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With no interaction, knockdown of Apollon and
MDRI1 reverse the multidrug resistance of human
chronic myelogenous leukemia K562/ADM cells
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Abstract. Chemotherapy is the main treatment method
for patients with chronic myeloid leukemia (CML) and has
achieved marked results. However, the acquisition of multidrug
resistance (MDR) has seriously affected the quality of life and
survival rate of patients. The overexpression of the inhibitors of
apoptosis proteins (IAPs) and the adenosine triphosphate (ATP)-
dependent binding cassette (ABC) transporters are the two
main causes of MDR. Apollon and MDRI1 are the most
important and representative members, respectively, among
the TAPs and ABC transporters. In the present study, we
investigated the role of Apollon and MDR1 in chemotherapy
resistance and their mechanism of interaction. We respectively
knocked down the expression of Apollon and MDR1 using
short hairpin RNA (shRNA) in adriamycin (ADM) resistant
human CML K562 cells and examined the drug sensitivity,
the consequences with regard to ADM accumulation and
the alterations in the expression of Apollon and MDR1. The
expression levels of Apollon and MDR1 mRNA were higher
in the K562/ADM cells compared with the parental K562
cells as determined by reverse transcription-polymerase chain
reaction (RT-PCR). The plasmids of Apollon and MDR1
shRNA were respectively stably transfected into K562/ADM
cells using Lipofectamine 2000. The transfection efficiency
was detected by fluorescence microscopy. Cell Counting
Kit-8 (CCK-8) assay revealed that Apollon or MDRI1
knockdown significantly increased the chemosensitivity of the
K562/ADM cells to ADM. Flow cytometric assay revealed that
K562/ADM/shMDR1 cells exhibited a significantly increased
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intracellular accumulation of ADM, and that changes were not
found in the K562/ADM/shApollon cells. Compared with the
parental K562/ADM cells, a significantly decreased expression
of Apollon mRNA and protein was determined in the K562/
ADM/shApollon cells without affecting the expression of
MDRI as determined by RT-PCR and western blotting.
Likewise, the expression levels of MDR1 mRNA and protein
also markedly downregulated in the K562/ADM/shMDR1
cells had no effect on Apollon expression. Collectively, our
findings demonstrated, for the first time, that downregulation
of Apollon or MDRI1 through stable transfection with the
Apollon- or MDR1-targeting shRNA induced MDR reversal
through respective inhibition of Apollon or MDR1 expression
and function. However, the reversal mechanism of Apollon
and MDRI1 revealed no direct interaction with each other.

Introduction

Chronic myeloid leukemia (CML) is a clonal disease of
hematopoietic stem cells characterized by a reciprocal
translocation between chromosome 9 and 22 [t(9;22) (q34;q11)],
an event that leads to the formation of the BCR-ABL oncogene
which encodes the BCR-ABL oncogenic fusion protein with
constitutive tyrosine kinase activity (1,2). The incidence of
CML is approximately one individual/100,000 population/year
with a slight male predominance and rising incidence with age,
accounting for ~15% of newly diagnosed cases of leukemia
in adults (1). Since characterized by the constitutively active
BCR-ABL, an important understanding of the molecular
pathogenesis of CML has afforded the potential for
target-oriented therapy. As expected, the advent of tyrosine
kinase inhibitors (TKIs) has drastically revolutionized the
treatment prognosis of CML patients from a potentially
fatal disorder to a disorder amenable simply with lifelong
oral medication and compatible with a normal lifespan (1,2).
However, ~10-15% of patients with CML remain resistant to
TKIs and more than 62.5% of the patients may experience
multidrug resistance (MDR) at risk of disease progression (1,3).
The acquisition of MDR has become a major clinical problem
and continues to be a critical obstacle for chemotherapy
regimen treatment in CML. Therefore, elucidation of the
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molecular mechanisms underlying cancer MDR has been
performed extensively in order to identify putative targets in
human cancers.

