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Abstract: Receptor tyrosine-protein kinase erbB-2 (HER-2) as a member of the human epidermal growth factor re-
ceptor family, plays a key role in the development and the progression of certain aggressive types of breast cancer, 
and has become an important biomarker and target of therapy for breast cancer. Recently, liquid biopsy biomarker 
of tumor cells, such as miRNAs, has been validated and approved as a useful prognostic method for cancer, and 
however of which in breast cancer is not fully elucidated. To address it, human breast cancer cell stains of MCF-7, 
BT474, MCF-7/HER-2, BT474/HER-2 (siRNA) were chosen, and the mRNA and protein expression level of HER-2 
was analyzed by real-time quantitative polymerase chain reaction (RT-qPCR) and Western Blot respectively. Subse-
quently, the differential expression profile of miRNA was analyzed by miRNA gene-chip with bioinformatics analysis. 
As expected, the mRNA and protein expression level of HER-2 was significantly increased with HER-2 overexpres-
sion in MCF-7 cells, and significantly decreased with HER-2 intervention in BT474 cells. Significantly, a total of 217 
miRNAs with 123 up-regulated miRNAs and 94 down-regulated miRNAs was identified with HER-2 overexpression 
in MCF-7 cells, and also a total of 374 miRNAs with 121 up-regulated miRNAs and 253 down-regulated miRNAs 
were identified with HER-2 intervention in BT474 cells. Wherein, 10 miRNAs were up-regulated with HER-2 overex-
pression in MCF-7 cells, and down-regulated with HER-2 intervention in BT474 cells synchronously, and 17 miRNAs 
were down-regulated with HER-2 overexpression in MCF-7 cells, and up-regulated with HER-2 intervention in BT474 
cells synchronously, and the expression level of hsa-miR-877-3p was consistent with gene-chip results, and not only 
provided a significant reference on the differential expression of miRNAs in breast cancer cells and its culturing 
supernatant, and also provided a significant potentially liquid biopsy biomarker for breast cancer in clinic.
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Introduction

Breast cancer is a kind of cancer of which origi-
nates from breast tissue of male and female, 
and often occurs in female with the signs of a 
lump in the breast, a change in breast shape 
and size, dimpling of the skin, fluid coming from 
the nipple, and a red scaly patch of skin, and 
often combines with bone pain, swollen lymph 
nodes, shortness of breath, and yellow skin fol-
lowing its distant spread [1-4]. Several risk fac-
tors are associated with its arising, such as 
female sex, obesity, lack of physical exercise, 
drinking alcohol, hormone replacement therapy 
during menopause, ionizing radiation, early age 

at first menstruation, older age, and family his-
tory, etc [5-8]. Several receptors on cell surface 
and in cell cytoplasm and nucleus of breast 
cancer cells were reported, including estrogen 
receptor (ER) [9-11], progesterone receptor 
(PR) [12-14], and tyrosine-protein kinase erbB-
2 receptor (HER-2) [15-17].

HER-2 is a member of human epidermal growth 
factor receptor family, and could encode a tyro-
sine kinase-like transmembrane glycoprotein 
with a molecular weight of 185 kDa, and highly 
expresses in several cancer cells, such as 
breast cancer, gastric cancer, and salivary duct 
carcinomas, etc [17-20]. In breast cancer cells, 
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HER-2 was mainly located in the cell membrane 
to act as a tumorigenesis, and could maintain 
and/or accelerate the growth, the invasion, the 
angiogenesis of tumor cells, and also inhibit 
cell apoptosis and damage tissue barrier, and 
its over-expression implies an adverse biologi-
cal behavior and prognosis [21-25]. Therefore, 
how to effectively inhibit the over-expression of 
HER-2 in breast cancer cells has been became 
a hot topic, and logically microRNA (miRNA) was 
chosen as a potentially target for inhibiting of 
the expression of HER-2 in breast cancer cells 
duo to its down-regulated characteristic for tar-
get gene [26-28].

miRNAs are endogenous, non-coding, small 
RNAs of 21-25 nucleotides, and are widely dis-
tributed in tissues and organs of different spe-
cies [29-31]. miRNAs strongly affect their tar-
get genes by forming RNA-induced silencing 
complexes (RISCs) that partially bind to the 3’ 
untranslated region (3’-UTR) of target genes to 
induce mRNA degradation or to inhibit mRNA 
translation [32, 33]. Recently, as a variety of 
studies have documented, several miRNAs 
were closely associated with HER-2 in breast 
cancer cells, such as hsa-miR-205 [33], hsa-
miR-497 [34], hsa-miR-125a/hsa-miR-125b 
[35], hsa-miR-331-3p [36-38], hsa-miR-23b 
[39], hsa-miR-27b [40], and hsa-miR-21 [41], 
etc. However, the detailed differential expres-
sion profile of miRNA in breast cancer cells with 
HER-2 overexpression and intervention has 
been no reported so far. Based on it, the MCF-7, 
BT474, MCF-7/HER-2, and BT474/HER-2 (siRNA) 
cell strains were chosen, and the differential 
expression of miRNAs were identified by gene-
chip and bioinformatics analysis, and several 
significantly up-regulated and down-regulated 
miRNAs were screened, and exhibited a signifi-
cant application value on the treatment of 
breast cancer in clinic. 

Materials and methods

Cell strains and culturing

The MCF-7 and BT474 cell strains were kindly 
presented by professor Zhu Tao of the University 
of Science and Technology of China, and resur-
rected from liquid nitrogen using Roswell Park 
Memorial Institute-1640 medium (RPMI-1640, 
Hyclone, USA) with 10% (v/v) fetal bovine 
serum, and cultured to the logarithmic phase in 

a carbon dioxide (CO2)-incubator with 5% CO2 at 
37°C. Similarly, MCF-7/HER-2 cell strain of 
which was over-expressed HER-2 gene, and 
BT474/HER-2 (siRNA) cell strain of which was 
intervened HER-2 gene, was kindly presented 
by professor Liu Jing of the University of Science 
and Technology of China, and resurrected from 
liquid nitrogen using Dulbecco minimum essen-
tial high glucose medium (DMEM, Hyclone, 
USA) with 10% (v/v) fetal bovine serum and 
antibiotics of G418 (finally concentration: 0.5 
mM), and cultured to the logarithmic phase in a 
CO2-incubator with 5% CO2 at 37°C.

Total RNA extraction of MCF-7, BT474, MCF-7/
HER-2, and BT474/HER-2 (siRNA) cells 

The above-mentioned MCF-7, BT474, MCF-7/
HER-2, and BT474/HER-2 (siRNA) cells were 
diluted to 2 × 106 cell/ml, and inoculated to a 
T-25 cm2 flask, and separately cultured in a 
CO2-incubator with 5% CO2 at 37°C till 80% con-
fluence, and cells were collected to extract the 
total RNA according to the manufacturer’s 
instructions of a Total RNA Extraction Kit 
(Tiagen, Beijing, China), and the purity and the 
concentration of total RNA was confirmed by 
ultraviolet visible spectrophotometer (Bio-Rad, 
USA). After then, the total RNA was reversely 
transferred with a Reverse Transcription Kit 
(Toyobo, Japan) according to the manufactur-
er’s instructions. The reaction mixture, includ-
ing 10 μL 2 × loading buffer, 1.2 μL oligo (dT), 2 
μL RNA, 0.2 μL MMLV, and 6.6 μL DEPC ddH2O, 
was prepared and reacted at 65°C for 30 min, 
followed by 42°C for 30 min, and then by 85°C 
for 10 min.

Real time quantitative polymerase chain reac-
tion (RT-qPCR) assay

The above-extracted of a total of 100 ng cDNA 
was used as a template in a RT-qPCR reaction 
using SYBR® Premix Ex TaqTM kit (TAKARA, 
Japan), according to the manufacturers’ instruc-
tions. The reaction mixture, including 12.5 μL 2 
× Primer Taq Mix, 1 μL forward primer, 1 μL 
reverse primer, 1 μL cDNA, and 9.5 μL ddH2O, 
was prepared and performed RT-qPCR accord-
ing to the program: one cycle of 94°C for 5 min; 
40 cycles of 94°C for 30 s, 54°C for 30 s, and 
72°C for 30 s, using primers as following: HER-
2: pU: AGTACCTGGGTCTGGACGTG-3’ and pD: 
5’-CTGGGAACTCAAGCAGGAAG-3’; β-actin: pU: 
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5’-AGCCATGTACGTAGCCATCC-3’ and pD: 5’-CT- 
CTCAGCTGTGGTGGTGAA-3’. The results were 
analyzed using the SDS 1.41 software (Applied 
Biosystems, USA) based on 2-ΔΔCt, and histo-
gram analysis using the Origin 9.4 software 
(http://www.originlab.com/).

Western blot assay

The above-mentioned MCF-7, BT474, MCF-7/
HER-2, and BT474/HER-2 (siRNA) were diluted 
to 2 × 106 cell/ml, and inoculated to a T-25 cm2 
flask, and cultured in a CO2-incubator with 5% 
CO2 at 37°C till 80% confluence, and total pro-
teins were extracted to measure the concentra-
tion by a BCA protein quantification kit (Thermo, 
USA), and about 35 mg total proteins was frac-
tionated by electrophoresis through 12.5% 
polyacrylamide gels, and transferred to a poly-
vinylidene difluoride (PVDF) membrane (GE 
Healthcare) following the manufacturers’ ins- 
tructions. The membrane was probed with the 
first antibody, anti-HER-2 monoclonal antibody 
(ab16901, Abcam, USA) and anti-β-actin mono-
clonal antibody (ab8226, Abcam, USA) for 1.5 
hr at room temperature (RT). Afterward, the 
membrane was incubated with horseradish 
peroxidase-conjugated goat anti-mouse sec-
ondary antibody (1:5,000 in TBST; Beijing Go- 
lden Bridge Biotechnology Company Ltd, China) 
at RT for 1 hrs. The chemiluminescence luminol 
reagent (ZKP-C150044-1, Suzhou Zeke bio-
tech Co., LTD, Jiangsu, China) were used to de- 
velop the immune-labeled bands on X-ray film, 
and the optical density of the bands was quan-
tified using the ImageJ 1.46 software (http://
rsb.info.nih.gov/ij/download.html), and a histo-
gram was generated using the Origin 9.5 soft-
ware (http://www.originlab.com/).

Figure 1. The mRNA and protein expression level assay of the over-expressed and the intervened HER-2 in MCF-7 
and BT474 cells by RT-qPCR and Western Blot, and histogram analysis. A. The mRNA expression level assay of the 
over expressed HER-2 in MCF-7 by RT-qPCR; B. The protein expression level assay of the over expressed HER-2 in 
MCF-7 by Western blot, and histogram analysis; C. The mRNA expression level assay of the over expressed HER-2 
in BT474 by RT-qPCR; D. The protein expression level assay of the over expressed HER-2 in BT474 by Western blot, 
and histogram analysis. The images indicated that the mRNA and protein expression level of the over-expressed 
HER-2 was significantly increased (**: P < 0.01, compared to MCF-7 cells alone), and the intervened HER-2 was 
significantly decreased (**: P < 0.01, compared to BT474 cells alone).

