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Objective: To explore the effect of miR106a on the growth of breast cancer xenografts and

the sensitivity of chemotherapeutic agents.

Methods: Breast cancer cell lines (MDA-MB231 and MCF7) were transfected with an

miR106 mimic and miR106a inhibitor. BALB/c female nude mice were selected to construct

a transplanted-tumor model. Cisplatin treatment was performed 2 weeks after inoculation.

After 5 weeks, tumor tissue was weighed. Apoptosis of tumor cells was detected by TUNEL

staining. The expression of these proteins (Ki67, β-catenin, cyclin D1 and cMyc) was

detected by immunohistochemistry. The contents of P53, RUNX3, ABCG2, β-catenin, BAX,

and BCL2 mRNA were detected by qRT-PCR.

Results: The miR106a mimic (MM) group’s tumor volume and weight were significantly

bigger than those of the model group. miR106a mRNA content was higher than the blank

control group, and β-catenin and Ki67 protein were strongly positive. β-catenin, BCL2, and

ABCG2 mRNA content was were increased. P53, BAX, and RUNX3 mRNA content was

decreased. The number of positive cells on TUNEL staining was significantly lower in the

miR106a inhibitor (MI) group. After cisplatin treatment, inhibition of tumor growth was

most obvious in the MI+DDP (cisplatin) group. Compared with the MM group, tumor

growth in the MM+FH535 (Wnt-pathway inhibitor) group was significantly lower, and

Wnt-pathway activity was decreased.

Conclusion: Overexpression of miR106a can promote the growth of transplanted breast

cancer and decrease the sensitivity of transplanted tumors to cisplatin. The mechanism may

be related to abnormal activation of the Wnt-signaling pathway.

Keywords: miR106a, breast cancer transplantation tumor, MDA-MB231, MCF7,

chemotherapeutic drug sensitivity

Introduction
In recent years, the incidence of breast cancer (BC) and a trend toward younger

sufferers has become stronger and stronger.1 Treatment methods for breast cancer

include surgery, radiochemotherapy, endocrine therapy, molecularly targeted therapy,

and a combination of multiple methods, but there remains a great challenge in the

clinical setting, curative efficacy in advanced breast cancer is still poor. The main

causes of treatment failure are primary tumor metastasis, relapse after treatment, and

drug resistance, so understanding the molecular mechanisms of recurrence and metas-

tasis is the key to improve long-term survival. Cisplatin (DDP) and carboplatin are the

most important chemotherapeutic agents for breast cancer, but cisplatin increases the
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level of glutathione in tumor cells very easy, reduces drug

sensitivity, leads to drug resistance, and limits clinical

application.2

miRNAs are noncoding small RNA molecules that are

capable of causing translational inhibition or degradation

of mRNA by pairing with the 3ʹ untranslated region of the

target gene. Recent studies have found that miRNA106a is

closely related to the invasion and metastasis of tumor

cells, shows high expression in such cancers as esopha-

geal, liver, and cervical, and plays an important role in the

regulation of tumor-cell proliferation, differentiation, and

apoptosis.3 With the rapid development of antitumor tar-

geting drugs, treatment efficiency for breast cancer

patients has been greatly improved; however, invasion

and recurrence is one of the important causes of poor

prognosis and death of breast cancer patients. It is urgent

that the mechanisms of breast cancer invasionand targets

that can predict or reverse invasion be elucidated.4 For the

treatment of breast cancer, chemotherapy is the basic treat-

ment means.5 Cisplatin is a broad-spectrum anticancer

drug, and has been found to be effective against a variety

of cancers.6

The Wnt–β-catenin signaling pathway has been a hot

research field in recent years.7 It has been proved that it is

related to the occurrence, invasion, metastasis, and prog-

nosis of many kinds of malignant tumors, such as liver

cancer, pancreatic cancer, stomach cancer, and prostate

cancer,8 but there has been less research on breast cancer.9

This study focused on the expression of miR106a in breast

cancer tissue the enhancement of chemosensitivity for

cisplatin in breast cancer cells, and the relationship

between this process and the Wnt-signaling pathway.

