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Background: This study sought to examine the suppression of the NK4 (which is a fragment that 
originates from the trypsin digestion of the hepatocyte growth factor) gene as mediated by new 
nano material polyamidoamine (PAMAM) dendrimers in the growth of breast cancer cells MDA-
MB-231 and MCF-7, and the therapeutic effects in a nude mice model of transplanted tumor cell 
MDA-MB-231.
Methods: We built PAMAM-NK4 nano particles and detected the in vitro transfection rate. 
Nano complexes and blank plasmid PAMAM dendrimers were transfected to MDA-MB-231 and 
MCF-7 cells, respectively. The western-blotting method, MTT experiment method, and bead 
method were used to detect the effects of the nano complexes on NK4 protein expression, cell 
proliferation, and cell apoptosis. The nude mice model of transplanted tumor cell MDA-MB-231 
comprised 40 nude female mice who were subject to injections. The mice were randomly divided 
into four groups, comprising 10 mice per group. The control, blank plasmid and treatment 
groups were subcutaneously injected with 0.2 mL of 0.9% NaCl (Sodium chloride) solution,  
0.2 mL of plasmid solution (including 100 μg PAMAM pcDNA3.1(−) blank plasmid nano 
complexes) and 0.2 mL of plasmid solution (including PAMAM-NK4 100 μg) beside the tumor 
inoculation spot, respectively. The positive control group was intraperitoneally injected with  
0.2 mL of doxorubicin solution, including 100 μg doxorubicin. Western blotting was used to 
detect the NK4 protein expression of the transplanted tumor tissues of the various groups.
Results: NK4 protein was successfully expressed in MDA-MB-231 and MCF-7 cells transfected 
with PAMAM-NK4 nano particles, and cell proliferation was suppressed and cell apoptosis was 
induced. The tumor volumes and masses of the treatment and positive control groups were 
obviously smaller than those of the control group. The differences were statistically significant 
(P<0.05). The treatment group had an obviously higher mean value of NK4 protein expression 
than the control group. The differences were statistically significant (P<0.05).
Conclusions: PAMAM-NK4 nano complexes suppress the growth of the breast cancer cells 
MDA-MB-231 and MCF-7, and had a treatment effect on this tumor nude mice model of breast 
cancer cells.
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Introduction

Breast cancer is presently one of the most common female 
malignant tumors (1,2). It severely affects the physical 
and psychological health of women all over the world. 
We have been striving to find a safer yet more efficient 
treatment method for breast cancer. Further study in the 
areas of genomics and molecular biology, and knowledge 
of the advantages of genetic treatments have led to wider 
application, lower toxicities, better targeting and more 
stable expression in tumor treatment (3). Currently, many 
related genes are used in the study of breast cancer (4,5). 
However, the key gene occurrence mechanism of breast 
cancer remains unknown. Thus, a more effective target 
gene needs to be identified.

NK4 is a fragment that originates from the trypsin 
digestion of the hepatocyte growth factor (HGF) (6,7). It is 
composed of 477 amino acids and 4 kringle areas at the N 
end of the α chain of the HGF molecule. When the HGF 
and its receptor, c-Met, combine, biological effects are 
produced. The key part of the compound is located between 
the hairpin-shaped structure and kringle area at the N end 
of the α chain. By this crucial structure, NK4 is able to 
totally and competitively suppress the interaction between 
HGF and c-Met without inducing a phosphorylation of the 
c-Met, which contributes to the obstruction of the signal 
transduction pathway of HGF/c-Met and suppresses the 
tumor cell growth, invasion, and metastasis induced by HGF 
(8-10). NK4 also prevents the generation of blood vessels. 
Previous research has shown that that NK4 suppresses the 
generation of new capillaries in gallbladder, lung and liver 
cancer tumors (10-13). This experiment used the NK4 gene 
as a target gene to study the suppression effects of the NK4 
gene in breast cancer.

An appropriate carrier is of great importance for the 
purpose of efficient gene transfection and stable gene 
expression. The lipid carrier (14) is safe, and has low 
transfection efficiency; virus (15) has a high transfection 
rate, however, its target gene capacity is low, and its 
immunogenicity and toxicity are strong. Polyamidoamine 
(PAMAM) dendrimers (16-18) can be used to solve 
this problem. PAMAM dendrimers have the following 
advantages: they have a relatively high transfection 
efficiency; they prevent deoxyribonucleic acid (DNA) from 
being destroyed; and they extend the preservation term of 
DNA. Additionally, experiments have shown that PAMAM 
dendrimers can transfect target genes, such as the curcumin 
target gene, to breast cancer cells (19,20). PAMAM 

dendrimers also have transfection features of low toxicity 
and high efficiency.

