (Proteintech, Wuhan, China, dilu-
tion: 1:1,000) were used as an internal control. After washing
with TBS-Tween-20, the membranes were incubated with
peroxidase-conjugated goat anti-rabbit IgG (H+L) (Proteintech,
dilution: 1:3,000) for 2 h at 37°C. Excess antibody was removed
with TBS-Tween 20 before incubation in ECL. The band inten-
sity was analysed using Quantity One software.

Cell Counting Kit-8 assay for cell proliferation. Cell prolifera-
tion was evaluated using a modified CCK-8 assay after five days
of lentivirus infection. Cells in exponential growth were plated
in 96-well plates at a final concentration of 2x10° cells/well.
Briefly, 10 ul of CCK-8 (7Sea PharmTech, Shanghai, China)
solution was added to the wells, and the plates were incubated
at 37°C for 2 h. Cell growth was evaluated by measuring the
absorbance at 450 nm using an automated plate reader. All
conditions were tested in three replicates.

Cell cycle analysis by flow cytometry. Cells were fixed in 70%
anhydrous ethanol at 4°C overnight and stained with 50 pg/ml
propidium iodide (PI) containing 50 pg/ml RNase A for 30 min
at room temperature. Cell samples were analysed using
FACSVantage (BD Biosciences, San Jose, CA, USA), and the
DNA distribution was analysed using Multicycle software.

Assessment of apoptosis by Annexin V and 7-AAD staining.
Cells were harvested, washed twice with ice-cold PBS and
resuspended in binding buffer containing 1 1 of AnnexinV-PE
and 5 ul of 7-AAD (KeyGen Biotech, Shanghai, China) (15). All
specimens were determined by flow cytometry using CellQuest
software (BD Biosciences) after incubation for 15 min at room
temperature in a light-protected area.

Mouse study. To investigate the effects of LV-shRNA targeting
SPAG6 on the growth of xenografts, 5-6-week-old male NOD/
SCID mice were purchased from Beijing HEK Bioscience
(Beijing, China) and housed within dedicated, individual
ventilated cages (IVC) facility at the Laboratory Animal
Center of Chongqing Medical University. All animal work was
approved by Institutional Animal Care and Use Committee of
Chongqing Medical University. The animals were injected
subcutaneously with 5x10° SKM-1/K562 cells that were stably
infected with a lentivirus vector carrying SPAG6-shRNA or
with SKM-1/K562 cells stably infected with the NC-shRNA
lentivirus.

Twenty-one days after tumor cell inoculation, the mice
were sacrificed by cervical vertebra dislocation, and the
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Figure 1. Expression of SPAG6 in the malignant hematologic cell lines.
Quantitative RT-PCR showed increased SPAG6 expression in the malignant
hematologic cell lines SKM-1, K562, NB4 as compared to positive control
HepG2, A375, and SGC7901.

tumoral masses were analysed. The maximum lengths and
widths of the xenografts were measured with a calliper, and
the tumor volume (mm?®) was calculated according to the
following formula: 0.523 x length x width? as previously
reported (16). Parts of each tumor tissue were embedded
in wax, cut into 4-um-thick slices, and H&E stained. The
apoptosis was detected using terminal deoxynucleotidyl trans-
ferase (TdT)-mediated dUTP-digoxigenin nick-end labelling
(TUNEL) assays with a commercial TUNEL apoptosis assay
kit (Beyotime). The sections were mounted on glass slides,
dewaxed, rehydrated through graded alcohols to water, and
treated with proteinase K for 20 min at 37°C. Then, the sections
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were washed with PBS three times and incubated with the 3%
H,0, in PBS for 10 min at room temperature. TUNEL assays
were then performed according to the manufacturer's instruc-
tions.

Statistical analysis. The results are presented as the mean +
standard deviation. One-way ANOVA and Student's t test were
used to examine the significant differences between groups
using SPSS 17.0. A value of p<0.05 was considered statisti-
cally significant.

Results

Measurement of the SPAG6 mRNA in hematologic malignancy
cell lines. We analysed the expression of the SPAG6 mRNA
in the hematologic cell lines MDS SKM-1, erythroleukemia
K562, acute promyelocytic leukemia NB4 and in the common
solid tumor cell lines melanoma A375, liver cancer HepG2 and
gastric cancer SGC7901. Quantitative RT-PCR showed signifi-
cantly higher expression of SPAG6 mRNA in the hematologic
malignant cell lines than in the common solid tumor cell lines
(p<0.05) (Fig. 1).