MDR is considered to possess a multifactorial pheno-
type and occurs as a result of two most crucial causes: the
overexpression of the inhibitors of apoptosis proteins (IAPs)
and cell membrane-bound adenosine triphosphate (ATP)-
binding cassette (ABC) transporters (4-8). It has been
recognized that resistance to apoptosis promotes the genesis
and progression of cancer and helps cancer cells escape from
chemotherapy-induced cytotoxicity, thus, causing cancer
cell chemoresistance (6,9,10). Apollon/BIR-containing
protein 6 (BIRC6; also known as BRUCE) the largest and the
only membrane-bound member of the IAP family, which is
located on the outer membrane of the Golgi apparatus, plays
an important role in cancer genesis and progression and
is always abnormally overexpressed in a variety of human
cancers (9,11,12). ABC transporters which work as drug efflux
pumps, play critical roles in human cancer cell resistance
to chemotherapy drugs. Among these ABC transporters,
multidrug resistance 1 [MDR1; also known as P-glycoprotein
(P-gp) or ABCBI] is the most representative and relevant drug
transporter and plays a critical role in human CML cell resis-
tance to chemotherapy drugs (4,8,13).

Although TAPs and P-gp are always overexpressed and
coexist in multidrug resistant cancer cell lines (5,14-16), the
interrelationship between IAPs and ABC transporters is far
from being completely understood. Clones of adriamycin
(ADM) resistant CML K562/ADM cells were established
by continuous exposure to ADM. Our previous study,
demonstrated that the ADM-selected K562/ADM subline
of our laboratory revealed a 31.78-fold higher resistance to
ADM when compared with the parental K562 cells (17). In
the present study, we investigated the effect of short hairpin
RNA (shRNA) knockdown of the Apollon or MDRI1 gene
combined with ADM on the chemosensitivity of the human
CML cell line K562/ADM, and evaluated the possible relation-
ship between Apollon and MDR1 expression and the targeted
gene therapy response.

Materials and methods

Chemicals and reagents. ADM purchased from Melone
Pharmaceutical Co., Ltd. (Dalian, China) was dissolved
in ddH,O at a concentration of 2 g/l and stored at -20°C.
Anti-Apollon/BIRC6, anti-MDR1/P-gp and anti-GADPH
rabbit polyclonal antibodies (pAb) were respectively obtained
from Abcam Inc. (Cambridge, UK), Bioss Bio-Technology
Co., Ltd. (Beijing, China) and Goodhere Biotechnology Co.,
Ltd. (Hangzhou, China).

Cell lines and cell culture. The human CML K562 cells were
obtained from the Key Laboratory of Tumour Molecular
Biology of Binzhou Medical University (Binzhou, China)
and its MDR subline K562/ADM was obtained from the
Department of Pharmacology at The Institute of Hematology
of the Chinese Academy of Medical Sciences (Tianjin,
China). The cells were maintained in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS; both from
HyClone, Logan, UT, USA), 100 U/ml of penicillin and
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0.1 mg/ml streptomycin at 37°C in a humidified atmosphere
containing 5% CO,. K562/ADM cells were cultured in the
same medium with an additional 4 mg/l ADM. Before the
experiment, K562/ADM cells were cultured in drug-free
medium for 72 h.

Determination of gene expression by reverse transcrip-
tion-polymerase chain reaction (RT-PCR). Approximately
3x10° cells were harvested for RT-PCR analysis. Total RNA
was isolated from the cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. Total RNA was reverse transcribed to cDNA and stored
at -20°C. Primers were designed using Primer 5 version 5.6.0
software and synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). Primers used in RT-PCR were as follows:
Apollon forward, 5"TGGCTCAAGCTGGATTTTAT-3" and
reverse, 5'-TTCAGACCAAGGTTCATCAG-3"; MDRI1
forward, 5-GGAGCCTACTTGGTGGCACATAA-3' and
reverse, 5'-TGGCATAGTCAGGAGCAAATGAAC-3";
GAPDH forward, 5-GAAGGTGAAGGTCGGAGTC-3' and
reverse, 5'-GAAGATGGTGATGGGATTTC-3". RT-PCR was
performed on an ABI Prism 7500 Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA) using a
SYBR-Green Reaction kit (Takara Bio, Otsu, Shiga, Japan).
The reaction system of the PCR was: SYBR-Green reagent,
forward and reverse primer, template cDNA and nuclease-free
distilled water. PCR programs were carried out as follows:
95°C for 30 sec, followed by 45 cycles at 95°C for 5 sec and
60°C for 30 sec. GAPDH served as an internal control. The
PCR products were separated by 1% agarose gels (Takara
Biotechnology Co., Ltd., Dalian, China) and stained with
ethidium bromide for 15 min. The gels were scanned and
analyzed by the Tanon Gel Imaging system. RT-PCR for each
gene of each cDNA sample was assayed in triplicate.