This study combined PAMAM dendrimers (as carriers) 
with the target gene, NK4. We prepared the PAMAM-NK4 
nano complexes and observed role of its in suppressing 
breast in in vitro and in vivo experiments to provide a 
theoretical basis for the clinical study of genetic treatments 
for breast cancer. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://dx.doi.org/10.21037/gs-21-443).

Methods

Major materials

The human breast cancer cell lines MDA-MB-231 and 
MCF-7 were purchased from the Shanghai Institute 
of Cell Biology. BALB/c-nu/nu mice (female, aged 4 
to 6-week-old, and weighing 14–19 g) were purchased 
from experimental animal centers of the Southern 
Medical University (Experimental Animal Certificate 
No.: SCXK-Y 2011-0015). All animal experiments were 
performed under a project license (No. NFYY-2021-131) 
granted by institutional ethics committee of the Nanfang 
Hospital, are in compliance with the relevant regulations 
of the China Animal Protection Committee for the care 
and use of animals. Recombinant plasmid pcDNA3.1-
NK4 and blank plasmid pcDNA3.1(−), which was used in 
the control group, were preserved by Institute of Tumor 
of Southern Medical University. The 5th generation of 
PAMAM nano material, trypsinase, Dulbecco’s Modified 
Eagle Medium (DMEM), and dimethyl sulfoxide (DMSO) 
were purchased from the American company, Sigma. The 
primary antibody, marked with NK4 (human HGF mAb), 
and the secondary rabbit anti-mouse antibody, marked 
with horseradish peroxidase, were purchased from the 
American company Leinco. Cell lysate was purchased 
from Shanghai Beyotime Biological Technology Co., 
Ltd. Fetal bovine serum (FBS) was purchased from the 
American company, Gibco. Doxorubicin was purchased 
from Shenzhen Main Luck Pharmaceutical Inc., batch 
number 0209E2. ECL (Electrochemical luminescence) 
test kits were purchased from the American company, 
Thermo Pierce. BCA protein quantitative analysis test 
kits were purchased from Shanghai Yubo Biologycal Co., 
Ltd. AnnexinV-FITC apoptosis test kits and propidium 
iodide (PI) were purchased from Nanjing KeyGEN 
BioTECH.

https://dx.doi.org/10.21037/gs-21-443
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Preparing the PAMAM-NK4 nano complexes

PAMAM and recombinant plasmid pcDNA3.1-NK4 were 
combined at a charge ratio of 5:1, and vibrated and mixed 
for 15 s. After being mixed, they were kept at an ambient 
temperature for 30 min. PAMAM and blank plasmid 
pcDNA3.1(−) were combined using the same method to 
prepare the blank plasmid nano complexes.

Transfecting MCF-7 and MDA-MB-231 cell lines of 
human breast cancer

MDA-MB-231 and MCF-7 cells were inoculated in a 
6-hole medium at a density of 1×105/hole. The incubated 
cell density was about 50–70%. The cells were washed with 
PBS twice. The blank plasmid nano complexes and the 
PAMAM-NK4 nano complexes were diluted with the same 
amount of non-serum DMEM into the suspension of final 
concentration of 100 nmol/L. Each suspension with 2 mL 
was taken for cell transfection and cultured in a 5%-carbon 
dioxide (CO2) incubator at 37 ℃. The culture medium 
was changed to a DMEM containing 10% FBS 4 h later, 
and left to incubate for another 24 h. The experiment was 
repeated 3 times.

Detecting the in vitro transfection rates

The transfected cells prepared using the above method 
were incubated for another 24 h, and then observed with a 
fluorescence microscope to detect green fluorescent cells 
to confirm that the cells had been positively transfected. 
Five vision fields were randomly selected and the amount 
of positively transfected cells and the total number of cells 
in each vision field were counted. The transfection rate was 
calculated using the following formula: Transfection rate = 
number of positively transfected cells/total number of cells 
×100%.

