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Abstract: To investigate the diagnostic value of breast ultrasound breast imaging reporting and data system (BI-
RADS) classification combined with transforming growth factor-β (TGF-β) detection to differentiate malignant from 
benign tumors. This study enrolled 163 patients with breast tumor (breast cancer of 104 cases and breast benign 
tumor of 59 cases) who were admitted to Cangzhou Central Hospital from February 2016 to May 2017. All patients 
underwent breast ultrasound detection. Peripheral blood was collected before treatment and tested for mRNA 
expression of TGF-β by quantitative real-time PCR. Twenty age- and sex-matched healthy people were selected as 
controls. The area under receiver-operating characteristic curve was used to evaluate the diagnostic value of BI-
RADS classification, TGF-β mRNA expression and the combination of these two. X2 test and fisher exact test were 
used to evaluate the relationship between clinicopathological information and BI-RADS and TGF-β in breast cancer 
patients. The value of TGF-β mRNA expression were 18.29±4.66 and 2.00±0.25 in the peripheral blood for patients 
with breast cancer and breast benign tumors, respectively. The sensitivity of breast ultrasound BI-RADS classifica-
tion was 0.731, the specificity was 0.915, the area under the curve was 0.885 (P<0.001); the diagnostic sensitivity 
of TGF-β mRNA expression was 0.683, the specificity was 0.814, the area under the curve was 0.770 (P<0.001); 
the combined sensitivity of these two was 0.817, the specificity was 0.898, and the area under the curve was 0.927 
(P<0.001). In breast cancer patients, high tumor diameter and stage predicted increased BI-RADS grade. Thus, the 
present study suggests that the diagnostic value of breast ultrasound BI-RADS classification combined with TGF-β 
detection is superior to the diagnostic value of both, which may be an effective method for the diagnosis of breast 
cancer.
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Introduction

Currently, breast cancer is the most common 
cancer in women of China and even the world 
[1, 2]. Despite the gradual decline in breast 
cancer mortality in recent years, the number  
of patients who die each year is still very large 
[3]. The pathological diagnosis is the gold stan-
dard for breast cancer detection. However, 
puncture sampling is invasive. Therefore, in- 
vestigating new diagnostic methods or indica-
tors for early diagnosis and treatment of breast 
cancer is of great significance.

At present, the diagnosis of breast cancer ma- 
inly includes imaging diagnosis and hemato-
logical indicators of detection. Breast ultra-
sound is a routine imaging for breast cancer 
detection, which have a certain value to distin-

guish benign and malignant breast tumors [4, 
5]. Carbohydrate antigen 153 (CA-153) is a 
tumor marker for breast cancer, but the diag-
nostic sensitivity and specificity is poor [6, 7]. In 
recent years, researchers continue to explore 
new indicators for breast cancer diagnosis, 
including long-chain non-coding RNA, plasma 
free DNA, microRNA, vascular endothelial 
growth factor [8-16].

Transforming growth factor-β (TGF-β) is an im- 
munosuppressive molecule that plays an im- 
portant role in immune escape in cancer 
patients [17, 18]. It promotes tumor progres-
sion by inhibiting apoptosis, differentiation, pro-
moting angiogenesis, and suppressing immune 
responses [19, 20]. The expression of TGF-β is 
negatively correlated with the prognosis of can-
cer patients [21]. This study aimed to detect  
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Table 1. Clinicopathologic characteristics of 
104 breast cancer patients
Parameter Number of patients
Median age (range) 51 (22-75)
Pathological type
    Ductal carcinoma in situ 2
    Invasive ductal carcinoma 66
    Invasive lobular carcinoma 6
    Invasive carcinoma 30
Tumor grade
    Grade 1 5
    Grade 2 55
    Grade 3 23
    Unknown 21
ER status
    Positive 76
    Negative 28
PR status
    Positive 68
    Negative 36
HER-2 status
    Positive 34
    Negative 70
Tumor size
    T1 37
    T2 61
    T3 6
Lymph node status
    N0 59
    N1 26
    N2 10
    N3 9
Presence of metastasis
    Yes 6
    No 98
TNM stage
    Stage 1 25
    Stage 2 58
    Stage 3 15
    Stage 4 6
BI-RADS
    3 3
    4A 9
    4B 15
    4C 33
    5 33
    6 11

Table 2. Clinicopathologic characteristics of 
59 patients with benign breast tumor
Parameter Number of patients
Median age (range) 39 (20-60)
Pathological type
    Intraductal papilloma 6
    Fibroadenoma 36
    Fibroadenosis 14
    Other 3
BI-RADS
    3 22
    4A 22
    4B 10
    4C 4
    5 1

ential diagnosis of benign and malignant breast 
tumor. More importantly, we combined breast 
ultrasound with TGF-β to improve the differen-
tial diagnostic rate.

