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Abstract

Aims: The present study is to determine the expression of aldehyde dehydrogenase 1 (ALDH1) and ATP-
binding cassette superfamily G member 2 (ABCG2) in patients with triple-negative breast cancer, and to
understand the relationship of ALDH1 and ABCG2 with triple-negative breast cancer.
Methods: A total of 56 patients who received triple-negative breast cancer resection and axillary lymph
node dissection at our hospital between August 2013 and June 2016 were included in the present study.
Primary focus tissues, tumor-adjacent tissues and lymph node tissues of the patients were collected.
According to pathological examinations, 21 patients had lymph node metastasis (metastasis group), and
35 had no lymph node metastasis (non-metastasis group). Tumor-adjacent tissues were used as control
group. MDA-MB-231 cells were transfected with small-interfering RNA to inhibit the expression of
ALDH1 and ABCG2. Quantitative real-time polymerase chain reaction was used to determine the
expression of mRNA, while Western blotting was carried out to measure protein expression. MTT assay
was employed to determine the proliferation of MDA-MB-231 cells.
Results: Expression of ALDH1 and ABCG2 mRNA and protein was elevated in breast cancer tissues
and metastatic lymph node. Transfection with the siRNA of ALDH1 and ABCG2 reduced the expression
of ALDH1 and ABCG2, respectively. Down-regulation of ALDH1 and ABCG2 expression decreased the
proliferation of MDA-MB-231 cells.
Conclusion: The present study demonstrates that the expression of ALDH1 and ABCG2 in primary
tumor tissues from patients with triple-negative breast cancer is increased than that in tumor-adjacent
tissues, and the expression of ALDH1 and ABCG2 in lymph node in patients with lymph node
metastasis is higher than that in patients without lymph node metastasis. ALDH1 and ABCG2 may
regulate the invasion and lymph node metastasis, or affect the drug resistance of triple-negative breast
cancer.
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Introduction
Breast cancer is one of the most common malignant tumors in
adult women that threatens the life and health of women all
over the world [1]. Triple-negative breast cancer accounts for
12-17% of breast cancer cases, with an immunohistochemical
manifestation of decreased expression of estrogen receptor
(ER), progesterone receptor (PR) and human epidermal growth
factor receptor 2 (HER-2). Triple-negative breast cancer has
poor prognosis, and cannot be treated by endocrine therapy. It
is reported that triple-negative breast cancer and breast cancer
with overexpression of HER-2 have higher local recurrence
rates than other types of breast cancer [2-5].

Patients with distal metastasis and local recurrence of triple-
negative breast cancer usually have higher mortality rate than

patients with other types of breast cancer. In addition, the
survival time of patients with distal metastasis and local
recurrence of triple-negative breast cancer is shorter than that
of patients with other types of breast cancer [6]. Axillary
lymph node (ALN) and internal mammary lymph node
(IMLN) are important metastatic sites of breast cancer, and the
metastatic status at these lymph nodes are key basis for the
determination of clinical or pathological staging, judgement of
prognosis and definition of supplementary treatment plan [7,8].

A study shows that about 90% chemotherapy failures in
patients with metastatic breast cancer are due to multidrug
resistance (MDR), which has become one of the difficulties in
the treatment of breast cancer [9]. Aldehyde dehydrogenase 1
(ALDH1) is related to the occurrence and development of
many kinds of human tumors, and increased expression of
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ALDH1 suggests bad sensitivity to chemotherapy drugs and
poor prognosis [9-12]. ALDH1 plays a role in regulating
apoptosis, but its mechanism of action is not clear yet [13].
ATP-binding cassette superfamily G member 2 (ABCG2) is a
member of ATP-binding cassette transporter superfamily and
its effect in MDR is not negligible [14,15]. By now, there are
few studies on the effect of ALDH1 or ABCG2 on the
occurrence and lymph node metastasis of triple-negative breast
cancer. In the present study, we determine the expression of
ALDH1 and ABCG2 in patients with triple-negative breast
cancer, and try to understand the relationship of ALDH1 and
ABCG2 with triple-negative breast cancer.

