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Abstract. Overexpression of ABCG2 is considered a major 
mechanism of cancer drug resistance. Recent studies have 
shown that ABCG2 can regulate the switch between symmetric 
and asymmetric cell division in adult stem cells; however, 
the relationship between ABCG2 and cell division in drug-
resistant cancer cells remains to be determined. In the present 
study, we demonstrated that ABCG2 is involved in the cell 
division of drug-resistant cancer cells. We first established 
drug-resistant H460 and A549 cell lines by repeated expo-
sure to cisplatin and found that the expression of ABCG2 
in these cell lines was significantly increased. As evidenced 
by PKH-26 staining, these drug-resistant cell lines favored 
symmetric division, which differed from the asymmetric divi-
sion of the parental cells. Furthermore, we established stable 
ABCG2‑overexpressing and stable shRNA-ABCG2‑knock-
down cell lines to evaluate the potential role of ABCG2 in 
cancer cell division. The results showed that overexpression 
of ABCG2 in A549 parental cells significantly increased the 
proportion of symmetric division, whereas knockdown of 
ABCG2 in drug-resistant A549 cells significantly increased 
the proportion of asymmetric division. Taken together, our 
findings suggest that ABCG2 is involved in the modulation of 
cancer drug resistance by regulating the pattern of cell divi-
sion. The present study provides novel insight into the role of 
ABCG2 in cancer treatment resistance.

Introduction

Chemotherapy is a key method of treatment in the primary and 
palliative care of patients with lung cancer, of which non-small 
cell lung cancer (NSCLC) accounts for the majority of cases. 
Cisplatin is one of the most common chemotherapeutic drugs 
for lung cancer treatment, particularly for NSCLC; however, 
many patients have resistance to cisplatin initially and second-
arily (1,2). To overcome drug resistance, patients with NSCLC 
are administered large doses of drugs, which induce numerous 
adverse effects and fail to improve the clinical prognosis. 
Therefore, a better understanding of the molecular mecha-
nisms underlying cisplatin resistance is warranted to further 
clarify the exact mechanisms underlying chemoresistance and 
to find or design efficient drugs to improve individual chemo-
therapy strategies for NSCLC patients.

Increasing studies have shown that the active effluence of 
chemotherapeutic drugs from cancer cells is one of the main 
mechanisms of drug resistance. Cancer cells often exhibit 
drug resistance with the overexpression of membrane trans-
port proteins, which effectively pump antitumor drugs out (3). 
The ATP-binding cassette (ABC) multi-drug transporters, 
such as ABCG2 (BCRP/MXR/ABCP), are considered to be 
responsible for the bulk of drug efflux in human cancer (4). 
Moreover, the overexpression of ABCG2 has been reported to 
confer drug resistance upon NSCLC to various chemothera-
peutic drugs (5). Furthermore, a previous study also showed 
ABCG2 to be closely associated with clinical outcome in plat-
inum-based chemotherapy for advanced NSCLC patients. For 
example, ABCG2-positive patients showed a lower response 
effect to chemotherapy and a shorter progression-free survival 
and low survival rate than ABCG2-negative patients (6).

However, the potential function of ABCG2 for cancer has 
not been completely elucidated. A number of recent reports 
have suggested that novel functions exist for this transporter 
besides drug efflux. A recent study demonstrated that ABCG2 
was involved in the proliferation of cancer cells and suppres-
sion of ABCG2 inhibited cancer cell proliferation (10), which 
indicated that ABCG2 was involved in cancer cell prolifera-
tion. Notably, a recent study demonstrated that ABCG2 could 
directly regulate the conversion between symmetric and 
asymmetric cell division in a cardiac side population with 
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determination of progenitor cell fate decisions (7). Although 
asymmetric cell division is a proposed characteristic of cancer 
stem cells, a recent study revealed that the majority of glioma 
stem cells were passaged through expansive symmetric cell 
division instead of asymmetric cell division (8). Moreover, 
there is emerging evidence that asymmetric division could 
function as a mechanism of tumor suppression in Drosophila 
neuroblasts. Loss-of-function mutations of cell polarity and 
cell fate determinants induce neuroblasts to divide symmetri-
cally, leading to an increase in number, tissue overgrowth and 
transplantable tumors, which was ultimately similar to the 
generation of mammalian cancer (9). Whether or not there is a 
direct relationship between ABCG2 and cell division in drug-
resistant cancer cells remains to be determined. To date, the 
role of ABCG2 in cancer cell division remains unclear.

