
Introduction

Breast cancer is one of the most common malignant tu-

mors in women. It has been reported that its incidence rate

occupies 7-10% of all kinds of malignant tumors and has an

annually increasing trend [1]. In recent years, studies on the

gene mutation and its functions in the occurrence, devel-

opment, and metastasis of breast cancer have become a

hotspot in this field [2-5].

The current treatments for breast cancer mainly include

local treatment and systemic management. Tumor molecu-

lar targeted therapy is a new biotherapeutic model aiming

to reverse the malignant biological behaviors at the molec-

ular level of tumorigenesis, such as cell signaling pathways,

proto-oncogene and tumor suppressor genes, cytokines and

receptors, anti-tumor angiogenesis and suicide genes, and

thereby inhibiting the growth of tumor cells, or even com-

pletely dissipating the tumor. Although targeted therapy

cannot replace the traditional chemotherapy currently, it

can be used as a new treatment choice for the patients with

failed chemotherapy. Targeted therapy can also be used as

the preferred treatment for the elderly and the patients with

poor physical status. Thus, it has become a hot spot for re-

searchers and clinicians at present.

Recent studies have shown that NUP88 is overexpressed

in many malignant tumors such as human ovarian cancer

and breast cancer. It is overexpressed at the margins of col-

orectal cancer tumors, suggesting that it is closely related to

tumor invasiveness [6-10]. Some studies have shown that

NUP88 protein is highly expressed in breast cancer tissues

and related to the histological grade, TNM stage, with or

without lymph node metastasis and other clinicopatholog-

ical features of breast cancer. Thus, it has currently been

proposed as a tumor marker.

RNA interference (RNAi) is a sequence-specific post-

transcriptional gene silencing phenomenon mediated by

double-stranded RNA, which is used to efficiently reduce

or turn off the expression of specific genes. RNAi has the

characteristics of high specificity, high stability, high effi-

ciency, and concentration-dependence, which play an im-

portant biological role in maintaining genome stability and

regulating gene expression. With the in-depth research on

RNAi, as a tool for gene silencing, RNA interference tech-

nology has been widely used in gene function researches,

disease targeted therapy, and screening new drug targets.

Lentivirus vectors are gene therapy vectors based on human

immunodeficiency virus [11-14]. For some difficult-to-

transfect cells, such as primary cells, stem cells, undiffer-

entiated cells, and so on, it can greatly improve the

transduction efficiency of the target gene and greatly in-

creases the probability of integrating the target gene into
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Summary

Objective: To construct and recombine a lentivirus-mediated short hairpin RNA (shRNA) vector targeting NUP88 gene and to ob-

serve the effect of silencing NUP88 gene on the biological behavior of MCF-7 cells by RNA interference (RNAi) technology, so as to

find a new target for the treatment of breast cancer. Materials and Methods: The recombinant lentiviral vector of NUP88-shRNA was

constructed and then transfected into MCF-7 cells. Then, the changes of biological behavior of MCF-7 cells were detected by reverse

transcription polymerase chain reaction (RT-PCR), Western-blot, methyl thiazolyl tetrazolium (MTT), flow cytometry, and Transwell

assay. Results: The results of RT-PCR and Western-blot showed that the expression of NUP88 mRNA and protein was significantly re-

duced in NUP88-shRNA group, as compared with that in the blank and negative groups (p < 0.01). The proliferation of MCF-7 cells in

the NUP88-shRNA group was prominently reduced after transfected with lentivirus-NUP88-shRNA (p < 0.05). Flow cytometry results

showed that the apoptosis rate increased significantly in the NUP88-shRNA group as compared with the other two groups (p < 0.05).

