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Abstract. Core needle biopsy (CNB) may be used to diag-
nose early‑stage breast cancer, but it may increase the risk of 
distant metastasis of tumor cells. The aim of the present study 
was to explore the effect of CNB on the distant metastasis 
of breast cancer. A total of 30 BALB/c mice were divided 
into two groups, namely biopsy and non‑biopsy groups. The 
biopsy‑related lung metastasis model (biopsy group) was 
established by the inoculation in the mammary fat pad of the 
mouse breast cancer cell line 4T1 combined with CNB. Flow 
cytometry, quantitative polymerase chain reaction analysis, 
morphological analysis, as well as other techniques, were 
used to evaluate the biological behavior of the tumors in the 
mouse model. A stable and reliable lung metastasis model of 
breast cancer was successfully established. The number of 
metastatic lung nodules in the biopsy group was significantly 
higher compared with that in the non‑biopsy group (P<0.05). 
Compared with the non‑biopsy group, the mRNA expression of 
transforming growth factor (TGF)‑β1, SOX4 and Ezh2 in the 
biopsy group was significantly upregulated (P<0.05) and the 
number of natural killer (NK) cells detected by flow cytometry 
was increased, but the difference was not statistically signifi-
cant (P>0.05). Therefore, CNB was found to promote the lung 
metastasis of breast cancer, and the underlying mechanism 
may be associated with epithelial‑to‑mesenchymal transition 
(EMT) mediated by the TGF‑β1 signaling pathway.

Introduction

Breast cancer ranks first in incidence and mortality among 
malignancies in women; cancer invasion and metastasis are 
the major causes of death. The tumor size and lymph node 
involvement at diagnosis are recognized as the main indices 
among the numerous factors affecting the metastatic potential 
of breast cancer. Hence, screening and early detection are 
crucial for improving the prognosis and quality of life of the 
patients (1,2). At present, core needle biopsy (CNB) is the main 
diagnostic method used, but its impact on clinical outcome and 
the potential risks remain controversial. Studies have found 
that CNB can increase the possibility of metastasis of tumor 
cells to the skin at the needle puncture site in patients with 
breast cancer, and it may also increase the risk of local recur-
rence and distant metastasis (3,4).

In clinical practice, it has been found that surgical inter-
vention, including excisional biopsy, is associated with a 
higher local recurrence rate and lymph node metastasis, and 
surgical trauma can promote the growth and metastasis of 
the original tumor. The underlying mechanism may involve 
a series of interactions between tumor cells and the extracel-
lular matrix. Epithelial‑to‑mesenchymal transition (EMT) is 
a biological process involving the transition of epithelial cells 
to a mesenchymal phenotype through specific procedures 
during early embryonic development. EMT is important for 
cancer invasion and metastasis, and is closely associated with 
poor clinical outcome. After EMT, the primary tumor cells 
may detach, migrate into the vessels, become circulating 
tumor cells and colonize distant organs, in which the tumor 
completes the mesenchymal‑to‑epithelial transition, and the 
cells proliferate leading to metastasis formation. E‑cadherin 
is an epithelial cell adhesion molecule, the loss of function of 
which is an important marker of EMT. It has been found that, in 
addition to sub‑Snail, zinc finger E‑box‑binding protein, Twist 
and other transcription factors can initiate the EMT process. 
Signaling pathways, such as transforming growth factor 
(TGF)‑β, Wnt, Notch and Hedgehog, and hypoxic conditions, 
can also participate in the regulation of E‑cadherin expression 
and EMT. Furthermore, the TGF‑β superfamily can activate 
a number of complex signaling pathways, such as Smad and 
non‑Smad, facilitating the occurrence and metastasis of 
breast cancer through EMT mediated by several downstream 
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transcription factors (5). Recently, SOX4 of the SRY‑related 
HMG‑box (SOX) family of transcription factors has been 
found to be involved in regulating the TGF‑β‑induced EMT 
of human breast epithelial cancer cells through epigenetic 
modification of the Enhancer of Zeste homolog 2 (Ezh2) gene, 
which may be used as a potential biomarker of triple‑negative 
breast cancer in the clinical setting (6,7).