To explore the potential relationship between ABCG2 
expression and the pattern of cancer cell division, we estab-
lished cisplatin-resistant NSCLC cell lines and found that these 
cell lines have significantly increased expression of ABCG2. 
Markedly, as evidenced by PKH-26 staining, we found that 
these drug-resistant cell lines divided symmetrically more 
frequently than the parental cells. We therefore speculated 
that ABCG2 could regulate cell division in cisplatin-resistant 
NSCLC cells. To verify this hypothesis, we observed the cell 
division patterns of parental NSCLC cells that overexpressed 
ABCG2 and drug-resistant NSCLC cells with decreased 
ABCG2 expression by RNA interference. The result showed 
that ABCG2 regulated cell division in drug-resistant cancer 
cells.

Materials and methods

Cell lines and reagent. The human lung cancer cell lines, 
A549 and H460, were obtained from the American Type 
Culture Collection (ATCC) and routinely maintained in 
RPMI-1640 medium supplemented with 10% fetal bovine 
serum, 100 U/ml of penicillin, 100 mg/ml of streptomycin 
and 2 mM L-glutamine. All cells were cultured as monolayer 
cultures and maintained in a humidified atmosphere of 5% 
CO2 in air at 37˚C. Cisplatin, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), propidium iodide 
(PI) and RNase  A were purchased from Sigma-Aldrich 
Chemical Company (St. Louis, MO, USA). Antibodies against 
ABCG2 were purchased from Abcam, Inc. (Cambridge, MA, 
USA).

Drug sensitivity assay (MTT). Cells (3x103) were seeded in 
96-well plates and allowed to adhere overnight at 37˚C. The 
attached cells were then exposed to various concentrations of 
cisplatin for 72 h. The MTT reagent [5 mg/ml (20 µl/well)] 
was added to each well for 4 h. Subsequently, the medium was 
discarded and the purple MTT formazan was dissolved by 
DMSO (100 µl/well). Then, the absorbance value was measured 
at 490 nm and the concentration of cisplatin that induced 50% 
inhibition (IC50) was calculated by GraphPad Prism software 
(version 5; GraphPad Software, Inc., San Diego, CA, USA).

Generation of drug-resistant cell lines. A549 and H460 
cisplatin-resistant cell lines were derived from each original 
parental cell line by exposure to cisplatin following the IC50 

value for 72 h, and were then designated cisplatin-resistant 
(CisR) cells. The medium was removed and cells were cultured 
for an additional 72 h in normal medium. Cells were cultured 
with or without media containing cisplatin for 72 h, repeatedly. 
This cycle was carried out for ~6 months, after which time the 
IC50 concentrations were re-assessed in each resistant cell line.

Establishment of stable ABCG2-overexpressing or shRNA-
ABCG2 knockdown cell lines. A549 cells were transfected 
with the recombinant lentivirus of ABCG2 or control lenti-
virus (GFP-lentivirus), which was constructed by GeneChem 
Co. Ltd. (Shanghai, China). To establish A549/CisRshABCG2 
cells, A549/CisR cells were transfected with SMART vector 
shRNA lentiviral particles targeted against the ABCG2 gene 
with 5 µg/ml of Polybrene (Sigma-Aldrich) to inhibit ABCG2 
gene expression. An empty SMART vector expressing 
TurboGFP was used as control. The stable shRNA-ABCG2 cell 
line, A549/CisRshABCG2, was established and the expression 
of ABCG2 was evaluated by western blotting and PCR.

Western blot analysis. For western blot analysis, 40 µg of total 
protein was separated by sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and the proteins were 
then transferred electrophoretically onto a polyvinylidene 
difluoride membrane. After blocking with 5% skimmed milk 
in TBST buffer for 1 h at 37˚C, the membranes were incubated 
overnight at 4˚C with specific primary antibody (rat anti-
BRCP/ABCG2 antibody, 1:500 dilution; Abcam). The protein 
levels were normalized against β-actin from the same sample 
(1:3,000 dilution; Boster, China). For detection, the membrane 
was incubated with goat anti-rat IgG antibody (1:10,000) in 
TBST for 1 h at room temperature. The immunoblots were 
imaged by an enhanced chemiluminescence (ECL) detection 
system, followed by exposure to ECL Hyperfilm (Beyotime, 
China).