Plasmid construction and stable transfection of cells.
The Apollon-targeted shRNA (termed as shApollon),
MDRI1-targeted shRNA (termed as shMDR1) and the nega-
tive control ShRNA (termed as shControl) (Table I) were
synthesized by recombinant plasmids containing the green
fluorescent protein (GFP) vector, pGPHI1, purchased from
Shanghai GenePharma Co., Ltd. (Shanghai, China) after being
chemically synthesized, annealed, desalted and purified. The
shApollon and shMDRI1 sequences were selected according
to a previous study in our laboratory and the research was
performed by Du er al, respectively (18,19). Both of the
constructs were confirmed by sequence analysis.

Prior to transfection, K562/ADM cells were seeded into
6-well plates and cultured for 12 h in serum-free RPMI-1640
medium and antibiotics to 60-80% confluency. Transfection was
performed at a final concentration of 1 g of plasmid-expressing
shRNA using Lipofectamine 2000 transfection reagent
(Invitrogen) according to the manufacturer's instructions. Six
hours after transfection, RPMI-1640 medium containing 10%
FBS was added, and the cells were then incubated under the
aforementioned conditions. G418 (500-1,000 ng/ml; Sigma,
St. Louis, MO, USA) was then added to the medium after 24 h
of transfection, and the cells were cultured for 1 month to permit
selection. Stable cells were assessed by fluorescence microscopy
(Olympus DP71; Olympus, Tokyo, Japan), and analyzed using
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Table I. Synthetic Apollon and MDR1 shRNA sequence.
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Genes Forward and reverse primers
Apollon F  5-CUGCCUCUUUCAGGCAAUATT-3'
R 5-UAUUGCCUGAAAGAGGCAGTT-3'
MDRI1 F  5-GATCCCGAAACCAACTGTCAGTGTATCAAGAGTACACTGACAGTTGGTTTCTTTTTT-3'
R 5-CTAGAAAAAAGAAACCAACTGTCAGTGTACTCTTGATACACTGACAGTTGGTTTCGG-3'
Control F  5-GTTCTCCGAACGTGTCACGTCAAG-3'
R 5-GATTACGTGACACGTTCGGAGAATT-3'

MDR1, multidrug resistance 1; ShRNA, short hairpin RNA; F, forward; R, reverse.

RT-PCR and western blotting. GFP expression was considered
as an indicator of efficiency of gene delivery. K562/ADM cells
were divided into 4 groups: group 1 (K562/ADM, untransfected
cells); group 2 (K562/ADM/shControl, pGPH1-GFP-Neo-
NC-transfected cells); group 3 (K562/ADM/shApollon,
pGPHI1-GFP-Neo-Apollon-transfected cells); and group 4
(K562/ADM/shMDR1, pGPH1-GFP-Neo-MDRI1 transfected
cells).

Cytotoxicity assays. Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc., Shanghai, China) was used to
determine the survival rate of all the cell groups incubated
with ADM. Firstly, the cells were seeded in a 96-well plate
at a density of 5x10° cells/well in RPMI-1640 medium
containing 10% FBS. Then, various concentrations of ADM
at 4-64 mg/1 were added to each well, accordingly. After the
cells were incubated at 37°C in 5% CO, for 24 h, 10 ul CCK-8
solution was added to each well and incubation followed for
4 h. Subsequently, the absorbance was assessed at 490 nm
with a fluorescence spectrofluorometer (F-7000; Hitachi
High-Technologies Corporation, Tokyo, Japan). A blank well
containing only medium and drugs, was used as a control. The
50% inhibition of cell growth (ICs,) produced by ADM was
calculated using the untreated cells as the 100% viable control.
The reversal fold (RF) values, as potency of reversal, were
obtained from the following formula: RF = IC;, of ADM in
untransfected cells/ICs, of ADM in the differently transfected
cell groups.