In the present study, the biopsy‑related lung metastasis 
model (biopsy group) was established by inoculation in the 
mammary fat pad of the mouse breast cancer cell line 4T1 
combined with CNB (8,9). The activation of TGF‑β, SOX4 
and Ezh2 genes confirmed the promoting effect of EMT on 
distant metastasis, thereby providing the basis for the correct 
evaluation of biopsy, effectiveness and safety of surgery, and 
exploration of the biological mechanism underlying the lung 
metastasis of breast cancer.

Materials and methods

Reagents and instruments. The mouse breast cancer cell 
line 4T1 was provided by Cell Bank, Shanghai Institutes for 
Biological Sciences, Chinese Academy of Sciences (Shanghai, 
China). L‑glutamine, Dulbecco's modified Eagle's medium 
(DMEM) and fetal bovine serum (FBS) were all obtained from 
Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). 
High‑purity total RNA rapid extraction kit (Generay Biotech 
Co., Ltd., Shanghai, China; GK3016), reverse transcription kit 
HiScript‑II Q RT SuperMix for quantitative polymerase chain 
reaction (qPCR) analysis (Vazyme Biotech Co., Piscataway, 
NJ, USA; R222‑01), qPCR reagent ChamQ SYBR Color 
qPCR Master Mix (Vazyme Biotech Co., Piscataway, NJ, 
USA; Q411‑02), experimental primers (synthesized and 
purified by Shanghai Sunny Biotech Co., Ltd., Shanghai, 
China), anti‑mouse CD49b‑APC antibody (eBio‑science, 
Waltham, MA, USA;17‑5971‑81), anti‑mouse CD3‑FITC 
antibody (eBio‑science, Waltham, MA, USA;11‑0032‑80), a 
flow cytometer (Accuri C6; BD Biosciences, Franklin Lakes, 
NJ, USA), the BX43 light microscope (Olympus Corporation, 
Tokyo, Japan), and a watertight constant‑temperature incubator 
(PYX‑DHS500BS‑II; Shanghai Yuejin Medical Instruments 
Co., Ltd., Shanghai, China) were also used.

Animals and feeding. A total of 30 4‑6‑week‑old female 
specific pathogen‑free BALB/c mice, weighing 16‑20 g, were 
provided by the Shanghai Laboratory Animal Center Co., 
Ltd., Shanghai, China [production certification no. SCXK 
(Hu) 2012‑0002, certification no. 0300203). The animals were 
provided with sterilized grade 2 ultrapure water, which was 
in accordance with the national standards of PRC Sanitary 
Standard for Drinking Water (GB5749‑2006) (10). The license 
number of the laboratory animal room was SYXK (Zhejiang) 
2015‑0008, and the conditions included a temperature range 
of 20‑25˚C and the relative humidity range of 40‑70%. The 
feed was provided by Shanghai Laboratory Animal Center 
Co., Ltd., in accordance with the standardized operation 
GB14924.3‑2010 Nutritional Components of Feeds for 
Experimental Animals (11). This study was approved by the 
Animal Ethics Committee of the JinHua Center of Laboratory 
Animals, Jinhua Institute for Food and Drug Control (Jinhua, 
China). The animals were housed and the experiments were 

performed at the JinHua Center of Laboratory Animals, and 
all experimental procedures were performed in accordance 
with the animal testing regulations.

Cell culture. The 4T1 cells were cultured in DMEM containing 
10% FBS, 100 IU/ml penicillin and 100 g/ml streptomycin in a 
5% CO2, 37˚C incubator.

Establishment of mouse breast carcinoma in situ and lung 
metastasis model. After BALB/c mice were anesthetized 
by intraperitoneal injection of 1% pentobarbital (60 mg/kg), 
an incision of 2 cm was made in the middle of the thorax 
under aseptic conditions, followed by blunt dissection to the 
bilateral mammary fat pad for cell inoculation. 4T1 cells in 
the exponential growth phase were collected and centrifuged 
at 300 x g for 5 min. The cell concentration was adjusted to 
2x105 cells/ml to prepare a single‑cell suspension, which was 
mixed by blowing with a 1‑ml empty needle. Then, 0.05 ml 
was inoculated into the third bilateral mammary fat pad of the 
BALB/c mice (1x104 cells for each side), followed by suturing 
of the incision after notable skin bulges had appeared at the 
injection site and the mice were monitored until palpable 
masses developed. At 3 weeks after inoculation, the tumor 
diameter was ~6 mm in most of the BALB/c mice, which were 
used for subsequent experiments.