Reverse transcription and quantitative real-time PCR assay. 
Total RNA was extracted from cells using TRIzol reagent 
(Invitrogen) following the manufacturer's instructions. The 
mRNAs were reverse-transcribed into cDNA using a 
PrimeScript™ RT reagent kit (Takara Bio, Shiga, Japan). 
Then, a real-time quantitative PCR (RT-qPCR) assay was 
performed using the Applied Biosystems 7500 Sequence 
Detection system (Applied Biosystems, Foster City, CA, USA), 
and SYBR® Premix Ex Taq™ II (Takara Bio). The primer 
sequences used in real-time RT-PCR were: ABCG2 forward, 
5'-GAAACCTGGTCTCAACGCCATCC-3' and reverse, 
5'-CGTCAGAGTGCCCATCACAACAT-3'; β-actin forward, 
5'-CCTGGCACCCAGCACAAT-3' and reverse, 5'-GCC 
GATCCACACGGAGTACT-3'. The threshold cycle (Ct) was 
used to determine the relative level of expression of each gene 
by normalizing to the Ct of β-actin. All genes were tested in 
3 independent experiments.

PKH-26 staining. The cells from each group were washed with 
PBS and resuspended in PKH diluents with PKH dye labeling. 
The cells were incubated at room temperature for 5 min with 
periodic mixing. To stop the reaction, 2 ml of serum was 
added, and the cells were incubated for 1 min to allow binding 
of excess dye. The samples were centrifuged and washed twice 
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with 10 ml of complete medium to remove the unbound dye. 
Finally, the cells were resuspended in DMEM serum-free 
medium supplemented with 20 ng/ml of EGF, 20 ng/ml of 
bFGF and 4 µg/ml of insulin, and plated on to ultra-low attach-
ment 96-well at a density of 1,000/ml. PKH-26-stained cells 
were observed with fluorescence microscopy and images were 
acquired with an Olympus camera or confocal microscopy.

Statistical analysis. All data are presented as the means ± stan-
dard deviation (SD) of at least 3 independent experiments. 
Analysis of variance (ANOVA) and two-tailed Student's t-tests 
were used to identify significant differences in the growth of 
sorted cells. Differences were considered to indicate a statisti-
cally significant result when the P-value was <0.05.

Results

Establishment and identification of cisplatin-resistant NSCLC 
cell lines. To determine IC50 values, cells were incubated with 
concentrations of cisplatin ranging from 0.001 to 100 µM. 
Dose-response curves were generated and IC50 concentrations 
were calculated (Fig. 1). Then, we established two cisplatin-
resistant lung cancer cell lines (H460/CisR and A549/CisR) 
by repeatedly treating parental H460 and A549 cells with the 
IC50 concentration of cisplatin. At 6 months, the IC50 values of 
H460/CisR and A549/CisR were also measured and calculated. 
The IC50 concentration of cisplatin-resistant cells displayed a 
significant increase compared to the corresponding parental 
cells (Fig. 1). In A549 cells, the IC50 concentration of cisplatin-
resistant cells was determined to be 43.01 µM compared to 
6.14 µM in the original parental cell line; a 7-fold increase 
in the concentration of cisplatin was required to obtain a 
50% inhibition in cell growth. A significant increase in IC50 
concentrations was also observed in H460/CisR cells (29.19 vs. 
4.01 µM), indicating a 7.28-fold increase in the H460/CisR cell 
lines compared to the parental cells. Taken together, the results 
demonstrated a cisplatin-resistant phenotype in two NSCLC 
cell lines following continuous exposure to cisplatin in vitro.

Overexpression of ABCG2 in cisplatin-resistant NSCLC 
cells. To observe the difference of the cisplatin-resistant cells 
and parental cells, we determined the level of expression of 
ABCG2 in A549, A549/CisR, H460 and H460/CisR cells by 
western blotting and real-time quantification PCR. The level 
of expression of ABCG2 in the A549/CisR cells was higher 

than in the parental cells. Similar results were also observed 
in H460/CisR cells (Fig. 2). Moreover, a higher level of expres-
sion of ABCG2 mRNA was observed in A549/CisR cells and 
H460/CisR cells as compared to the parental cells (Fig. 2). The 
relative level of expression of ABCG2 mRNA in A549/CisR 
and H460/CisR cells was 6.92- or 9.36-fold higher than the 
corresponding parental cells, respectively. These results are 
consistent with numerous other studies, which demonstrated 
that ABCG2 had increased expression in human cancer cell 
lines screened by various anticancer drugs (11,12).