Cellular uptake of ADM. All cell groups were plated in 6-well
plates at a concentration of 1x10° cells in 1 ml of growth
medium. After incubation at 37°C for 24 h, 2 mg/l of ADM
was added for another 1 h of incubation at 37°C. Cells without
ADM were used to evaluate cell auto-fluorescence. Then, the
cells were harvested by centrifugation and washed twice with
ice-cold phosphate-buffered saline (PBS). The cell-associated
mean fluorescence intensity (MFI) of ADM was detected by
flow cytometer using a FACSCalibur (Beckman Coulter, Brea,
CA, USA) with excitation/emission wavelengths at 485/580 nm.

Western blotting. The cells were harvested and washed with
PBS. Lysis buffer (100 pl) was added and the protein concen-
tration of the lysate was determined using a Bicinchoninic
Acid Protein Assay kit (both from Beyotime Biotechnology,
Shanghai, China). The lysed samples containing 50 ug

of protein were separated by 6-8% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE;
Beyotime Biotechnology) with a constant voltage of 80 V for
0.5 h and 120 V for another 1.5 h. The resolved proteins were
electrophoretically transferred to polyvinylidine difluoride
membranes (EMD Millipore, Bedford, MA, USA) and blocked
with 5% skimmed milk for 2 h. Subsequently, the membranes
were incubated overnight at 4°C with specific primary rabbit
polyclonal antibodies against Apollon (1:1,000), P-gp (1:500)
and GADPH (1:1,000). The following day, the membranes were
incubated in horseradish peroxidase-labeled goat anti-rabbit
immunoglobulin G (1:5,000) for 2 h at room temperature.
Finally, images were captured using a FluorChem FC2 Gel
Imaging System (Alpha Innotech, San Leandro, CA, USA).
The intensity of each band was normalized to that of GADPH
for their respective lanes.

Statistical analysis. Statistical analyses were performed using
SPSS 17. 0 software (IBM SPSS, Armonk, NY, USA). Data
are expressed as the means + SD. Statistical comparisons were
evaluated by one-way ANOVA. Values of P<0.05 were consid-
ered to indicate a statistically significant result.

Results

K562/ADM cells overexpress Apollon and MDRI in compar-
ison with the parental sensitive cells. RT-PCR analysis was
performed to determine the expression of Apollon and MDR1
in parental K562 cells, and the resistant K562/ADM cells. As
shown in Fig. 1, our results demonstrated that both the K562
and K562/ADM cells exhibited high expression levels of
Apollon and MDRI, but that the K562/ADM cells expressed
much higher levels of Apollon and MDRI than the K562
cells (P<0.05). Overall, our results revealed that in contrast to
parental sensitive K562 cells, MDR K562/ADM cells exhib-
ited a higher level of Apollon/MDRI1 co-expression, which
may give rise to MDR.

Transfection efficiency of the recombinant plasmids in the
K562/ADM cells. Fluorescence was detected using a fluo-
rescence microscope after G418 selection. The expression of
green fluorescent protein was detected in most of the stably-
transfected cells (>90%), indicating a very high transfection
efficiency (Fig. 2). These results indicated that the K562/ADM
cells were successfully transfected with the plasmids.
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Figure 1. Analysis of Apollon and MDRI1 expression in parental and ADM-resistant K562 cells by RT-PCR. The expression of Apollon and MDR1 were
normalized to GADPH revealing a stronger expression in the K562/ADM cells than the parental cells. The results are represented as the mean + SD of
triplicate experiments; “P<0.01 vs. the parental cells. MDR1, multidrug resistance protein 1; ADM, adriamycin; RT-PCR, reverse transcription-polymerase

chain reaction.
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Figure 2. K562/ADM cells were stably transfected with negative control sShRNA (shControl), Apollon knockdown shRNA (shApollon) and MDR1 knockdown
shRNA (shMDR1), respectively. The transfection efficiency was detected by fluorescence microscopy. The average transfection efficiency of each group was

>90%. MDRI1, multidrug resistance protein 1; ADM, adriamycin.