Biopsy and tumor resection. The mice were divided into 
two groups (biopsy and non‑biopsy), each consisting of 
15 mice. In the biopsy group, the mice were anesthetized 
by intraperitoneal injection of 1% pentobarbital (60 mg/kg) 
for 3‑5 min and then fixed, with the tumor side up, followed 
by disinfection of the tumor site with iodophor for prepa-
ration. CNB of the tumor was performed using a 5‑ml 
syringe with an 18G needle. The needle was inserted at 
the center of the tumor and then moved six to eight times 
in a palmate‑radiating pattern, ensuring that the puncture 
sites were evenly distributed in the tumor. The mice in 
the non‑biopsy group were anesthetized by intraperitoneal 
injection of 1% pentobarbital (60 mg/kg). The tumor was not 
punctured, but the mice underwent surgical preparation with 
complete anesthesia and were placed in the same laboratory 
for the same duration.

The mice in the biopsy and non‑biopsy groups underwent 
tumorectomy 7 days after CNB. The animals were injected 
intraperitoneally with 1% pentobarbital sodium (60 mg/kg). 
After 3‑5 min, they were systemically sterilized with iodo-
phor. Under sterile conditions, a 2‑ to 3‑cm incision was made 
in the middle of the thorax. The breast tumors were resected, 
and all tumor tissue was removed to prevent local recurrence. 
Postoperatively, the incision was sutured and disinfected with 
iodophor again to prevent infection. Subsequently, at 1 and 
2 weeks after resection of the breast cancer, the pulmonary 
metastasis nodules were also removed under anesthesia for 
PCR analysis and other tests.

Morphological and histopathological examinations. The 
resected tumor tissue was cryopreserved in liquid nitrogen for 
subsequent PCR analysis, as well as immunohistochemical 
and other histopathological analyses. The growth of the 
breast tumors was monitored daily from the inoculation of 
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tumor cells to the resection of breast tumors, and the size 
of the lumps was measured weekly. The size of the bilateral 
tumors was evaluated using the equation: Tumor volume=1/2 
(long diameter x short diameter2), and growth curves were 
plotted (12). Starting at 1 week after biopsy, three BALB/c 
mice were sacrificed every week, until all the mice had been 
sacrificed.

After 45 days of tumor growth, the mice were euthanized 
and the lungs were collected to count the number of metastatic 
pulmonary nodules (macroscopic metastatic nodule count) 
and measure the diameter of metastatic tumors under an 
anatomical microscope. The number of metastatic tumor foci 
on the lung surface was calculated using the equation: I x 1 + 
II x 2 + III x 3 + IV x 4 (based on the diameter of the pulmo-
nary metastases, it was classified into four grades: Grade I, 
<0.5 mm; 0.5 mm ≤ grade II <1 mm; 1 mm ≥ grade III ≤2 mm; 
and grade IV >2 mm) (13).

The tumor tissue and lung specimens were collected and 
fixed in 10% neutral formalin for 48 h, followed by conven-
tional paraffin embedding, slicing, hematoxylin and eosin 
(H&E) staining, and observation under a light microscope.

qPCR analysis
Extraction of RNA, determination of purity and quantification 
of RNA. Total RNA was extracted for qPCR analysis using the 
TRIzol‑centrifuge column method following the protocol of 
the manufacturer (Thermo Fisher Scientific Inc.). Considering 
the corresponding solvent as the control (blank), 2 µl of RNA 
solution was tested using Merinton SMA4000. The ratios 
A260/A280 and A260/A230, as well as an absorption peak 

of continuous wavelength, were observed. The concentration 
of RNA solution was calculated, and the quality of the RNA 
extract was determined, where an A260/A280 ratio of 1.9‑2.1 
and an A260/230 ratio of >2.0 met the requirement for the 
subsequent reverse transcription (RT)‑qPCR.

