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Asparagine synthetase (ASNS) is deemed to be a
promising therapeutic target for the treatment of sev-
eral cancers, but its functional role in human breast
cancer is still unknown. In this study, we employed
RNA interference as an efficient tool to silence endog-
enous ASNS expression in breast cancer cell lines. The
relationship between ASNS expression and breast can-
cer cell growth was investigated, and the therapeutic
value of ASNS in breast cancer was further evaluated.
Depletion of ASNS remarkably inhibited the prolifera-
tion and colony formation capacity of breast cancer
cells and arrested cell cycle in the S phase. Our find-
ings suggest that ASNS may contribute to breast can-
cer tumorigenesis and could be a potential therapeutic
target in human breast cancer.
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Breast cancer ranks first as a cause of cancer death in
women (1), and the incidence of breast cancer is estimated
to increase by approximately 0.5% per year (2). During
2013 in the US, an estimated 232 340 new cases of inva-
sive breast cancer were expected to be diagnosed in
women (3). Despite enormous improvements in treatment
for breast cancer, still one-fifth of patients eventually die of
this disease (1). As a result, these facts support the urgent
need for the identification of biomarkers as early diagnostic
and therapeutic targets in human breast cancer.
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Asparagine synthetase (ASNS) is encoded by the aspara-
gine synthetase (ASNS) gene and catalyzes the biosynthe-
sis of L-asparagine (4). Previous studies demonstrated that
ASNS expression is related to oncogenesis triggered by
mutated p53 and resistance of leukemia cells to L-aspara-
ginase (5-12), which has been commonly used as active
ingredient to treat acute lymphoblastic leukemia (ALL) and
some forms of acute myeloblastic leukemia (AML) (13). Cui
et al. (14) reported that overexpression of ASNS in pancre-
atic cancer cells could induce resistance to apoptosis trig-
gered by cisplatin and carboplatin, whereas ASNS
contributes to cisplatin sensitivity by potentiating cisplatin-
induced DNA damage and apoptosis in nasopharyngeal
carcinoma cells (15). ASNS plays an important role in the
cell cycle arrest of cancer cells and coordinates with L-as-
paraginase activity in leukemia and ovarian cancer (16-18).
Sircar et al. (19) showed that ASNS is up-regulated in cas-
tration-resistant prostate cancer (CRPC), and the disrup-
tion of asparagine by ASNS inhibitors could be a novel
therapeutic approach for CRPC. Recently, it is reported
that the expression of ASNS is an independent factor
affecting the survival of hepatocellular carcinoma (HCC)
patients, and low ASNS expression in HCC was correlated
with worse surgical outcomes (20). Moreover, high expres-
sion of ASNS has also been associated with biological
aggressiveness of gliomas (21). However, the relationship
between endogenous ASNS expression and breast cancer
development remains largely unknown.

In this study, we employed a RNA interference lentivirus
system to knock down ASNS expression in human breast
cancer cell lines ZR-75-30 and MDA-MB-231. Subse-
quently, cell proliferation, colony formation, and cell cycle
assays were conducted to explore the potential function of
ASNS in breast cancer cells. To our knowledge, this is the
first presentation providing evidence that down-regulation
of ASNS is sufficient to inhibit the growth of breast cancer
cells, which may ensure its important role as a promising
therapeutic target in breast cancer.

Materials and Methods
Cell culture
Human breast cancer cell lines ZR-75-30, MDA-MB-231

and human embryonic kidney cell line HEK293T were
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obtained from Shanghai Institute of Cell Biology, the Chi-
nese Academy of Sciences. ZR-75-30 cells were cultured
in RPMI-1640 (Hyclone, Logan, UT, USA) supplemented
with 10% FBS (Hyclone) at 37 °C in a humidified atmo-
sphere of 5% CO,. MDA-MB-231 and HEK293T cells
were maintained in DMEM (Hyclone) supplemented with
10% FBS at 37 °C in a humidified atmosphere of 5%
COo.