Methods
Cell Lines and Research Subjects
The breast cancer cell lines MDA-MB231 (ATCC HTB26)

and MCF7 (ATCC HTB22) were selected.10 Sixty BALB/c

male nude mice (7–8 weeks old, 20±2g, purchased from

Jinan Pengyue Experimental Animal Breeding, license

SCXK [Lu] 2014–0007) were kept in a well-ventilated,

quiet SPF animal laboratory at room temperature 22°C–24°

C and relative humidity 50%–60%. They were free to eat and

drink. Animal testing followed NIH guidelines (publication

85–23, revised 1996) and was approved by the Animal

Protection and Use Committee of Tianjin Medical

University Cancer Institute and Hospital, National Clinical

Research Center for Cancer.

Cell Culture
MDA-MB231 and MCF7 cells were cultured in DMEM

containing 10% FBS (Sigma-Aldrich, St Louis, MO, USA)

at 37°C, 5% CO2 in an incubator (Thermo Fisher

Scientific, Waltham, MA, USA). Cells in the logarithmic

growth stage were cultured and tested.

Cell Processing and Grouping
Cells in the logarithmic growth stage were digested with

0.25% trypsin, and 2×105 cells were selected and inocu-

lated on six orifice plates. After 24 hours, cell growth was

observed with inverted microscopy. When cell density had

reached 30%–50%, miR106a mimic (MM), miR106a

mimic control, miR106a inhibitor (MI), and miR106a

inhibitor control were transfected into cells with

Lipofectamine 2000 (Thermo Fisher Scientific). Cell trans-

fection was assessed by qRT-PCR. Mice were divided into

five groups: blank control (BC; MM — cells transfected

with miR106a analogue (miR 10000103-1-5); negative

control (NM) — cells transfected with miR106a-mimic

negative-control reagent (miR 01101-1-5); MI — cells

transfected with miR 20000103-1-5; and egative control

(NI) — cells transfected with miR106a-inhibitor negative-

control reagent (miR 02101-1-5).

Construction and Grouping of Nude

Mouse Xenograft Models
MDA-MB231 cells and MCF7 cells in the logarithmic

growth stage were digested with trypsin into cell suspen-

sions and cell concentration adjusted to 1×107 mL. Male

nude mice (n=6) were inoculated with 200 μL cell suspen-

sion under the subcutaneous tissue of the right lower

extremity. A transplanted tumor model was created.

Cisplatin (3 mg/kg) was injected daily 2 weeks after

transfection and maintained for 7 days. The noncisplatin

group was injected with the same amount of saline. The

experiment was divided into ten groups: model — inocu-

lation of normal breast cancer cell suspension; MM —

inoculation of breast cancer cell suspension transfected

with mir106a mimic; NM — breast cancer cell suspension

transfected with miR106a mimic negative control; MI —

breast cancer cell suspension transfected with miR106a

inhibitor; NI — breast cancer cell suspension transfected

with miR106a inhibitor negative control; model + cisplatin

intervention treatment (model + DDP); MM + cisplatin

intervention treatment (MM+DDP); NM + cisplatin inter-

vention treatment (NM+DDP); MI + cisplatin intervention
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therapy (MI+DDP); and NI + cisplatin intervention ther-

apy (NI+DDP).

Detection of Tumor Growth
Tumor growth was observed weekly, and volume mea-

sured with vernier caliper. Tumor volume was calculated

as V=a×b2/2 (a, length; b, short diameter). The growth

curve of tumors was drawn within 5 weeks. After 5

weeks, nude mice were anesthetized with sodium pento-

barbital (50 mg/kg) intraperitoneally. Some tumor tissue

samples were fixed by soaking in 4% polyformaldehyde

solution for subsequent TUNEL and immunohistochemis-

try experiments. Other samples were transferred into liquid

nitrogen and stored in the refrigerator at −80°C for qRT-

PCR and Western blot detection.

TUNEL Detects Tumor-Cell Apoptosis
Tumor tissue fixed in 4% polyformaldehyde solution

was used in paraffin-embedded serial sections (4 μm),

and five slices were cut in each specimen (biotissue

paraffin-embedding machine, paraffin slicer, Leica).