Figure 2. The fluorescent hybridization signal of miR-
NAs in breast cancer cells. The images indicated the 
obvious fluorescent hybridization signal of miRNAs 
was displayed in breast cancer cells.
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Table 1. The up-regulated miRNAs of MCF-7 cells with HER-2 gene overexpression

ID Name
Fore Ground Fore Ground/Back Ground Normalized Fold change
E C E C E C E vs C

169320 hsa-miR-4468 134.50 2729.50 42.50 2130.00 0.0594 3.5708 60.1580
17358 ebv-miR-BART16 137.00 2176.00 36.50 1621.50 0.0510 2.7184 53.3245
147595 hsa-miR-3178 174.00 2814.00 56.50 2215.00 0.0789 3.7133 47.0574
148377 hsa-miR-3653 200.00 3796.50 97.50 3276.00 0.1362 5.4920 40.3313
42522 ebv-miR-BART19-3p 1529.50 47393.00 1423.50 46810.00 1.9881 78.4744 39.4715
42524 hsa-miR-21-3p 151.00 2192.00 56.50 1665.00 0.0789 2.7913 35.3727
42865 hsa-miR-181a-5p 229.00 3886.50 125.50 3313.50 0.1753 5.5549 31.6917
168973 hsa-miR-1268b 105.00 872.00 13.50 343.50 0.0189 0.5759 30.5419
168682 hsa-miR-4502 110.00 711.50 7.50 189.00 0.0105 0.3168 30.2484
168971 hsa-miR-4449 165.00 2060.00 68.00 1516.50 0.0950 2.5423 26.7692
30687 hsa-miR-93-5p 327.50 5317.00 238.50 4795.50 0.3331 8.0394 24.1350
148000 hsa-miR-3195 156.50 1461.00 47.50 908.50 0.0663 1.5231 22.9580
10946 hsa-miR-141-3p 578.50 9061.50 485.00 8553.50 0.6774 14.3395 21.1692
10964 hsa-miR-155-5p 133.50 1139.00 41.00 602.00 0.0573 1.0092 17.6244
17427 hsa-miR-200c-3p 1204.50 16108.00 1110.00 15577.00 1.5503 26.1140 16.8447
42827 hsa-miR-652-3p 119.00 706.00 13.50 188.00 0.0189 0.3152 16.7158
31026 hsa-miR-101-3p 149.00 1279.00 50.50 702.50 0.0705 1.1777 16.6977
17561 ebv-miR-BART6-3p 302.00 3397.00 211.00 2903.00 0.2947 4.8667 16.5146
169363 hsa-miR-320c 187.50 1583.50 79.00 1030.50 0.1103 1.7276 15.6575
147817 hsa-miR-3196 129.50 812.00 19.50 247.00 0.0272 0.4141 15.2042
27533 hsa-miR-320a 165.50 1437.00 72.50 897.50 0.1013 1.5046 14.8593
13171 hsa-miR-429 126.50 909.00 35.00 409.50 0.0489 0.6865 14.0439
17854 hsa-miR-106b-3p 200.50 1735.50 103.00 1172.50 0.1439 1.9656 13.6640
10986 hsa-miR-193a-3p 127.00 898.50 31.00 351.00 0.0433 0.5884 13.5909
169420 hsa-miR-193b-5p 98.50 660.00 8.50 93.50 0.0119 0.1567 13.2037
19596 hsa-miR-30d-5p 126.00 866.50 30.00 303.50 0.0419 0.5088 12.1434
168586 hsa-miR-34a-5p 158.50 1165.50 66.50 660.00 0.0929 1.1065 11.9131
168819 hsa-miR-200a-3p 212.50 1568.50 105.50 1018.50 0.1473 1.7075 11.5881
42682 hsa-miR-25-3p 322.00 2674.00 227.50 2110.50 0.3177 3.5381 11.1354
148657 hsa-miR-381-5p 279.00 2166.00 185.50 1658.50 0.2591 2.7804 10.7318
148420 hsa-miR-3607-3p 500.00 4159.50 396.00 3539.00 0.5531 5.9329 10.7272
147805 hsa-miR-3183 324.50 2563.00 225.00 2010.50 0.3142 3.3705 10.7257
147165 hsa-let-7b-5p 262.50 2022.00 156.50 1391.50 0.2186 2.3328 10.6726
169123 hsa-miR-3184-3p 142.50 1054.00 58.00 513.00 0.0810 0.8600 10.6168
168776 hsa-miR-4795-3p 1378.00 11383.50 1282.50 10772.00 1.7912 18.0587 10.0819
11134 hsa-miR-502-5p 146.50 909.50 45.00 328.00 0.0628 0.5499 8.7491
10972 hsa-miR-181b-5p 254.50 1724.00 166.50 1206.50 0.2325 2.0226 8.6979
46324 hsa-miR-320b 263.50 1692.00 158.00 1117.00 0.2207 1.8726 8.4859
42570 hsa-miR-194-3p 112.00 688.50 22.00 143.50 0.0307 0.2406 7.8295
19582 hsa-miR-106b-5p 425.50 2629.50 324.00 2073.00 0.4525 3.4753 7.6799
168637 hsa-miR-3940-5p 827.00 4930.50 724.50 4383.50 1.0119 7.3487 7.2625
145984 ebv-miR-BART2-3p 106.00 615.00 12.50 73.00 0.0175 0.1224 7.0100
169409 hsa-miR-4286 300.50 1682.00 200.00 1161.00 0.2793 1.9464 6.9679
42744 hsa-miR-23a-3p 563.50 3256.50 462.50 2678.00 0.6459 4.4895 6.9503
168868 hsa-miR-5681b 1183.50 6710.50 1071.50 6138.00 1.4965 10.2900 6.8760
11020 hsa-miR-22-3p 283.00 1655.50 193.50 1104.50 0.2703 1.8516 6.8515
42702 hsa-miR-30c-1-3p 606.00 3365.50 508.00 2803.50 0.7095 4.6999 6.6243
42739 hsa-miR-339-5p 227.00 1191.00 125.00 681.50 0.1746 1.1425 6.5442
168806 hsa-miR-4659a-3p 110.00 648.50 10.00 54.50 0.0140 0.0914 6.5418
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169399 hsa-miR-4750-5p 475.00 2453.00 358.00 1881.50 0.5000 3.1542 6.3085
17608 hsa-miR-425-5p 113.00 593.00 10.00 50.00 0.0140 0.0838 6.0017
168605 hsa-miR-4653-3p 1456.50 7201.00 1355.50 6634.50 1.8932 11.1224 5.8750
27565 hsa-miR-423-5p 1075.50 5336.00 963.50 4709.50 1.3457 7.8952 5.8671
17418 kshv-miR-K12-4-3p 166.00 864.00 66.50 324.50 0.0929 0.5440 5.8573
10987 hsa-miR-193b-3p 382.00 1911.50 295.50 1415.00 0.4127 2.3722 5.7478
145820 hsa-let-7c-5p 207.50 1077.00 111.00 531.00 0.1550 0.8902 5.7421
42514 hsa-miR-937-3p 195.00 1007.00 98.50 470.00 0.1376 0.7879 5.7275
46336 hsa-miR-1284 1241.50 5909.50 1147.00 5361.50 1.6020 8.9883 5.6108
42951 ebv-miR-BHRF1-2-3p 212.00 1084.50 124.00 565.50 0.1732 0.9480 5.4741
10998 hsa-miR-19b-3p 186.50 960.00 91.00 415.00 0.1271 0.6957 5.4741
27720 hsa-miR-15a-5p 230.50 1178.00 139.50 636.00 0.1948 1.0662 5.4725
169238 hsa-miR-4654 275.50 1301.00 164.50 737.00 0.2297 1.2355 5.3778
169376 hsa-miR-5701 1727.00 7795.50 1634.50 7264.50 2.2828 12.1785 5.3349
11004 hsa-miR-203a 229.00 1130.50 121.50 536.00 0.1697 0.8986 5.2953
17546 hsa-miR-585-3p 493.50 2270.50 395.00 1741.00 0.5517 2.9187 5.2906
10928 hsa-miR-125a-5p 1130.50 4968.50 1032.50 4407.50 1.4420 7.3889 5.1239
146111 hsa-miR-767-5p 1778.00 7594.00 1674.50 6993.50 2.3387 11.7242 5.0132
10985 hsa-miR-191-5p 200.00 953.50 111.50 460.00 0.1557 0.7712 4.9521
169260 hsa-miR-4436b-3p 152.50 706.00 53.50 204.00 0.0747 0.3420 4.5770
9938 hsa-let-7i-5p 218.50 994.00 116.50 433.00 0.1627 0.7259 4.4613
168686 hsa-miR-4768-5p 279.00 1217.00 183.50 656.50 0.2563 1.1006 4.2944
168709 hsa-miR-4429 430.50 1744.50 338.50 1197.00 0.4728 2.0067 4.2446
10967 hsa-miR-16-5p 641.00 2429.50 535.50 1861.00 0.7479 3.1199 4.1715
147162 hsa-let-7a-5p 401.50 1596.00 309.00 1070.50 0.4316 1.7946 4.1584
147506 hsa-miR-21-5p 4100.00 14348.00 4007.50 13832.00 5.5971 23.1886 4.1430
168836 hsa-miR-4496 195.50 859.50 97.00 331.00 0.1355 0.5549 4.0960
168802 hsa-miR-4516 440.50 1681.00 325.00 1100.50 0.4539 1.8449 4.0645
169204 hsa-miR-4709-3p 796.50 2759.50 687.00 2195.00 0.9595 3.6798 3.8351
169079 hsa-miR-4667-5p 846.50 2887.00 734.00 2327.00 1.0251 3.9011 3.8054
42887 hsa-miR-331-3p 277.50 1078.00 170.50 521.50 0.2381 0.8743 3.6714
147186 hsa-miR-200b-3p 877.50 3008.00 790.00 2379.50 1.1034 3.9891 3.6154
168619 hsa-miR-1260b 1580.00 5016.00 1473.00 4432.50 2.0573 7.4308 3.6120
13143 hsa-miR-301a-3p 153.50 718.50 59.50 178.50 0.0831 0.2992 3.6010
46215 hsa-miR-1301-3p 231.00 922.50 122.00 365.50 0.1704 0.6127 3.5961
169188 hsa-miR-4443 2672.00 7922.00 2560.00 7336.50 3.5754 12.2992 3.4399
46869 hsa-miR-1258 262.00 1030.50 152.50 435.00 0.2130 0.7293 3.4239
10919 hsa-miR-103a-3p 648.50 2158.50 538.50 1522.00 0.7521 2.5516 3.3926
168844 hsa-miR-4532 1441.50 4326.50 1338.50 3748.50 1.8694 6.2842 3.3616
169395 hsa-miR-4484 795.00 2492.00 700.50 1944.50 0.9784 3.2598 3.3320
11078 hsa-miR-365a-3p/hsa-miR-365b-3p 291.50 1047.50 205.00 546.00 0.2863 0.9153 3.1970
17493 hsa-miR-622 338.00 1141.50 246.00 637.50 0.3436 1.0687 3.1106
148327 hsa-miR-3651 218.00 862.50 122.00 315.50 0.1704 0.5289 3.1041
169110 hsa-miR-4497 881.00 2523.50 793.50 2022.00 1.1082 3.3898 3.0587
145968 hsa-let-7d-5p 356.00 1225.00 261.00 664.50 0.3645 1.1140 3.0560
145745 hsa-miR-335-3p 3293.00 8624.00 3184.50 8031.50 4.4476 13.4644 3.0273
146158 hsa-miR-3202 1050.50 2936.50 954.50 2376.00 1.3331 3.9832 2.9879
168631 hsa-miR-4723-5p 250.00 944.50 151.50 372.00 0.2116 0.6236 2.9474
169274 hsa-miR-5196-3p 225.00 884.50 139.00 338.50 0.1941 0.5675 2.9231
169015 hsa-miR-4454 4817.50 11954.00 4729.00 11478.00 6.6047 19.2422 2.9134
13132 hsa-miR-519e-5p 575.50 1730.00 465.00 1116.50 0.6494 1.8718 2.8821
169412 hsa-miR-1260a 295.50 1030.50 177.00 421.50 0.2472 0.7066 2.8584
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miRNA extraction of MCF-7, BT474, MCF-7/
HER-2, and BT474/HER-2 (siRNA) cells

The above-mentioned MCF-7, BT474, MCF-7/
HER-2, and BT474/HER-2 (siRNA) cells were 
diluted to 2 × 106 cell/ml, and inoculated to a 
T-25 cm2 flask, and separately cultured in a 
CO2-incubator with 5% CO2 at 37°C till 80% con-
fluence, and cells and its culturing supernatant 
were collected to extract miRNA according to 
the manufacturer’s instructions of miRNA ex- 
traction kit (Tiagen, Beijing, China). After grind-
ing, 1 mL of TRIzol was added, and the samples 
were mixed for 30 s and then incubated at 
room temperature for 5 min. Chloroform (200 
μL, Invitrogen, USA) was added to the samples, 
which were mixed for 15 s, incubated at room 
temperature for 5 min, and centrifuged at 4°C, 
at 12,000 rpm for 10 min. The supernatant 
was collected, mixed with 1.5 volumes of abso-
lute ethanol, transferred to a miRspin column, 
and centrifuged at room temperature, at 