Construction of recombinant lentivirus

The following oligonucleotides were synthesized. The neg-
ative control small interfering RNA (siRNA) was 5'-
TTCTCCGAACGTGTCACGT-3". An shRNA sequence (5'-
GTGAACATTATGAAGTCCTTTCTCGAGAAAGGACTTCATA
ATGTTCACTTTTT-3) for human ASNS gene (NM_001673)
was screened and validated to be a candidate shRNA.
The stem-loop-stem oligos (shRNAs) were synthesized,
annealed and ligated into the Agel/EcoRl-linearized pFH-L
vector (Shanghai Hollybio, China). The shRNA-expressing
lentiviral vectors were confirmed by DNA sequencing. The
generated plasmids were named as pFH-L-shASNS and
pFH-L-shCon.

HEK293T cells (1.0 x 10° cells/dish) were seeded into 10-
cm dishes and cultured for 24 h to reach 70-80% conflu-
ence. Two hours before transfection, the medium was
replaced with serum-free DMEM. Plasmids including
10 pg of pFH-L-shASNS or pFH-L-shCon, 7.5 ug of pack-
aging vector pHelper 1.0 and 5 ug of expression plasmid
pHelper 2.0 were added to 0.95 mL of Opti-MEM and
50 uL of Lipofectamine 2000. The mixture was added to
the cells and incubated for 8 h before replacing the med-
ium with 10 mL of DMEM medium (with 10% PBS). The
supernatant was collected 48 h after transfection, and the
lentiviral particles were harvested by ultracentrifugation
(4000 x g) at 4 °C for 10 min. The collected virus parti-
cles were filtered through a 45-um filter, and the filtrate
was centrifuged (4000 x g at 4 °C for 15 min) to collect
the viral concentrate. ZR-75-30 or MDA-MB-231 cells
were cultured in 6-well plates and treated with recombi-
nant lentiviruses (Lv-shASNS or Lv-shCon) at an MOI of
35 or 20, respectively. The infection efficiency was deter-
mined through counting green fluorescence protein (GFP)-
expressing cells under fluorescence microscope 96 h after
infection.

RNA extraction and real-time PCR

ZR-75-30 and MDA-MB-231 cells were precultured and
infected with recombinant lentivirus for 5 days, respec-
tively. Total RNA was extracted using Trizol reagent (Gibco
RL, Grand lIsland, NY, USA) according to the manufac-
turer’s instruction. cDNA was synthesized using Super-
Script I Reverse Transcriptase 200 U/mL (Invitrogen,
Carlsbad, CA, USA). ASNS mRNA expression was evalu-
ated by real-time PCR on the Bio-Rad Connect Real-Time
PCR platform (Bio-Rad, Hercules, CA, USA) with SYBR
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Green PCR core reagents. fi-actin was applied as an inter-
nal reference. The primers used were as follows, ASNS:
5-TGCTTACGCCCAGATTTTCT-3' (forward) and 5-AAAA
CGGAATGCATCTGGAC-3 (reverse); f-actin: 5'-GTGGAC
ATCCGCAAAGAC-3' (forward) and 5-AAAGGGTGTAAC
GCAACTA-3 (reverse). The reaction procedure was initial
denaturation at 95 °C for 1 min and 40 cycles of denatur-
ation at 95 °C for 5 seconds followed by annealing exten-
sion at 60 °C for 20 seconds. Results are presented as
CT values, defined as the threshold PCR cycle number at
which an amplified product is first detected. The average
CT was calculated for both ASNS and f-actin, and ACT
was determined as the mean of the triplicate CT values for
ASNS minus the mean of the triplicate CT values for
p-actin.