Increased symmetric division in cisplatin-resistant NSCLC 
cells. To determine the pattern of cell self-renewing divisions 
in cisplatin-resistant cells (A549/CisR and H460/CisR cells) 
and the parental cells (A549 and H460 cells), we stained the 
four cell lines with PKH-26. PKH-26 is a fluorescent dye that 
binds to cell membranes and segregates in daughter cells after 
each cell division. This method is commonly used to detect 
the pattern of cell division (13). The results showed that the 

Figure 1. The IC50 concentrations detected in A549 and H460 cisplatin-resistant cell lines and the parental cell lines.

Figure 2. Levels of protein and mRNA expression of ABCG2 in cisplatin-
resistant NSCLC cells (A549/CisR and H460/CisR cells) and the parental 
cells (A549 and H460 cells). (A)  Level of ABCG2 protein expression. 
(B) Level of ABCG2 mRNA expression. Fold-change of BCRP/ABCG2 
mRNA expression was quantified relative to the internal control, β-actin. 
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pattern of cell division in A549 parental cells was 73.9% 
asymmetric, 16.7% symmetric, and 9.4% undefined (according 
to PHK-26 staining which could not be classified by PKH-26 
dye). The pattern of cell division in H460 parental cells 
was similar to the pattern of A549 parental cells, including 
82.2% asymmetric, 9.5% symmetric and 8.3% undefined. 
However, the patterns of cell division in cisplatin-resistant 
NSCLC cells were significantly different from the pattern of 
NSCLC parental cells (Fig. 3). The pattern of cell division in 
A549/CisR cells was 77.2% symmetric, 10.1% asymmetric 
and 12.7% undefined. The pattern of cell division in H460/
CisR cells comprised of 73.9% symmetric, 13.3% asymmetric 
and 12.8% undefined. In summary, these results suggest that 
symmetric and asymmetric divisions co-exist in cisplatin-
resistant NSCLC cells and the parental cells, but with different 
proportions. Thus, parental NSCLC cells mainly divide asym-
metrically, whereas cisplatin-resistant NSCLC cells mainly 
divide symmetrically.

Increased symmetric division in ABCG2-overexpressing 
NSCLC cell lines. The experiments described above indicated 
that cisplatin-resistant cells have increased symmetric divi-
sion and display a higher level of ABCG2 expression. We 
next hypothesized that ABCG2 is involved in cell division in 
drug-resistant cells. To determine the relationship between 
ABCG2 and cell division in cisplatin-resistant NSCLC 
cells, we transfected the recombinant lentivirus of ABCG2 
into A549 cells to establish a stable ABCG2-overexpressing 
cell line (A549/ABCG2). As shown in Fig. 4, the results of 

western blotting and real-time quantification PCR showed 
that the expression of ABCG2 in A549/ABCG2 cells was 
clearly increased. Moreover, PKH-26 staining showed that a 

Figure 3. Proportions of asymmetric and symmetric divisions in cisplatin-resistant NSCLC cells (A549/CisR and H460/CisR cells) and the parental cells (A549 
and H460 cells). The pie charts show the relative proportions of asymmetric and symmetric divisions. 

Figure 4. Levels of protein and mRNA expression of ABCG2 in ABCG2-
overexpressing stable cell lines and shRNA-mediated ABCG2 knockdown 
stable cell lines. (A) Level of ABCG2 protein expression. (B) Level of ABCG2 
mRNA expression.
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significantly greater proportion of A549/ABCG2 cells (81.7%) 
divided symmetrically than A549 parental cells (16.7%; Fig. 5). 
These data indicate that ABCG2 overexpression increases the 
potential for symmetric division in A549 cells.

Increased asymmetric division in the ABCG2-inhibition cispl-
atin-resistant NSCLC cell line. To further confirm that the 
characteristics of ABCG2 described above could regulate cell 
division in NSCLC cells, we transfected A549/CisR cells with 
SMART vector shRNA lentiviral particles targeted against 
ABCG2 to inhibit expression of the gene. As shown in Fig. 4, 
the level of expression of ABCG2 in A549/CisRshABCG2 cells 
was significantly lower than A549/CisR cells. Furthermore, 
PKH-26 staining showed that a significantly lower percentage 
of A549/CisRshABCG2 cells (11.1%) divided symmetrically 
than A549/CisR cells (77.2%; Fig. 5). These findings, in addi-
tion to the observation that ABCG2 overexpression increased 
the percentage of symmetric division, indicate that ABCG2 
regulates the pattern of cell self-renewing divisions in cispl-
atin-resistant NSCLC cell lines.