12,000 rpm for 30 s. The effluent was removed, 
and 500 μL MRD buffer was added to the col-
umn, which was incubated at room tempera-
ture for 2 min followed by centrifugation at 
room temperature, at 12,000 rpm for 30 s. The 
effluent was removed and 700 μL RW buffer 
was added to the column, which was incubated 
at room temperature for 2 min followed by cen-
trifugation at room temperature at 12,000 rpm 
for 30 s, and repeated once with 700 μL RW 
buffer. The effluent was removed and 500 μL 
RW buffer was added to the column, which was 
then incubated at room temperature for 2 min, 
followed by centrifugation at room tempera-
ture, at 12,000 rpm for 30 s. The column was 
transferred to a new collection tube and centri-
fuged at 12,000 rpm for 1 min to remove any 
residual liquid. After air-drying at room temper-
ature, 30 μL of RNase-free double-distilled H2O 
(ddH2O) was added to the miRspin column. The 
column was centrifuged at room temperature, 

147631 hsa-miR-4258 842.00 2323.50 754.50 1785.50 1.0538 2.9933 2.8406
148085 hsa-miR-3687 826.00 2283.00 716.00 1684.50 1.0000 2.8240 2.8240
169082 hsa-miR-1275 591.00 1732.50 495.00 1164.00 0.6913 1.9514 2.8226
42516 kshv-miR-K12-12-5p 221.50 932.50 133.50 307.00 0.1865 0.5147 2.7603
147199 hsa-miR-27b-3p 174.50 786.00 66.00 151.50 0.0922 0.2540 2.7553
169330 hsa-miR-23b-3p 951.50 2415.00 866.00 1927.50 1.2095 3.2313 2.6716
169185 hsa-miR-5187-3p 937.00 2381.00 849.00 1887.50 1.1858 3.1643 2.6686
168928 hsa-miR-4431 1170.00 2950.00 1064.00 2355.00 1.4860 3.9480 2.6568
11164 hsa-miR-519e-3p 231.00 869.00 129.50 283.00 0.1809 0.4744 2.6231
147794 kshv-miR-K12-8-3p 173.00 732.00 77.00 164.00 0.1075 0.2749 2.5566
168696 hsa-miR-4739 681.50 1715.00 585.00 1236.50 0.8170 2.0729 2.5371
45764 hsa-miR-302e 210.00 751.00 121.00 254.00 0.1690 0.4258 2.5197
148668 hsa-miR-378a-3p 551.50 1428.00 435.00 913.00 0.6075 1.5306 2.5193
147600 hsa-miR-4292 668.50 1721.50 572.00 1187.50 0.7989 1.9908 2.4920
148504 hsa-miR-874-5p 287.50 939.50 192.50 398.50 0.2689 0.6681 2.4848
146112 hsa-miR-30b-5p 163.50 642.50 67.00 136.00 0.0936 0.2280 2.4365
169358 hsa-miR-4417 591.50 1582.50 485.50 971.00 0.6781 1.6278 2.4007
169199 hsa-miR-4518 260.00 870.00 167.00 329.50 0.2332 0.5524 2.3683
168933 hsa-miR-5581-3p 1665.00 3627.00 1556.00 3039.50 2.1732 5.0956 2.3447
169070 hsa-miR-4695-3p 2118.00 4523.50 2017.50 3934.00 2.8177 6.5951 2.3406
168882 hsa-miR-664b-3p 1709.50 3584.50 1617.50 3103.50 2.2591 5.2028 2.3031
42661 hsa-miR-492 127.50 570.50 24.50 44.50 0.0342 0.0746 2.1802
169028 hsa-miR-4708-3p 3371.50 6417.50 3259.00 5875.00 4.5517 9.8491 2.1638
11182 hsa-miR-98-5p 327.50 959.00 214.00 375.50 0.2989 0.6295 2.1062
17506 hsa-miR-24-3p 670.50 1607.50 562.00 985.50 0.7849 1.6521 2.1049
169159 hsa-miR-4521 176.00 720.50 66.50 116.00 0.0929 0.1945 2.0938
147891 hsa-miR-3175 625.00 1519.00 518.00 901.50 0.7235 1.5113 2.0890
168672 hsa-miR-1587 584.50 1353.50 492.00 836.00 0.6872 1.4015 2.0396
42703 hsa-miR-490-3p 381.50 1060.50 278.50 472.50 0.3890 0.7921 2.0365
169087 hsa-miR-149-3p 2519.00 4596.50 2425.00 4058.00 3.3869 6.8030 2.0086
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Table 2. The down-regulated miRNAs of MCF-7 cells with HER-2 gene overexpression

ID Name
Fore Ground Fore Ground/

Back Ground Normalized Fold change

E C E C E C E vs C
29460 hsa-miR-553 1733.50 481.50 1645.00 0.50 2.2975 0.0008 0.0004

169319 hsa-miR-3136-3p 3076.00 586.00 2991.50 13.50 4.1781 0.0226 0.0054

13137 hsa-miR-518e-5p/hsa-miR-519a-5p/hsa-miR-519b-5p/
hsa-miR-519c-5p/hsa-miR-522-5p/hsa-miR-523-5p

1995.00 536.50 1903.00 18.50 2.6578 0.0310 0.0117

169308 hsa-miR-4503 1597.50 581.50 1500.50 15.50 2.0957 0.0260 0.0124

168986 hsa-miR-4677-3p 1958.50 571.50 1859.50 21.50 2.5971 0.0360 0.0139

17327 hsa-miR-630 6036.00 626.50 5942.50 69.50 8.2996 0.1165 0.0140

169227 hsa-miR-3064-5p 180.50 553.50 83.50 1.00 0.1166 0.0017 0.0144

148234 hsa-miR-3667-5p 3897.50 652.00 3811.00 48.00 5.3226 0.0805 0.0151

168852 hsa-miR-4764-5p 888.00 579.00 788.00 10.50 1.1006 0.0176 0.0160

168597 hsa-miR-5699-3p 3398.00 534.00 3311.50 44.50 4.6250 0.0746 0.0161

13178 hsa-miR-18a-3p 210.00 575.00 101.00 1.50 0.1411 0.0025 0.0178

27568 hsa-miR-744-5p 458.50 593.00 360.50 5.50 0.5035 0.0092 0.0183

145675 hsa-miR-501-5p 1807.00 665.50 1718.50 30.00 2.4001 0.0503 0.0210

17892 hsa-miR-372-5p 1121.00 578.00 1026.00 19.00 1.4330 0.0319 0.0222

146179 hsa-miR-2113 808.00 525.00 720.50 15.00 1.0063 0.0251 0.0250

145826 hsa-miR-18b-3p 253.50 596.00 144.00 3.00 0.2011 0.0050 0.0250

14301 hsa-miR-361-5p 2361.50 622.50 2256.50 51.00 3.1515 0.0855 0.0271

42475 hsa-miR-221-5p 1886.00 587.00 1792.00 59.50 2.5028 0.0997 0.0399

169262 hsa-miR-5009-5p 618.00 586.00 504.00 17.50 0.7039 0.0293 0.0417

46788 hsa-miR-1299 701.00 593.50 582.50 22.50 0.8135 0.0377 0.0464

169379 hsa-miR-4694-3p 1774.50 602.50 1684.00 67.00 2.3520 0.1123 0.0478

42730 hsa-miR-423-3p 1445.00 616.50 1336.00 58.00 1.8659 0.0972 0.0521

169010 hsa-miR-2681-3p 2217.50 619.00 2127.00 98.00 2.9707 0.1643 0.0553

147667 hsa-miR-3182 632.50 513.00 542.50 27.50 0.7577 0.0461 0.0608

147926 hsa-miR-4329 3495.00 666.50 3406.50 185.50 4.7577 0.3110 0.0654

169076 hsa-miR-345-3p 393.50 617.00 288.00 16.00 0.4022 0.0268 0.0667

169168 hsa-miR-5580-3p 334.50 623.50 227.50 13.00 0.3177 0.0218 0.0686

27672 hsa-miR-615-3p 1938.50 655.50 1842.00 109.00 2.5726 0.1827 0.0710

11151 hsa-miR-516b-5p 1639.50 626.50 1551.50 96.50 2.1669 0.1618 0.0747

169167 hsa-miR-4451 1826.50 697.00 1717.50 107.50 2.3987 0.1802 0.0751

169211 hsa-miR-5704 577.00 633.00 465.00 32.50 0.6494 0.0545 0.0839

17646 ebv-miR-BHRF1-3 3315.00 754.00 3225.00 234.00 4.5042 0.3923 0.0871

148652 hsa-miR-620 1211.50 566.00 1123.00 86.50 1.5684 0.1450 0.0925

42906 ebv-miR-BHRF1-1 1069.50 656.50 961.00 80.50 1.3422 0.1350 0.1005

146010 hsa-miR-2116-5p 2755.00 784.00 2667.00 236.50 3.7249 0.3965 0.1064

42954 ebv-miR-BART7-5p 1386.50 661.50 1273.50 116.00 1.7786 0.1945 0.1093

168768 hsa-miR-4423-5p 3149.50 837.50 3057.00 293.50 4.2696 0.4920 0.1152

168727 hsa-miR-4426 2084.00 778.00 1988.50 191.50 2.7772 0.3210 0.1156

148495 hsa-miR-3915 2398.50 868.50 2285.50 228.50 3.1920 0.3831 0.1200

169307 hsa-miR-4685-3p 532.50 604.50 438.50 44.50 0.6124 0.0746 0.1218

146090 hsv1-miR-H7-3p 656.50 650.00 555.00 56.50 0.7751 0.0947 0.1222

17942 hsa-miR-125a-3p 887.00 620.50 795.00 82.50 1.1103 0.1383 0.1246

11007 hsa-miR-206 1797.50 768.00 1706.50 186.00 2.3834 0.3118 0.1308

168964 hsa-miR-4450 4461.50 1083.50 4361.50 511.00 6.0915 0.8567 0.1406

169407 hsa-miR-4301 1333.50 727.00 1224.50 144.50 1.7102 0.2422 0.1416

17810 hsa-miR-29b-1-5p 1922.50 781.00 1825.00 218.50 2.5489 0.3663 0.1437

148247 hsa-miR-2355-3p 2285.50 818.00 2181.00 263.00 3.0461 0.4409 0.1447

17578 kshv-miR-K12-5-3p 2163.00 788.50 2075.00 252.00 2.8980 0.4225 0.1458

46789 hsa-miR-513b-5p 1139.00 720.50 1029.50 128.50 1.4378 0.2154 0.1498

17863 hsa-miR-934 635.00 629.50 538.50 67.50 0.7521 0.1132 0.1505

168980 hsa-miR-4324 1375.50 718.00 1279.50 161.50 1.7870 0.2707 0.1515
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at 12,000 rpm for 2 min. The effluent was col-
lected, and the purity and the concentration of 

extracted miRNA were determined by ultravio-
let visible spectrophotometer (Bio-Rad, USA).

