
6008

Abstract. – OBJECTIVE: To investigate the 
role of Jagged2 in triple negative breast cancer 
(TNBC) and its underlying mechanism. 

PATIENTS AND METHODS: Breast cancer tis-
sues of patients diagnosed with TNBC in Fuji-
an Medical University Affiliated MinDong Hospi-
tal from January 2015 to September 2017 were 
selected. TNBC patients were divided into the 
paclitaxel-resistant group (n=34) and non-re-
sistance group (n=11). Jagged2 expression in 
paclitaxel-resistant group and non-resistance 
group before and after treatment was detect-
ed by quantitative Real-time-polymerase chain 
reaction (qRT-PCR), respectively. After Jag-
ged2 knockdown in paclitaxel-resistant MDA-
MB-231 cells (MDA-MB-231/TXR), expression 
of CD44+CD24-ESA+ subset was detected by 
flow cytometry. MicroRNA-200 expression was 
detected after Jagged2 knockdown in MDA-
MB-231/TXR cells. 

RESULTS: Jagged2 was highly expressed in 
paclitaxel-resistant TNBC tissues and cells. 
Jagged2 expression was found to be associat-
ed with cancer stem cell (CSC) properties of TN-
BC cells. Knockdown of Jagged2 inhibited CSC 
properties and paclitaxel resistance, whereas 
upregulated microRNA-200 expression. The in-
hibited CSC properties and paclitaxel resistance 
induced by Jagged2 knockdown were reversed 
by microRNA-200 knockdown. 

CONCLUSIONS: Jagged2 maintains CSC 
properties of TNBC cells and paclitaxel resis-
tance via regulating microRNA-200.
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tance, Cancer stem cell properties. 

Introduction

Breast cancer is one of the most common 
malignancies in women1. With the in-depth stud-
ies, breast cancer is considered as a systemic 
disease. Systemic combination treatment has be-
come the preferred treatment for breast cancer 
instead of surgical resection. Since the molecular 
classification of breast cancer has been proposed, 
corresponding treatment based on the specific 
molecule effectively prolongs the overall survival 
of breast cancer patients2,3. Triple negative breast 
cancer (TNBC) is a special type of breast cancer 
in which expressions of estrogen receptor (ER), 
progesterone receptor (PR), and human epider-
mal growth factor receptor (HER2) are all neg-
ative4. Due to the lack of endocrine therapy and 
anti-HER2 targeted drug therapy, the currently 
treatment for TNBC is still based on chemothera-
py. Hence, it is of great importance of chemother-
apy in the comprehensive treatment for TNBC. 
At present, the first-line treatments for TNBC 
chemotherapy are mainly anthracycline and tax-
ane drugs5-7. Paclitaxel belongs to a kind of taxane 
antimicrotubule drug. Paclitaxel has been widely 
applied in breast cancer chemotherapy because 
of its unique role in promoting microtubule po-
lymerization and stabilizing polymerized micro-
tubules. Drug resistance in tumor chemotherapy 
is common, leading to local recurrence or distant 
metastasis, which seriously affects the prognosis 
of tumor patients8-10. Since breast cancer patients 
with ER-positive or HER2-positive could receive 
endocrine therapy or targeted drug therapy, the 
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effect of chemotherapy resistance on the prog-
nosis of breast cancer patients is relatively small. 
However, current treatment for TNBC patients is 
still not effective enough, it is urgent to explore 
the mechanism of drug resistance to improve 
clinical outcomes of TNBC patients11. Previous 
studies have demonstrated that the Notch ligands 
Jagged1 and Jagged2 are associated with poor 
prognosis of TNBC12. Jagged2 is closely related 
to CSC properties and drug resistance in ovar-
ian cancer cell lines13. In this work, TNBC cell 
line MDA-MB-231 was selected to establish a 
paclitaxel-resistant cell line using intermittent 
stimulation. We aim to explore the role of Jag-
ged2 in paclitaxel resistance and CSC properties 
of TNBC cells.

Patients and Methods

Sample Collection
Breast cancer tissues of patients diagnosed 

with TNBC in Fujian Medical University Affil-
iated MinDong Hospital from January 2015 to 
September 2017 were selected. TNBC patients 
were divided into the paclitaxel-resistant group 
(n=34) and non-resistance group (n=11), respec-
tively based on their one-year follow-up data. 
All patients signed informed consent before the 
surgery. This study was approved by the Ethics 
Committee of Fujian Medical University Affiliat-
ed MinDong Hospital.

Cell Culture and Transfection
TNBC cell line (MDA-MB-231) was cultured 

in Dulbecco’s modified eagle medium (DMEM) 
(Gibco, Grand Island, NY, USA) containing 10% 
FBS (fetal bovine serum) (Gibco, Grand Island, 
NY, USA) and incubated in a 5% CO2 incubator at 
37°C. MDA-MB-231 cells in logarithmic growth 
phase were seeded in the 6-well plates. When the 
cell confluence was up to 60%, cell transfection 
was performed following the manufacturer’s in-
structions of Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA).