Specific knockdown of SPAG6 expression by lentiviral-
mediated SPAG6 shRNA. To understand the significance of
SPAG6 upregulation in the malignant hematologic cell lines,
we used lentivirus expressing shRNA against SPAG6 for gene
silencing in SKM-1 and K562 cells. The proportion of infected
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Figure 2. Knockdown the expression of SPAG6 by specific ShRNA. (A) Transfection efficiency was detected by FACS. (B) Quantitative expression of SPAG6
mRNA in different groups. Lentivirus-mediated SPAG6 shRNA effectively inhibited SPAG6 mRNA expression both in SKM-1 and K562 cells. (C) Protein expres-
sions of SPAG6 determined by western blot assay using GAPDH as a control for equal sample loading. Lane 1, NC-shRNA group; lane 2, SPAG6-shRNA group.
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Figure 3. The effect of knockdown of SPAG6 expression on SKM-1 and K562 cell growth. The proliferation of SKM-1 and K562 cells was assessed by CCK-8
assay. The viability of SKM-1 and K562 cells following infection with SPAG6-shRNA lentivirus was significantly decreased.
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Figure 4. Effect of knockdown of SPAG6 expression on SKM-1 and K562 cell apoptosis and cycle. (A) Apoptosis rate was evaluated by Annexin V and 7-AAD
staining after transfection with lentiviral ShRNA. (B) Cell cycle was assessed by FACS after transfection with lentiviral ShRNA. (C) The analyzed results of
the apoptosis rate shown in (A). Apoptosis rate of SKM-1/K562 cells transfected with SPAG6-shRNA significantly increased, when compared with SKM-1/
K562 cells transfected with NC-shRNA (p<0.05). (D) The analyzed results of the cell cycle shown in (B). The proportion of S phase, G2 and G1 phase in both
SKM-1 and K562 cells transfected with SPAG6-shRNA lentivirus showed no significant difference compared to controls.

cells was detected by FACS (Fig. 2A), results showed that
the transfection efficiency was 68.53+5.31 and 79.36+5.47%
(Fig. 2B). The transfection efficiencies of the SKM-1 and K562
cells indicated successful infection for suspension cells. The
degree of knockdown of SPAG6 expression was determined by
qRT-PCR and western blot analysis. The mRNA and protein
levels of SPAG6 were downregulated in cells infected with the

SPAG6 shRNA-lentivirus compared to cells infected with the
control lentivirus (Fig. 2B and C).

Effect of downregulated SPAG6 expression on SKM-1 and
K562 cell growth. To investigate the possible role of SPAG6
in the growth of SKM-1 and K562 cells, CCK-8 assays were
performed to analyse cell proliferation. Cell proliferation was
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Figure 5. Knockdown of SPAG6 expression increases p53, PTEN expression, and activates caspase-3, -9 and -8. (A) The mRNA expression of the p53 and
PTEN were determined by qRT-PCR. "p<0.05. (B) Protein expression of p53 and PTEN was determined by western blot assay. (C) The expression of the
apoptotic proteins caspase-3, -9 and -8 in different groups. Lane 1, NC-shRNA group; lane 2, SPAG6-shRNA group.

significantly suppressed in cells infected with the SPAG6-
shRNA lentivirus compared with control cells (Fig. 3).

Analysis of the cell cycle and apoptosis. Annexin V and
7-AAD assays were performed to analyse apoptosis, as shown
in Fig.4A and C, the percentage of apoptotic cells in the SPAG6
shRNA-infected SKM-1 and K562 cells were significantly
higher than in control cells (SKM-1: NC-shRNA 4.12+0.52%
vs. SPAG6-shRNA 16.42+3.27%, p=0.02; K562: NC-shRNA
4.6+£0.57% vs. SPAG6-shRNA 13.33+1.31%, p=0.004). In
addition, the effect of SPAG6 knockdown on the cell cycle
was analysed by flow cytometry, which showed no significant
difference in the proportion of cells in S, G2 or G1 phase when
SKM-1 cells were infected with the SPAG6-shRNA compared
to the controls, and similar results were obtained for K562
cells (p>0.05) (Fig. 4B and D).

Knockdown of SPAG6 regulated the expression of apop-
totic proteins in SKM-1 and K562 cells. To understand the
molecular mechanism by which SPAG6 regulates apoptosis,
we examined the expression of apoptotic factors such as p53,
PTEN and caspase-3, -9 and -8 in SKM-1 and K562 cells with
SPAG6 knockdown. Quantitative RT-PCR and western blot
assays showed the expression of p53 and PTEN at both the
mRNA and protein levels was obviously higher in the SPAG6
shRNA-infected cells (Fig. 5A and B). Western blot analysis
showed that the protein levels of caspase-3, -9 and -8 were
significantly higher in SKM-1 and K562 cells infected with
the SPAG6 shRNA lentivirus than the control group (Fig. 5C).