After routine culture for 24 hours, the transmembrane cells in the NUP88-shRNA group were notably less than that in the blank or neg-

ative control group (p < 0.05). Conclusion: Recombinant NUP88-shRNA lentivirus can successfully inhibit the expression of NUP88
gene in MCF-7 cells and consequently inhibit the proliferation and invasive ability of human breast cancer cells.
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the genome of the host cell. This provides a favorable ap-

proach for the study on RNAi, cDNA cloning, and reporter

gene. At present, in cell-related experimental operations,

the transduction efficiency of the gene can be greatly im-

proved by virus-mediated experiments, especially for some

cells that are difficult to be transfected by the conventional

method, so as to achieve efficient transient expression of

the target gene.

In this experiment, the recombinant lentivirus-mediated

NUP88-shRNA vector was constructed and transfected into

human breast cancer cell line MCF-7. The NUP88 gene in

MCF-7 cell was silenced by RNAi technique. The prolif-

eration, adhesion, invasion and metastasis of MCF-7 cell

after NUP88 silencing were observed, aiming to discover

out a new target for the clinical gene therapy of breast can-

cer and explore an efficient and feasible method for the

treatment of breast cancer.

Materials and Methods

Primers and shRNA sequences design and synthesis were per-

formed. (Table 1). The sequences showed no homology with other

genes as blasted on the National Center for Biotechnology Infor-

mation (NCBI) database.

The primers were ligated to the linearized vector by T4 DNA

ligase in appropriate buffer. Then the mixture was added into 800

μl SOC medium and incubated at a constant temperature in a

water bath for 45 minutes. 150 μl transformed competent cells

were transferred to LB agar medium with Amp resistance (100

μg/ml) containing 20 mmol/l MgSO4 and cultured at 37°C for 16

hours for the construction of lentiviral vectors.

At two hours before transfection, the culture medium of 293T

cells at the logarithmic growth phase was changed to serum-free

medium. The diluted DNA was mixed with the diluted Lipofect-

amine 2000 and incubated at room temperature for 20 minutes,

and then the mixture was transferred to the 293T cells with serum-

free medium and incubated in a 5% CO

2

incubator at 37°C for

eight hours. After washed with PBS, the cell culture medium was

changed with 25 ml complete medium and further cultured for 48

hours. Then the supernatant was collected.

At the day before the determination, 293T cells were collected

and plated in 96-well plates at a density of 4×10

4

cells per well in

a volume of 100 μl. Virus solutions were prepared by ten-fold se-

rial dilution in sterile EP tubes and then added into the corre-

sponding cell wells at 90 μl per well and incubated for 24 hours,

followed by incubation with 100 μl complete medium for another

four days. Then the fluorescence in cells was observed under a

fluorescence inverted microscope.

MCF-7 cells were seeded in six-well plates at a density of

5×10

5

/well and cultured for 24 hours. According to the formula:

MOI = (TU value/mL × volume of virus liquid) / cell number to

be transfected, MCF-7 cells were transfected with the lentiviral

virus solution at the MOI of 10, 20, 50 and 100, leaving two wells

as a negative control. After incubating at 37°C for one hour, the

cells were replaced with fresh medium and cultured for 48-72

hours. The eGFP was detected under a fluorescence microscope.

The maximum MOI which did not cause obvious CPE was taken

as the optimal MOI of the lentivirus carrying the target gene.

MCF-7 cells were divided into three groups: silence group, neg-

ative control group, and blank group. The silence group were sub-

divided into NUP88-shRNA1, NUP88-shRNA2, NUP88-

shRNA3, and NUP88-shRN4 groups. MCF-7 cells were cultured

in six-well plates for 24 hours. The lentivirus at the best MOI was

added into each group and incubated at 37°C for one hour. Then

the cells were cultured with fresh 1640 medium for 48-72 hours.

Cells in each group were collected for the total RNA extraction.

The mRNA expression of NUP88 was detected using reverse tran-

scription polymerase chain reaction (RT-PCR) following the in-

struction supplied by the manufacturer. The PCR products were

analyzed by 1% agarose gel electrophoresis and the optical den-

sity (OD) of the bands was analyzed. All experiments were re-

peated three times. The virus solution with the highest silencing

efficiency was chosen for the following experiments. The relative

expression of NUP88 mRNA = ODNUP88/OD

ß-actin

.