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

Total RNA in treated cells was extracted using 
TRIzol method (Invitrogen, Carlsbad, CA, USA) 
for reverse transcription according to the instruc-
tions of PrimeScript RT reagent Kit (TaKaRa, Ot-

su, Shiga, Japan). QRT-PCR was then performed 
based on the instructions of SYBR Premix Ex Taq 
TM (TaKaRa, Otsu, Tokyo, Japan). The relative 
gene expression was calculated using 2-ΔCt method. 
Primers used in the study were as follows: Jag-
ged2, forward: 5′-CCGGATAACCTGGAGGGT-
GACTATTCTCGAGAATAGTCACCCTCCAGGT-
TATTTTTTG-3′, reverse: 5′-AATTCAAAAAATA-
ACCTGGAGGGTGACTATTCTCGAGAATAGT-
CACCCTCCAGGTTAT-3′; MicroRNA-200, forward: 
5′-AATAATGGATCCCAGGACACTTCGGCCC-3′, 
reverse: 5′-ATGTGTGAATTCAAAAACAGGAGG-
CCTTG-3′; GAPDH, forward: 5′-AGAAGGCTGG-
GGCTCATTTG-3′, reverse 5′-AGGGGCCATCCA-
CAGTCTTC-3′. 

Western Blot
Cells were lysed with RIPA (radioimmunopre-

cipitation assay) lysis buffer containing protease 
inhibitor (Sigma-Aldrich, St. Louis, MO, USA) 
to harvest total cellular protein. The protein con-
centration of each cell lysate was quantified using 
the BCA (bicinchoninic acid) protein assay kit 
(Pierce, Rockford, IL, USA). An equal amount 
of protein sample was loaded onto a 10% SDS-
PAGE (sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis) gel and then transferred to 
polyvinylidene difluoride (PVDF) membrane 
(Millipore, Billerica, MA, USA) after being sep-
arated. After blocked with skim milk, mem-
branes were incubated with primary antibody 
(Cell Signaling Technology, Danvers, MA, USA) 
overnight at 4°C and then incubated with horse-
radish peroxidase (HRP) conjugated secondary 
antibody for 2-3 h at room temperature. Finally, 
an image of the protein band was captured by 
the Tanon detection system using ECL (elec-
trochemiluminescence) reagent (Thermo-Fisher, 
Waltham, MA, USA).

Flow Cytometry
Cell supernatant was collected and preserved 

in labeled flow tube. Cells were then digested 
with Ethylene Diamine Tetraacetic Acid (ED-
TA)-free trypsin and washed with PBS (phos-
phate-buffered saline) twice. 200 μL of binding 
buffer containing calcium ion and corresponding 
antibodies were added for incubation in dark, fol-
lowed by flow cytometry detection of cell subset 
expression. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 statistical software (IBM, Armonk, 
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NY, USA) was used for data analysis and Graph-
Pad Prism 6.0 (La Jolla, CA, USA) was intro-
duced for figure editing. Measurement data were 
expressed as mean ± standard deviation (x– ± s) 
and compared using the t-test. p < 0.05 consid-
ered the difference was statistically significant 
(*p < 0.05, **p < 0 .01, ***p < 0.001).

Results

Jagged2 was Highly Expressed in TNBC
Enrolled TNBC patients were divided in-

to the paclitaxel-resistant group (n = 34) and 
non-resistance group (n = 11). QRT-PCR results 
showed that Jagged2 was highly expressed in 
paclitaxel-resistant group than that of non-re-
sistance group (Figure 1A). Moreover, Jagged2 

expression was upregulated in paclitaxel-resistant 
group after treatment, whereas no significant 
difference was found in non-resistance group 
before and after treatment (Figure 1B). Subse-
quently, we screened paclitaxel-resistant cell line 
by paclitaxel induction in MDA-MB-231 cells. 
CCK-8 results demonstrated that the tolerance 
rate to different doses of paclitaxel was higher 
in MDA-MB-231/TXR cells than that of parental 
MDA-MB-231 cells (Figure 1C). Jagged2 expres-
sion was also higher in MDA-MB-231/TXR cells 
compared with that of parental cells (Figure 1D). 

Jagged2 Was Highly Expressed in 
TNBC Cells With CSC Properties

Previous studies showed that Jagged2 was 
overexpressed in breast cancer cells with CSC 
properties. In our study, we isolated CD44+CD24-

Figure 1. Jagged2 was highly expressed in TNBC. A, Jagged2 was highly expressed in paclitaxel-resistant group than that 
of non-resistance group. B, Jagged2 expression was upregulated in paclitaxel-resistant group after treatment, whereas no 
significant difference was found in non-resistance group. C, CCK-8 results demonstrated that the tolerance rate to different 
doses of paclitaxel was higher in MDA-MB-231/TXR cells than that of parental MDA-MB-231 cells. D, Jagged2 expression 
was higher in MDA-MB-231/TXR cells compared with that of parental cells.
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ESA+ cells in TNBC tissues by flow cytome-
try. The data indicated that expression level of 
CD44+CD24-ESA+ subset was remarkably higher 
in TNBC compared with that of other breast 
cancer (Figure 2A). We also detected Jagged2 
expression in epithelioid cells and mesenchymal 
cells. It was found that Jagged2 was highly ex-
pressed in mesenchymal cells than that of epithe-
lioid cells (Figure 2B). Besides, MDA-MB-231 
cells here were cultured as adherent cells and 
microspheres, respectively. Upregulated Jagged2 
was found in MDA-MB-231 cells cultured as mi-
crospheres, which was remarkably decreased by 
collagenase-1 induction (Figure 2C). Moreover, 

CSC-related genes were also highly expressed in 
microsphere MDA-MB-231 cells than those of 
adherent cells (Figure 2D). 