Materials and methods

Patients

This study included 163 patients with breast 
tumor (breast cancer of 104 cases and breast 
benign tumor of 59 cases) who were admitted 
to our hospital from February 2016 to May 
2017. All patients were diagnosed by patholo-
gy. Patients had no immune system-related  
diseases, severe infections, organ transplant 
history or other types of tumors. The clinical 
and pathological information of breast cancer 
patients was collected by using the electronic 
medical record management system in our hos-
pital, including the age, pathological type, path-
ological grade, ER, PR, HER-2, tumor size and 
tumor staging. Meanwhile, 20 healthy people 
were included as controls. This study was 
approved by The Ethics Committee of Cang- 
zhou Central Hospital. Patients and their fami-
lies signed informed consent.

Breast ultrasound BI-RADS classification

According to the 5th edition BI-RADS classifica-
tion: Grade 1 is negative; Grade 2 is benign; 
Grade 3 is considered benign and is recom-
mended for re-examination after 6 months; 
grade 4A is suspected of malignancy, grade  
4B is moderately suspected of malignancy,  
4C level is highly suspected of malignant; all 

the expression of TGF-β mRNA in peripheral 
blood of patients to explore the value of differ-
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diagnostic value and calculate the sensitivity, 
specificity and area under the curve. The cut-off 
values of BI-RADS and TGF-β were according  
to the maximal Youden index (sensitivity+ 
specificity-1). The relationship between BI- 
RADS and TGF-β and clinicopathological infor-
mation was analyzed by X2 test or Fisher exact 
test. The combined predictors of BI-RADS and 
TGF-β were analyzed by binary logistic re- 
gression analysis. Data were analyzed using 
Statistical Package for Social Sciences, Version 
22.0 (IBM Corporation, Armonk, NY, USA). 
P<0.05 was statistically significant.

Results

Clinicopathologic characteristics

Table 1 shows the clinicopathologic character-
istics of 104 breast cancer patients. The medi-
an age of breast cancer patients was 51 (22-
75) years old. There were 2 cases of ductal 
carcinoma in situ, 66 cases of invasive ductal 
carcinoma, 6 cases of invasive lobular carcino-
ma, 30 cases of invasive carcinoma; 5 cases of 
tumor grade 1, 55 cases of grade 2, 23 cases 
of grade 3, 21 cases of grade unknown; 76 
cases of ER positive, 28 cases of negative; 68 
cases of PR positive, 36 cases of negative; 34 
cases of HER-2 positive, 70 cases of negative; 
tumor size <2 cm in 37 cases, ≥2 cm in 67 
cases; According to the 7th edition of the 
American Cancer Joint Committee breast can-
cer staging criteria, the number of patients with 
Ium stage were 25, 58, 15, 6, respectively. 
Table 2 shows the clinicopathologic character-
istics of 59 patients with benign breast tumors. 
The median age of patients with benign tumors 
was 39 (20-60) years, including intraductal 
papilloma in 6 cases, 36 cases of fibroadeno-
ma, fibroadenosis in 14 cases, the other 3 
cases (Table 2).

Diagnostic performance of BI-RADS and TGF-β

In this study, there were 3 breast cancer pa- 
tients with BI-RADS grade 3, 9 patients with 
grade 4A, 15 with grade 4B, 33 with grade 4C, 
33 with grade 5, and 11 with grade 6; in 
patients with benign tumors, there were 22 
cases with grade 3, 22 cases with grade 4A, 10 
cases with grade 4B, 4 cases with grade 4C, 1 
case with grade 5. TGF-β mRNA expression for 
breast cancer patients was 18.29±4.66; the 

Figure 1. ROC curve for BI-RADS to distinguish breast 
cancer and benign tumor.

BI-RADS 4 are recommended for biopsy; 
BI-RADS 5 is highly suggestive of malignant, 
and recommended for biopsy; grade 6 is the 
confirmed malignant tumor. 