RT‑qPCR. The RT reaction mixture included 4 µl 5X HiScript‑II 
qRT SuperMix, total RNA ≤1,000 ng, and RNase‑free dH2O 
up to a total volume of 20 µl.

The primer sequences used in the present study are listed in 
Table I. The PCR amplification reaction system comprised the 
following: 2X ChamQ SYBR Color qPCR Master Mix, 10 µl; 
forward primer, 10 µM, 0.6 µl; reverse primer, 10 µM, 0.6 µl; 
template cDNA, 8.8 µl; and ddH2O up to a total volume of 
20 µl. The qPCR conditions were as follows: 95˚C for 30 sec, 
95˚C for 10 sec and 60˚C for 30 sec in a thermal cycler for 
40 cycles; melting curve analysis was performed at 70‑95˚C 
with 0.5˚C increments every 5 sec.

Flow cytometry. The spleen was removed and cut into 
5x5 mm2 pieces following removal of the adipose tissue. 
Spleen cell suspensions were collected and centrifuged 
at 300 x g for 10 min. The cell precipitate was collected, 
resuspended in serum‑free medium, and filtered through 
a 200‑mesh sieve. The cell suspension was slowly dripped 
into an equal volume of separation medium and centrifuged 
horizontally at 500 x g for 20 min. Then, the second layer of 
white cell suspension was collected, and the red cell layer 
was discarded. The cells were resuspended in five times the 
volume of washing liquid, centrifuged at 300 x g for 5 min, 

Table I. Primer sequences.

Gene	 Forward primer (5'‑3')	 Reverse primer (3'‑5')

TGF‑β1	 AGGGCTACCATGCCAACTTC	 CCACGTAGTAGACGATGGGC
SOX4	 CGCCCGACATGCACAAC	 TGCCCGACTTCACCTTCTTT
Ezh2	 CAACCCGAAAGGGCAACA	 CCCACATACTTCAGGGCATCA
β‑actin	 AGAGGGAAATCGTGCGTGAC	 CCAAGAAGGAAGGCTGGAAA 

TGF‑β1, transforming growth factor‑β1; Ezh2, Enhancer of Zeste homolog 2.

Figure 1. Growth curve of mouse breast tumors (mean ± standard deviation, mm3). The model of breast cancer in situ in BALB/c mice was successfully 
established 14 days after the inoculation of the breast cancer cell line 4T1. The size of the bilateral tumors was measured weekly from the inoculation of tumor 
cells to the resection of breast tumors, and the volume of tumors was evaluated. The growth curves of right side tumors (A) and of left side tumors (B) were 
plotted. At 7 days after the biopsy, the tumor volume in the biopsy group was higher compared with that in the non‑biopsy group, but the difference was not 
statistically significant (P>0.05).
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rinsed twice, resuspended in 100  µl staining buffer and 
placed on ice for incubating with antibodies. CD49b‑APC 
and CD3‑FITC antibodies (1:50) were added to the cells and 
incubated for 30 min at room temperature in the dark. In 
addition, CD49b‑APC staining, CD3‑FITC single‑staining 
and blank groups (without antibody) were also set up. The 
cells of these groups were centrifuged at 300 x g for 5 min. 
The cell precipitate was collected, and the cells were resus-
pended in 500 µl staining buffer. CD3‑FITC signals were 
detected using the FL‑1A channel, and CD49b‑APC signals 
were detected using the FL‑4A channel. The blank group was 
used to determine the negative region, and the corresponding 

primary antibody (CD3 and CD49b) single‑staining group 
was used to identify the positive expression area. Spleen cell 
suspensions were used for detection, in which the latter first 
used a NK Cell Isolation kit (NK2011MPK, TBD Science, 
Tianjin, China) to separate NK cells. The NK cells were 
CD49b‑positive CD3‑negative (UL region in the scatter plot).

Statistical analysis. Statistical analyses were performed 
using SPSS 22.0 software (IBM Corp., Armonk, NY, USA). 
Data are expressed as mean ± standard deviation. For the 
univariate analysis, the classification variables were analyzed 
using the χ2 test and the Mann‑Whitney U test, whereas 

Figure 2. Lung, lymph node and heart metastases in the biopsy and non‑biopsy groups (hematoxylin and eosin staining; magnification, x100).