After routine dewaxing with xylene and dehydration

with gradient ethanol, apoptotic tumor cells were

detected quantitatively by TUNEL using a cell apopto-

sis–detection kit (ZK-8005, Beijing Zhongshan Jinqiao

Biotechnology). Tormal nuclei were blue and apoptosis-

positive cells brown-yellow.

Immunohistochemical Detection of Ki67

and β-Catenin Protein Expression
Ki67 (anti-Ki67 antibody, 1:200, AB 15580; Abcam) and

β-catenin (anti-β-catenin antibody, 1:100, AB 16051;

Abcam) expression was detected by immunohistochemis-

try. Tumor tissue fixed in 4% polyformaldehyde solution

was sliced with the paraffin-sectioning machine, stained

with an SABC immunohistochemistry kit, and then sealed

with neutral gum after dehydration of gradient ethanol

solution and transparent treatment of xylene. Positive

cells were counted under 400× optical microscopy.

qRT-PCR Detection of P53, RUNX3,
ABCG2, β-Catenin, BAX, and BCL2 mRNA

Levels
Tissue samples were ground and then centrifuged at 10,000

rpm for 10 minutes at 4°C. Total RNA was extracted using

Trizol (OD 260/OD; 280 indicates RNA purity is acceptable

between 1.8 and 2.0). RNAwas transcribed into cDNAwith a

reverse-transcription kit (Applied Biosystems, Waltham, MA,

USA). qRT-PCR was performed using a MasterCycler Nexus

X2 (Eppendorf, Hamburg, Germany). Conditions were 95°C

for 10 minutes, 95°C for 15 seconds, and 60°C for 60 seconds

for 40 cycles. Data were processed using 2–ΔΔCt and the

relative expression of GAPDH mRNA calculated. The

sequence of primers (Shanghai Bioengineering Technology

Service) used in this study was: P53, forward 5′-TGG

GACGGGACAGCTTTGAG-3′, reverse 5′-GTTTACGCCC

GCGGATCTTG-3′; ABCG2, forward 5′-TCAATCAAAGTG

CTTCTTTTTTATG-3′, reverse 5′-TTGTGGAAGAATCAC

GTGGC-3′; RUNX3, forward 5′-GATGGCAGGCAATGAC

GA-3′, reverse 5′-TGCTGAAGTGGCTTGTGGT-3′; β-cate-

nin, forward 5′-TCAAGACCATCACTATCCTG-3′, reverse:

5′-CATCGGCGTCTTCAGGTGCT-3′; BAX, forward 5′-TC

ATGGGCTGGACATTGGAC-3′, reverse 5′-GAGACAGGG

ACATCAGTCGC-3′; BCL2, forward: 5′-ACAGGGTACGA

TAACCGGGA-3′, reverse 5′-GGGCCGTACAGTTCCACA

AA-3′; GAPDH, forward: 5′-AGAAGGCTGGGGCTCAT

TTG-3′, reverse 5′- AGGGGCCATCCACAGTCTTC-3′.

Mechanism of miR106a on Breast Cancer

Xenografts
To verify further whether the effect of miR106a on trans-

planted breast cancer tumors is related to the Wnt pathway,

we added theWnt signaling–pathway inhibitor FH535 (HY-

15721, MedChemexpress) to treat cells. FH535 was pre-

pared with DMSO at a concentration of 5 mg/mL and

diluted with DMSO:DMEM (1:1). Thirty female BALB/c

nude mice (n=6) were selected to construct the nude mouse

transplanted tumor model according to the method.

Experiments were grouped as: model — inoculated with

normal breast cancer cell suspension, intraperitoneal injec-

tion of 100 µLDMSO:DMEM (1:1) solution; MM— breast

cancer cell suspension transfected with mir106a mimic

inoculated and 100 mL DMSO:DMEM (1:1) solution

injected intraperitoneally; MI — breast cancer cell suspen-

sion transfected with miR106a inhibitor inoculated and 100

µL DMSO:DMEM (1:1) solution injected intraperitoneal;

Wnt signaling-pathway inhibitor (FH535) — inoculated

with normal breast cancer cell suspension and intraperito-

neal injection of FH535 solution (25 mg/kg bw); miR106a

mimic +Wnt signaling-pathway inhibitor (MM+FH535)—

inoculated breast cancer cell suspensions transfected with

miR106a mimic and intraperitoneal injection of FH535

solution (25 mg/kg bw).