Apollon and MDRI knockdown increases the chemosen-
sitivity of K562/ADM cells to ADM. We examined whether
Apollon or MDRI1 knockdown sensitizes CML K562/ADM
cells to ADM. The CCK-8 assay detected the growth inhibi-
tion rate of cells after exposure to a range of concentrations of
ADM for 24 h. As shown in Fig. 3, the K562/ADM/shApollon
and K562/ADM/shMDRI1 cells exhibited significantly greater
growth inhibition than the K562/ADM/shControl and the
untransfected K562/ADM cells by ADM. Then, the IC;, values
of ADM were calculated by CCK-8 assay data to determine
whether downregulation of Apollon and MDR1 contributed
to drug sensitivity in the K562/ADM cells. The ICs, values of
ADM in the K562/ADM cells were 32.60+3.215, 30.18+4.03,
17.53+1.595 and 5.785+1.8895 mg/l for the ADM alone,
shControl, shApollon and shMDRI1 groups, respectively. The
reversal fold-change of shApollon and shMDR1 was 1.86 and
5.64, respectively (Table II; P<0.05). Therefore, the down-
regulation of Apollon and MDRI1 increased the sensitivity of
K562/ADM cells to ADM.
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Figure 3. Apollon and MDR1 knockdown alters ADM-induced cytotoxicity
of K562/ADM cells. Growth curves were based on data from the CCK-8
assays in all cell groups: untransfected K562/ADM, K562/ADM/shControl,
K562/ADM/shApollon and K562/ADM/shMDRI1 cells, following 24 h of
treatment with various concentrations of ADM. A significant increased drug
sensitivity was noted in the K562/ADM/shApollon and K562/ADM/shMDR1
cells. Results are expressed as the mean + SD of 3 independent experiments.
MDRI1, multidrug resistance protein 1; ADM, adriamycin.
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Figure 4. Effect of Apollon and MDR1 knockdown on the intracellular accumulation of ADM in K562/ADM cells. (A) All cell groups were treated with or
without ADM (2 mg/1) for 1 h and the fluorescence of ADM in cells was assessed by FCM. (B) Analysis of auto-fluorescence and the MFI of ADM in all cell
groups. (C) After standardization, the FCM results revealed that there was a significant increase in intracellular accumulation of ADM only determined in the
K562/ADM/shMDRI1 cells. The other cell groups did not exhibit this change. The bars represent the means + SD; n=4; P>0.05, compared to the untransfected
K562/ADM cell group; “P<0.01 compared to the untransfected K562/ADM cell group. MDR1, multidrug resistance protein 1; ADM, adriamycin; FCM, flow

cytometric assay; MFI, mean fluorescence intensity.

Table II. Effect of Apollon and MDR1 knockdown on the
sensitivity of K562/ADM cells towards ADM by CCK-8 assay.

Treatment ICy, (ng/ml) RF
ADM alone 32.60+3.215

shControl 30.18+4.03 1.08
shApollon 17.53+1.595* 1.86
shMDR1 5.785+1.8895* 5.64

P<0.05 vs. ADM alone. MDR1, multidrug resistance 1; ADM,
adriamycin; CCK-8, Counting Kit-8; RF, reversal fold. Results are
expressed as the means + SD of triplicate experiments.

Effect of Apollon and MDRI knockdown on the intracel-
lular accumulation of ADM. The intracellular accumulation
of ADM was previously found to decrease significantly in

K562/ADM cells compared to parental K562 cells (20). Thus,
we examined whether knockdown of Apollon and MDR1
increases the intracellular accumulation of ADM in K562/
ADM cells. As shown in Fig. 4, our results demonstrated that
the K562/ADM/shMDR1 cells had an increased intracellular
accumulation of ADM (P<0.05) while the other cell groups
did not exhibit this change. Thus, our result indicated that
shMDRI1 significantly inhibited the expression and function
of P-gp and that the knockdown of Apollon did not affect the
function of P-gp.