The third generation of MCF-7 cells were transfected with the

aforementioned lentivirus and cultured for 72 hours. Then the total

protein of each group were extracted and quantified and then sep-

arated by 8% sodium dodecyl sulfate - polyacrylamide gel elec-

trophoresis (SDS-PAGE). After transferred onto the membrane,

proteins were stained with ponceau solution. After elution for

three time, the membrane was incubated with the primary rabbit

anti-human monoclonal antibody (1:1000) overnight at 4°C, fol-

lowed by the incubation with secondary goat anti-Rb antibody at

room temperature for one hour. After incubated with BCIP/NBT

staining working solution at room temperature for three hours, the

Table 1. — Primers and shRNA sequences.
Gene Sequences (5’-3’)

Nup88 Forward TAAAGGAAGGGCGTATACCG

Reverse AAGCAGAGTACAGCACACGC

ß-actin Forward GGAAATCGTGCGTGACATTA

Reverse GGAGCAATGATCTTGATCTTC

*NUP88-shRNA1 Forward TGATCTCAGTTATTGTCGAGAACTCGAGTTCTCGACAATAACTGAGATCTTTTTTC

Reverse TCGAGAAAAAAGATCTCAGTTATTGTCGAGAACTCGAGTTCTCGACAATAACTGAGATCA

NUP88-shRNA2 Forward TGATCTCAGTTATTGTCGAGAACTCGAGTTCTCGACAATAACTGAGATCTTTTTTC

Reverse TCGAGAAAAAAGATCTCAGTTATTGTCGAGAACTCGAGTTCTCGACAATAACTGAGATCA

NUP88-shRNA3 Forward TCGGCTGAAGATAACTATGGTTCTCGAGAACCATAGTTATCTTCAGCCGTTTTTTC

Reverse TCGAGAAAAAAGCAAAGATGAAGTAGTGGCATCTCGAGATGCCACTACTTCATCTTTGCA

NUP88-shRNA4 Forward TCACAACATCATGTAGCACTTACTCGAGTAAGTGCTACATGATGTTGTGTTTTTTC

Reverse TCGAGAAAAAACACAACATCATGTAGCACTTACTCGAGTAAGTGCTACATGATGTTGTGA

Negative Forward CCGGTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTTG

Reverse AATTCAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAA

*NUP88-shRNA1 are the optimal sequences.
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protein bands were analyzed using a gel imaging system. The OD

values were measured for three times and the net OD values were

needed.

The third generation of MCF-7 cells were seeded in 96-well

plates at 10

4

cells per well. Each 96-well plate was divided into

three groups of 9 wells each. The first group was NUP88-shRNA1

group, the shRNA with the best silencing efficacy, incubated with

200 μl NUP88-shRNA1 lentiviral vector mixed medium at the

best MOI. The second group was negative control group, treated

with 200 μl NUP88-control vector mixed medium. The third

group was blank group, directly incubated with 200 μl culture

medium. The culture medium was changed at 24, 48, 72, 96, and

120 hours after transfection, respectively. Twenty μl of methyl thi-

azolyl tetrazolium (MTT) solution was added into each well, and

the cells were incubated for another four hours. After the super-

natant was discarded, 150 μl dimethylsulphoxide (DMSO) was

added into each well. Then the plates were shaken for ten min-

utes to fully dissolve the crystal and measured using a microplate

reader at a wavelength of 490 nm. The results were zeroed with a

blank cell-free well. All experiments were run in triplicate. The

time was used as the horizontal axis and the OD value was used

as the vertical axis to draw the curve.

The cells in each group were harvested after 24 hour culture.

After washed twice with phosphate buffered saline (PBS), the

cells were adjusted to 1×10

6

/ml with binding buffer. 500 μl of cell

suspension was incubated with 10 μl PE-labeled Annexin V in

dark for 30 minutes at room temperature. Then 5 μl PI was added

into each well and incubated in dark for another five minutes.