Peripheral blood collection and qRT-PCR

Two-millimeter peripheral blood were collected 
from enrolled patients before surgery or other 
anti-tumor treatment and stored in EDTA anti-
coagulant tube. We added enough red blood 
cell lysate to lyse red blood cells in the sample. 
After that, we centrifuge the blood at 2000 r/
min for 5 minutes and then washed it with PBS. 
Finally, we took out cells and extracted RNA by 
using the TRizol method according to the in- 
structions. Then, RNA was reverse transcribed 
to cDNA. Quantitative PCR was performed us- 
ing 7500 Real-Time PCR for TGF-β detection. 
We used β-actin as the internal reference to 
calculate ΔCt and 2-ΔΔCt method to calculate the 
relative quantitative value of mRNA expression. 
ΔΔCT was calculated by the difference between 
the ΔCT value of blood sample of patients and 
healthy controls. Primer sequences for TGF-β 
and β-actin were 5’CACGTGGAGCTGTACCAGA- 
A3’ and 5’GGCGAAAGCCTTCTATTTCC3’, and 
5’TGACGTGGACATCCGCAAAG3’ and 5’CTGGA- 
AGGTGGACAGCGAGG3’, respectively.

Statistical analysis

The area under receiver-operating characteris-
tic curve was used to evaluate the differential 
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value for patients with benign tumors was 
2.00±0.25.

ROC analysis showed that BI-RADS grade 4C 
was the cut-off value to distinguish benign and 

malignant tumors with a maximum Youden 
index (0.646, P<0.001). The diagnostic sensi-
tivity and specificity were 0.731 and 0.915, 
respectively. The area under curve was 0.885 
(0.834-0.937) (Figure 1; Table 3). The cut-off 
value of TGF-β mRNA expression was 3.15 with 
a maximum Youden index (0.497, P<0.001). 
The diagnostic sensitivity and specificity for 
TGF-β were 0.683 and 0.814, respectively. The 
area under curve of TGF-β was 0.770 (0.699-
0.841) (Figure 2; Table 3).

The combined predictors of BI-RADS and TGF-β 
were calculated by using binary logistic regres-
sion analysis and ROC curve analysis. The sen-
sitivity and specificity for the combination were 
0.817 and 0.898, respectively. The area under 
curve was increased to 0.927 (0.890-0.964), 
which was larger than BI-RADS and TGF-β alone 
(Figure 3; Table 3).

Association between BI-RADS/TGF-β expres-
sion and clinicopathologic characteristics in 
breast cancer

Table 4 summarizes the relationship between 
clinicopathologic characteristics and BI-RADS 
and TGF-β. Increased BI-RADS score was cor-
related with the positivity of her-2 status 
(P<0.001). Tumor size was positively associat-
ed with BI-RADS score (P<0.001). Compared to 
clinical stage 1, patients with stage 2-4 showed 
higher BI-RADS score (P=0.018).

In addition, we also investigated the relation-
ship between TGF-β mRNA expression and clini-
copathologic parameters of breast cancer 
patients. The results showed that there was no 
significant correlation between them (Table 4).

Discussion

In this study, we found that breast ultrasound 
BI-RADS score and TGF-β mRNA expression 
alone were useful to differentiate benign and 
malignant breast tumors with sensitivity (0.731 
and 0.683) and specificity (0.915 and 0.814). 
More importantly, the combination of these  

Table 3. Diagnostic performance of parameters by ROC curve and AUC analyses
Parameters Cut-off AUC (95% CI) P Sensitivity Specificity Youden Index
BI-RADS 4C 0.885 (0.834-0.937) <0.001 0.731 0.915 0.646
TGF-β 3.15 0.770 (0.699-0.841) <0.001 0.683 0.814 0.497
BI-RADS+TGF-β / 0.927 (0.890-0.964) <0.001 0.817 0.898 0.715

Figure 2. ROC curve for TGF-β expression to distin-
guish breast cancer and benign tumor.

Figure 3. ROC curve for BI-RADS in combination with 
TGF-β to distinguish breast cancer and benign tumor.
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two parameters could significantly improve  
the sensitivity (0.817) and specificity (0.898), 
which was of clinical significance. In addition, 
the results of this study suggest that BI-RADS 
score is higher in patients with larger tumor 
size and tumor stage.