Dovepress You et al

Cancer Management and Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
235

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Western Blot Analysis of p53, Runx3,

ABCG2 and Wnt Signaling–Pathway
Proteins β-Catenin, Cyclin D1, and cMyc

Protein-Expression Levels
Protein concentration was measured by with a BCA protein

assay kit, Thermo Fisher Scientific). Samples (40 μg) from

each group were separated by SDS-PAGE, blocked for 30

minutes with a TBST solution containing 5% defatted milk

powder for 1 hour, and then incubated with the primary

antibodies diluted by TBST solution containing 3% FBS.

Primary antibodies were anti-p53 (1:1,000, ab131442;

Abcam), anti-Runx3 (1:1,000, ab49117; Abcam), anti-

ABCG2 (1:1,000, ab16051; Abcam), anti-β-catenin

(1:1,000, ab226977; Abcam), anti-cyclin D1 (1:1,000,

ab226977; Abcam), anti-cMyc (1:1,000, ab39688; Abcam),

and β-actin (1:1,000, ab8227; Abcam). Next, samples were

incubatedwith goat antirabbit IgG (1:2,000, ab6721; Abcam)

for 1 hour. The signal on the membrane was detected by

ECL, protein expression standardized by β-actin, and the

gray scale scanned and quantified by ImageJ software.

Statistical Analysis
Data were analyzed with SPSS 19.0. Results are expressed

as means ± SD. Data of multiple groups were analyzed by

ANOVA, and subsequent analysis was performed with

LSD tests. P<0.05 indicates significance.

Results
qRT-PCR Detection of Cell Transfection
The efficiency of miR106a transfected breast cancer cells

was detected by qRT-PCR (Figure 1). Contents of the BC,

NM, and NI groups were similar (P>0.05), while the differ-

ence between the MM (elevated) group and MI (decreased)

group was significantly higher than the BC group (P<0.05).

After transfection of the miR106a inhibitor for 48 hours in

the MI group, miR106a content in cells was significantly

lower than in the control group (P<0.05). After the same

treatment in the MM group, the of miR106a content was

significantly higher than the former (P<0.05).

Effect of miR106a on Growth and

Chemotherapy Sensitivity of Xenografted

Tumors in Nude Mice
After subcutaneous inoculation of MDA-MB231 cells

and MCF7 cells, nude mice in themodel group were

stable and the tumorigenesis rate 100%. There was no

significant difference in tumor growth between the NM

group and the NI group in comparison with the model

group (P>0.05), but there was between the MM group

and MI group (P<0.05). Compared with the NM group,

tumorigenesis and tumor growth in the MM group was

faster and tumor volume and weight larger (P<0.05).

Compared with the NI group, the growth rate and volume

Figure 1 Transfection efficiency of qRT-PCR assay for miR106a. (A) Relative content of miR106a mRNA in MDA-MB231 cells; (B) relative content of miR106a mRNA in

MCF7 cells. &P<0.05 compared to BC group; *P<0.05 compared to NM group; #P<0.05 compared to NI group.
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of tumors in the MI group were inhibited, and tumor size

decreased obviously (P<0.05).

After cisplatin treatment, tumor growth and weight

were inhibited in all groups. Compared with the MM

group, the MM+DDP group had the least tumor-growth

inhibition and and tumor weight and drug resistance.

Compared with the MI group, inhibition of tumor growth

was most obvious in the MI+DDP group, the volume and

recurrence of tumors decreased (P<0.05), and cisplatin

treatment was effective. miR106a reduced cisplatin sensi-

tivity in transplanted breast cancer tumors Figure 2).