Table II. Distant metastasis in the biopsy and non‑biopsy groups.

	 No. of lung metastases
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	  Lymphatic	 Cardiac
Groups	 n	 Total	 Grade I	 Grade II	 Grade III	 Grade IV	 metastasis, n (%)	 metastasis, n (%)

Biopsy 	 14	 35a	 24	 6	 3	 2	 5 (35.71)	 4 (28.57)
Non‑biopsy 	 15	 24	 18	 4	 3	 0	 4 (26.67)	 3 (20.00)
Z/χ2 value	‑			‑    3.29			   0.28	 0.29
P‑value	‑			    0.001			   0.58	 0.46

aP<0.05 vs. the non‑biopsy group.
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the continuous variables were analyzed using the unpaired 
Student's t‑test, or one‑way analysis of variance with Tukey's 
post hoc test. P<0.05 was considered to indicate statistically 
significant differences.

Results

Establishment of a model of lung metastasis associated with 
CNB of 4T1 mouse breast cancer. The results revealed that the 

model of breast cancer in situ in BALB/c mice was success-
fully established 14 days after the inoculation of the breast 
cancer cell line 4T1. At 7 days after the biopsy, the tumor 
volume in the biopsy group was higher compared with that 
in the non‑biopsy group, but the difference was not statisti-
cally significant (571.04±250.66 vs. 478.40±320.55, t=0.86, 
P>0.05; Fig. 1). The mice exhibited slow activity, decreased 
appetite and no significant changes in body weight following 
tumorectomy; although one mouse died due to lung metastasis 
complicated by pleural effusion in the 7th week in the biopsy 
group, it had a survival rate of 93.33% (14/15) and all animals 
in the non‑biopsy group survived. All measures were taken to 
minimize animal suffering.

Distant metastasis in the biopsy and non‑biopsy groups. 
Starting 1 week after biopsy, three mice from each of the 
two groups were sacrificed every week, until all the mice 
had been sacrificed. The mice underwent thoracotomy, and 
the lungs were removed. Examination revealed that lung 
metastasis occurred in all mice. The metastatic foci on the 
lung surface were counted. The maximum tumor diameter 
observed in a single tumor in the study was 16.04x10.98 and 
6.80x6.29 mm from the primary and metastatic lung sites, 
respectively. The results are summarized in Table II. The lung 
metastases were observed under a light microscope following 
H&E staining. Compared with normal lung tissue, metastatic 
tumor cells were arranged tightly, with large, deeply stained 
nuclei, clear nuclear membrane, clear nucleoli and mitoses 
was more common. Hence, the mice were histopathologi-
cally diagnosed with an invasive cancer nest (Fig. 2). The 
cumulative number of nodules formed in the lung was 35 and 
24 in the biopsy and non‑biopsy groups, respectively, with 
a statistically significant difference (Mann‑Whitney U test: 

Table III. Relative expression of TGF‑β, SOX4 and Ezh2 in the breast tumor and pulmonary metastases (2‑ΔΔCq). 

	 TGF‑β1	 SOX4	 Ezh2
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
		  Breast	 Pulmonary	 Breast	 Pulmonary	 Breast	 Pulmonary
Groups 	 N	 cancer	 nodule	 cancer	 nodule	 cancer	 nodule

Biopsy 	 14	 0.67±0.19b	 1.55±0.54	 0.85±0.42b	 6.36±4.71	 0.54±0.23a	 4.33±1.82
Non‑biopsy 	 15	 0.43±0.06	 0.64±0.19	 0.50±0.22	 2.49±0.91	 0.39±0.02	 1.74±0.01
t‑value	‑	  4.70	 2.77	 2.80	 1.40	 2.41	 2.47
P‑value	‑	  0.000	 0.050	 0.009	 0.235	 0.027	 0.069

aP<0.05, bP<0.01 compared with the non‑biopsy group. TGF‑β1, transforming growth factor‑β1; Ezh2, Enhancer of Zeste homolog 2.

Figure 3. Relative expression of TGF‑β1, SOX4 and Ezh2 in breast tumor 
tissue. *P<0.05 and **P<0.01 compared with the non‑biopsy group. TGF‑β1, 
transforming growth factor‑β1; Ezh2, Enhancer of Zeste homolog 2.