Western blot analysis

Lentivirus-transduced cells were washed twice with ice-
cold PBS and lysed in 2 x SDS sample buffer (100 mm
Tris—=HCI (pH 6.8), 10 mm EDTA, 4% SDS, 10% Glycine).
Equal amount of proteins (30 ug) were loaded and sepa-
rated on 10% SDS-PAGE gels and transferred to polyviny-
lidene difluoride (PVDF) membranes (Millipore, Bedford,
MA, USA). Blots were blocked and then probed with pri-
mary antibodies, rabbit anti-ASNS (1:3000 dilution; Pro-
teintech Group Inc., Chicago, IL, USA) or rabbit anti-
GAPDH (1:3000 dilution; Proteintech Group Inc.) overnight
at 4 °C. After washing, the blots were incubated with
horseradish peroxidase-conjugated secondary antibodies
and visualized by super ECL detection reagent (Applygen,
Beijing, China).

MTT viability assay

After 96 h of infection, ZR-75-30 (2 x 10° cells/well) and
MDA-MB-231 (2.5 x 10° cells/well) were recultured in 96-
well plates, respectively. Cell viability was analyzed using
the MTT assay. The number of viable cells was measured
at daily intervals (days 1, 2, 3, 4 and 5). At each time
point, 20 uL of the MTT solution (5 mg/mL) was added to
each well, and then the samples were incubated for 4 h.
The formed formazan crystals were dissolved in 100 uL of
acidic isopropanol (10% SDS, 5% isopropanol and 0.01 m
HCI), and the optical density was measured using an
ELISA plate reader at 595 nm.

Colony formation assay

After 96 h of incubation, cells were recultured in 6-well
plates with a concentration of 500 cells per well and
allowed to form natural colonies. After 5 or 9 days of cul-
ture, ZR-75-30 or MDA-MB-231 cells were washed with
PBS and fixed with 4% paraformaldehyde for 30 min at
room temperature. Subsequently, the fixed cells were
stained with crystals purple for 10 min, washed with
ddH,O and air-dried. The total number of colonies (>50
cells/colony) was counted using fluorescence microscopy.
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Flow cytometry analysis

After 72 h of infection, MDA-MB-231 cells were inoculated
into 6-cm dishes at a density of 2 x 10° cells per dish.
After 48 h of culture at 37 °C, cells were collected and
fixed with 70% cold ethanol for 30 min at 4 °C. Cells were
then harvested by centrifugation, resuspended in PBS
containing 100 ug/mL of DNase-free RNase and 40 ug/
mL propidium iodide (Pl) and incubated for 1 h at room
temperature. The cell suspension was next filtered through
a 50-um nylon mesh, and 1 x 10* stained cells were ana-
lyzed by FAC Scan flow cytometer (Becton Dickinson, San
Jose, CA, USA) in accordance with the manufacturer’s
guidelines.

Statistical analysis

All statistical analyses were performed using spss 13.0
software (SPSS Inc., Chicago, IL, USA). The differences
between groups were evaluated using Student’s t-test,
and all data were expressed as mean + SD of three inde-
pendent experiments. Statistical significant difference was
accepted at p < 0.05.

Results

Expression levels of ASNS could be specifically
down-regulated by siRNA

ZR-75-30 and MDA-MB-231 cell lines were used to inves-
tigate loss of function in this study. Both cell lines were
cultured and infected with Lv-shCon or Lv-shASNS. Non-
infected cells were deemed as negative control (Con). GFP
tag was embedded in lentivirus to provide visualized
confirmation of transfection efficiency. It was confirmed
that over 90% of cells were successfully infected with
respective lentivirus, and the transfection rate was satisfy-
ing (Figure 1). To verify that the ASNS gene was silenced
by the Lv-shASNS vector, the expression levels of endog-
enous ASNS mRNA and protein in both cell lines were
analyzed using real-time PCR (Figure 2A and C) and wes-
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tern blot (Figure 2B and D), respectively. The expression
levels of ASNS were remarkably down-regulated (p < 0.01)
in the absence of ASNS compared with those in Lv-
shCon-infected cells. The knockdown efficiency was
90.9% and 66.9% in the ZR-75-30 and MDA-MB-231
cells, respectively. Therefore, our constructed lentivirus
could be an efficient tool to reduce ASNS expression in
breast cancer cells.