Jagged2 Knockdown Inhibited CSC 
Properties and Paclitaxel Resistance 
of TNBC

We first constructed si-Jagged2 and verified 
its transfection efficacy in TNBC cells (Figure 
3A). After Jagged2 knockdown, the subset of 
CD44+CD24-ESA+ cells was analyzed by flow 
cytometry. Relative results indicated that the pro-
portion of CD44+CD24-ESA+ cell subset was re-
markably decreased (Figure 3B). We also detect-

Figure 2. Jagged2 was highly expressed in TNBC cells with CSC properties. A, Expression level of CD44+CD24-ESA+ 

cells was remarkably higher in TNBC compared with that of other types of breast cancer. B, Jagged2 was highly expressed 
in mesenchymal cells than that of epithelioid cells. C, Upregulated Jagged2 was found in MDA-MB-231 cells cultured as 
microspheres, which was remarkably decreased by collagenase-1 induction. D, CSC-related genes were highly expressed in 
microsphere MDA-MB-231 cells.
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ed drug resistance of TNBC cells after Jagged2 
knockdown. CCK-8 assay indicated that IC50 of 
MDA-MB-231/TXR was remarkably reduced 
after knockdown of Jagged2 (Figure 3C). Sub-
sequently, microRNA-200 expression was upreg-
ulated by transfection of si-Jagged2 (Figure 3D).

Jagged2 Promoted CSC Properties and 
Paclitaxel Resistance of TNBC Via 
Upregulating microRNA-200

The above results showed that knockdown of 
Jagged2 upregulated microRNA-200 expression. 
To further determine the regulatory effect of 
Jagged2 on microRNA-200, MDA-MB-231/TXR 
cells were co-transfected with si-Jagged2 and 
anti-microRNA-200 (Figure 4A). The proportion 
of CD44+CD24-ESA+ cell subset and IC50 of 
MDA-MB-231/TXR were reversed by anti-mi-
croRNA-200 transfection (Figure 4B and 4C). 

Discussion

Breast cancer is a systemic disease and chemo-
therapy exerts an important role in the treatment 

of breast cancer. In current treatment, multidrug 
resistance (MDR) is the greatest difficulty in 
tumor treatment11, 14. With the rapid development 
of molecular biology technology, gene therapy 
has gradually become an essential part of the 
tumor treatment. Therefore, drugs to reverse 
MDR based on the specific target have been well 
recognized. In particular, TNBC treatment is 
lacked of effective molecular target5, 15. In recent 
years, some potential targets for TNBC have 
been found, including EGFR (epidermal growth 
factor receptor), c-MET (hepatocyte growth 
factor receptor), VEGFR (vascular endothelial 
growth factor receptor) and FGFR (fibroblast 
growth factor receptor)15-17. Although researches 
on the mechanism of drug resistance of breast 
cancer have been widely conducted, other poten-
tial mechanisms still need to be explored to de-
velop new therapeutic methods. Drug resistance 
protein, as a drug pump, expels cytotoxic drug 
by ATP-dependent hydrolysis, thereafter reduc-
ing the drug accumulation in cells18-20. However, 
the specific molecular mechanism of drug re-
sistance of TNBC still remains unclear, which 
requires for further investigations. It is reported 

Figure 3. Jagged2 knockdown inhibited CSC properties and paclitaxel resistance of TNBC. A, Transfection efficacy of si-
Jagged2. B, The proportion of CD44+CD24-ESA+ cell subset was remarkably decreased. C, IC50 of MDA-MB-231/TXR was 
remarkably reduced after knockdown of Jagged2. D, MicroRNA-200 expression was upregulated by transfection of si-Jagged2.
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that the Notch ligands Jagged1 and Jagged2 are 
associated with poor prognosis of TNBC12. In 
addition, Jagged2 is closely related to CSC and 
drug resistance in ovarian cancer cell lines. Our 
study found that Jagged2 expression was up-
regulated in paclitaxel-resistant TNBC tissues 
and cells with CSC properties. Knockdown of 
Jagged2 inhibited CSC properties and paclitaxel 
resistance of TNBC, and upregulated microR-
NA-200 expression. The inhibited CSC proper-
ties and paclitaxel resistance in MDA-MB-231/
TXR cells were reversed by microRNA-200 
knockdown.

Conclusions

We showed that Jagged2 was highly expressed 
in TNBC, which maintains CSC properties of 
TNBC cells and paclitaxel resistance via regu-
lating microRNA-200.
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cell subset (B) and IC50 (C) of MDA-MB-231/TXR were reversed by microRNA-200 knockdown. 
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