TUNEL Detection of Tumor-Cell

Apoptosis
From the results of TUNEL staining, tumor cells in themodel

group showed a small amount of necrosis. Apoptosis of the

tumor cells in the NM and the NI groups showed no sig-

nificant difference (P>0.05), while the MM and MI groups

were evidently different (P<0.05). There was almost no

apoptosis in tumor cells of the NM and MM groups. The

number of positive cells in these two groups decreased sig-

nificantly (P<0.05). The number of TUNEL-stained positive

cells in the MI group increased significantly (P<0.05).

Figure 3 shows that inhibition of miR106a expression can

induce apoptosis in tumor cells.

Immunohistochemistry to Detect

Expression of Ki67 and β-Catenin
Immunohistochemistry was used to detect expression

levels of β-catenin and Ki67 proteins. As shown in

Figure 4, β-catenin was positive in cytoplasm and nuclei.

Expression levels of various proteins in the model, NM,

and NI groups were not much different (P>0.05), but the

MM and MI groups were significantly different (P<0.05).

Positive expression of β-catenin and Ki67 proteins in the

MM group was stronger than the NM group (P<0.05).

Compared to the Ni group, β-catenin and Ki67 proteins

were weakly positive in the MI group and the number of

positive cells decreased significantly (P<0.05). Inhibition

of miR106a expression resulted in decreased expression

levels of β-catenin and Ki67 proteins.

qRT-PCR Detection of P53, RUNX3,
ABCG2, β-Catenin, BAX, and BCL2 mRNA

Levels
Expression levels of various proteins in the model, NM,

and NI groups were not much different (P>0.05), while

groups MM and MI were obviously different (P<0.05).

The content of β-catenin, BCL2 and ABCG2 mRNA in the

MM group increased compared with the NM group, and

contents of P53, BAX, and RUNX3 mRNA decreased

(P<0.05). P53, BAX, and RUNX3 mRNA contents

increased in the MI group compared with the Ni group,

and the β-catenin, BCL2, and ABCG2 mRNA decreased

(P<0.05, Figure 5).

Wnt Signaling–Pathway Inhibitor FH535

Attenuated Tumor Growth–Promoting

Effect of miR106a
To verify further whether the effect of miR106a on trans-

planted breast cancer tumors may be related to the Wnt

pathway, we added the Wnt signaling–pathway inhibitor

FH535 to treat cells. As shown in Figure 6, tumor growth

was more rapid in the MM group than the Model group

and tumor growth inhibited in the MI group (P<0.05).

After FH535 treatment, tumor growth in the MM+FH535

group was significantly reduced compared with the MM

+FH535 group. FH535 inhibited tumor growth and weight,

induced apoptosis of tumor cells, though its effect was not

obvious within the MI group (P<0.05).

As seen in Figure 7, positive expression of these two

proteins (β-catenin and Ki67) in the MM+FH535 group

was lower, but that in the MM+FH535 group was different

(P<0.05). Positive expression of β-catenin and Ki67 in the

FH535 group was inhibited compared with the model group,

and positive cell numbers decreased significantly (P<0.05).

qRT-PCR results are shown in Figure 8. After FH535 treat-

ment, P53, BAX, and RUNX3 mRNA contents in the MM

+FH535 group were increased, but the of BCL2 and ABCG2

mRNA contents were decreased (P<0.05). The contents of

these five mRNAs (P53, BAX, RUNX3, BCL2, and ABCG2)

in the FH535 group were significantly increased over the

model group (P<0.05). Western blot results are shown in

Figure 9. After treatment with FH535, expression of p53

and Runx3 resistance–related proteins in the MM+FH535

group was higher than the MM group and expression of

ABCG2 protein decreased (P<0.05). Expression of p53 and

Runx3 proteins increased significantly in the FH535 group

compared with the model group, and the content of ABCG2

protein decreased (P<0.05). Expression levels of the Wnt

signaling pathway proteins (β-catenin, cyclin D1, and

cMyc) were further examined. Expression levels of the

three pathway proteins (β-catenin, cyclin D1, and cMyc) in

FH535 group were significantly lower than the Model group
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(P<0.05). Expression levels of these three pathway proteins

in the MM+FH535 group were also lower than the MM

group and pathway activity inhibited.