Deprivation of ASNS remarkably inhibited the
growth of breast cancer cells

To better understand the role of ASNS in breast cancer
development, we examined the alteration of cell prolifera-
tion after lentivirus infection. MTT viability assay vyields
wonder testing sensitivity and good dynamic range. Cell
proliferation rate was determined utilizing MTT assay after
5-day incubation. Line charts in Figure 3 indicated that Lv-
shCon-infected cells had no obvious difference to control
cells, but a significant proliferation inhibition was observed
in ASNS-silenced cells (p < 0.001).

Meanwhile, the colony formation assay in both ZR-75-30
and MDA-MB-231 cells demonstrated the down-regulation
of ASNS could result in a significant reduction in colony
formation capacity (Figure 4). The colony formed was
remarkably smaller, and the colonies numbers were statis-
tically fewer in Lv-shASNS groups compared with Lv-
shCon groups (p < 0.001). Whereas there was no notice-
able difference between Lv-shCon groups and Con
groups. Collectively, knockdown of ASNS significantly
inhibited the proliferation and colony formation capacity of
breast cancer cells.

S-phase cell cycle arrest was induced by
down-regulation of ASNS

To elucidate the mechanism underlying the inhibition of
cell growth, we examined the cell cycle distribution of
MDA-MB-231 cells with three different treatments (Con,

B MDA-MB-231
Lv-shCon

Lv-shASNS

Con

Bright

lmulm

Figure 1: Determination of infection efficiency in breast cancer cells. Representative images of ZR-75-30 (A
infected with lentivirus at MOI of 35 or 20, respectively (scale bar: 100 um). Con: non-infected, Lv- shCon non-silencing lentivirus, Lv-
shASNS: ASNS-silencing lentivirus.

100 pm 100,
—

) and MDA-MB-231 (B) cells
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Figure 2: Expression of ASNS was knocked down of by RNAI. gRT-PCR analysis of ASNS mRNA in ZR-75-30 (A) and MDA-MB-231 (C)
cells with three different treatment (Con, Lv-shCon, Lv-shASNS). f-actin was used as an internal gene. Western blot analysis of ASNS
protein in ZR-75-30 (B) and MDA-MB-231 (D) cells with three different treatment (Con, Lv-shCon, Lv-shASNS). GAPDH was used as an

internal control. **p < 0.01, compared to Lv-shCon.
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suppressed the proliferation of w08 V=S w 05 V-§
breast cancer cells. The monolayer A 0.6 S 04
proliferation rate of ZR-75-30 204 a g;
(A) and MDA-MB-231 (B) cells from o 0.2 @) 0'1‘ o—
triplicate groups were determined 0.0+ . . . 0:0 | . . . .
by MTT assay. ***p < 0.001, 1 2 3 4 5 1 2 3 4 5

compared to Lv-shCon.

Lv-shCon, Lv-shASNS). As shown in Figure 5, compared
with Lv-shCon-infected cells, the number of cells in the S
phase was significantly increased (p < 0.001), whereas the
percentages of cells in the GO/G1 phase and G2/M phase
were concomitantly decreased in MDA-MB-231 cells
infected with Lv-shASNS. These results indicated that
depletion of ASNS could induce cell cycle arrest in the S
phase, which might contribute to the disruption of cell
growth.

Discussion

In this study, we employed RNA interference to examine
the correlation of ASNS expression with cell growth in
human breast cancer. Our data showed that the depriva-
tion of endogenous ASNS expression led to inhibited cell
proliferation, impaired colony formation and blocked cell
cycle progression. These findings advance our under-
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standing of the basic biological mechanism of ASNS in
human breast cancer cells in vitro and further reveal the
critical role of ASNS in managing cell growth and cell cycle
progression.