Breast ultrasound is routinely used to differen-
tiate breast cancer and benign tumor with a 
great value. Evans et al. [4] found that the sen-
sitivity of the ultrasound BI-RADS score to iden-
tify benign and malignant breast tumors was 
0.95 and the specificity was 0.69. Jeffers et al. 
[22] used BI-RADS classifications to predict 
breast cancer risk with an area under curve of 
0.68. In addition, researchers also evaluated 
the prognostic value of BI-RADS classifications 
and found that it’s a negative prognostic indi- 
cator [23, 24]. In view of the differences in the 
ethnicity of the patients enrolled in the study 
and the differences in the ultrasonography 
itself, we used the ROC curve to determine the 
cut-off value of ultrasound BI-RADS score and 
TGF-β mRNA expression. Consequently, with 

The sensitivity (0.817) and specificity (0.898) 
were significantly improved by the combination 
of ultrasound BI-RADS score and TGF-β mRNA 
expression (P<0.05). Meanwhile, the area 
under the curve was 0.927 (0.890-0.964). 
Compared with other studies of the joint diag-
nosis, our results showed a certain advantage 
and great clinical use [11, 13, 32].

There are several limitations for the present 
study. First, there are individual differences in 
the BI-RADS score of the mammography, which 
may affect the diagnostic value. Second, this is 
a single center study. In spite of these limita-
tions, our study suggests that breast ultra-
sound BI-RADS classification combined with 
TGF-β detection for breast cancer diagnosis is 
of great value.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yakun Gao, Depart- 
ment of Ultrasound, Cangzhou Central Hospital, 

Table 4. Association between BI-RADS and TGF-β ex-
pression and clinicopathologic characteristics in breast 
cancer patients

Parameter 
BI-RADS TGF-β

3-4B 4C-6 P 3.15 ≥3.15 P
Tumor grade
    Grade 1-2 19 41 0.620 22 38 0.873
    Grade 3 6 17 8 15
ER status
    Positive 21 55 0.522 21 55 0.139
    Negative 6 22 12 16
PR status
    Positive 17 51 0.759 18 50 0.113
    Negative 10 26 15 21
HER-2 status
    Positive 0 34 <0.001 8 26 0.210
    Negative 27 43 25 45
Tumor size
    T1 19 18 <0.001 12 25 0.909
    T2-3 8 59 21 46
Lymph node status
    N0 17 42 0.447 22 37 0.163
    N1-3 10 35 11 34
TNM stage
    Stage 1 11 14 0.018 9 16 0.599
    Stage 2-4 16 63 24 55

the cut-off value of BI-RADS 4C, the sen-
sitivity and specificity were 0.731 and 
0.915; the area under the curve was 
0.885 (0.834-0.937). The results are 
consistent with previous findings.

TGF-β, as an immunosuppressive mole-
cule, was highly expressed in peripheral 
blood of patients with various tumors 
and was negatively correlated with the 
prognosis of patients [17, 21, 25-30]. We 
analyzed the expression of TGF-β mRNA 
in peripheral blood of patients and its 
relationship with clinical pathology, and 
to explore its diagnostic value. A previous 
study showed the correlation between 
TGF-β expression and tumor size and 
grade [31]. Our results showed that there 
was no significant correlation between 
TGF-β expression and clinicopatholo- 
gical information, which may account for 
limited samples. To our best knowledge, 
it is very rare to investigate the diagnos-
tic value of TGF-β in breast cancer 
patients. With the cut-off value of 3.15, 
we found that the sensitivity and speci- 
ficity of TGF-β to differentiate breast  
cancer and benign tumor were 0.683 
and 0.814; the area under the curve  
was 0.770 (0.699-0.841).



Diagnostic value of BI-RADS and TGF-β

12191 Int J Clin Exp Med 2017;10(8):12186-12192

Cangzhou 061000, Hebei Province, China. E-mail: 
yakungao5685@163.com

References

[1] Chen W, Zheng R, Baade PD, Zhang S, Zeng H, 
Bray F, Jemal A, Yu XQ and He J. Cancer statis-
tics in China, 2015. CA Cancer J Clin 2016; 66: 
115-32.

[2] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2015. CA Cancer J Clin 2015; 65: 5-29.

[3] Fan L, Strasser-Weippl K, Li JJ, St Louis J, Fin-
kelstein DM, Yu KD, Chen WQ, Shao ZM and 
Goss PE. Breast cancer in China. Lancet Oncol 
2014; 15: e279-289.

[4] Evans A, Whelehan P, Thomson K, Brauer K, 
Jordan L, Purdie C, McLean D, Baker L, Vinni-
combe S and Thompson A. Differentiating be-
nign from malignant solid breast masses: val-
ue of shear wave elastography according to 
lesion stiffness combined with greyscale ultra-
sound according to BI-RADS classification. Br J 
Cancer 2012; 107: 224-229.