168769 hsa-miR-5002-5p 3064.00 887.00 2977.50 378.50 4.1585 0.6345 0.1526

148057 hsa-miR-186-3p 1683.00 768.00 1585.00 211.00 2.2137 0.3537 0.1598

169170 hsa-miR-4472 2228.00 879.50 2122.50 285.50 2.9644 0.4786 0.1615

169411 hsa-miR-205-3p 2682.00 891.50 2589.00 358.00 3.6159 0.6002 0.1660

168941 hsa-miR-4501 1098.00 678.50 1007.00 145.00 1.4064 0.2431 0.1728

28047 hsa-miR-890 711.50 621.00 617.50 89.00 0.8624 0.1492 0.1730

21702 hsa-miR-219a-1-3p 342.50 658.50 235.50 34.00 0.3289 0.0570 0.1733

168989 hsa-miR-4447 381.00 606.00 281.00 41.00 0.3925 0.0687 0.1751

169311 hsa-miR-4714-5p 665.50 667.50 556.00 82.00 0.7765 0.1375 0.1770

42654 hsa-miR-483-5p 400.00 647.50 284.00 44.50 0.3966 0.0746 0.1881

148316 hsa-miR-134-3p 637.00 627.50 547.00 86.50 0.7640 0.1450 0.1898

42749 hsa-miR-659-3p 607.50 600.00 507.50 87.50 0.7088 0.1467 0.2070

147889 hsv1-miR-H14-3p 120.00 543.50 37.50 6.50 0.0524 0.0109 0.2081

168994 hsa-miR-3591-5p 1814.00 863.00 1702.50 303.00 2.3778 0.5080 0.2136

46380 hsa-miR-1255a 2609.00 1002.00 2508.50 447.50 3.5035 0.7502 0.2141

29872 hsa-miR-340-5p 395.50 667.50 291.50 54.00 0.4071 0.0905 0.2224

17328 ebv-miR-BART8-3p 1684.50 815.00 1594.00 295.50 2.2263 0.4954 0.2225

168911 hsa-miR-4682 887.50 651.50 803.00 152.50 1.1215 0.2557 0.2280

168722 hsa-miR-4742-3p 783.50 681.50 686.50 137.00 0.9588 0.2297 0.2395

168955 hsa-miR-4756-3p 534.00 650.00 442.50 91.50 0.6180 0.1534 0.2482

168606 hsa-miR-4633-5p 215.00 594.50 118.00 26.50 0.1648 0.0444 0.2696

169035 hsa-miR-4658 775.00 703.50 674.00 152.00 0.9413 0.2548 0.2707

168660 hsa-miR-5000-5p 3521.50 1287.50 3432.00 818.00 4.7933 1.3713 0.2861

46810 hsa-miR-1827 1623.50 906.50 1530.50 366.50 2.1376 0.6144 0.2874

148335 hsa-miR-3606-5p 2131.50 1136.50 2017.00 503.50 2.8170 0.8441 0.2996

147632 hsa-miR-4297 705.50 660.00 606.00 154.00 0.8464 0.2582 0.3050

168998 hsa-miR-4508 480.00 696.50 379.00 97.00 0.5293 0.1626 0.3072

148465 hsa-miR-3611 1541.00 965.50 1431.50 368.00 1.9993 0.6169 0.3086

42932 hsa-miR-920 327.00 696.00 217.50 56.00 0.3038 0.0939 0.3091

42795 kshv-miR-K12-3-5p 1026.00 859.00 918.00 239.00 1.2821 0.4007 0.3125

19585 hsa-miR-148b-3p 186.50 585.00 89.00 23.50 0.1243 0.0394 0.3169

17898 hsa-miR-99b-3p 1295.50 858.50 1205.50 322.50 1.6837 0.5407 0.3211

17488 kshv-miR-K12-6-3p 3111.50 1371.00 3018.50 833.50 4.2158 1.3973 0.3314

147900 hsv2-miR-H6-3p 893.50 847.00 786.00 218.00 1.0978 0.3655 0.3329

147588 hsa-miR-4288 604.50 683.00 512.50 142.50 0.7158 0.2389 0.3338

148481 hsa-miR-3646 816.50 742.50 722.50 209.50 1.0091 0.3512 0.3481

168557 hsa-miR-4777-5p 2071.00 1152.00 1968.50 587.00 2.7493 0.9841 0.3579

42446 hsa-miR-576-5p 783.00 793.50 684.50 205.50 0.9560 0.3445 0.3604

168661 hsa-miR-4531 2117.00 1217.00 2013.00 604.50 2.8115 1.0134 0.3605

168915 hsa-miR-4780 4821.00 1945.00 4731.50 1426.00 6.6082 2.3906 0.3618

169232 hsa-miR-3156-3p 1056.00 835.00 965.50 296.00 1.3485 0.4962 0.3680

17338 hsa-miR-660-5p 276.00 578.00 182.00 57.50 0.2542 0.0964 0.3792

148622 hsa-miR-877-3p 600.50 711.00 477.50 155.00 0.6669 0.2598 0.3896

10923 hsa-miR-107 379.00 621.00 289.50 99.50 0.4043 0.1668 0.4126

168805 hsa-miR-4478 1827.00 1225.00 1713.00 596.50 2.3925 1.0000 0.4180

169282 hsa-miR-4290 1146.50 921.00 1052.00 368.00 1.4693 0.6169 0.4199

147947 hsa-miR-4308 2158.00 1258.50 2068.00 729.50 2.8883 1.2230 0.4234

148156 hsa-miR-3686 3826.50 1850.50 3734.00 1326.50 5.2151 2.2238 0.4264

147836 hsv2-miR-H7-5p 3040.00 1625.50 2936.50 1063.00 4.1013 1.7821 0.4345

168887 hsa-miR-5089-5p 352.50 600.00 247.00 91.50 0.3450 0.1534 0.4447

42808 hsa-miR-874-3p 555.50 759.50 454.50 174.00 0.6348 0.2917 0.4595

42442 hsa-miR-498 1055.00 987.50 939.00 361.00 1.3115 0.6052 0.4615

148032 hsa-miR-3685 1482.00 1079.00 1390.00 549.50 1.9413 0.9212 0.4745

169130 hsa-miR-4764-3p 540.00 805.50 436.00 177.00 0.6089 0.2967 0.4873
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Table 3. The up-regulated miRNAs of BT474 cells with HER-2 gene intervention

ID Name
Fore Ground Fore Ground/ 

Back Ground Normalized Fold change

E C E C E C E vs C
42696 hsa-miR-943 165.00 1220.50 108.50 1132.50 0.6272 6.2917 10.0319
10919 hsa-miR-103a-3p 95.00 481.50 41.00 391.50 0.2370 2.1750 9.1774
145977 hsa-miR-1247-5p 59.00 114.50 4.00 30.50 0.0231 0.1694 7.3285
145838 hsa-miR-125b-1-3p 230.50 1297.00 174.00 1209.00 1.0058 6.7167 6.6781
147165 hsa-let-7b-5p 126.50 452.00 70.50 364.50 0.4075 2.0250 4.9691
148635 hsa-miR-933 100.00 306.00 44.00 218.50 0.2543 1.2139 4.7728
148599 hsa-miR-3680-5p 72.50 168.50 17.00 81.00 0.0983 0.4500 4.5794
148206 hsa-miR-3664-5p 527.00 2319.50 472.00 2233.00 2.7283 12.4056 4.5470
168640 hsa-miR-4475 270.00 1097.00 213.50 1009.00 1.2341 5.6056 4.5422
168861 hsa-miR-4754 74.00 162.50 16.50 70.50 0.0954 0.3917 4.1066
169221 hsa-miR-4748 69.50 148.50 15.00 60.50 0.0867 0.3361 3.8765
169076 hsa-miR-345-3p 155.50 501.00 103.50 417.00 0.5983 2.3167 3.8723
169031 hsa-miR-4726-5p 81.00 198.00 27.00 108.50 0.1561 0.6028 3.8622
169170 hsa-miR-4472 121.50 341.50 65.00 254.00 0.3757 1.4111 3.7557
14313 hsa-miR-499a-5p 64.00 119.50 9.00 35.00 0.0520 0.1944 3.7377
147203 hsa-miR-302a-3p 77.50 174.00 20.00 77.50 0.1156 0.4306 3.7243
168648 hsa-miR-4687-5p 69.00 137.50 11.50 44.50 0.0665 0.2472 3.7191
169188 hsa-miR-4443 171.00 523.50 114.50 435.50 0.6618 2.4194 3.6556
42965 hsa-miR-424-5p 75.00 157.50 19.50 73.00 0.1127 0.4056 3.5980
147840 hsv2-miR-H9-3p 69.00 132.00 13.00 48.50 0.0751 0.2694 3.5857
147767 hsa-miR-4279 127.50 358.50 74.00 271.50 0.4277 1.5083 3.5262
147836 hsv2-miR-H7-5p 87.50 205.00 32.00 116.50 0.1850 0.6472 3.4990
168878 hsa-miR-5100 741.50 2559.50 686.50 2473.50 3.9682 13.7417 3.4629
168570 hsa-miR-2682-3p 178.00 525.50 121.50 437.00 0.7023 2.4278 3.4568
169034 hsa-miR-642b-5p 69.50 131.50 12.00 43.00 0.0694 0.2389 3.4440
46438 hsa-let-7g-5p 265.50 803.50 208.00 717.50 1.2023 3.9861 3.3154
10977 hsa-miR-183-5p 237.00 715.50 182.50 628.00 1.0549 3.4889 3.3073
10990 hsa-miR-196a-5p 2684.00 9076.50 2630.00 8987.50 15.2023 49.9306 3.2844
31026 hsa-miR-101-3p 79.50 167.00 23.50 78.00 0.1358 0.4333 3.1901
146161 hsa-miR-2115-3p 67.00 123.00 11.00 35.50 0.0636 0.1972 3.1018
148625 hsa-miR-941 360.50 1050.00 304.50 964.00 1.7601 5.3556 3.0427
169113 hsa-miR-4755-5p 75.00 140.50 16.50 52.00 0.0954 0.2889 3.0290
17858 hsa-miRPlus-A1073 648.00 1940.50 592.50 1855.00 3.4249 10.3056 3.0090
147864 hsv2-miR-H24 2510.50 7766.00 2453.50 7673.50 14.1821 42.6306 3.0059
168919 hsa-miR-4456 840.00 2544.00 786.50 2459.50 4.5462 13.6639 3.0055
168745 hsa-miR-4667-3p 71.50 131.00 13.00 40.50 0.0751 0.2250 2.9942
168661 hsa-miR-4531 118.00 283.50 62.50 193.50 0.3613 1.0750 2.9756
168989 hsa-miR-4447 414.00 1201.50 359.50 1112.00 2.0780 6.1778 2.9729
168998 hsa-miR-4508 112.00 259.00 53.50 164.00 0.3092 0.9111 2.9462
145859 hsa-miR-33a-5p 200.50 524.50 143.50 438.50 0.8295 2.4361 2.9369
145950 hsa-miR-33b-5p 114.00 268.50 59.50 181.50 0.3439 1.0083 2.9318
148038 hsa-miR-3679-3p 1741.00 5211.00 1685.00 5124.50 9.7399 28.4694 2.9230
168943 hsa-miR-4769-3p 104.50 236.50 49.50 150.50 0.2861 0.8361 2.9222
169312 hsa-miR-548an 69.50 130.50 13.50 41.00 0.0780 0.2278 2.9189
169050 hsa-miR-4787-5p 250.00 673.00 194.50 584.50 1.1243 3.2472 2.8883
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31867 hsa-miR-145-3p 1033.00 3023.50 978.00 2936.50 5.6532 16.3139 2.8858
145742 hsa-miR-935 13649.50 40865.50 13593.00 40777.00 78.5723 226.5389 2.8832
147600 hsa-miR-4292 1637.00 4813.50 1582.50 4730.00 9.1474 26.2778 2.8727
148371 hsa-miR-3620-3p 221.00 575.00 164.50 489.50 0.9509 2.7194 2.8600
168631 hsa-miR-4723-5p 190.00 485.50 134.50 398.50 0.7775 2.2139 2.8476
169087 hsa-miR-149-3p 2122.00 6180.00 2065.00 6089.00 11.9364 33.8278 2.8340
146103 hsa-miR-1913 846.00 2417.50 790.50 2323.50 4.5694 12.9083 2.8250
145826 hsa-miR-18b-3p 411.00 1117.50 352.50 1027.50 2.0376 5.7083 2.8015
145976 hsa-miR-663b 687.50 1929.50 632.00 1840.00 3.6532 10.2222 2.7982
46259 hsa-miR-885-5p 177.50 439.50 121.00 351.50 0.6994 1.9528 2.7920
146010 hsa-miR-2116-5p 1899.00 5394.50 1844.00 5305.00 10.6590 29.4722 2.7650
145676 hsa-miR-30e-3p 66.00 118.50 11.50 32.00 0.0665 0.1778 2.6744
147947 hsa-miR-4308 1067.00 2881.50 1012.00 2795.50 5.8497 15.5306 2.6549
168768 hsa-miR-4423-5p 196.50 480.00 142.00 391.50 0.8208 2.1750 2.6498
168973 hsa-miR-1268b 69.50 121.00 11.50 31.50 0.0665 0.1750 2.6326
169307 hsa-miR-4685-3p 2737.00 7430.00 2682.50 7344.00 15.5058 40.8000 2.6313
169179 hsa-miR-4650-5p 107.00 229.00 50.50 138.00 0.2919 0.7667 2.6264
169411 hsa-miR-205-3p 144.00 331.50 89.00 242.00 0.5145 1.3444 2.6134
169393 hsa-miR-4747-5p 74.00 133.50 16.00 43.50 0.0925 0.2417 2.6130
10986 hsa-miR-193a-3p 296.00 744.50 242.00 657.50 1.3988 3.6528 2.6113
17460 hsa-miR-657 74.00 133.50 14.50 39.00 0.0838 0.2167 2.5851
46258 hsa-miR-1184 87.00 166.50 31.00 83.00 0.1792 0.4611 2.5733
146042 hsv1-miR-H8-3p 301.00 739.50 242.50 644.00 1.4017 3.5778 2.5524
146115 hsa-miR-940 189.00 441.50 133.00 351.50 0.7688 1.9528 2.5401
148247 hsa-miR-2355-3p 347.50 856.00 289.50 765.00 1.6734 4.2500 2.5397
17327 hsa-miR-630 116.00 247.50 60.50 159.00 0.3497 0.8833 2.5259
17488 kshv-miR-K12-6-3p 244.00 583.50 188.50 491.50 1.0896 2.7306 2.5060
168882 hsa-miR-664b-3p 122.00 259.50 66.50 172.00 0.3844 0.9556 2.4859
169102 hsa-miR-4639-3p 248.50 587.50 194.00 498.50 1.1214 2.7694 2.4697
169285 hsa-miR-4467 91.00 188.00 37.50 96.00 0.2168 0.5333 2.4604
169049 hsa-miR-3162-3p 2268.00 5730.00 2211.00 5638.50 12.7803 31.3250 2.4510
146072 hsa-miR-1469 2402.00 6040.50 2348.00 5952.00 13.5723 33.0667 2.4363
147942 hsa-miR-4268 89.50 172.50 30.00 75.50 0.1734 0.4194 2.4188
148622 hsa-miR-877-3p 752.00 1826.50 698.00 1744.00 4.0347 9.6889 2.4014
168637 hsa-miR-3940-5p 751.50 1814.50 698.00 1728.00 4.0347 9.6000 2.3794
42761 hsa-miR-675-5p 82.00 155.00 25.00 61.00 0.1445 0.3389 2.3451
46810 hsa-miR-1827 167.50 357.00 111.00 270.50 0.6416 1.5028 2.3422
148504 hsa-miR-874-5p 121.00 246.00 65.00 158.00 0.3757 0.8778 2.3362
169375 hsa-miR-660-3p 198.50 435.50 144.00 349.50 0.8324 1.9417 2.3327
169380 hsa-miR-3124-3p 426.50 985.00 369.00 894.00 2.1329 4.9667 2.3285
169183 hsa-miR-4644 155.50 330.00 99.00 239.50 0.5723 1.3306 2.3251
169360 hsa-miR-4445-5p 70.50 122.00 14.50 35.00 0.0838 0.1944 2.3199
9938 hsa-let-7i-5p 291.50 657.00 237.50 570.00 1.3728 3.1667 2.3067
27720 hsa-miR-15a-5p 135.50 276.50 76.50 183.00 0.4422 1.0167 2.2991
46800 hsa-miR-1224-3p 231.50 507.00 175.00 418.50 1.0116 2.3250 2.2984
29575 hsa-miR-32-3p 80.00 151.50 26.50 63.00 0.1532 0.3500 2.2849
146068 hsa-miR-1915-3p 1579.00 3687.50 1523.00 3601.00 8.8035 20.0056 2.2725
145846 hsa-let-7e-5p 123.50 248.50 68.00 160.50 0.3931 0.8917 2.2685
147631 hsa-miR-4258 99.50 186.50 42.50 100.00 0.2457 0.5556 2.2614
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miRNA gene-chip assay