Table IV. Natural killer (NK) cell content in the spleen.

	 Biopsy group	 Non‑biopsy
Time point	 (n=14)	 group (n=15)

On the day of surgery	 1.91±0.32	 2.75±1.82
1 week after surgery 	 3.23±0.40	 4.58±0.83
2 weeks after surgery	 5.35±1.47	 7.12±2.30
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Z=‑3.29, P<0.05; Table II). In addition, cancer metastasis 
occurred in the lymph nodes and heart tissue in all mice, 
but the differences between the groups were not statistically 
significant (P>0.05; Table II).

Detection of the expression of TGF‑β1, SOX4 and Ezh2 mRNA 
in the primary breast tumor and pulmonary metastasis in the 
biopsy and non‑biopsy groups using qPCR. The expression of 
TGF‑β1, SOX4 and Ezh2 mRNA was found to be upregulated 
in the breast tumor in the biopsy group, with a statistically 
significant difference compared with that in the non‑biopsy 
group (P<0.05). However, no significant differences were 
observed in the expression of TGF‑β1, SOX4 and Ezh2 in 
the pulmonary metastatic nodules between the two groups 
(P>0.05) (Fig. 3 and Table III).

Proportion of splenic NK cells (CD49b+ CD3‑) detected using 
flow cytometry. In the biopsy group, an upward trend in the 
percentage of NK cells was observed at 1 and 2 weeks after 

the operation compared with that on the day of the operation 
(F=37.53, P<0.05). Similarly, in the non‑biopsy group, the 
percentage of NK cells at 1 and 2 weeks after the operation 
had increased compared with that on the day of the operation 
(F=19.05, P<0.05). At the same time point, the percentage of 
NK cells in the biopsy group was lower compared with that in 
the non‑biopsy group, but the difference was not statistically 
significant (P>0.05) (Fig. 4 and Table IV).

Discussion

Although CNB may be used for the early diagnosis of breast 
cancer, the clinical effects and potential risks associated with 
the implementation of CNB have long been controversial. CNB 
is known to increase the risk of needle seeding and local tumor 
recurrence in patients with breast cancer. However, whether 
breast cancer cells enter the lymphatic system after biopsy and 
migrate to lymph nodes so as to effectively establish distant 
metastasis has not yet been confirmed (3,4). Therefore, more 

Figure 4. Changes in natural killer (NK) cell content in the spleen. Spleen cell suspensions (A and B) on the day of surgery and at (C and D) 1 week and 
(E and F) 2 weeks after operation were stained with CD49b‑APC and CD3‑FITC. (G) The blank group was used to determine the negative region, the (H) CD3 
and (I) CD349b single‑staining group was used to identify the positive expression area. The NK cells were CD49b+ and CD3‑ (UL region in the scatter plot). 
The percentage of NK cells was calculated as follows: %CD49b+ CD3‑ cell population=(CD49b+ CD3‑ cell number/total number of cells in the plot) x100. At 
the same time point, the percentage of NK cells in the biopsy group (A, C and E) was lower compared with that in the non‑biopsy group (B, D and F), but the 
difference was not statistically significant (P>0.05).
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evidence is required to confirm whether CNB increases the 
risk of local recurrence and distant metastasis (14).

In the present study, 4T1 mouse breast cancer cells were 
first transplanted into BALB/c mice, and CNB was used within 
2 weeks of tumor growth to simulate clinical biopsy. In this 
experiment, the tumor spontaneously shifted from the mammary 
fat pad to the lymph nodes, lungs and heart, which is similar 
to the results observed in human breast cancer (15). Following 
successful establishment of the metastatic breast cancer model 
in the BALB/c mice, the effect of CNB on the following patho-
logical mechanisms was assessed: i) Distant lung, lymph node 
and heart metastases; ii) changes in the immune state of cells 
and cytokines in the tumor microenvironment; and iii) expres-
sion of TGF‑β1, SOX4, Ezh2 and other molecules involved 
in EMT. Ultimately, the model was evaluated at the local and 
overall levels, which laid the foundation for further studies.