[5] Cen D, Xu L, Li N, Chen Z, Wang L, Zhou S, Xu 
B, Liu CL, Liu Z and Luo T. BI-RADS 3-5 micro-
calcifications can preoperatively predict breast 
cancer HER2 and Luminal a molecular sub-
type. Oncotarget 2017; 8: 13855-13862.

[6] Zuo X, Chen L, Liu L, Zhang Z, Zhang X, Yu Q, 
Feng L, Zhao X and Qin T. Identification of  
a panel of complex autoantigens (LGALS3, 
PHB2, MUC1, and GK2) in combination with 
CA15-3 for the diagnosis of early-stage breast 
cancer. Tumour Biol 2016; 37: 1309-1317.

[7] Wu SG, He ZY, Zhou J, Sun JY, Li FY, Lin Q, Guo 
L and Lin HX. Serum levels of CEA and CA15-3 
in different molecular subtypes and prognostic 
value in Chinese breast cancer. Breast 2014; 
23: 88-93.

[8] Lawicki S, Zajkowska M, Glazewska EK, Bed-
kowska GE and Szmitkowski M. Plasma levels 
and diagnostic utility of VEGF, MMP-9, and 
TIMP-1 in the diagnosis of patients with breast 
cancer. Onco Targets Ther 2016; 9: 911-919.

[9] Cheuk IW, Shin VY and Kwong A. Detection of 
methylated circulating DNA as noninvasive bio-
markers for breast cancer diagnosis. J Breast 
Cancer 2017; 20: 12-19.

[10] Zhang L, Xu Y, Jin X, Wang Z, Wu Y, Zhao D, 
Chen G, Li D, Wang X, Cao H, Xie Y and Liang Z. 
A circulating miRNA signature as a diagnostic 
biomarker for non-invasive early detection of 
breast cancer. Breast Cancer Res Treat 2015; 
154: 423-434.

[11] Uehiro N, Sato F, Pu F, Tanaka S, Kawashima 
M, Kawaguchi K, Sugimoto M, Saji S and Toi M. 
Circulating cell-free DNA-based epigenetic as-
say can detect early breast cancer. Breast Can-
cer Res 2016; 18: 129.

[12] Liu C, Huang Z, Wang Q, Sun B, Ding L, Meng X 
and Wu S. Usefulness of neutrophil-to-lympho-
cyte ratio and platelet-to-lymphocyte ratio in 
hormone-receptor-negative breast cancer. 
Onco Targets Ther 2016; 9: 4653-4660.

[13] Ye M, Huang T, Ying Y, Li J, Yang P, Ni C, Zhou C 
and Chen S. Detection of 14-3-3 sigma (sigma) 
promoter methylation as a noninvasive bio-
marker using blood samples for breast cancer 
diagnosis. Oncotarget 2017; 8: 9230-9242.

[14] Chang HJ, Yang MJ, Yang YH, Hou MF, Hsueh EJ 
and Lin SR. MMP13 is potentially a new tumor 
marker for breast cancer diagnosis. Oncol Rep 
2009; 22: 1119-1127.

[15] Shan M, Yin H, Li J, Li X, Wang D, Su Y, Niu M, 
Zhong Z, Wang J, Zhang X, Kang W and Pang D. 
Detection of aberrant methylation of a six-gene 
panel in serum DNA for diagnosis of breast 
cancer. Oncotarget 2016; 7: 18485-18494.

[16] Freres P, Wenric S, Boukerroucha M, Fasquelle 
C, Thiry J, Bovy N, Struman I, Geurts P, Colli-
gnon J, Schroeder H, Kridelka F, Lifrange E, 
Jossa V, Bours V, Josse C and Jerusalem G. Cir-
culating microRNA-based screening tool for 
breast cancer. Oncotarget 2016; 7: 5416-
5428.

[17] Stephen TL, Rutkowski MR, Allegrezza MJ, Pe-
rales-Puchalt A, Tesone AJ, Svoronos N, Nguy-
en JM, Sarmin F, Borowsky ME, Tchou J and 
Conejo-Garcia JR. Transforming growth factor 
beta-mediated suppression of antitumor T 
cells requires FoxP1 transcription factor ex-
pression. Immunity 2014; 41: 427-439.

[18] Principe DR, Doll JA, Bauer J, Jung B, Munshi 
HG, Bartholin L, Pasche B, Lee C and Grippo 
PJ. TGF-beta: duality of function between tu-
mor prevention and carcinogenesis. J Natl 
Cancer Inst 2014; 106: djt369.

[19] Wakefield LM and Hill CS. Beyond TGFbeta: 
roles of other TGFbeta superfamily members 
in cancer. Nat Rev Cancer 2013; 13: 328-341.