Examining the effects of PAMAM-NK4 transfection on 
the NK4 protein expression of breast cancer cells using the 
western-blot detection method

Cells in the exponential phase were taken from the control, 
blank plasmid, and treatment groups. A cell protein sample 
was obtained using cell lysate, and the BCA method 
was used to measure the total protein concentration of 
each sample. NK4 primary antibody (human HGF mAb) 

was added to the samples, at 4 ℃, and stored overnight, 
after the total protein stripes of the samples had been 
electrophoretically separated, transferred to film and 
closed by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis. Tris buffered saline was used to wash 
the films 3 times, and a secondary antibody with a HRP 
marker was added with an expression of β-actin. The films 
were washed and then developed using ECL chemical 
luminescence test kits. The films were scanned, and IPP6.0 
software was used to analyze the gray value of the stripes. 
The experiment was repeated 3 times.

Examining the effects of PAMAM-NK4 transfection on 
the proliferation of breast cancer cells using the MMT 
detection method

MDA-MB-231 and MCF-7 cell lines in the exponential 
phase were inoculated in 96-hole plates at a density 
of 5×104/hole and divided into a control group (not 
transfected), a blank plasmid group [transfected with the 
blank plasmid nano complex PAMAM- pcDNA3.1(−)], 
and a treatment group (transfected with the PAMAM-NK4 
nano complex). There were 5 duel-holes in each group with 
40 μL MTT solution, which was replaced 4 h later with 
clean solution. 150 μL of DMSO was added and vibrated 
for 10 min. Blank holes (culture medium + DMSO) were 
also provided. The blank holes were set as 0 with an optical 
density (OD) value of 570 nm for each hole and were 
measured using an enzyme-linked immunosorbent assay 
detector to compare differences in the proliferation abilities 
of the cells among the groups. The following formula was 
use: Proliferation suppression rate (%) = (1 – OD value of 
treatment group/OD value of control group) ×100%.

Examining the effects of PAMAM-NK4 transfection on 
the apoptosis of breast cancer cells using the bead method

Cell suspension was taken from the control, blank 
plasmid, and treatment group, and inoculated in 6-hole 
plates at a density of 1×105/hole and cultured in a 5%-
CO2 incubator at 37 ℃ for 3 h, after which the culture 
medium was discarded. Cells were collected after being 
washed with phosphate-buffered saline (PBS) twice and 
were cultured with appropriate amounts of AnnexinV-
fluorescein isothiocyanate (FITC) and PI, and kept at room 
temperature for 15 min away from light. A beam analyzer 
was used to analyze the cell apoptosis rates.
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Establishing a transplanted tumor nude mice model of 
human breast cancer cells

MDA-MB-231 cells in the exponential phase were taken 
and processed into cell suspension of 5×107/mL with a 
non-serum medium after trypsin digestion. Suspension 
with 0.2 mL (containing 1×107 MDA-MB-231 cells) was 
subcutaneously injected into the nude mice at the fat pad 
of the second nipple on the left. The 40 nude mice were 
injected. Thereafter, observations and measurements 
were taken every 2 days to check the growth of the tumor 
nodules, and daily after the 7th day. The long diameter 
(I) and short diameter (II) were measured using a vernier 
caliper and recorded to calculate tumor volume (V). The 
following formula was used: V = ab2/2.

Detecting the effects of PAMAM-NK4 on tumor growth in 
the tumor-bearing mice model

The tumor-bearing mice were randomly divided into four 
groups, comprising 10 mice each. Mice in the control 
group were subcutaneously injected with 0.2 mL of 0.9% 
NaCl solution beside the tumor inoculation spot. Mice 
in the blank plasmid group were subcutaneously injected 
with 0.2 mL plasmid solution, including 100 μg PAMAM- 
pcDNA3.1(−) blank plasmid nano complexes, beside the 
tumor inoculation spot. Mice in the treatment group 
were subcutaneously injected with 0.2 mL of plasmid 
solution, including PAMAM-NK4 100 μg, beside the 
tumor inoculation spot. Mice in the positive control group 
were intraperitoneally injected with 0.2 mL doxorubicin 
solution, including 100 μg doxorubicin. Detection began 
on the 7th day of cell injection, and the injections were 
administered daily until the 14th day. The survival status 
of the tumor-bearing mice was observed daily and the 
mortality rate of each group was recorded. The long and 
short diameters of the tumors were measured every other 
day. Specifically, the longest diameter (I) was measured 
first, followed by the longest axes vertical to the longest 
diameter (IIb). The following calculation formula was 
used: tumor volume (V) = ab2/2. The tumor-bearing 
mice were killed on the 30th day and the tumors were 
completely removed. Adhesion to surrounding tissue and 
skin was observed. PBS was used to wash the blood on the 
tumors. Tumor mass was taken by an electronic balance 
when the tumors had dried.