The above-validated miRNA was fluorescently 
labeled by Hy3 or Hy5 using miRCURY Array 
Power Labeling Kit (Exiqon, Denmark), and 
hybridized with microarray within 1-2 hrs. The 
chips above-hybridized was washed using 
Wash Buffer Kit (Exiqon, Denmark). The fluores-
cent signal was detected with a Gene Pix 
4000B laser scanner, and differential expres-
sion of miRNA was assigned according to 
Student’s t-test and the fold change (FC) using 
the significance analysis of Gene Pixpro V6.0 
software.

Quantitative reverse transcription-polymerase 
chain reaction assay of miRNA

miRNA was used as the template in a reverse 
transcription reaction using a kit (TOYOBO, 
Japan), according to the manufacturer’s instruc-
tions. The miRNA reverse transcription reaction 
mixture included 10 μL 2 × loading buffer, 1.2 

μL miRNA RT primer/U6 small nuclear RNA 
primer, 2 μL miRNA template, 0.2 μL MMLV 
reverse transcriptase, and 6.6 μL DEPC-treated 
H2O. The reaction was incubated at 26°C for 30 
min, followed by 42°C for 30 min, and then by 
85°C for10 min. For quantitative PCR (qPCR), 
100 ng cDNA was used as the template in are 
action mixture that included 10 μL 2 × Master 
Mix, 0.08 μL forward primer, 0.08 μL reverse 
primer, 2 μL cDNA template, 0.4 μLTaq DNA 
polymerase, and 7.44 μL ddH2O. The qPCR 
amplification conditions were as follows: one 
cycle of 95°C for 3 min; 40 cycles of 95°C for 
12 s, 62°C for 30 s, and 72°C for 30 s. The 
results were analyzed using SDS 1.4 software 
(Applied Biosystems).

Gene ontology (GO) clustering

The GO database (http://geneontology.org/) 
includes three functional categories: biological 
process, cellular component, and molecular 

147904 hsa-miR-3148 77.50 134.00 20.50 48.00 0.1185 0.2667 2.2504
148140 hsa-miR-181d-3p 1089.00 2499.00 1035.00 2410.50 5.9827 13.3917 2.2384
148156 hsa-miR-3686 1098.00 2503.50 1041.00 2411.00 6.0173 13.3944 2.2260
148118 hsa-miR-676-5p 73.50 131.00 19.00 44.00 0.1098 0.2444 2.2257
17328 ebv-miR-BART8-3p 197.50 415.00 142.50 329.00 0.8237 1.8278 2.2190
169214 hsa-miR-4638-5p 287.50 616.50 230.00 527.50 1.3295 2.9306 2.2043
169145 hsa-miR-5000-3p 1286.00 2905.00 1231.00 2817.50 7.1156 15.6528 2.1998
46806 hsa-miR-1227-3p 1502.50 3390.00 1446.50 3306.50 8.3613 18.3694 2.1970
147731 hsa-miR-3189-3p 183.50 377.00 128.50 289.50 0.7428 1.6083 2.1653
169024 hsa-miR-3960 85.50 154.50 27.50 61.50 0.1590 0.3417 2.1494
168904 hsa-miR-4473 86.50 159.00 31.50 70.00 0.1821 0.3889 2.1358
168672 hsa-miR-1587 394.00 821.00 333.50 734.00 1.9277 4.0778 2.1153
17492 sv40-miR-S1-5p 97.50 182.00 41.50 91.00 0.2399 0.5056 2.1075
145845 hsa-miR-20a-5p 1016.00 2191.00 960.00 2105.00 5.5491 11.6944 2.1074
168978 hsa-miR-371b-5p 100.50 183.50 45.50 99.50 0.2630 0.5528 2.1018
169305 hsa-miR-4455 75.50 131.50 21.50 46.50 0.1243 0.2583 2.0787
146121 hsa-miR-1470 197.50 389.50 139.50 301.50 0.8064 1.6750 2.0772
169313 hsa-miR-4800-3p 226.50 461.50 172.50 372.50 0.9971 2.0694 2.0754
169323 hsa-miR-4723-3p 158.50 312.00 104.00 224.50 0.6012 1.2472 2.0747
10985 hsa-miR-191-5p 90.50 163.50 35.50 76.50 0.2052 0.4250 2.0711
10987 hsa-miR-193b-3p 1565.50 3335.00 1509.00 3244.50 8.7225 18.0250 2.0665
147667 hsa-miR-3182 319.50 654.50 264.50 567.50 1.5289 3.1528 2.0621
147806 hsa-miR-3149 81.50 140.00 26.00 55.00 0.1503 0.3056 2.0331
168689 hsa-miR-361-3p 218.50 428.00 164.00 345.00 0.9480 1.9167 2.0218
168639 hsa-miR-4533 3033.00 6323.50 2975.50 6230.00 17.1994 34.6111 2.0123
168657 hsa-miR-5001-3p 84.00 143.50 28.00 58.50 0.1618 0.3250 2.0080
169263 hsa-miR-4634 75.50 131.00 18.00 37.50 0.1040 0.2083 2.0023
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Table 4. The down-regulated miRNAs of BT474 cells with HER-2 intervention