Materials and Methods

Patients
A total of 56 patients who received triple-negative breast
cancer resection and axillary lymph node dissection at our
hospital between August 2013 and June 2016 were included in
the present study. Primary focus tissues, tumor-adjacent tissues
and lymph node tissues of all patients were collected and
stored in liquid nitrogen. According to pathological
examinations, 21 patients had lymph node metastasis
(metastasis group), and 35 had no lymph node metastasis (non-
metastasis group). Tumor-adjacent tissues from all 56 patients
were used as control group. Non-metastasis group had an age
range of 25-60 years, and a median age of 40 years; metastasis
group had an age range of 26-62 years, and a median age of 41
years. All patients were having the first onset of triple-negative
breast cancer. None of the patients had taken hormones,
traditional Chinese medicine or chemotherapy before surgery.
All procedures were approved by the Ethics Committee of
Soochow University. Written informed consents were obtained
from all patients or their families.

Cells
One day before transfection, MDA-MB-231 cells in log-phase
growth (3 × 105) were seeded onto 24-well plates containing
antibiotics-free F12/DMEM medium supplemented with 10%
fetal bovine serum. When reaching 70% confluency, 1 μl
small-interfering RNA (siRNA; Sangon Biotech Co., Ltd.,
Shanghai, China) and 1 μl liposome (Lipofectamine 2000;
Thermo Fisher Scientific, Waltham, MA, USA) were mixed
with 50 μl Opti Memi medium, respectively, in individual
Eppendorf tubes. After standing still for 5 min, the mixtures in
the two Eppendorf tubes were mixed and kept under room
temperature for 20 min, followed by addition into each culture
well. Six hours later, the medium was replaced by fresh F12/
DMEM medium supplemented with 10% fetal bovine serum,
and the cells were cultured under normal condition for 48 h
before harvest for further use.

Quantitative real-time polymerase chain reaction
(qRT-PCR)
Tissues (100 mg) were ground into powder in liquid nitrogen
and mixed with 1 ml Trizol (10606ES60; Yeasen, Shanghai,

China) for lysis. Liquid samples (100 μl) were directly mixed
with 1 ml Trizol (10606ES60; Yeasen, Shanghai, China) for
lysis. Then, total RNA was extracted using phenol chloroform
method. The purity of RNA was determined by A260/A280
using ultraviolet spectrophotometry (Nanodrop ND2000,
Thermo Scientific, Waltham, MA, USA). Then, cDNA was
obtained by reverse transcription from 1 μg RNA and stored at
-20°C. Reverse transcription of mRNA was performed using
TIANScript II cDNA First Strand Synthesis Kit (KR107;
TIANGEN, Beijing, China). SuperReal PreMix (SYBR Green)
(FP204; TIANGEN, Beijing, China) was used to detect mRNA
expression, using GAPDH as internal reference. The reaction
system (20 μl) was composed of 10 μl qRT-PCR-Mix, 0.5 μl
upstream primer (ALDH1, 5’-
CCGTGGCGTACTATGGATGC-3’; ABCG2, 5’-
ATTGAAGGCAAAGGCAGATG-3’; GAPDH, 5’-
TGTTCGTCATGGGTGTGAACC-3’), 0.5 μl downstream
primer (ALDH1, 5’-CGCAATGTTTTGATGCAGCCT-3’;
ABCG2, 5’-TGAGTCCTGGGCAGAAGTTT-3’; GAPDH, 5’-
ATGGACTGTGGTCATGAGTCC-3’), 2 μl cDNA and 7 μl
ddH2O. PCR condition was: initial denaturation at 95°C for 30
s; 39 cycles of denaturation at 95°C for 5 s, annealing at 60°C
for 20 s (iQ5; Bio-Rad, Hercules, CA, USA). The 2-ΔΔCt

method was used to calculate the relative expression of
ALDH1 or ABCG2 mRNA against GAPDH. Each sample was
tested in triplicate.