[20] Barcellos-Hoff MH and Akhurst RJ. Transform-
ing growth factor-beta in breast cancer: too 
much, too late. Breast Cancer Res 2009; 11: 
202.

[21] Ivanovic V, Todorovic-Rakovic N, Demajo M, 
Neskovic-Konstantinovic Z, Subota V, Ivanise-
vic-Milovanovic O and Nikolic-Vukosavljevic D. 
Elevated plasma levels of transforming growth 
factor-beta 1 (TGF-beta 1) in patients with ad-
vanced breast cancer: association with dis-
ease progression. Eur J Cancer 2003; 39: 454-
461.

[22] Jeffers AM, Sieh W, Lipson JA, Rothstein JH, 
McGuire V, Whittemore AS and Rubin DL. 
Breast cancer risk and mammographic density 
assessed with semiautomated and fully auto-
mated methods and BI-RADS. Radiology 2017; 
282: 348-355.

mailto:yakungao5685@163.com


Diagnostic value of BI-RADS and TGF-β

12192 Int J Clin Exp Med 2017;10(8):12186-12192

[23] Kim JY, Jung EJ, Park T, Jeong SH, Jeong CY, Ju 
YT, Lee YJ, Hong SC, Ha WS and Choi SK. Prog-
nostic importance of ultrasound BI-RADS clas-
sification in breast cancer patients. Jpn J Clin 
Oncol 2015; 45: 411-415.

[24] Nyante SJ, Lee SS, Benefield TS, Hoots TN  
and Henderson LM. The association between 
mammographic calcifications and breast can-
cer prognostic factors in a population-based 
registry cohort. Cancer 2017; 123: 219-227.

[25] de Kruijf EM, Dekker TJ, Hawinkels LJ, Putter H, 
Smit VT, Kroep JR, Kuppen PJ, van de Velde CJ, 
ten Dijke P, Tollenaar RA and Mesker WE. The 
prognostic role of TGF-beta signaling pathway 
in breast cancer patients. Ann Oncol 2013; 24: 
384-390.

[26] Bierie B, Chung CH, Parker JS, Stover DG, 
Cheng N, Chytil A, Aakre M, Shyr Y and Moses 
HL. Abrogation of TGF-beta signaling enhances 
chemokine production and correlates with 
prognosis in human breast cancer. J Clin Invest 
2009; 119: 1571-1582.

[27] Tian Y, Yu Y, Hou LK, Chi JR, Mao JF, Xia L, 
Wang X, Wang P and Cao XC. Serum depriva-
tion response inhibits breast cancer progres-
sion by blocking transforming growth factor-
beta signaling. Cancer Sci 2016; 107: 274-280.

[28] Park SY, Kim MJ, Park SA, Kim JS, Min KN, Kim 
DK, Lim W, Nam JS and Sheen YY. Combinato-
rial TGF-beta attenuation with paclitaxel inhib-
its the epithelial-to-mesenchymal transition 
and breast cancer stem-like cells. Oncotarget 
2015; 6: 37526-37543.

[29] Jiang HL, Sun HF, Gao SP, Li LD, Hu X, Wu J and 
Jin W. Loss of RAB1B promotes triple-negative 
breast cancer metastasis by activating TGF-
beta/SMAD signaling. Oncotarget 2015; 6: 
16352-16365.

[30] Liu C, Wu S, Meng X, Liu G, Chen D, Cong Y, 
Shen G, Sun B, Wang W, Wang Q, Gao H and 
Liu X. Predictive value of peripheral regulatory 
T cells in non-small cell lung cancer patients 
undergoing radiotherapy. Oncotarget 2017; 8: 
43427-43438. 

[31] Figueroa JD, Flanders KC, Garcia-Closas M, An-
derson WF, Yang XR, Matsuno RK, Duggan MA, 
Pfeiffer RM, Ooshima A, Cornelison R, Gierach 
GL, Brinton LA, Lissowska J, Peplonska B, 
Wakefield LM and Sherman ME. Expression of 
TGF-beta signaling factors in invasive breast 
cancers: relationships with age at diagnosis 
and tumor characteristics. Breast Cancer Res 
Treat 2010; 121: 727-735.

[32] Mishra S, Srivastava AK, Suman S, Kumar V 
and Shukla Y. Circulating miRNAs revealed as 
surrogate molecular signatures for the early 
detection of breast cancer. Cancer Lett 2015; 
369: 67-75.