It is known that ASNS knockdown may lead to the accu-
mulation of aspartate and glutamine, which are essential
components in the biosynthesis of purines and pyrimi-
dines. Amino acid availability modulates serial fundamental
progresses of gene expression, transcription factor recruit-
ment, mMRBNA processing, and translation (22). Previous
studies have demonstrated that ASNS is necessary for G1
progression in hamster BHK ts11 cells, and the loss of
ASNS activity can lead to cell cycle arrest (23,24). Our
studies corroborate these previously reported demonstra-
tions: down-regulation of ASNS could severely suppress
the urinary cancer cell proliferation and colony formation.
Moreover, Zhang et al. (20) showed the overexpression of
ASNS could inhibit the migration capacity of cells in
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Figure 4: Knockdown of ASNS inhibited the colony formation of breast cancer cells. Representative images of colonies formed in ZR-75-
30 (A) and MDA-MB-231 (B) cells with three different treatment (Con, Lv-shCon, Lv-shASNS) (scale bar: 250 um). Upper three rows
represent images of single colony. The lowest row represents full vision of 6-well plates under microscope. Statistical analysis of colonies
numbers in ZR-75-30 (C) and MDA-MB-231 (D) cells utilizing crystal violet staining. ***p < 0.001, compared to Lv-shCon.
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Figure 5: Down-regulation of ASNS induced cell cycle arrest. (A) Cell cycle distribution of MDA-MB-231 cells was analyzed by flow
cytometry. (B) The population of cells in S phase was remarkably increased, accompanied by reduction in GO/G1 phase and G2/M phase.
*p < 0.05, **p < 0.01, ***p < 0.001, compared to Lv-shCon.

human hepatocellular cancer (HCC). Further investigation lymphoblastic leukemia (ALL) for almost 50 years (25,26).
should be considered when extending the usage of ASNS. It is an enzyme chemotherapy drug that interferes with

growing cancer cells, especially leukemia cells and normal
Similarly, one of the amino acid catalyzing enzyme, L-as- cells are less affected (13). Li et al. (27) reported that the
paraginase, has been employed in the treatment of acute expression levels of ASNS were significantly increased in
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human leukemic cell lines when cocultured with L-aspara-
ginase. And it is generally accepted that down-regulated
ASNS expression improves the therapeutic effects of L-as-
paraginase on pancreatic and ovarian tumors (16,17,28)
and further extended on HCC patients (20). In this study,
in order to determine whether ASNS could be a promising
therapeutic target in breast cancer, we employed lentivi-
rus-mediated shRNA to silence ASNS expression and
showed that ASNS knockdown could remarkably inhibit
breast cancer cell growth along with S phase arrest, which
are consistent with reported demonstrations. Additional
testing of ASNS down-regulation in combination with L-as-
paraginase on breast cancer cells to improve tumor killing
is worthy of further consideration, particularly when the
combination of ASNS silencing and L-asparaginase was
not acutely toxic in whole animal.

Insulin-like growth factor (IGF) is a key regulator in tumori-
genesis of breast cancer. It was approved that overex-
pression of IGF can potently promote cellular proliferation
rate and the efficiency of tumor formation in mouse (29).
ASNS, which plays an essential role in amino acid synthe-
sis and import, can be up-regulated by the overexpression
of IGF (29). ASNS is the key enzyme in the biosynthesis
pathway of asparagine, which is an essential precursor
for the synthesis of pyrimidine bases (30), so the down-
regulated ASNS expression could reduce the intracellular
pyrimidine bases pool in breast cancer cells, and as a
sequence, the proliferation of cancer cells has been pro-
hibited.

Collectively, the majority of genes constitutively regulated
by ASNS are critically involved in amino acids transport
and metabolism, synthesis of nucleic acid bases, and pro-
tein biosynthesis. All of these mentioned processes are typ-
ical basic requirements for accelerated proliferation and
growth in tumor cells. The results suggest that ASNS mod-
ulates breast cancer cell proliferation by regulating cell
cycle progression, which ensures us a useful starting point
in the discovery of promising biomarkers for human breast
cancer.
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