Knockdown of SPAG®6 inhibits growth of SKM-1 cells and
K562 cells in vivo in NOD/SCID mice. Furthermore, the effects

of SPAG®6 silencing on SKM-1 and K562 cells were investi-
gated in vivo in NOD/SCID mice. Mice injected with SKM-1/
K562 cells transduced by the SPAG6 shRNA lentivirus deve-
loped tumors that were significantly smaller than those in mice
inoculated with cells transduced by the NC shRNA lentivirus
(Fig. 6A and B). H&E staining of xenografts inoculated with
SKM-1 cells transduced by the SPAG6-shRNA lentivirus and
NC-shRNA lentivirus showed necrotic tissue in the center of
the tumor, inflammatory cell infiltration, disorderly and irreg-
ular tumor cell arrangment, with increased nucleo-cytoplasmic
ratio (Fig. 6C). In addition, as shown in Fig. 6D, histological
examination of xenografts from SPAG6-shRNA lentivirus-
treated animals showed a significant increase in apoptosis
compared with the NC shRNA lentivirus group (SKM-1:
NC-shRNA 18.33+3.51% vs. SPAG6-shRNA 48.33.42+2.52%,
p=0.000; K562: SKM-1: NC-shRNA 20.33+2.52% vs. SPAG6-
shRNA 41.33+3.51%, p=0.001).

Discussion

SPAG®6 is best known for its contribution to the sperm tail
axoneme and flagellar motility. Research has shown that
SPAG6 promotes differentiation of the inner ear hair cells
(17) and is a target gene of the transcription factor S-SOX5
in tissues containing cells with motile cilia/flagella (18), and
SPAG6 was identified as a cancer-testis (CT) antigen due to
its expression in male germ cells, it was also shown to have
the ability to elicit the immune response underlying infertility
and was proposed to have oncogenic properties and serologic
biomarkers. The category of so-called cancer-testis antigens is
one of the most prospective groups of proteins for anticancer
immune response activation, as normally, they are expressed
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Figure 6. The effect of knockdown of SPAG6 expression on SKM-1 and K562 cell growth in vivo. (A) Images of excised xenografts from inoculated mice.
(B) Comparison among the volumes and weight of tumors inoculated by SKM-1 and K562 cells treated with different shRNA lentivirus. The tumor size and
weight of the group transfected with SPAG6-shRNA lentivirus was significantly decreased compared to that of the control lentivirus transfected cell group
(p<0.05). (B) The H&E staining of excised xenografts from NOD/SCID mice, showing disorderly tumor cells arranged in with allotypic nuclear division
(x400). (C) TUNEL staining showed that in vivo. Cell apoptosis in SPAG6-shRNA lentivirus transfected cell group was significantly increased compared to

that in the control groups (x400).

in immunologically privileged tissues and are immunogenic if
aberrantly generated in tumors (19,20). Therefore, CT antigens
have become ideal targets for diagnostics and cancer vaccines.
Unlike other family members, SPAG6 has only been identified
in a few cancers to date. The upregulation of SPAG6 in cancer
cells suggests the possibility that SPAG6 can play a functional
role in cancer development.

In our previous study, four recurrent regions of unipa-
rental disomy (UPD) were found in myeloid cell DNA from
MDS patients, but not in the T-cell DNA from the same
patients. Further study showed that the recurrent UPD at
10p12.31-p12.2 contained seven genes, including SPAG6, and
no mutations were identified (21). Interestingly, the expression
of SPAG6 in hematologic malignancy is universally signifi-
cantly higher than in common solid tumors, based on a public
encyclopedia (22) (Broad-Novartis. http://www.broadinstitute.
org/ccle/home). These data suggest that SPAG6 may be an
important factor for the prognosis of hematologic malignancy.

However, its functional role in hematologic malignancy is still
not fully clear.

MDS and AML are all myeloid malignancies of the
hematologic system, and the low success rate of routine ther-
apeutic methods justifies efforts to develop new approaches.
Therefore, in this study, we investigated the functional and
transcriptional effects of SPAG6 in MDS and AML using
the human MDS cell line SKM-1 and the myeloid leukemic
K562 cell line (cells with AML M6 properties) in vitro and
in xenografts of NOD/SCID mice in vivo. We transduced
human SKM-1 and K562 cells with SPAG6-shRNA lentivirus
or control lentivirus. The knockdown efficiency of SPAG6
was validated by qRT-PCR and western blotting following
lentiviral transduction, and it was discovered that SPAG6 was
significantly downregulated at both the mRNA and protein
levels in SKM-1 and K562 cells.