Discussion

ABCG2 is widely expressed in various normal tissues and stem 
cells, as well as cancer cells. Previous studies have suggested 
that ABCG2 plays a critical role in the maintenance of the stem 

cell phenotype and multidrug resistance of cancer cells (14,15). 
However, to date, there have been no studies reporting the role 
of ABCG2 expression in cancer cell division. Hence, in the 
present study, we attempted to determine the possible role of 
ABCG2 in cell division in cisplatin-resistant NSCLC cells. Our 
data showed that ABCG2 is overexpressed in cisplatin-resistant 
NSCLC cells, and those cells were more prone to divide 
symmetrically, while silencing of ABCG2 in cisplatin-resistant 
NSCLC cells led to increased asymmetric division. Our study 
demonstrated that ABCG2 could regulate the pattern of cell 
division in cisplatin-resistant NSCLC cell lines.

Platinum-based chemotherapeutics, such as cisplatin, 
remain the standard first-line chemotherapy for NSCLC 
with good performance status and have shown significant 
improvement in overall survival and quality of life. However, 
cisplatin induces a variety of problems, such as cisplatin 
resistance, which is a major obstacle for successful cancer 
treatment (16). Furthermore, cisplatin-resistant tumors also 
fail to respond to other drugs (17). Thus, it is critical to gain a 
better understanding of the molecular mechanisms underlying 
the drug-resistant phenotype associated with cisplatin resis-
tance. In the present study, we generated a clinically-relevant, 
isogenic model of cisplatin resistance in a panel of NSCLC cell 
lines from original, age-matched parent cell lines, and charac-
terized these cell lines in terms of the fold-changes in IC50 
values. Using IC50 concentrations, cisplatin-resistant cell lines 

Figure 5. Proportions of asymmetric and symmetric division in ABCG2-overexpressing stable cell lines and shRNA-mediated ABCG2 knockdown stable cell 
lines. The charts show the distribution of cell division patterns. 
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were established over time through chronic in vitro exposure 
to cisplatin, after which time the IC50 values were re-assessed 
in cisplatin-treated cell lines. The IC50 of cisplatin-treated cells 
was shown to be significantly higher, demonstrating a more 
resistant phenotype of these cells. Although the exact mecha-
nisms underlying cisplatin resistance are unclear, multidrug 
resistance has emerged as a significant cellular mechanism to 
explain clinical drug resistance and ABCG2 has been impli-
cated in multidrug resistance in cancer chemotherapy (18). 
ABCG2 is a member of the ABC family and functions as an 
ATP-binding cassette discharge pump. ABCG2 prevents the 
intracellular accumulation of substrate compounds, including 
anticancer drugs, by limiting the influx into and facilitating 
the efflux out of cells. In cancer cells, high expression of 
ABCG2 prevents the intracellular accumulation of anticancer 
drugs, which results in drug resistance (19). In NSCLC, several 
studies have demonstrated that there is an association between 
high ABCG2 expression with platinum-based regimens and 
lower response rate, shorter overall survival and progression-
free survival (6,20). In agreement with previous findings, our 
western blotting and PCR results showed that the level of 
ABCG2 expression in the cisplatin-resistant NSCLC cells was 
significantly higher than in the parental cells.

In the present study, our data also showed that the pattern 
of cell division in cisplatin-resistant NSCLC cells was signifi-
cantly different from the pattern of cell division in the parental 
cells. Traditionally, there have been two basic models of stem 
cell division; asymmetric and symmetric (21). We found that 
symmetric and asymmetric division co-exist in cisplatin-resis-
tant NSCLC and parental cells, but in different proportions; 
in particular, cisplatin-resistant NSCLC cells mainly divide 
symmetrically, whereas the parental cells mainly divide asym-
metrically. According to an asymmetric cell division model, 
two daughter cells with divergent fates are generated, with one 
daughter cell capable of self-renewal and the other daughter 
cell committed to differentiation. According to a symmetric 
division model, two identical daughter cells are formed, which 
indicates that the cells retain stem cell properties or become 
committed cells early in the developmental process (22). The 
asymmetric model has the advantage of keeping the stem cell 
population level stable; however, an obvious disadvantage is 
an inability to replenish the stem cell pool in case of injury. 
This problem is naturally solved by the symmetric model (23). 
Several studies have shown that progenitor/stem cells divide 
asymmetrically during physiologic tissue homeostasis; 
however, these progenitor/stem cells favor symmetric division 
and rapid proliferation after tissue injury (21,24). In addition, 
previous studies have shown that asymmetric division func-
tions as a mechanism of tumor suppression in Drosophila 
neuroblasts. Loss-of-function mutations of cell polarity and 
cell fate determinants induce neuroblasts to divide symmetri-
cally, leading to an increase in number, tissue overgrowth and 
ultimately transplantable tumors that resemble mammalian 
cancers (9). Recent evidence has revealed that cisplatin-resis-
tant subpopulations of NSCLC cells have a putative stem-like 
character, including increased invasive ability and tumorigenic 
ability (25). Thus, our findings are consistent with previous 
studies, which showed an increased proportion of symmetric 
division in cisplatin-resistant NSCLC cells compared to the 
parental cells.