Then the cells in each group were detected using a flow cytome-

ter. The four quadrants of the FACS graph represented different

meanings: the lower left contained normal cells, the lower right

contained early apoptotic cells, the upper right contained late

apoptotic cells, and the upper left contained necrotic cells. The re-

sults were analyzed according to the trend of cell distribution in

each quadrant.

Precooled 1640 medium and Matrigel were mixed at a ratio of

1:1. 100 μl of the mixture was uniformly spreaded on the bottom

of the upper chamber and incubated for four to five hours at 37°C.

MCF-7 cells of each group at the logarithmic growth phase were

harvested at 72 hours after transfection to produce the cell sus-

pension. Then, 200 μl of 5×10

4

cell suspension was added into the

upper chamber, six wells in each group. 500 μl of 1640 medium

containing 20% FBS was added into the lower chamber. After cul-

tured in an incubator at 37°C for 48 hours, the chambers were

taken out and fixed with 4% paraformaldehyde. After HE staining,

the chambers were observed under an inverted microscope. Five

fields were randomly selected for counting and the average was

obtained.

All data were analyzed using SPSS18.0 software. The meas-

urement data were expressed as mean ± standard deviation (SD).

One-way analysis of variance (ANOVA) was used to compare the

differences among groups. P < 0.05 was considered statistically

significant.

Results

By sequencing, the authors found that the four lentiviral

NUP88-shRNAs and negative control vectors were suc-

cessfully constructed without base mutation. The four pairs

of sequences were all consistent with the expected DNA

sequences, indicating that the synthetic NUP88-shRNA se-

quence was correctly inserted. DNA recombination was

successfully prepared for the following experiments. After

transfection with the lentiviral vectors for 48 hours,

HEK293T cells showed strong green fluorescence under a

fluorescence microscope. Meanwhile, cytopathic effect

(CPE) was observed, presenting as retracted cell antennae,

swelling, and distension in cells, and some cells were shed

and suspended (Figures 1A, B).

The titers of LV-NUP88-RNAi-1, LV-NUP88-RNAi-2,

LV-NUP88-RNAi-3, LV-NUP88-RNAi-4, and LV-NUP88-

negative control were all 4E+8 TU/mL, meeting the re-

quirements of lentiviral interference for the following

experiments. The best MOI was 20 and the optimal trans-

fection volume for each lentiviral vector was 20 μl.

The expression of NUP88 mRNA in MCF-7 cells was

detected by RT-PCR. The authors found that the expression

of NUP88 mRNA in MCF-7 cells transfected with NUP88-

shRNAs was significantly reduced as compared with that in

the blank control group or negative control group (p <

0.01), while it was not different between the negative con-

trol group and the blank control group (p > 0.05). NUP88

mRNA expression in NUP88-shRNA1 group was promi-

nently lower than that in the NUP88-shRNA2, NUP88-

shRNA3, and NUP88-shRNA4 groups (p < 0.05, Figure 2).

The WB results showed that the Nup88 protein expres-

sion in MCF-7 cells was significantly decreased by trans-

fection with NUP88-shRNA (p < 0.01). No difference in

Nup88 protein expression was found between negative con-

trol group and blank group (p > 0.05). The NUP88 protein

expression in NUP88-shRNA1 group was lower than that

in the other three groups (p < 0.05), indicating that the in-

Figure 1. — HEK293T cells transfected with lentiviral vector for

48 hours. A) Virus packaging, under a light inverted microscope

(×100). B) Fluorescence distribution, under a fluorescence in-

verted microscope (×100).

Figure 2. — NUP88 mRNA expression in each group detected by

RT-PCR. Lane 1: Negative control group. Lane 2: Blank control

group: Lane 3: NUP88-shRNA1 group. Lane 4: NUP88-shRNA2

group. Lane 5: NUP88-shRNA3 group. Lane 6: NUP88-shRNA4

group.
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hibitory rate of NUP88-shRNA1 on NUP88 protein in

MCF-7 cells was higher than that in the other three groups

(Figure 3).