Examining the effects of PAMAM-NK4 on the NK4 
protein expression of the transplanted tumor tissues using 
the western-blot detection method

Transplanted tumor tissue in 0.2 g was taken from each 
group, and then cut and ground in lysate. Supernatant 
was sucked up after the centrifugal procedure to measure 
cell protein concentration. The western-blot method (see 
section 1.5) was used to detect the NK4 protein expression 
of the transplanted tumor tissue of the various groups.

Statistic analysis

The data were analyzed using SPSS 19.0 statistical 
software, and measurement materials were presented in 
the form of mean value ± standard deviation (x±s). To 
ensure that no variance among the groups was missed, 
the Welch method was adopted to perform inter-group 
comparisons, and Dunnett’s T3 method was used for the 
pair comparison; otherwise, a one-way analysis of variance 
was conducted to perform the inter-group comparisons, 
and the least significant differences method was used for 
the pair comparisons. A P<0.05 was considered statistically 
significant.

Results

Detecting the in vitro transfection rates

Green fluorescent cells were found in the breast cancer 
cell lines 24 h after they were transfected with PAMAM-
NK4 nano complexes. Green fluorescent protein was found 
in both the MDA-MB-231 and MCF-7 cells. Fluorescent 
expression increased as time went by and reached its 
peak at 48 h, which was when transfection efficiency was 
at its highest. The MDA-MB-231 cells had more green 
fluorescent protein expression than the other types of cells 
(see Figure 1). Fluorescence began to weaken after 72 h.

Examining the effects of PAMAM-NK4 nano complex 
transfection on the NK4 protein expression of human 
breast cancer cells using the western-blot detection method

HGF expression (of the endogenous NK4 protein) was 
found in the MDA-MB-231 and MCF-7 cells in the control 
group, each of which had mean values of 0.88±0.03 and 
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0.35±0.01, respectively. The NK4 protein expression of 
the MDA-MB-231 cells was higher than that of the MCF-
7 cells (see Figure 2). The mean value of NK4 protein 
expression of the MDA-MB-231 and MCF-7 cells in the 
blank plasmid group after transfection were 0.87±0.03 and 
0.37±0.01, respectively. The difference between the blank 
plasmid and control groups was not statistically significant 
(P>0.05).

The mean values of the NK4 protein expression of the 

MDA-MB-231 and MCF-7 cells in the treatment group 
were 2.26±0.02 and 1.26±0.01, respectively. Compared 
to the control group, the NK4 protein expression of the 
two cell lines obviously increased after being transfected 
with PAMAM-NK4 nano complexes; the differences were 
statistically significant (P<0.05). Additionally, the NK4 
protein expression of the MDA-MB-231 cells was higher 
than that of the MCF-7 cells.

Examining the effects of PAMAM-NK4 nano complex 
transfection on the proliferation ability of human breast 
cancer cells using the MTT method

There was no s ignif icant dif ference between the 
proliferation ability of the cells in the blank plasmid and 
control groups (see Figure 3). Compared to the control 
group, the OD values of the MDA-MB-231 (0.27±0.06 vs. 
0.54±0.06) and MCF-7 (0.30±0.05 vs. 0.43±0.05) cells in the 
treatment group were obviously decreased; the differences 
were statistically significant (both P<0.05). In relation to the 
two cell lines, the suppression rate of the MDA-MB-231 
cells was 50.4%, which was obviously higher than that of 
the MCF-7 cells (30.6%); the difference was statistically 
significant (P=0.01).

Examining the effects of PAMAM-NK4 nano complex 
transfection on the apoptosis rate of breast cancer cells 
using the bead method

The percentages of the apoptosis rates of the MDA-
MB-231 and MCF-7 cells in the blank plasmid group were 
2.21%±0.04% and 2.39%±0.03%, respectively; however, the 
difference between these groups and the control group was 
not statistically significant. In relation to the comparison 
between the treatment and control groups, the percentage 
differences of the cell apoptosis rates were as follows: MDA-

Figure 1 The results of a cellular transfection test as visualized 
by a fluorescence microscope. (A) MCF-7; (B) MDA-MB-231. 
Magnification: (A) 40×; (B) 100×.