ID Name
Fore Ground Fore Ground/ 

Back Ground Normalized Fold change

E C E C E C E vs C
17585 ebv-miR-BART20-3p 101.00 91.00 45.50 0.50 0.2630 0.0028 0.0106
42681 hsa-miR-1307-3p 259.50 90.00 203.00 2.50 1.1734 0.0139 0.0118
42610 hcmv-miR-UL36-3p 88.50 89.00 35.00 0.50 0.2023 0.0028 0.0137
147535 hsa-miR-4309 180.00 91.50 124.00 2.00 0.7168 0.0111 0.0155
147705 hsa-miR-4320 254.50 96.00 197.50 4.50 1.1416 0.0250 0.0219
147891 hsa-miR-3175 89.00 86.50 35.50 1.00 0.2052 0.0056 0.0271
146024 hsa-miR-383-5p 101.50 90.50 46.50 1.50 0.2688 0.0083 0.0310
168574 hsa-miR-4428 375.00 104.00 316.50 10.50 1.8295 0.0583 0.0319
168667 hsa-miR-4999-3p 147.50 99.50 90.00 3.00 0.5202 0.0167 0.0320
168569 hsa-miR-5088-5p 95.50 91.50 42.00 1.50 0.2428 0.0083 0.0343
169335 hsa-miR-4699-5p 261.00 102.00 202.50 7.50 1.1705 0.0417 0.0356
169086 hsa-miR-4786-5p 108.50 93.00 52.50 2.00 0.3035 0.0111 0.0366
28191 hsa-miR-30e-5p 154.00 98.50 97.00 4.00 0.5607 0.0222 0.0396
11113 hsa-miR-448 234.00 96.00 178.50 8.00 1.0318 0.0444 0.0431
42811 hsa-miR-542-5p 122.00 88.50 66.50 3.00 0.3844 0.0167 0.0434
46791 hsa-miR-1204 143.50 96.00 86.00 4.00 0.4971 0.0222 0.0447
11240 hsa-miR-409-3p 116.50 91.50 61.50 3.00 0.3555 0.0167 0.0469
145638 hsa-miR-29a-5p 165.00 102.00 105.00 6.00 0.6069 0.0333 0.0549
147837 hsa-miR-3119 468.00 109.00 414.00 24.50 2.3931 0.1361 0.0569
147715 hsa-miR-4251 90.50 87.50 33.50 2.00 0.1936 0.0111 0.0574
148042 hsa-miR-3662 106.50 95.00 49.50 3.00 0.2861 0.0167 0.0582
147595 hsa-miR-3178 163.00 96.50 106.50 6.50 0.6156 0.0361 0.0587
168814 hsa-miR-4463 226.50 103.50 169.00 10.50 0.9769 0.0583 0.0597
169222 hsa-miR-4760-5p 187.00 103.00 129.50 8.50 0.7486 0.0472 0.0631
169353 hsa-miR-5582-3p 84.00 90.50 30.00 2.00 0.1734 0.0111 0.0641
169412 hsa-miR-1260a 360.00 109.50 304.50 20.50 1.7601 0.1139 0.0647
146091 hsa-miR-1914-5p 183.00 101.00 125.50 9.00 0.7254 0.0500 0.0689
145905 hsa-miR-518a-5p/hsa-miR-527 104.00 96.00 48.00 3.50 0.2775 0.0194 0.0701
147835 hsa-miR-3143 94.50 93.50 39.00 3.00 0.2254 0.0167 0.0739
147901 kshv-miR-K12-7-5p 86.00 91.00 31.50 2.50 0.1821 0.0139 0.0763
147941 hsa-miR-3160-3p 133.50 98.50 75.50 6.00 0.4364 0.0333 0.0764
168558 hsa-miR-5585-3p 99.50 91.00 44.00 3.50 0.2543 0.0194 0.0765
168918 hsa-miR-4491 143.00 99.50 85.00 8.00 0.4913 0.0444 0.0905
169099 hsa-miR-4790-3p 85.00 93.50 31.50 3.00 0.1821 0.0167 0.0915
169289 hsa-miR-4692 99.00 94.50 46.00 4.50 0.2659 0.0250 0.0940
17625 hsa-miR-627-5p 128.00 100.50 71.00 7.00 0.4104 0.0389 0.0948
11040 hsa-miR-29b-3p 90.00 90.00 35.50 3.50 0.2052 0.0194 0.0948
13130 hsa-miR-517-5p 113.50 101.00 55.50 5.50 0.3208 0.0306 0.0952
147608 hsa-miR-4307 126.00 98.50 67.50 7.00 0.3902 0.0389 0.0997
147872 hsv2-miR-H13 97.00 94.00 42.00 4.50 0.2428 0.0250 0.1030
147830 hsv1-miR-H18 126.00 94.50 72.50 8.00 0.4191 0.0444 0.1061
147897 hsa-miR-3136-5p 115.00 91.00 57.00 6.50 0.3295 0.0361 0.1096
147318 hsa-miR-3660 231.50 109.00 177.50 20.50 1.0260 0.1139 0.1110
148284 hsa-miR-208b-3p 213.00 106.00 159.50 18.50 0.9220 0.1028 0.1115
168684 hsa-miR-5010-5p 179.50 101.00 124.00 14.50 0.7168 0.0806 0.1124
168932 hsa-miR-5094 112.00 92.00 55.50 6.50 0.3208 0.0361 0.1126
168812 hsa-miR-875-3p 128.00 96.50 72.50 8.50 0.4191 0.0472 0.1127
169321 hsa-miR-4691-3p 489.50 144.50 431.00 51.50 2.4913 0.2861 0.1148
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42717 hsa-miR-92b-5p 196.50 111.00 137.50 16.50 0.7948 0.0917 0.1153
10937 hsa-miR-132-3p 118.00 102.50 60.00 7.50 0.3468 0.0417 0.1201
42700 hsa-miR-631 95.00 89.00 39.50 5.00 0.2283 0.0278 0.1217
17508 hcmv-miR-UL112-3p 217.50 110.50 160.00 20.50 0.9249 0.1139 0.1231
46860 hsa-miR-1205 174.50 108.50 116.50 15.50 0.6734 0.0861 0.1279
11058 hsa-miR-325 140.00 100.50 83.00 12.00 0.4798 0.0667 0.1390
46416 hsa-miR-1293 105.50 97.50 47.50 7.00 0.2746 0.0389 0.1416
46789 hsa-miR-513b-5p 206.00 114.50 149.00 22.00 0.8613 0.1222 0.1419
17612 hsa-miR-555 89.00 90.50 33.50 5.00 0.1936 0.0278 0.1434
146005 hsa-miR-3129-5p 110.00 92.00 53.50 8.00 0.3092 0.0444 0.1437
145677 hsa-miR-139-5p 90.50 92.50 36.50 5.50 0.2110 0.0306 0.1448
145643 hsa-miR-382-5p 92.00 94.00 36.50 5.50 0.2110 0.0306 0.1448
147817 hsa-miR-3196 90.00 92.50 33.00 5.00 0.1908 0.0278 0.1456
147799 hsa-miR-3156-5p 201.50 111.00 145.00 22.00 0.8382 0.1222 0.1458
148593 hsa-miR-3605-3p 176.00 105.50 121.50 18.50 0.7023 0.1028 0.1463
148434 hsa-miR-3692-3p 106.00 95.00 51.50 8.00 0.2977 0.0444 0.1493
148380 hsa-miR-3913-5p 131.50 107.50 73.50 11.50 0.4249 0.0639 0.1504
148480 hsa-miR-494-5p 274.50 130.00 215.50 34.00 1.2457 0.1889 0.1516
148089 hsa-miR-208a-3p 126.50 101.50 69.50 11.00 0.4017 0.0611 0.1521
42629 hsa-miR-376c-3p 117.50 97.00 62.50 10.00 0.3613 0.0556 0.1538
46863 hsa-miR-3157-3p 116.00 100.50 62.00 10.00 0.3584 0.0556 0.1550
168644 hsa-miR-4775 203.00 116.00 144.50 23.50 0.8353 0.1306 0.1563
168770 hsa-miR-4699-3p 3877.50 724.00 3818.50 627.50 22.0723 3.4861 0.1579
169107 hsa-miR-4782-5p 95.00 99.00 36.50 6.00 0.2110 0.0333 0.1580
169194 hsa-miR-4513 126.50 103.50 66.50 11.00 0.3844 0.0611 0.1590
169126 hsa-miR-4486 89.50 99.50 32.00 5.50 0.1850 0.0306 0.1652
29529 hsa-miR-369-3p 102.50 97.50 46.50 8.00 0.2688 0.0444 0.1654
17415 ebv-miR-BART10-3p 133.00 104.00 74.50 13.00 0.4306 0.0722 0.1677
46300 hiv1-miR-TAR-3p 162.50 112.50 104.50 18.50 0.6040 0.1028 0.1701
147537 hsa-miR-4264 180.50 116.00 122.50 22.50 0.7081 0.1250 0.1765
147673 hsa-miR-4262 95.50 92.00 40.50 7.50 0.2341 0.0417 0.1780
148239 hsa-miR-3916 90.50 90.50 35.00 6.50 0.2023 0.0361 0.1785
42755 hcmv-miR-US33-3p 102.50 100.50 42.50 8.00 0.2457 0.0444 0.1809
46808 hsa-miR-4485 97.00 101.50 39.00 7.50 0.2254 0.0417 0.1848
168872 hsa-miR-24-1-5p 101.50 99.50 44.00 8.50 0.2543 0.0472 0.1857
33596 hsa-miR-126-5p 279.50 134.00 219.50 42.50 1.2688 0.2361 0.1861
146096 hsa-miR-764 116.00 98.50 61.50 12.00 0.3555 0.0667 0.1875
17932 hsa-miR-381-5p 101.50 96.50 44.50 9.00 0.2572 0.0500 0.1944
147979 hsa-miR-3150a-3p 88.50 95.00 34.50 7.00 0.1994 0.0389 0.1950
148454 hsa-miR-3682-3p 300.50 136.50 245.00 50.00 1.4162 0.2778 0.1961
148039 hsa-miR-3925-5p 93.00 92.50 39.00 8.00 0.2254 0.0444 0.1972
168875 hsa-miR-5091 224.00 125.00 165.50 34.00 0.9566 0.1889 0.1974
169055 hsa-miR-3529-5p 333.50 142.00 277.00 57.00 1.6012 0.3167 0.1978
169141 hsa-miR-4423-3p 97.50 96.00 43.00 9.00 0.2486 0.0500 0.2012
46869 hsa-miR-1258 123.50 103.00 64.00 13.50 0.3699 0.0750 0.2027
19588 hsa-miR-17-3p 162.00 110.00 106.00 22.50 0.6127 0.1250 0.2040
11065 hsa-miR-335-5p 122.00 109.00 65.50 14.00 0.3786 0.0778 0.2054
146046 jcv-miR-J1-5p 315.00 145.50 258.50 58.00 1.4942 0.3222 0.2156
146149 hsv2-miR-H2 97.00 99.50 40.00 9.00 0.2312 0.0500 0.2163
145974 hsa-miR-200b-5p 319.50 145.00 263.50 59.50 1.5231 0.3306 0.2170
148384 hsa-miR-3648 162.00 119.00 105.50 24.00 0.6098 0.1333 0.2186
148402 hsa-miR-3920 139.00 115.50 81.00 18.50 0.4682 0.1028 0.2195
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148064 hsa-miR-3926 89.00 101.00 30.50 7.00 0.1763 0.0389 0.2206
148187 hsa-miR-410-5p 113.50 106.00 58.50 13.50 0.3382 0.0750 0.2218
168632 hsa-miR-5188 94.00 99.00 38.00 9.00 0.2197 0.0500 0.2276
168559 hsa-miR-15a-3p 99.50 101.00 42.00 10.00 0.2428 0.0556 0.2288
169056 hsa-miR-4669 103.00 100.00 46.00 11.00 0.2659 0.0611 0.2298
169253 hsa-miR-4690-5p 224.50 125.50 168.50 40.50 0.9740 0.2250 0.2310
169266 hsa-miR-378d 117.50 104.50 62.00 15.00 0.3584 0.0833 0.2325
169304 hsa-miR-4793-5p 113.50 101.00 59.00 14.50 0.3410 0.0806 0.2362
169020 hsa-miR-4506 193.50 127.00 135.00 33.50 0.7803 0.1861 0.2385
145789 hsa-miR-550a-3-5p/hsa-miR-550a-5p 87.00 100.00 32.00 8.00 0.1850 0.0444 0.2403
145746 hsa-let-7i-3p 1095.00 345.00 1040.50 262.00 6.0145 1.4556 0.2420
147613 hsa-miR-3145-3p 105.50 106.50 47.50 12.00 0.2746 0.0667 0.2428
147262 hsa-miR-548h-3p/hsa-miR-548z 105.00 101.50 50.50 13.00 0.2919 0.0722 0.2474
148228 hsa-miR-3656 180.00 120.50 123.00 32.00 0.7110 0.1778 0.2500
168692 hsa-miR-3688-5p 119.00 109.00 61.50 16.00 0.3555 0.0889 0.2500
168589 hsa-miR-4671-3p 101.50 100.00 46.00 12.00 0.2659 0.0667 0.2507
168923 hsa-miR-4688 98.50 104.00 40.00 10.50 0.2312 0.0583 0.2523
168578 hsa-miR-5190 146.00 115.00 87.00 23.00 0.5029 0.1278 0.2541
168627 hsa-miR-4678 562.00 227.00 506.50 135.00 2.9277 0.7500 0.2562
169257 hsa-miR-4740-5p 97.00 105.50 37.50 10.00 0.2168 0.0556 0.2563
169010 hsa-miR-2681-3p 206.50 133.00 147.50 39.50 0.8526 0.2194 0.2574
169417 hsa-miR-551b-5p 162.50 117.50 106.00 28.50 0.6127 0.1583 0.2584
42483 hsa-miR-522-3p 195.00 125.00 138.00 37.50 0.7977 0.2083 0.2612
17529 hcmv-miR-US25-2-3p 91.50 95.50 34.50 9.50 0.1994 0.0528 0.2647
46623 hsa-miR-1273a 184.00 127.50 125.00 34.50 0.7225 0.1917 0.2653
17530 hsa-miR-641 171.50 124.50 114.00 31.50 0.6590 0.1750 0.2656
148393 hsa-miR-676-3p 133.00 106.00 77.50 21.50 0.4480 0.1194 0.2666
148379 hsa-miR-3654 320.50 163.50 267.50 75.00 1.5462 0.4167 0.2695
168921 hsa-miR-4718 220.00 139.50 163.50 46.00 0.9451 0.2556 0.2704
168666 hsa-miR-4659a-5p 210.50 137.00 152.50 43.00 0.8815 0.2389 0.2710
168703 hsa-miR-4716-3p 154.50 120.50 97.00 27.50 0.5607 0.1528 0.2725
169181 hsa-miR-5191 564.50 231.00 508.50 145.00 2.9393 0.8056 0.2741
169245 hsa-miR-2467-3p 184.00 125.50 129.00 37.00 0.7457 0.2056 0.2757
169115 hsa-miR-450a-2-3p 1309.00 449.50 1253.50 360.00 7.2457 2.0000 0.2760
169225 hsa-miR-640 146.50 113.00 91.50 26.50 0.5289 0.1472 0.2784
42501 hcmv-miR-US33-5p 176.00 121.00 119.50 35.00 0.6908 0.1944 0.2815
42538 hsa-miR-196a-3p 137.50 114.00 81.50 24.00 0.4711 0.1333 0.2830
42672 hsa-miR-323b-5p 87.50 96.00 30.50 9.00 0.1763 0.0500 0.2836
42950 hsa-miR-24-2-5p 85.00 101.00 30.00 9.00 0.1734 0.0500 0.2883
46729 hsa-miR-302d-5p 270.00 156.00 214.50 66.50 1.2399 0.3694 0.2980
146052 hsa-miR-1471 140.00 114.00 85.00 26.50 0.4913 0.1472 0.2996
147735 hsa-miR-4289 110.00 103.50 54.50 17.00 0.3150 0.0944 0.2998
56873 hsa-miR-3124-5p 172.50 126.00 113.50 35.50 0.6561 0.1972 0.3006
147530 hsa-miR-378b 108.00 104.00 49.50 15.50 0.2861 0.0861 0.3010
148639 hsa-miR-4298 130.00 111.50 75.00 23.50 0.4335 0.1306 0.3011
168583 hsa-miR-539-3p 283.00 161.50 225.50 71.00 1.3035 0.3944 0.3026
168887 hsa-miR-5089-5p 124.50 113.50 68.00 21.50 0.3931 0.1194 0.3039
168747 hsa-miR-4520b-3p 241.00 147.00 185.00 58.50 1.0694 0.3250 0.3039
168942 hsa-miR-4636 2418.50 841.00 2360.00 748.50 13.6416 4.1583 0.3048
168847 hsa-miR-4740-3p 91.00 100.00 33.00 10.50 0.1908 0.0583 0.3058
168682 hsa-miR-4502 235.50 148.50 180.50 58.50 1.0434 0.3250 0.3115
169226 hsa-miR-4419a 106.50 109.00 50.50 16.50 0.2919 0.0917 0.3140
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169200 hsa-miR-4677-5p 132.50 108.50 78.00 25.50 0.4509 0.1417 0.3142
46402 hsa-miR-1255b-5p 295.00 168.00 237.50 78.00 1.3728 0.4333 0.3156
17520 hcmv-miR-US5-2-3p 99.50 104.00 44.00 14.50 0.2543 0.0806 0.3167
42556 hsa-miR-889-3p 133.00 117.00 76.50 25.50 0.4422 0.1417 0.3204
11091 hsa-miR-377-3p 96.50 101.00 41.50 14.00 0.2399 0.0778 0.3242
46675 hsa-miR-1181 288.00 172.00 232.00 78.50 1.3410 0.4361 0.3252
145798 hsa-miR-142-5p 111.50 107.00 56.00 19.00 0.3237 0.1056 0.3261
147911 hsa-miR-4280 89.00 103.50 32.00 11.00 0.1850 0.0611 0.3304
147886 hsa-miR-3122 147.00 118.00 91.50 31.50 0.5289 0.1750 0.3309
148106 hsa-miR-3678-3p 201.50 136.50 147.00 51.00 0.8497 0.2833 0.3334
148052 hsa-miR-374c-3p 150.00 122.00 95.00 33.00 0.5491 0.1833 0.3339
168896 hsa-miR-548ao-3p 114.00 111.50 59.00 20.50 0.3410 0.1139 0.3339
168851 hsa-miR-4650-3p 479.50 240.50 422.50 147.00 2.4422 0.8167 0.3344
168724 hsa-miR-4529-3p 160.00 131.50 102.00 35.50 0.5896 0.1972 0.3345
168854 hsa-miR-4498 155.50 125.00 96.50 34.50 0.5578 0.1917 0.3436
169040 hsa-miR-4753-5p 132.00 112.50 76.50 27.50 0.4422 0.1528 0.3455
169189 hsa-miR-4795-5p 585.00 280.50 527.50 190.00 3.0491 1.0556 0.3462
46295 hsa-miR-1286 115.50 111.00 61.00 22.00 0.3526 0.1222 0.3466
42630 hsa-miR-140-3p 469.00 244.00 411.00 149.00 2.3757 0.8278 0.3484
4610 hsa-miR-126-3p 130.00 120.00 73.00 26.50 0.4220 0.1472 0.3489
42476 hsa-miR-374b-3p 121.50 119.50 65.50 24.00 0.3786 0.1333 0.3522
146110 hsa-miR-3164 152.00 122.00 90.00 33.00 0.5202 0.1833 0.3524
145833 hsa-miR-596 151.00 123.00 96.00 35.50 0.5549 0.1972 0.3554
147923 hsa-miR-3142 103.50 106.00 48.50 18.00 0.2803 0.1000 0.3567
147818 hsa-miR-4270 125.00 120.50 67.00 25.00 0.3873 0.1389 0.3586
148688 hsa-miR-765 237.00 159.00 179.50 67.00 1.0376 0.3722 0.3587
42764 hsa-miR-412-3p 244.50 165.50 188.50 70.50 1.0896 0.3917 0.3595
168903 hsa-miR-4439 156.50 123.00 102.00 38.50 0.5896 0.2139 0.3628
168967 hsa-miR-4476 139.50 125.00 83.00 31.50 0.4798 0.1750 0.3648
169310 hsa-miR-3913-3p 125.50 115.50 69.50 26.50 0.4017 0.1472 0.3665
169362 hsa-miR-5591-3p 274.00 178.50 217.50 83.00 1.2572 0.4611 0.3668
169369 hsa-miR-4490 189.50 145.00 131.50 51.00 0.7601 0.2833 0.3728
42692 hsa-miR-127-5p 126.50 113.50 69.50 27.00 0.4017 0.1500 0.3734
29379 hsa-miR-452-5p 167.50 134.00 109.50 43.00 0.6329 0.2389 0.3774
17613 hsa-miR-645 138.50 118.00 83.50 33.00 0.4827 0.1833 0.3798
46440 hsa-miR-1287-5p 104.00 106.50 50.50 20.00 0.2919 0.1111 0.3806
28889 hsa-miR-888-5p 502.00 268.50 444.50 180.00 2.5694 1.0000 0.3892
146044 hsa-miR-2115-5p 106.50 110.50 50.00 20.50 0.2890 0.1139 0.3941
17820 hsa-miRPlus-C1066 147.50 128.00 89.00 36.50 0.5145 0.2028 0.3942
145757 hsa-miR-33a-3p 110.50 114.00 52.00 21.50 0.3006 0.1194 0.3974
147187 hsa-miR-215-5p 122.00 116.50 67.50 28.00 0.3902 0.1556 0.3987
148666 hsa-miR-938 149.50 129.00 91.50 38.00 0.5289 0.2111 0.3991
146123 hsv1-miR-H2-3p 265.50 181.50 206.50 86.00 1.1936 0.4778 0.4003
168871 hsa-miR-151a-5p/hsa-miR-151b 4526.00 1951.50 4469.00 1861.50 25.8324 10.3417 0.4003
168959 hsa-miR-4778-5p 517.50 285.50 459.50 192.00 2.6561 1.0667 0.4016
168929 hsa-miR-4648 90.00 102.50 33.50 14.00 0.1936 0.0778 0.4017
169068 hsa-miR-513c-3p 117.50 118.00 59.50 25.00 0.3439 0.1389 0.4038
169026 hsa-miR-4679 100.00 105.00 44.00 18.50 0.2543 0.1028 0.4041
42786 hsa-miR-188-3p 106.50 110.50 48.50 20.50 0.2803 0.1139 0.4062
17499 hcmv-miR-US5-1 94.00 104.50 40.00 17.00 0.2312 0.0944 0.4085
42458 hcmv-miR-US25-1-3p 176.50 147.50 118.50 50.50 0.6850 0.2806 0.4096
146169 mcv-miR-M1-3p 115.00 113.00 59.50 25.50 0.3439 0.1417 0.4119
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function. Genes could be further organized by 
directed acyclic graph according to their scope. 