The results demonstrated that CNB markedly increased 
the incidence of distant metastases to the lungs, lymph nodes 
and heart in mice with breast cancer compared with that in the 
non‑biopsy group. Previous studies have demonstrated that an 
increase in such metastases is associated with the changes in early 
immune suppression in the tumor environment. Tumors from 
biopsied mice exhibited a higher number of myeloid‑derived 
suppressor cells (MDSCs) accompanied by reduced numbers 
of CD4+ and CD8+ T cells (16). These changes include inflam-
matory reaction, MDSCs recruitment, and the accompanying 
coagulation‑enhanced NK cells toxicity. Furthermore, CNB 
promotes early metastasis through regulation of the genes that 
activate EMT (including activation of the SOX4/Ezh2 EMT 
pathway) (6,7,10). The number of NK cells in the spleen of 
mice decreased after biopsy, suggesting that immunosuppres-
sion may occur. These changes are suspected to be associated 
with the changes in the cytosine spectrum after biopsy, which is 
beneficial to the pro‑metastatic tumor environment (17). Recent 
studies have demonstrated that, compared with 4T1 cells, tumor 
stem cells can effectively activate platelets, induce platelets to 
secrete more TGF‑β1, reduce NKG2D expression, and inhibit 
the antitumor activity of NK cells (18); however, the specific 
mechanisms remain to be elucidated. One possible explanation 
is that the metastasis of breast tumor cells to the lung is also 
likely to have occurred as a result of needle puncture that may 
have occurred during the biopsy, as no lymphatic or cardiac 
metastases were observed. In addition, the increase in TGF‑β1, 
SOX4 and Ezh2 mRNA may have been induced by inflam-
matory changes caused by the needle biopsy, which were not 
observed in the pulmonary metastasis nodule tissues.

Furthermore, the qPCR results demonstrated that the 
expression of mRNA of TGF‑β1 and its related factors 
SOX4 and Ezh2, which are currently considered as the main 
EMT regulatory factors  (19), increased significantly after 
biopsy. These findings suggested that the activation of the 
TGF‑β1/SOX4 EMT pathway may contribute to the migra-
tion and exudation of circulating tumor cells (CTCs), thereby 
increasing the risk of metastasis (20). In addition to activating 
the TGF‑β1 signaling pathway, SOX4 can also transform 
cancer epithelial cells into cancer stem cells. Thus, SOX4 
increases the proportion of CD44+CD24‑/low breast cancer 
stem cells, indicating that SOX4 can induce breast epithelial 
cells to assume the characteristics of stem cells (21). Previous 
studies demonstrated that the expression of SOX4 is associated 

with high rates of metastasis in early lymph node‑negative 
patients, while another study associated SOX4 expression 
with patients with triple‑negative breast cancer, which makes 
it a marker of poor prognosis (6,7). SOX4 can bind with EZH 
to promote the expression of Ezh2 and increase H3K27me3 
to induce EMT  (7). Ezh2, the human homologue of the 
Drosophila Melanogaster enhancer of zeste gene, possesses 
a histone methyltransferase activity, which can directly induce 
EMT and promote tumor metastasis by inhibiting E‑catenin 
expression (22). Combined with these studies, the findings of 
the present study confirmed the key role of EMT and related 
molecules in the CNB‑induced metastasis of breast cancer. 
EMT allows the transformation of tumor cells into an invasive 
mesenchymal phenotype and their entry into the circula-
tory system and metastasis to distant organs. Furthermore, a 
reciprocal regulation between SOX4 and miR‑129‑5p via the 
SOX4/EZH2 complex mediated H3K27me3 modification was 
recently identified, and indicates that miR‑129‑5p is an impor-
tant miRNA modulating EMT in breast cancer cells (23). The 
expression of the EMT regulators SOX4 and Ezh2 is upregu-
lated in breast cancer tissue (16), and it may become a potential 
biomarker for predicting the metastasis of breast cancer (24).

In conclusion, the experimental results demonstrated 
that CNB was associated with a significant increase in the 
incidence of lung metastases in breast cancer mouse models, 
which may be associated with the fact that CNB exerts an 
immunosuppressive effect, creates a pro‑metastatic tumor 
microenvironment, and promotes TGF‑β/SOX4‑induced EMT.
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