Figure 2 Expressions of NK4 protein in human breast cancer cells increased after PAMAM-NK4 transfection. (A) MCF-7; (B) MDA-
MB-231. 1: Control; 2: Blank plasmid; 3: PAMAM-NK4.
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MB-231 cells: 4.21%±0.03% vs. 2.26%±0.06%; and MCF-
7 cells: 3.95%±0.05% vs. 2.40%±0.04%. The apoptosis rate 
of the treatment group was obviously higher than that of 
the control group; the difference was statistically significant. 
The apoptosis rate of the MDA-MB-231 cells was obviously 
higher than that of the MCF-7 cells (see Figure 4).

Successfully establishing a nude mice cell transplanted 
model of human breast cancer

Subcutaneous nodules were observed at inoculating spots 
1 w after inoculation. The masses grew slowly in round or 
elliptical shapes. No swelling or ulceration was found at 
the inoculation spots (see Figure 5). The tumor occurrence 
rate was 100%. The general condition of the tumor-bearing 
mice in the groups was satisfactory. The mice displayed 
no obvious change in appetite, sleeping patterns, urine or 
stools, spirit or activity.

Examining the effects of PAMAM-NK4 nano complex 
transfection on the NK4 protein expression of transplanted 
tumor cell using the western-blot detection method

The mean value of the NK4 protein expression of the 
control group was 0.82±0.05. The mean values of the 
NK4 protein expression of the blank plasmid and positive 
control groups were 0.87±0.11 and 0.84±0.08, respectively; 
there were no significant differences between these groups 

Figure 3 The proliferation of human breast cancer cells was 
inhibited by PAMAM-NK4 transfection.

Figure 4 Apoptosis rates of breast cancer cells MDA-MB-231 and MCF-7 (enhanced by the overexpression of NK4).
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and the control group (P>0.05). The mean value of the 
NK4 protein expression of the treatment group, which was 
transfected with the PAMAM-NK4 nano complex, was 
3.44±0.07 (see Figure 6). Compared to that of the control 
group, the protein expression amount of the treatment 
group was high, and the difference was statistically 
significant.

PAMAM-NK4 suppressed the growth of transplanted 
tumors in tumor-bearing mice

The administration of cell suspension was continuously 
performed, and survival status and tumor diameter were 
monitored. No tumor-bearing mice died from an adverse 
reaction during the period of culture. Tumor-bearing mice 
were killed on the 30th day, and the transplanted tumors 
were completely removed (see Figure 7). The tumors were 
elliptical masses, observable by the naked eye. Most had a 
complete capsule. A few tumors adhered to surrounding 
tissues or skin and had a tenacious texture.

Tumor diameter was measured to calculate the volume. 
Tumor mass was measured by an electronic balance. As 
Figure 8 shows, the tumor volume of the control group 
was 2.42±0.62 cm3, that of the blank plasmid group was 
2.38±0.64 cm3, that of the treatment group was 1.50± 
0.43 cm3, that of the positive control group was 1.64± 
0.31 cm3, and that of the control group was 3.86±1.12 g. 
The tumor mass of the blank plasmid group was 3.48± 
1.07 g, that of the treatment group was 1.41±0.47 g, and 
that of the positive control group was 1.54±0.38 g. There 
was no significant difference in tumor volume and mass 
between the control and blank plasmid groups (P>0.05); 
the tumor volume and mass of the treatment and positive 
control groups were obviously smaller than those of 
the control group. The differences were statistically 
significant. There was no significant differences between 
the treatment and positive control groups (P>0.05).

Discussion

After extensive research on the causes of breast cancer, 
genetic treatment is considered one of the best potential 
options for the comprehensive treatment of breast cancer. 
To perform a treatment successfully, the appropriate target 
genes must be identified and an effective gene carrier must 

NK4 
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Figure 5 Nude mice transfected with the human breast cancer 
model.

Figure 6 Expressions of NK4 protein in the transplanted tumor 
cells of various groups detected using a western-blot assay. (A) 
Control; (B) blank plasmid; (C) positive control; (D) PAMAM-
NK4.