Apollon knockdown shRNA significantly decreases the expres-
sion level of Apollon in K562/ADM/shApollon cells, but has
no impact on MDRI expression. As Apollon and MDR1 were
co-expressed and at high levels in the CML K562/ADM cells,
we explored whether knockdown of Apollon affects MDR1
expression. After stable transfection with plasmids shControl
and shApollon, we used RT-PCR and western blot assays to
confirm the knockdown efficiency on Apollon mRNA and
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Figure 5. Apollon knockdown significantly decreases Apollon expression at both the mRNA and protein levels in K562/ADM/sh Apollon cells with no effect
on the expression of MDR1. The Apollon and MDR1 mRNA and protein expression levels were determined by RT-PCR and western blotting, respectively.
(A) Image of agarose ethidium bromide gel. (B) Analysis of Apollon and MDR1 mRNA expression. (C) Image of SDS-PAGE. (D) Analysis of Apollon and
P-gp protein expression. The expression of Apollon and MDR1 were calculated after normalization to GADPH expression. Results are expressed as the
mean + SD of triplicate experiments. Bars represent the means + SD; n=3; P>0.05, compared to the untransfected K562/ADM cell group; “P<0.01, **P<0.001
vs. the untransfected K562/ADM cell group. MDR1, multidrug resistance protein 1; ADM, adriamycin.
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Figure 6. MDRI silencing significantly downregulates the expression of MDRI1 at both the mRNA and protein levels in K562/ADM/shMDRI1 cells, but has no
effect on Apollon expression. The MDR1 and Apollon mRNA and protein expression levels were determined by RT-PCR and western blotting, respectively.
(A) Image of agarose ethidium bromide gel. (B) Analysis of MDRI1 and Apollon mRNA expression. (C) Image of SDS-PAGE. (D) Analysis of P-gp and
Apollon protein expression. GADPH was used as an internal control. The results are expressed as the mean + SD for 3 independent experiments. The bars
represent the means + SD; n=3; P>0.05, compared to the untransfected K562/ADM cell group; “"P<0.01, “*P<0.001 compared to the untransfected K562/ADM
cell group. MDR1, multidrug resistance protein 1; ADM, adriamycin.

protein levels and the expression change in MDRI1. As shown  and the K562/ADM/shControl cells, the levels of Apollon
in Fig. 5, compared with the untransfected K562/ADM cells mRNA and protein in the K562/ADM/shApollon cells were
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significantly decreased (P<0.05). However, the levels of MDR1
mRNA and protein in the K562/ADM/shApollon cells were
not altered.

MDRI knockdown shRNA efficiently downregulates the
expression of MDRI in K562/ADM/shMDRI cells but has
no affect on the expression of Apollon. Likewise, to explore
whether knockdown of MDRI1 affects the expression of
Apollon, after stable transfection with the plasmids shControl
and shMDRI1, we investigated the expression changes in
MDRI1 and Apollon by RT-PCR and western blot assays. As
shown in Fig. 6, the K562/ADM/shMDRI1 cells exhibited
significantly decreased mRNA and protein levels of MDR1
and unchanged expression of Apollon. Collectively, our
experiments revealed that silencing of Apollon or MDR1
respectively, did not affect the expression of the other, and
that the reversal effect of Apollon and MDRI1 knockdown
in CML K562/ADM cells was mainly dependent on the
downregulation of the targeted gene expression.

Discussion

The constitutive tyrosine kinase (TK) activity of the BCR-ABL
oncoprotein in CML plays an important role in promoting cell
proliferation and survival, which provides an understanding
of the pathogenesis of CML and affords a target-oriented
therapy. Although targeted BCR-ABL tyrosine kinase
inhibitors (TKIs) significantly improve the prognosis of CML
patients, the development of MDR becomes the most serious
clinical problem responsible for the failure of chemotherapy.
There is a growing concern in understanding the mechanisms
of MDR and finding new target-oriented therapies to over-
come drug resistance.

The cause of MDR is often multifactorial. However,
the most widely studied and important mechanism is the
overexpression of ABC transporters. MDR1, also known
as P-glycoprotein (P-gp) or ABCBI, is the first identified
member of the ABC transporter family, mainly expressed in
the plasma membrane that pumps cytotoxic drugs out of the
cells through active transportation (21). There is an increasing
amount of preclinical data supporting that MDR1 is one of
the most important and representative ABC transporters and
plays a crucial role in MDR of human CML. MDRI is always
overexpressed and abnormally activated in cancer cells and
the expression level of MDRI1 is correlated with MDR (8).
Moreover, it has been reported that the overexpression of
MDRI1 may be a risk factor for the treatment and prognosis of
CML (22). Furthermore, studies have shown that the genetic
polymorphisms of MDRI1 predict the clinical response of
CML patients to TKIs (23-25). Numerous studies revealed
that downregulating the expression of P-gp restored drug
sensitivity (3,6,7,17,19,20). Thus, MDR1 plays a crucial role in
human CML cell resistance to chemotherapy drugs.