Western blotting
Samples were mixed with precooled Radio-
Immunoprecipitation Assay (RIPA) lysis buffer (600 μl; 50
mM Tris-base, 1 mM EDTA, 150 mM NaCl, 0.1% sodium
dodecyl sulfate, 1% TritonX-100, 1% sodium deoxycholate;
Beyotime Institute of Biotechnology, Shanghai, China). After
lysis for 50 min on ice, the mixture was centrifuged at 12,000
g/min and 4°C for 5 min. The supernatant was used to
determine protein concentration by bicinchoninic acid (BCA)
protein concentration determination kit (RTP7102, Real-Times
Biotechnology Co., Ltd., Beijing, China). Protein samples (20
μg) were then mixed with sodium dodecyl sulfate loading
buffer before denaturation in boiling water bath for 5 min.
Afterwards, the samples were subjected to 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The
resolved proteins were transferred to polyvinylidene difluoride
membranes on ice (100 V, 2 h) and blocked with 5% skimmed
milk at room temperature for 1 h. Then, the membranes were
incubated with rabbit anti-human ALDH1 polyclonal primary
antibody (1:1,000; ab52492; Abcam, Cambridge, UK), rabbit
anti-human ABCG2 polyclonal primary antibody (1:1,500;
ab24115; Abcam, Cambridge, UK) and rabbit anti-human β-
actin monoclonal primary antibody (1:5,000; ab8227; Abcam,
Cambridge, UK) at 4°C overnight. After extensive washing
with phosphate-buffered saline with Tween 20 for 3 times of
15 min, the membranes were incubated with goat anti-rabbit
horseradish peroxidase-conjugated secondary antibody
(1:3,000; ab6721; Abcam, Cambridge, UK) for 1 h at room
temperature before washing with phosphate-buffered saline
with Tween 20 for 3 times of 15 min. Then, the membrane was
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developed with enhanced chemiluminescence detection kit
(ab65623; Abcam, Cambridge, UK) for imaging. Image lab
v3.0 software (Bio-Rad, Hercules, CA, USA) was used to
acquire and analyze imaging signals. The relative expression of
target proteins was calculated against β-actin.

MTT assay
Cells were added into 96-well plate at a density of 2 × 103 cells
per well in triplicate. At 24, 48 and 72 h, 5 g/L MTT (20 µl per
well) was added. On the last day of culture, DMSO (150 µl per
well) was added to dissolve purple crystal. After incubation at
37°C for 4 h, absorbance of each well was measured at 490 nm
with a microplate reader (Bio-Rad, Hercules, CA, USA) for
plotting cell growth curves.

Figure 1. Expression of ALDH1 and ABCG2 mRNA in breast cancer
tissues and lymph node. (A-B) Expression of (A) ALDH1 and (B)
ABCG2 mRNA in breast cancer tissues from breast cancer patients
with or without metastasis. (C-D) Expression of (C) ALDH1 and (D)
ABCG2 mRNA in lymph node from breast cancer patients with or
without metastasis. Tumor-adjacent tissues (control) were obtained
from all 56 patients. Metastasis tumor tissues were obtained from 21
patients with metastasis, while non-metastasis tumor tissues were
collected from 35 patients without metastasis. The level of mRNA was
determined by quantitative real-time polymerase chain reaction.
*P<0.05 and **P<0.01 compared with tumor-adjacent tissues
(control); #P<0.05 compared with tumor tissues from breast cancer
patients without metastasis.