In GO clustering, genes are considered signifi-
cantly enriched based on the ratio of the 

146179 hsa-miR-2113 257.50 181.50 199.50 85.50 1.1532 0.4750 0.4119
146127 hsa-miR-449b-3p 258.50 175.50 204.00 88.00 1.1792 0.4889 0.4146
147843 hsa-miR-3144-5p 149.50 125.00 93.50 41.00 0.5405 0.2278 0.4214
28534 hsa-miRPlus-D1058 104.00 110.00 49.00 21.50 0.2832 0.1194 0.4217
168792 hsa-miR-4434 104.00 109.50 49.00 21.50 0.2832 0.1194 0.4217
169089 hsa-miR-4470 1020.50 516.50 963.00 423.00 5.5665 2.3500 0.4222
169161 hsa-miR-4489 1979.00 931.50 1922.50 844.50 11.1127 4.6917 0.4222
17532 ebv-miR-BART5-5p 87.00 101.50 33.00 14.50 0.1908 0.0806 0.4223
46272 hsa-miR-1200 202.00 156.50 144.50 63.50 0.8353 0.3528 0.4224
14270 hsa-miR-493-3p 97.00 106.50 42.00 18.50 0.2428 0.1028 0.4233
168746 hsa-miR-4756-5p 204.50 155.50 149.50 66.00 0.8642 0.3667 0.4243
168906 hsa-miR-4703-3p 112.50 111.00 57.00 25.50 0.3295 0.1417 0.4300
168990 hsa-miR-5688 284.00 193.00 223.50 100.50 1.2919 0.5583 0.4322
17641 hsa-miR-573 90.50 97.50 35.50 16.00 0.2052 0.0889 0.4332
46398 hsa-miR-513c-5p 257.00 178.50 202.00 91.50 1.1676 0.5083 0.4354
17570 hsa-miR-589-3p 145.50 125.50 91.50 41.50 0.5289 0.2306 0.4359
42466 ebv-miR-BART18-3p 99.50 113.00 42.50 19.50 0.2457 0.1083 0.4410
42783 hsa-miR-197-3p 93.50 106.00 38.00 17.50 0.2197 0.0972 0.4426
42747 hsa-miR-93-3p 123.00 119.50 67.00 31.00 0.3873 0.1722 0.4447
46707 hsa-miR-1253 156.00 131.50 100.00 46.50 0.5780 0.2583 0.4469
146029 hsa-miR-365b-5p 151.50 132.50 96.50 45.00 0.5578 0.2500 0.4482
146159 hsv1-miR-H4-3p 96.00 109.50 39.50 18.50 0.2283 0.1028 0.4501
147988 hsa-miR-3135a 143.50 132.50 89.50 42.00 0.5173 0.2333 0.4510
147988 hsa-miR-3135a 143.50 132.50 89.50 42.00 0.5173 0.2333 0.4510
147996 hsa-miR-3127-5p 466.00 283.50 408.50 192.00 2.3613 1.0667 0.4517
147935 hsa-miR-3125 351.00 227.50 295.00 139.50 1.7052 0.7750 0.4545
148377 hsa-miR-3653 143.00 130.00 88.00 42.00 0.5087 0.2333 0.4587
148059 hsa-miR-493-5p 374.00 245.00 317.00 151.50 1.8324 0.8417 0.4593
168899 hsa-miR-1285-5p 1001.50 540.50 943.50 451.50 5.4538 2.5083 0.4599
168922 hsa-miR-5584-3p 819.00 454.00 761.00 366.00 4.3988 2.0333 0.4622
168836 hsa-miR-4496 141.50 131.50 87.00 42.50 0.5029 0.2361 0.4695
168841 hsa-miR-5588-3p 150.50 138.00 96.00 47.00 0.5549 0.2611 0.4705
168866 hsa-miR-4771 106.00 115.00 53.00 26.00 0.3064 0.1444 0.4715
168960 hsa-miR-4436a 123.50 123.50 68.00 33.50 0.3931 0.1861 0.4735
168879 hsa-miR-4460 263.50 191.50 210.00 103.50 1.2139 0.5750 0.4737
169296 hsa-miR-5004-5p 136.50 130.50 81.50 40.50 0.4711 0.2250 0.4776
169260 hsa-miR-4436b-3p 260.00 195.50 204.00 101.50 1.1792 0.5639 0.4782
169326 hsa-miR-451b 189.50 154.50 133.50 66.50 0.7717 0.3694 0.4788
169212 hsa-miR-514a-5p 108.50 114.00 52.00 26.00 0.3006 0.1444 0.4806
29460 hsa-miR-553 118.00 120.00 59.00 29.50 0.3410 0.1639 0.4806
46439 hsa-miR-1243 686.00 408.00 629.50 315.00 3.6387 1.7500 0.4809
21501 hsa-miR-891b 91.00 107.00 37.50 19.00 0.2168 0.1056 0.4870
145914 hsa-miR-135b-5p 87.50 101.50 33.50 17.00 0.1936 0.0944 0.4877
145857 hsa-miR-154-5p 601.00 368.00 546.00 279.50 3.1561 1.5528 0.4920
147943 hsa-miR-3074-3p 146.00 135.50 88.50 45.50 0.5116 0.2528 0.4941
148445 hsa-miR-3622b-5p 556.00 341.50 501.50 258.00 2.8988 1.4333 0.4944
168685 hsa-miR-4432 89.00 103.00 34.00 17.50 0.1965 0.0972 0.4947
168660 hsa-miR-5000-5p 133.00 126.00 77.50 40.00 0.4480 0.2222 0.4961
169302 hsa-miR-4695-5p 84.50 102.00 30.00 15.50 0.1734 0.0861 0.4966
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Figure 3. The heartmap of differ-
ential expression miRNA in MCF-
7, BT474, MCF-7/HER-2, and 
BT474/HER-2 (siRNA) cells.

observed GO term for all 
genes/GO term for a single 
gene set. First, each gene 
that was assigned a particu-
lar GO term was broadly noted 
in the upper father node, then 
the p-value of each enriched 
GO term was determined 
using a hypergeometric distri-
bution, and the p-value was 
adjusted using the false dis-
covery rate (FDR), with P = 
0.05 selected as the thresh-
old value. Subsequently, 
redundant GO terms were 
removed, and the hierarchy 
chart’s terminal nodes were 
selected as the final signifi-
cantly enriched GO terms.