Cell growth curve was established following the prolif-

eration of MCF-7 cells transfected with NUP88-shRNA1 or

negative-shRNA, or treated with blank medium for 24-120

hours. The results showed that cells in each group grew

gradually over time, while cells in the blank group and the

negative group proliferated notably faster than those in the

NUP88-shRNA group (p < 0.05). However, there was no

significant difference between the blank group and the neg-

ative group (p > 0.05). The results indicated that the re-

combinant lentivirus NUP88-shRNA can inhibit the

proliferation of breast cancer cell MCF-7 via inhibiting the

expression of NUP88 gene (Figure 4).

The apoptosis of MCF-7 cells detected by flow cytome-

try showed that there was no significant difference in the

apoptosis rate between blank control group (3.56 ± 0.35)

and negative control group (3.75 ± 0.29, p > 0.05). How-

ever, transfection with lentivirus NUP88-shRNA caused the

apoptosis rate of MCF-7 remarkably increased (28.56 ±

0.25, P<0.05; Table 2). The results showed that the recom-

binant lentiviral vector NUP88-shRNA can promote the

apoptosis of MCF-7 through inhibiting the expression of

NUP88 gene (Figure 5).

Transwell assay was used to investigate the invasive abil-

ity of MCF-7 cells transfected with recombinant lentivirus.

After cultured for 24 hours, the numbers of transmembrane

cells in the blank group, negative control group and

NUP88-shRNA group were 253.4 ± 13.4, 259.2 ± 14.6, and

102.5 ± 7.9, respectively. Compared with the blank group

and the control group, the number of transmembrane cells

in the NUP88-shRNA group was significantly decreased (p
< 0.05), while there was no significant difference between

the blank group and the control group (p > 0.05). Inhibitory

rate = (blank group - NUP88-shRNA group) / blank group.

The results suggested that the recombinant lentiviral vector

NUP88-shRNA can significantly inhibit the invasiveness

of breast cancer cells MCF-7.

Table 2. — The apoptosis rate of the three groups cultured
for 24 hours by flow cytometry.
Group Apoptosis rate p value

Blank 3.56 ± 0.35 > 0.05

Negative control 3.75 ± 0.29 > 0.05

NUP88-shRNA 28.56 ± 0.25 < 0.01*

*p < 0.01: statistical significance.

Figure 5. — The apoptosis of MCF-7 detected by flow cytometry. A) Blank group. B) Negative control group. C) NUP88-shRNA

group.

Figure 3. — NUP88 protein expression detected by Western-blot.

Lane 1: Negative control group. Lane 2: Blank control group.

Lane 3: NUP88-shRNA1 group. Lane 4: NUP88-shRNA2 group.

Lane 5: NUP88-shRNA3 group. Lane 6: NUP88-shRNA4 group.

Figure 4. — Growth curve of MCF-7 cells determined by MTT.
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Discussion

With the change of people’s lifestyle and the influence

of social, environmental and other factors, the incidence of

breast cancer shows an increasing trend year by year, which

seriously threatens the general health of women. Surgery

is the most commonly used traditional treatment for breast

cancer, followed by radiotherapy, chemotherapy, and en-

docrine therapy. However, no matter what method is used,

there is still relatively large damage to the body. Therefore,

to discover a method with less side effects and high effi-

cacy is very urgent. From the phenomenon of “co-suppres-

sion” proposed by Rich Jorgensen et al. [15] at Arizona

University in 1996 to the RNA interference (RNAi) first

proposed by Fire et al. at Carnegie Institute in 1998 [16],

RNAi is rapidly developed into a powerful tool for analyz-

ing gene function, opening up a whole new path for the

treatment of breast cancer [17-19].