Statistical analysis
The results were analyzed using SPSS 18.0 statistical software
(IBM, Armonk, NY, USA). The data were expressed as means
± standard deviations. Data were tested for normality.
Multigroup measurement data were analyzed using one-way
ANOVA. In case of homogeneity of variance, Least Significant
Difference and Student-Newman-Keuls methods were used; in
case of heterogeneity of variance, Tamhane’s T2 or Dunnett’s
T3 method was used. P<0.05 indicated statistically significant
differences.

Figure 2. Expression of ALDH1 and ABCG2 protein in breast cancer
tissues and lymph node. (A-B) Expression of (A) ALDH1 and (B)
ABCG2 protein in breast cancer tissues from breast cancer patients
with or without metastasis. (C-D) Expression of (C) ALDH1 and (D)
ABCG2 protein in lymph node from breast cancer patients with or
without metastasis. Tumor-adjacent tissues (control) were obtained
from all 56 patients. Metastasis tumor tissues were obtained from 21
patients with metastasis, while non-metastasis tumor tissues were
collected from 35 patients without metastasis. Protein expression was
determined by Western blotting. *P<0.05 and **P<0.01 compared
with tumor-adjacent tissues (control); #P<0.05 and ##P<0.01
compared with tumor tissues from breast cancer patients without
metastasis.

Result

Expression of ALDH1 and ABCG2 mRNA is elevated
in breast cancer tissues and metastatic lymph node
To measure the expression of mRNA, qRT-PCR was
performed. The data showed that the levels of ALDH1 mRNA
in primary tumor tissues from non-metastasis group and
metastasis group were both significantly higher than that in
control (P<0.05), and the value of metastasis group was
significantly higher than that of non-metastasis group (P<0.05)
(Figure 1A). Similarly, the levels of ABCG2 mRNA in tumor
tissues from non-metastasis group and metastasis group were
also significantly higher than that in control (P<0.05), and the
value of metastasis group was significantly higher than that of
non-metastasis group (P<0.05) (Figure 1B). In addition, the
levels of ALDH1 and ABCG2 mRNA in lymph node from
metastasis group were significantly higher than those from
non-metastasis group, respectively (P<0.05) (Figures 1C and
1D). The results suggest that expression of ALDH1 and
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ABCG2 mRNA is elevated in breast cancer tissues and
metastatic lymph node.

Figure 3. Expression of ALDH1 and ABCG2 in MDA-MB-231 cells
transfected with the siRNA of ALDH1 and ABCG2, respectively. (A-
B) Expression of (A) ALDH1 and (B) ABCG2 mRNA in MDA-
MB-231 cells transfected with negative control or the siRNA of
ALDH1 and ABCG2. (C-D) Expression of (C) ALDH1 and (D)
ABCG2 protein in MDA-MB-231 cells transfected with negative
control or the siRNA of ALDH1 and ABCG2. The level of mRNA was
determined by quantitative real-time polymerase chain reaction, and
protein expression was determined by Western blotting. *P<0.05 and
**P<0.01 compared with negative control.

ALDH1 and ABCG2 protein expression is increased
in breast cancer tissues and metastatic lymph node
To determine ALDH1 and ABCG2 protein expression, Western
blotting was carried out. The data showed that ALDH1 and
ABCG2 protein levels in primary tumor tissues from non-
metastasis group and metastasis group were significantly
higher than those in control (P<0.05), and the values of
metastasis group were significantly higher than those of non-
metastasis group (P<0.05) (Figures 2A and 2B). Moreover,
protein levels of ALDH1 and ABCG2 in lymph node from
metastasis group were significantly higher than those from
non-metastasis group (P<0.05) (Figures 2C and 2D). The
results indicate that ALDH1 and ABCG2 protein expression is
increased in breast cancer tissues and metastatic lymph node.