In order to better understand the function of SPAG6 in
SKM-1 and K562 cells, we analyzed cell proliferation and



INTERNATIONAL JOURNAL OF ONCOLOGY 46: 649-656, 2015

apoptosis. Apoptosis occurs in a variety of physiological and
pathological situations and plays a critical role in maintaining
tissue homeostasis in multicellular organisms. The hemato-
poietic system provides numerous examples attesting to the
importance of cell death mechanisms for achieving homeostatic
control. Apoptosis may be initiated through different entry
sites, such as death receptors or mitochondria, resulting in the
activation of effector caspase (23,24). Resistance to apoptosis
is one of the hallmarks of human cancers and promotes cancer
development and progression (25). In addition, evasion from
apoptosis represents one of the leading causes of failure of
antileukemic therapy because many anticancer treatments act
by triggering apoptosis in cancer cells (26). Our study showed
that SPAG6-shRNA treated cells exhibited decreased cell
proliferation and increased apoptosis, but the cell cycle was not
significantly affected compared to controls. Moreover, anti-
tumor effect of SPAG6-shRNA was observed in vivo, as tumor
growth was suppressed and tumor apoptosis was increased
in NOD/SCID mice when SPAG6 mRNA and protein were
silenced by SPAG6-shRNA. Recently, genome-wide RNA
interference screening showed that SPAG6 may be involved
in TNF-related apoptosis-inducing ligand (TRAIL)-induced
apoptosis (27). In addition, to identify cell division genes in
human tissue culture cells, 17,828 initial genes, including
SPAG6 were found by genome-scale RNAI profiling, 2,146
final genes, but not SPAG®6, altered cell cycle progression,
which suggested that SPAG6 may not be involved in cell divi-
sion (28). Our results are in accordance with previous studies,
suggesting that SPAG6 may increase cell growth of SKM-1
and K562 by inhibit cell apoptosis.

Furthermore, we found that knockdown of SPAG6 increased
the expression of p53 and PTEN in SKM-1 and K562 cells.
As well known, many types of cancers including hematologic
malignancies result from functionally impaired p53, the most
prominent tumor suppressor, that has lost its capability of DNA
repair and apoptosis induction (29). Also, PTEN inactivation is
believed to occur frequently in certain hematopoietic neoplasms,
the PTEN protein product is a lipid phosphatase that antagonizes
PI3K function and consequently inhibits downstream signalling
transduction through Akt, and caspase-9 reported to be acti-
vated while Akt is inhibited (30). SPAG6 also may be involved
in TRAIL-induced apoptosis as mentioned above, TRAIL is a
member of the death receptor ligands and can selectively induce
apoptosis in tumor cells without severely affecting normal
tissue (31). TRAIL can induce caspase-8 activation and the
NF-«B, c-Jun N-terminal kinase and p38 MAPK pathways (32).
Therefore, we evaluated the expression of caspase-3, -8 and -9
which are common apoptosis-related genes. In the present study,
we found that knockdown of SPAG®6 increased the expression of
caspase-3,-9 and -8, suggesting that inhibition of SPAG6 expres-
sion may be via the PI3K/Akt signaling pathway by increase of
PTEN expression and induction of TRAIL-mediated apoptosis,
directly or indirectly leading to activation of caspase-3, -9
and -8, which is responsible for inhibition of SKM-1 and K562
cell growth in vitro and in vivo. Further studies are, however,
needed to confirm our results.

In conclusion, the present study demonstrates that SPAG6
is highly expressed in malignant hematologic cell lines.
Knockdown of SPAG6 using shRNA potently inhibits prolif-
eration and promotes arrest of apoptosis, but it does not affect
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the cell cycles of SKM-1 or K562 cells. SPAG6 overexpression
may be associated with apoptosis induction via active caspases
and increasing p53 expression in SKM-1 and K562 cells.
Therefore, SPAG6 is a putative target molecule for drug devel-
opment aimed to potentiate the effect of apoptosis-inducing
drugs. Further investigation of the functional role of SPAG6
may lead to a better understanding of the molecular mecha-
nism of myelodysplastic syndrome and myeloid leukemia.
Additionally, the use of drugs suppressing the ability of SPAG6
to induce apoptosis may be an effective strategy for the treat-
ment of myelodysplastic syndrome and myeloid leukemia and
therefore need to be explored.
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