The most notable finding of the present study was the 
potential relationship between the level of ABCG2 expression 
and the pattern of NSCLC cell division. To better explain 
the molecular mechanisms involved in ABCG2-mediated 
cell division, we established stable ABCG2-overexpressing 
and ABCG2-knockdown cell lines and assessed cell division 
by PKH-26 staining. We found that self-renewing division 
of ABCG2-overexpressing cells was more prone to divide 
symmetrically than the parental cells, and knockdown of 
ABCG2 expression could decrease the proportion of symmetric 
division in cisplatin-resistant A549 cells. These data provide 
evidence that ABCG2 can regulate the pattern of cell divi-
sion in cisplatin-resistant NSCLC cell lines. These results 
were consistent with a recent study, which demonstrated that 
ABCG2 can directly regulate the switch between symmetric 
and asymmetric cell division in a cardiac side population (7).

Although our data showed that ABCG2 can regulate 
cell division in cisplatin-resistant NSCLC cells, the specific 
pathway is at present unknown. Given that ABCG2 is capable 
of transporting a diverse array of substrates, ABCG2 could 
participate in regulating cell division via the transport of 
exogenous or endogenous signaling molecules, which in turn 
may promote cell symmetric division. This hypothesis has 
been confirmed by several previous studies and some poten-
tial regulating pathways have been reported. For example, 
Susanto et al (26) showed that ABCG2 can regulate embry-
onic stem cell self-renewal through maintenance of porphyrin 
homeostasis. Cicalese et al (27) suggested that p53 regulated 
polarity of cell division in mammary cancer stem cells and 
loss of p53 favored symmetric divisions of cancer cells, thus 
contributing to tumor growth. Additionally, an increased 
expression of p53 has been reported in ABCG2 knockout 
mice (7). Further studies are needed to clarify the mechanism 
by which ABCG2 regulates cancer cell division.

Moreover, the present study may provide a new strategy 
for the clinical treatment of NSCLC. Chemotherapy is typi-
cally administered in cycles with 3-week intervals to recover 
the hematopoietic system and other normal cells. However, 
previous studies have reported that tumor cells can aggres-
sively repopulate during these intervals and implant into the 
pre-treated location (28). We hypothesized that conventional 
chemotherapy can increase the level of expression of ABCG2, 
which further increases the proportion of symmetric division 
in NSCLC cells and promotes rapid cancer proliferation and 
restores the tumor to its pre-treatment size. This hypothesis 
has been supported by several recent studies. For example, 
Chen et al (10) reported that ABCG2 is involved in the prolif-
eration of cancer cells. Cicalese et al (27) demonstrated that 
loss of p53 promotes symmetric division and contributes to 
tumor rapid growth, and pharmacologic reactivation of p53 
is correlated with restoration of asymmetric divisions and 
tumor growth reduction. Collectively, our findings together 
with previous reports, suggest that therapies aimed to increase 
asymmetric division inhibit the rapid proliferation of NSCLC 
cells, and potentially improve long-term outcomes for lung 
cancer patients.

The decreased accumulation of antitumor drugs mediated 
by ABCG2 is considered to be one of the cellular mechanisms 
involved in drug resistance of cancer cells. In the present 
study, we found that ABCG2 also contributes to symmetric 
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division in cancer cells, particularly in drug-resistant cancer 
cells. Therefore, ABCG2 is involved in the modulation of drug 
resistance through regulation of the pattern of cell division and 
drug effluence. Our findings provide a better understanding of 
the function of ABCG2 in cancer chemoresistance; however, 
additional research is required to study the new function 
of this transporter and to explain the interactions between 
ABCG2 and pathways that regulate the cell division of stem 
and cancer cells.
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