Meanwhile, another important cause for the acquisition
of MDR is apoptosis inhibition. Apoptosis is the process of
cell self-destruction during physiologic or pathologic condi-
tions under the control of genes, which plays a central role in
the development and homeostasis of multicellular organisms.
The ability to evade apoptosis is considered to be a major
cause of tumor resistance to chemotherapy since chemo-
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therapeutic agents mainly act depending on the induction of
apoptosis (11). The inhibitors of apoptosis proteins (IAPs)
play a strong antagonistic role to cell apoptosis and poten-
tially contribute to oncogenesis and resistance to antitumor
treatment (6,9). Increased IAP expression has been found in
a variety of human cancers, including CML (4-6,9-12,14-16).
Apollon is the largest and the only membrane-bound member
of the IAP family. Previous studies have reported that overex-
pression of the IAP, Apollon, is associated with unfavorable
clinical features and negatively impacts relapse-free survival
in childhood acute leukemia (AL) (26,27). Our previous study
demonstrated that Apollon is constitutively expressed in CML
K562 cells and knockdown of Apollon by short hairpin RNA
(shRNA) significantly enhanced K562 cell response to cyto-
toxic drugs (18).

Since IAPs and ABC drug transporters are the two most
important causes of MDR, the interactions between IAPs and
ABC transporters have been extensively investigated in recent
years. It has been reported that IAPs are always co-expressed
with MDRI at high levels in a variety of human cancers, and
that some members of the IAP family have a positive correla-
tion with MDR1. The expression of several IAPs could even be
modulated by MDR1 (4-6,15,16). However, some researchers
have reported that the overexpression of survivin and XIAP in
MDR cancer cells is not directly related to MDR1 (14). Even
so, the relationship between Apollon and MDR1 in MDR
cancer cells remains unclear.

In the present study, we designed and screened shRNA
molecules, respectively targeting Apollon and MDR1 genes
to investigate the role of Apollon and MDRI in chemotherapy
resistance and their mechanism of interaction in CML
K562/ADM cells. Firstly, we determined that the expression
of Apollon and MDRI1 in K562/ADM cells was significantly
higher than in the parental K562 cells. Then, we respectively
stably transfected the targeting ShRNAs of Apollon and MDR1
in K562/ADM cells to block gene expression. We found that
both Apollon and MDR1 knockdown significantly restored
the sensitivity of ADM in K562/ADM cells. Then, our data
demonstrated that MDR1 knockdown by shRNA significantly
inhibited the expression and function of P-gp with increased
intracellular accumulation of ADM. However, the intracellular
accumulation of ADM did not change significantly in the
Apollon-knockdown K562/ADM cells, which indicates that
the downregulation of Apollon did not affect the function of
P-gp. Additionally, the Apollon-targeting shRNA transfection
significantly decreased the expression of Apollon without
affecting the expression of MDRI1. Similarly, we found that the
expression of MDR1 was potently inhibited in MDR 1-targeting
shRNA transfected K562/ADM cells which did not exhibit
any effect on Apollon expression. Therefore, it is reasonable to
believe that Apollon and MDR1 play an important role in the
chemotherapy resistance of CML K562/ADM cells although
they have no direct interaction.

It has been revealed that Apollon and MDR1 both
contribute to chemotherapy resistance, but they do not directly
interact with each other. The shRNAs targeting Apollon and
MDRI significantly inhibited the transcription, translation and
function of the targeted genes thereby enhancing the sensitivity
of CML K562/ADM cells to ADM. These studies provide
evidence in support of using shRNAs as a molecularly defined
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therapeutic approach for MDR in the treatment of CML and
further studies are warranted to understand the mechanism of
MDR in CML cells.
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