Discussion
Pemetrexed and cisplatin were found to be effective in

the treatment of asymptomatic brain metastases from

breast cancer.11 It was also suggested that DDP can

inhibit breast cancer activity, promote apoptosis of

MCF7 cells, induce DNA double-strand breakage, and

upregulate apoptosis-associated proteins.12 In the MI

group transfected with the miR106a inhibitor, miR106a

expression decreased, tumor-growth rate and volume

were inhibited, tumor size decreased, and the number of

TUNEL-positive cells in the MI group increased signifi-

cantly. In the MM group transfected with the miR106a

mimic, miR106a expression increased obviously, tumor

cells showed little apoptosis, and the number of TUNEL-

positive cells decreased obviously, indicating that the

miR106a inhibitor effectively inhibited the expression of

Figure 2 Growth of transplanted tumors in nude mice. Images (A), volume (B), and weight (C) of transplanted tumors after MDA-MB231 cell inoculation. Images (D),

volume (E), and weight (F) of transplanted tumors after MCF7 cell inoculation. &P<0.05, &&P<0.01 compared to model group; *P<0.05, P<0.01 compared to NM group;
#P<0.05, ##P<0.01 compared to NI group; ^P<0.05, ^^P<0.01 compared to NM group; %P<0.05, %%P<0.01 compared to MI group.

You et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2020:12238

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


miR106a, thus inhibiting the growth of tumor cells and

inducing apoptosis of tumor cells.

With the development of research, it has been found

that changes in DNA and gene expression can also affect

the sensitivity of cancer to cisplatin. It has been found that

cisplatin sensitivity is associated with the expression of

certain genes, and inhibition of these genes can increase

the sensitivity of cisplatin to gastric cancer cells.13 After

cisplatin treatment, tumor-growth inhibition degree, tumor

weight, and drug resistance in the MM+DDP group were

minimal in all groups. Inhibition of tumor growth was

most obvious in the MI+DDP group: the volume and

recurrence of tumors were decreased, and the therapeutic

effect of cisplatin was obvious. The results showed that

when miR106a expression was high, and the therapeutic

effect of MI+DDP was not obvious, even when DDP was

used. High expression of miR106a reduced cisplatin sen-

sitivity in transplanted breast cancer tumors.

Expression levels of β-catenin and Ki67 proteins were

detected by immunohistochemistry, and positive expression

of both was found in the MM group. These proteins were

weakly positive in the MI group, and the number of positive

cells decreased significantly. It has been shown that abnormal

expression of β-catenin may be involved in malignant

progression of tumors.14 This study found that inhibiting

the expression of miR106a reduced expression levels of β-
catenin and Ki67 proteins, thus inhibiting tumor growth.

Abnormal expression of the β-catenin, BCL2, ABCG2,
P53, BAX, and RUNX3 genes can affect cell apoptosis, cell

proliferation, membrane transport proteins, DNA repair,

gene transcription and translation, and cell adhesion, inva-

sion, and metastasis.15 mRNA levels of β-catenin, BCL2,
and ABCG2 increased in the MM group, and P53, BAX,

and RUNX3 mRNA levels were decreased after qRT-PCR

(P<0.05), In the MI group, mRNA levels of P53, BAX, and

RUNX3 increased and β-catenin, BCL2, and ABCG2

decreased (P<0.05). This suggests that high expression of

miR106a inhibits the expression of P53, BAX, and

RUNX3 and promotes expression of β-catenin, BCL2,

and ABCG2. Recent studies have found that β-catenin,
BCL2, and ABCG2 are involved in the formation of

tumor resistance, and high levels of expression of these

genes are associated with inhibition of apoptosis induced

by various chemotherapeutic agents.16 When these genes

are overexpressed, they may modulate the antioxidant

pathway, act on the apoptosis process, reduce cell mortal-

ity, and counter the effects of chemotherapy drugs. BCL2

family is an important regulatory gene of apoptosis, which

Figure 3 Apoptosis of tumor cells detected by TUNEL method (400×). (A) The results of apoptosis analysis; (B) apoptosis numbers among transplanted tumor cells.
&P<0.05 compared to model group; *P<0.05 compared to MM group; #P<0.05 compared to NI group.
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Figure 4 Expression of β-catenin and Ki67 protein detected by immunohistochemistry (400×). (A) Immunohistochemical pattern and quantitative analysis of positive cell

numbers in MDA-MB231 cells. (B) Immunohistochemical pattern and quantitative analysis of positive cell numbers in MCF7 cells. &P<0.05 compared to model group;