Kyoto encyclopedia of genes 
and genomes (KEGG) path-
way enrichment analysis

The KEGG database (http://
www.genome.jp/kegg/path-
way.html) is used to system-
atically analyze gene function 
and genomic information 
from biological pathways, and 
to further group biological 
pathways according to me- 
tabolism, enzyme, biochemi-
cal reaction, gene regulation,  
and protein-protein interac-
tion. Here, KEGG signaling 
pathway analysis was applied, 
followed by hypergeometric 
distribution analysis and the 
FDR method to give an ad- 
justed p-value (P = 0.05 as  
a threshold value). To iden- 
tify the KEGG signaling path-
way for differentially expre- 
ssed miRNAs or mRNAs, we 
carried out KEGG pathway 
enrichment of their up-regu-
lated or down-regulated ge- 
nes. 
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Figure 4. The differential expression miRNAs assay 
by RT-qPCR. The image indicated that with HER-2 
overexpression, the expression level of hsa-miR-877-
3p was significantly increased, and synchronously 
decreased (**: P < 0.01, when compared to control).

Figure 1C, when compared to BT474 cells 
alone, the mRNA expression level of HER-2 was 
significantly decreased in BT474/HER-2 (siRNA) 
cells (**: P < 0.01), and decreased by about 
30%. Similarly, the protein expression level of 
HER-2 was also significantly decreased in 
BT474/HER-2 (siRNA) cells when compared to 
that of BT474 cells alone (Figure 1D, **: P < 
0.01).

miRNA gene-chip assay

To elucidate the differential expression profile 
of miRNAs in breast cancer cells, the miRNA 
gene-chip was chosen, and the gene-chip 
image of breast cancer cells was shown in the 
Figure 2.

Table 5. The differential expression miRNAs with HER-2 over-
expression or intervention

ID Name
Fore Ground (E/C)

MCF-7/HER-2 BT474/HER-2 (siRNA)
147595 hsa-miR-3178 47.0570↑ 0.0587↓
148377 hsa-miR-3653 40.3310↑ 0.4587↓
168682 hsa-miR-4502 30.2480↑ 0.3115↓
147817 hsa-miR-3196 15.2040↑ 0.1456↓
148657 hsa-miR-381-5p 10.7320↑ 0.1944↓
169260 hsa-miR-4436b-3p 4.5770↑ 0.4735↓
168836 hsa-miR-4496 4.0960↑ 0.4695↓
46869 hsa-miR-1258 3.4239↑ 0.2027↓
169412 hsa-miR-1260a 2.8584↑ 0.0647↓
147891 hsa-miR-3175 2.0890↑ 0.0271↓
147836 hsv2-miR-H7-5p 0.4345↓ 3.4990↑
148156 hsa-miR-3686 0.4264↓ 2.2260↑
147947 hsa-miR-4308 0.4234↓ 2.6549↑
148622 hsa-miR-877-3p 0.3896↓ 2.4014↑
168661 hsa-miR-4531 0.3605↓ 2.9756↑
168998 hsa-miR-4508 0.3072↓ 2.9462↑
46810 hsa-miR-1827 0.2874↓ 2.3422↑
168989 hsa-miR-4447 0.1751↓ 2.9729↑
169411 hsa-miR-205-3p 0.1660↓ 2.6134↑
169170 hsa-miR-4472 0.1615↓ 3.7557↑
148247 hsa-miR-2355-3p 0.1447↓ 2.5397↑
169307 hsa-miR-4685-3p 0.1218↓ 2.6313↑
168768 hsa-miR-4423-5p 0.1152↓ 2.6498↑
146010 hsa-miR-2116-5p 0.1064↓ 2.7650↑
169076 hsa-miR-345-3p 0.0667↓ 3.8723↑
147667 hsa-miR-3182 0.0608↓ 2.0621↑
145826 hsa-miR-18b-3p 0.0250↓ 2.8015↑

Statistical analysis

All data are expressed as the mean 
± standard deviation (SD). Statis- 
tical analysis was carried out by 
one-way analysis of variance using 
the SPSS software (version 21.0, 
http://spss.en.softonic.com/). Stu- 
dent’s t-test was carried out on 
groups of two samples, and P < 
0.05 and P < 0.01 were considered 
to indicate a significant difference 
and a highly significant difference, 
respectively.

Results

The mRNA and protein expression 
level of HER-2 was significantly 
increased with HER-2 overexpres-
sion, and significantly decreased 
with HER-2 intervention

As exhibiting of RT-qPCR result  
of Figure 1A, when compared to 
MCF-7 cells alone, the mRNA ex- 
pression level of HER-2 was signifi-
cantly increased in MCF-7/HER-2 
cells (**: P < 0.01), and increased 
by about 3.6 times. Similarly, the 
protein expression level of HER-2 
was also significantly increased in 
MCF-7/HER-2 cells when compared 
to that of MCF-7 cells alone (Figure 
1B, **: P < 0.01). Synchronously, 
as exhibiting of RT-qPCR result of 
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Differential expression profiles analysis of miR-
NAs with HER-2 overexpression and interven-
tion by miRNA gene-chip

In breast cancer cells of MCF7 with HER-2 over-
expression, a total of 217 miRNAs were identi-
fied. Wherein, a total of 123 up-regulated miR-
NAs (Table 1), and a total of 94 down-regulated 
miRNAs (Table 2) were validated. Synchronou- 
sly, with HER-2 intervention in BT474 cells, a 
total of 374 miRNAs were identified. Wherein, a 
total of 121 up-regulated miRNAs (Table 3), 
and a total of 253 down-regulated miRNAs 
(Table 4) were validated, and the heartmap was 
shown in the Figure 3. As further analysis in 
Table 5, a total of 10 miRNAs were up-regulat-
ed with HER-2 overexpression in MCF-7 cells, 
and down-regulated with HER-2 intervention in 
BT474 cells synchronously, and 17 miRNAs 
were down-regulated with HER-2 overexpres-
sion in MCF-7 cells, and up-regulated with 
HER-2 intervention in BT474 cells synchron- 
ously.

hsa-miR-877-3p was significantly decreased 
with HER-2 overexpression, and significantly 
increased with HER-2 intervention

As exhibiting of RT-qPCR result of Figure 4, 
based on the previous study and the biological 
functions of screened miRNAs, hsa-miR-877-
3p was chosen for RT-qPCR identification using 
primers as showing in Table 6, and manifested 
as a significant decrease with HER-2 gene over-
expression, and a significant increase with 
HER-2 gene intervention, and accordance with 
gene-chip results.

Furthermore, as exhibiting of Figure 5A, hsa-
miR-877-3p regulated target genes were pre-
dicted by software of TargetScan, miRDB, and 
miRanda, and a total of 11 cross genes were 
obtained with GO and KEGG pathway clustering 
analysis. As exhibiting of Figure 5B, hsa-miR-
877-3p is associated with the molecular func-
tion of translation regulator activity, binding, 
receptor activity, structural molecule activity, 
signal transducer activity, catalytic activity, 

regulation, response to stimulus, developmen-
tal process, multicellular organismal process, 
locomotion, biological adhesion, metabolic pro-
cess, growth, and immune system process, 
and the cellular component of synapse, cell 
junction, membrane, macromolecular complex, 
extracellular matrix, cell part, organelle, and 
extracellular region, and its regulated KEGG 
pathway was exhibiting in Figure 6.

Discussion 

The present study demonstrated that with the 
over-expression and intervention of HER-2, sev-
eral differential expression miRNAs were 
screened in breast cancer cells, and manifest-
ed as a total of 217 miRNAs were identified in 
breast cancer cells, including 123 up-regulated 
miRNAs and 94 down-regulated miRNAs, and a 
total of 374 miRNAs were identified in breast 
cancer cells, including 121 up-regulated miR-
NAs and 253 down-regulated miRNAs. Wherein, 
a total of 10 miRNAs were up-regulated with 
HER-2 overexpression in MCF-7 cells, and do- 
wn-regulated with HER-2 intervention in BT474 
cells synchronously, and 17 miRNAs were do- 
wn-regulated with HER-2 overexpression in 
MCF-7 cells, and up-regulated with HER-2 inter-
vention in BT474 cells synchronously, and pro-
vided a significantly reference on liquid biopsy 
of breast cancer cells.

Breast cancer has been became a leading type 
cancer of women with a high incidence and a 
high mortality [15, 42, 43], and about 40,450 
women in the U.S. died in 2015 from breast 
cancer, and will be increasing day by day in the 
future [16, 17]. In breast cancer patients, with 
the aggravation of the disease, the HER-2 often 
over-expressed, and implied a significant bio-
marker for breast cancer diagnosis in clinic, 
and however the differential expression profile 
of miRNAs in breast cancer cells has been no 
reported so far. Therefore, the MCF-7 cells and 
its stable strain with HER-2 overexpression 
were chosen, and the HER-2 mRNA and protein 
expression level was analyzed. After transfec-

Table 6. The primers used for amplification of miRNAs in this study
miRNA Sequence of primers (5’→3’)
hsa-miR-877-3p-frs ACACTCCAGCTGGGTCCUCTTCTCCCT
hsa-miR-877-3p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTGGGAGG

antioxidant activity, and 
transporter activity, and 
the biological process of 
cellular component orga-
nization, cellular process, 
localization, biological 
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Figure 5. The cross-over analysis hsa-miR-877-3p regulated target genes by Venn image, and GO clusering. A. The cross-over analysis hsa-miR-877-3p regulated 
target genes by Venn image; B. The GO clustering of hsa-miR-877-3p regulated target genes. The images indicated that in three databases of TargetScan, miRDB, 
and miRanda, a total of five cross-over genes were identified, and involved in several significant molecular function, biological process, and cellular component.
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tion, the HER-2 could significantly express in 
MCF-7 cells, and subsequently subcellular 
location indicated it was mainly located in the 
cell membrane as previous study described 
(Data was not provided). In addition, to knock-
down the endogenous HER-2 gene, the BT474 
cell strain with HER-2 gene expression was 
chosen. After transfection, the HER-2 could sig-
nificantly knockdown in BT474 cells.

miRNAs are a kind of no-coding RNA with length 
of 19-25 nt, and could be down-regulated the 
target gene expression in transcription and 
translation level, and as several previous stud-
ies documented, some miRNAs may be closely 
associated with HER-2 in breast cancer 
patients [28, 44, 45]. For instance, hsa-
miR-205 and has-miR-497 could significantly 
inhibit the expression of HER-2 to intervene the 
invasion and the tumorigenicity of breast can-
cer [34, 46], and the over-expressed hsa-miR-

125a/hsa-miR-125b could inhibited the activi-
ty of HER-2 over-expressed breast cancer cells 
[35], etc. In this study, several differential ex- 
pression miRNAs were identified, and indicated 
that with the over-expression of HER-2, a total 
of 217 miRNAs containing 123 up-regulated 
miRNAs and 94 down-regulated miRNAs were 
significantly changed, and also with the inter-
vention of HER-2, a total of 374 miRNAs con-
taining 121 up-regulated miRNAs and 253 
down-regulated miRNAs were significantly ch- 
anged. Wherein, a total of 10 miRNAs were up-
regulated with HER-2 overexpression in MCF-7 
cells, and down-regulated with HER-2 interven-
tion in BT474 cells synchronously, and 17 miR-
NAs were down-regulated with HER-2 overex-
pression in MCF-7 cells, and up-regulated with 
HER-2 intervention in BT474 cells synchronous-
ly. To further identifying the regulation network, 
based on our previous study and several litera-
ture report, 1 down-regulated miRNAs, hsa-

Figure 6. KEGG pathway 
clustering of hsa-miR-877-
3p regulated target genes.
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miR-877-3p, was chosen, and detected by 
RT-qPCR. In accordance with gene-chip results 
demonstrating, the expression of hsa-miR-877-
3p was significantly decreased with HER-2 gene 
over-expression, and significantly increased 
with HER-2 intervention, and involved in several 
biological process as GO and KEGG pathway 
analysis.

This study using miRNA gene-chip screened 
several significantly miRNA in breast cancer 
cells after HER-2 overexpression and interven-
tion, and implied several potentially regulated 
process of miRNA to HER-2, and exhibited a sig-
nificant application value in clinic.
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