Reduced expression of ALDH1 or ABCG2 inhibits the
proliferation of MDA-MB-231 cells
To understand the mechanisms of action of ALDH1 and
ABCG2, the expression of ALDH1 and ABCG2 was silenced
by transfection of MDA-MB-231 cells with their siRNA. qRT-
PCR and Western blotting showed that the levels of ALDH1
and ABCG2 mRNA and protein in MDA-MB-231 cells
transfected with siRNA of ALDH1 and ABCG2, respectively,
were significantly reduced compared with negative control
(P<0.05) (Figures 3A-3D). In addition, MTT assay showed that
the absorbance of cells transfected with ALDH1 and ABCG2
siRNA was significantly lower than that of cells in control and
negative control groups at 48 or 72 h (P<0.05) (Figures 4A and
4B). The results suggest that reduced expression of ALDH1 or
ABCG2 inhibits the proliferation of MDA-MB-231 cells.

Figure 4. Proliferation of MDA-MB-231 cells transfected with (A)
ALDH1 siRNA or (B) ABCG2 siRNA. At 24, 48 and 72 h, MTT assay
was used to determine the absorbance of the cells at 490 nm.
Proliferation curves were plotted using the absorbance values.
*P<0.05 and **P<0.01 compared with negative control.

Discussion
The concept of triple-negative breast cancer is put forward in
2005, and it is closely related with basal-like breast cancer that
has poor prognosis [16]. The resistance of breast cancer cells to
chemotherapy drugs limits the efficacy of these drugs. The
resistance of cancer cells to chemotherapy includes natural
resistance (or primary resistance), acquired resistance (or
secondary resistance), and multidrug resistance (or cross
resistance) [17].

ALDH1 is a protein related with drug resistance and cell
apoptosis. The proliferation, colony formation, adhesion,
migration and invasion of cells with increased ALDH1
expression are all elevated. It is reported that up-regulated
expression of ALDH1 is related with poor prognosis [11]. In
addition, the positive rate of ALDH1 in African breast cancer
patients is about 48% [10]. The positive rate of ALDH1 in
patients treated with cyclophosphamide-based chemotherapy is
61%, suggesting that ALDH1 may reflect the biological
behavior of breast cancer [13]. Moreover, reduced ALDH1
expression can induce cell apoptosis, but its mechanism of
action is not clear yet [18,19]. In the present study, we discover
that the expression of ALDH1 mRNA and protein is up-
regulated in breast cancer tissues, and the values in patients
with metastasis are significantly higher than those in patients
without metastasis. In addition, the expression of ALDH1 in
lymph node from patients with metastasis is significantly
higher than that from patients without metastasis. Our data
suggest that specifically elevated ALDH1 expression in triple-
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negative breast cancer plays important roles in drug resistance
and metastasis of the disease. ABCG2 mediates unidirectional
efflux function, and pumps substrates in the cytoplasm out of
the cells [20,21], reducing the accumulation and absorption of
toxic substances by the cells. We hypothesize that high
expression of ABCG2 results in the drug resistance of triple-
negative breast cancer. Our results demonstrate that the
expression of ABCG2 mRNA and protein are elevated in
breast cancer tissues and metastatic lymph node, suggesting
that specifically elevated expression of ABCG2 in triple-
negative breast cancer results in the drug resistance of the
disease. Studies on ABCG2 are mainly focused on the drug
resistance of tumors, while studies on ALDH1 are mostly
concentrated on the apoptosis, invasion and metastasis of
tumors.

In the present study, we have also investigated the effect of
ALDH1 and ABCG2 on the proliferation of triple-negative
breast cancer MDA-MB-231 cells. After interference of
ALDH1 and ABCG2 expression by transfection with their
siRNA, MTT assay has shown that reduced expression of
ALDH1 or ABCG2 inhibits the proliferation of MDA-MB-231
cells, suggesting that high expression of ALDH1 or ABCG2 is
closely related with the proliferation of triple-negative breast
cancer cells. In conclusion, the present study demonstrates that
elevated expression of ALDH1 or ABCG2 affects the
apoptosis, metastasis and drug resistance of triple-negative
breast cancer, and can be a potential biomarker and therapeutic
target for the disease.
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