The nuclearpore complex (NPC) is the only channel

found in recent years that penetrates the nuclear membrane

for nuclear-cytoplasmic substance exchange. It is a large

protein complex structure across the lipid bilayer. Struc-

turally, NPC consists mainly of cytoplasmic rings, nuclear

rings, and spokes. NUP88 is an antigen in tumor cells rec-

ognized by the monoclonal antibody (Mab) C6 and is

highly expressed in many tumors. Agudo et al. [20] found

that high expression of NUP88 gene in breast cancer is as-

sociated with its high aggressiveness. Studies by Schnei-

der et al. [21] have shown that the NUP88 gene may serve

as a more specific phenotypic marker of some specific tu-

mors to guide the clinical practice Generally, in clinical and

experimental studies, RNA interference is to construct a

lentivirus or adenovirus for silencing NUP88 gene, and

then investigate whether the invasion and metastasis of

breast cancer cells will be changed [22-25], in order to fur-

ther provide better clinical targets or to provide a scientific

theoretical basis.

The advantage of lentivirus is that it can infect a variety

of cells difficult to be infected, such as primary, stem, and

neuronal cells. Moreover, lentivirus can insert foreign genes

into the host genome to achieve stable transfection. Al-

though the packaging of adenovirus is relatively large (up

to 8K), its cycle is longer than the lentivirus, and the ex-

ogenous genes cannot be inserted into the host genome.

Thus, in this study, lentivirus was used.

The efficiency of RNAi silencing depends on whether

the targets screening of the target gene is reasonable and

accurate. In this study, the authors designed the shRNAs on

the functional region of NUP88 gene in GenBank

(NM_002532) database according to the shRNA design

principle. Four NUP88-shRNAs and a negative control

were confirmed to have no homology with other genes.

After sequencing, the results showed that the synthetic se-

quences were completely consistent with the designed ones.

RT-PCR and Western-blot results showed that the mRNA

and protein expression of NUP88 in MCF-7 cells was sig-

nificantly decreased after NUP88-shRNA was transfected

into MCF-7, indicating that breast cancer cells were suc-

cessfully transfected with NUP88-shRNA, and NUP88

mRNA and protein expression was successfully inhibited in

MCF-7 cells. On the contrary, the negative control group

and the blank group showed no significant reduction in

NUP88 mRNA expression, and the difference between

them was not statistically significant.

The results of MTT assay showed that the cells in the

blank group and the control group grew rapidly with no sig-

nificant difference between the two groups (p > 0.05), while

the proliferation of the NUP88-shRNA group was signifi-

cantly reduced after lentivirus transfection (p < 0.05), indi-

cating that the recombinant lentiviral vector NUP88-

shRNA can inhibit the proliferation of breast cancer cells

via inhibiting the expression of NUP88 gene.

Transwell chamber test showed that the number of trans-

membrane cells in the blank group, the negative control

group, and the NUP88-shRNA group were 253.4 ± 13.4,

259.2 ± 14.6, and 102.5 ± 7.9, respectively, after the chemo-

taxis was performed for 24 hours by conventional culture of

tumor cells. Compared with the control groups, the number

of transmembrane cells was reduced significantly (p <

0.05), but there was no significant difference between the

blank and the negative control groups (p > 0.05), indicating

that the recombinant lentiviral vector NUP88-shRNA can

significantly inhibit the invasiveness of breast cancer cells.

In summary, the study successfully constructed a RNAi

lentiviral vector targeting NUP88 gene, and identified the

interference efficiency. After successfully transfected into

MCF-7 cells, the optimal NUP88-shRNA1 with the high-

est interference efficiency was screened and used in the fol-

lowing experiments. Further function tests were carried out

to prove that NUP88 gene silencing could significantly in-

hibit the proliferation of MCF-7 cells and promote their

apoptosis as well as inhibit the invasiveness of MCF-7

cells. The present results laid the foundation for the in vivo
experiments aiming to further study the gene therapy for

breast cancer.
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