B DA C

Figure 7 Tumor tissues of nude mice from various groups. (A) 
PAMAM-NK4; (B) positive control; (C) blank plasmid; (D) control.
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Figure 8 Tumor volumes (A), mass (B) and tumor blocks of nude mice xenografts in various groups on day 30. a: control; b: PAMAM-NK4; c: 
positive control; d: blank plasmid.

transfect the target gene into the target cells. The NK4 
gene was selected as the target gene in this experiment. 
Research has shown that transfection efficiency is at its 
highest when PAMAM and DNA are combined at a charge 
ratio of 5:1 (21). Thus, in this experiment, PAMAM-NK4 
nano complexes were prepared according to guidelines 
to transfect different breast cancer cell lines (i.e., MDA-
MB-231 and MCF-7). In relation to the transfection, 
green fluorescent protein was found in both the MDA-
MB-231 and MCF-7 cells, which showed that PAMAM 
had successfully introduced the recombinant plasmid 
pcDNA3.1-NK4 into the two breast cancer cell lines. The 
expression of green fluorescent protein was stronger in 
MDA-MB-231 cells than MCF-7 cells, which means that 
the transfection efficiency of the nano complex was higher 
in the MDA-MB-231 cells. A western-blot analysis revealed 
endogenous HGF expression in both the breast cancer in 
control groups, and the cell content of MDA-MB-231 
was slightly higher than that of MCF-7 cells. The MDA-
MB-231 cell is a Basal-like-type breast cancer cell line, while 
the MCF-7 cell is a Luminal A-type breast cancer cell line 
(22). In relation to the molecular branch, the malignancy 
of the MDA-MB-231 cell was higher; thus, HGF content 
may be related to the malignancy of the breast cancer. 
The expression of NK4 protein was significantly increased 
in the treatment group compared to the control group, 
which implies the higher expression of the exogenous NK4 
protein.

There were no significant statistical differences in the cell 
proliferation and apoptosis rates between the blank plasmid 
(PAMAM) and control groups. Thus, PAMAM did not 
affect cell proliferation and apoptosis and is biologically safe 
(without outstanding cytotoxicity). In both the treatment 
and control groups, the two types of cells showed decreased 

proliferation abilities and increased apoptosis rates. Thus, 
the proliferation of both breast cancer cells, which were 
transfected with PAMAM-NK4 nano complexes, was greatly 
suppressed, which resulted in higher apoptosis rates. The 
extent of proliferation suppression and the apoptosis rates 
of the MDA-MB-231 cells were relatively higher than those 
of MCF-7 cells. Thus, the suppression effects of the nano 
complexes were more obvious in the MDA-MB-231 cells 
than the MCF-7 cells.

To determine if the nano complexes had the same anti-
cancer effects in animals, the method of original injection 
(with cell suspension) was applied to a prepare tumor-
bearing mice transplanted tumor model. The results of 
the comparison showed that the MDA-MB-231 cells had a 
higher transfection rate of nano complexes and a stronger 
suppression effect against tumors than the MCF-7 cells. 
Thus, the MDA-MB-231 cell line was selected to establish 
the human breast cancer transplanted tumor nude mice 
model.

Subcutaneous masses were observed at the injection 
spot 1 w after the inoculation was performed. The tumor 
occurrence was 100%, and the general conditions of the 
mice were favorable. After administration, no obvious 
changes were observed in the appetite, sleeping pattern, 
urine and stools, spirit, and activity of the tumor-bearing 
mice, and no tumor-bearing mice died from an adverse 
reaction. These results demonstrate PAMAM’s safety; no 
obvious adverse in vivo reactions were observed. The NK4 
protein was expressed in the transplanted tumors of the 
mice in the treatment group, according to the western-blot 
results, which is evidence of the PAMAM carrier’s successful 
in vivo transfection of a target gene to a tumor cell and 
stable expression.

The tumor masses and volumes of the treatment and 
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positive control groups obviously declined compared to 
those of the control group. Thus, the nano complexes 
and traditional chemical treatment medicine doxorubicin 
effectively suppressed the growth of tumors. The PAMAM-
NK4 nano complexes stably expressed NK4 protein in vitro 
and in vivo, and significantly suppressed the growth of 
breast cancer cells, which contributed to the anti-tumor 
effects.

Notably, no significant statistical differences were found 
between the treatment and positive control groups, which 
indicates that while genetic treatments had the same anti-
cancer effects as chemical treatments, genetic treatments 
do not outweigh chemical treatments as the best treatment 
method. Genetic treatments can be used to treat breast 
cancer; however, challenges remain. This study showed that 
much shall be fulfilled in the way of genetic treatments and 
indicates directions for future research.
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