*P<0.05 compared to MM group; #P<0.05 compared to NI group..
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is at the end of the regulatory mechanism in the process of

apoptosis. These genes play an important role in maintain-

ing the physiological differentiation, development, and

dynamic balance of cell numbers. With overexpression of

antiapoptotic genes in breast cancer cells, these genes may

participate in the process of breast cancer resistance by

inhibiting apoptosis, prolonging survival of tumor cells,

and promoting proliferation of tumor cells.

It has been found that abnormal expression of β-catenin
can promote cell proliferation and division by inhibiting

Figure 5 qRT-PCR detection of related gene expression in MDA-MB231 cell (A) and MCF7 cell (B). &P<0.05 compared to model group; *P<0.05 compared to MM group;
#P<0.05 compared to NI group.
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Figure 6 Growth and apoptosis of transplanted tumor cells in nude mice. (A) The picture, volume and weight of transplanted tumor after cells inoculation; (B) Quantitative

analysis of apoptosis morphology and apoptosis number of transplanted tumor cells after inoculation. &P<0.05 compared to model group; ^P<0.05, ^^P<0.01 compared to

MM group; @P<0.05 compared to FH535 group.
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Figure 7 Expression of β-catenin and Ki67 protein detected by immunohistochemistry (400 ×). (A) Immunohistochemical pattern and Quantitative analysis of positive cell

numbers in MDA-MB231 cell. (B) Immunohistochemical pattern and Quantitative analysis of positive cell numbers in MCF7 cell. &P<0.05 compared to model group; ^P<0.05
compared to MM group; @P<0.05 compared to FH535 group.
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Figure 8 qRT-PCR detection of related gene expression in MDA-MB231 (A) and MCF7 cell (B) cells. &P<0.05 compared to model group; ^P<0.05 compared to MM group;
@P<0.05 compared to FH535 group.
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apoptosis, leading to tumor formation.17 This theory has been

validated in this study. The addition of Wnt signal–pathway

inhibitor FH535 showed that tumor growth in the MM

+FH535 group was significantly reduced, the tumor

growth–promoting effect of miR106a weakened, the positive

expression of β-catenin and Ki67 proteins decreased, and the

number of positive cells obviously decreased. They ncreased

P53, BAX, and RUNX3 mRNA levels, decreased BCL2 and

ABCG2 mRNA levels, increased expression of P53 and

RUNX3, and decreased ABCG2. This suggests that FH535

can significantly inhibit tumor growth and weight and induce

apoptosis of tumor cells, but this effect was not obvious in the

MI group. The expression of mRNA (P53, BAX, RUNX3,

BCL2, and ABCG2) was regulated by Wnt-signaling path-

way. FH535 and MM+FH535 were further detected, and

expression levels of the Wnt signaling–pathway proteins β-
catenin, cyclin D1, and cMyc were significantly lower and

channel activity inhibited. There are studies that confirm

this.18 When β-catenin accumulates to a certain level, it can

enter the cell nucleus directly, join TCF4/LEFS, activate

downstream CD44, cMyc and cyclin D1 gene expression

and transcription, and lead to abnormal cell proliferation.19

Conclusion
Overexpression of miR106a can promote the growth of

transplanted breast cancer tumors in nude mice and decrease

the sensitivity of transplanted tumors to cisplatin. This illus-

trates the potential therapeutic value of miR106a in breast

cancer and provides new targets and research directions for

breast cancer prevention, diagnosis, and treatment.

Figure 9 Western blot detection of related protein expression in MDA-MB231 (A) and MCF7 (B) cells. &P<0.05 compared to model group; ^P<0.05 compared to MM

group; @P<0.05 compared to FH535 group.
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