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Summary

Purpose: To investigate the expressions of multidrug resist-
ance-associated protein 1 (MRP1) gene, serum transform-
ing growth factor beta-1 (TGF-B1) and interleukin-8 (IL-8)
in patients with breast cancer during chemotherapy, and to
analyze their correlations in chemotherapy.

Methods: 346 breast cancer patients admitted to the De-
partment of Surgery (Breast) of Nanjing Drum Tower Hos-
pital from March 2015 to December 2017 were included as
study subjects. All selected patients received chemotherapy
in our hospital. Quantitative reverse transcription- polymer-
ase chain reaction (qRT-PCR) and enzyme-linked immuno-
sorbent assay (ELISA) were adopted to detect the expression
levels of MRP1 mRNA, as well as MRP1, TGF-B1 and IL-8
proteins in patients before chemotherapy and at 1, 2, 4 and
8 weeks after chemotherapy. Correlations of MRP1 protein/
mRNA with clinical features of patients were analyzed, and
Pearson’s correlation analysis was performed to examine
correlations of MRP1 protein/mRNA with TGF-B1 and IL-8
proteins.

Introduction

Breast cancer is a very common malignant tu-
mor in females in China, which seriously jeopard-
izes the health and life of patients. The incidence
rate of breast cancer has risen rapidly in recent
years, with an incidence rate of 378,6/100 million
and a mortality rate of 114/100,000. Breast cancer
accounts for about 17% of all malignant tumors in
females [1,2]. At present, surgical excision as well
as postoperative radiotherapy, chemotherapy and

Results: The expressions of MRP1 mRNA as well as MRP1,
TGF-B1 and IL-8 proteins were increased with the prolongation
of chemotherapy time, and there were statistically significant
differences between the two time points (p<0.05). No correla-
tions of MRP1 with the clinical patient features with breast
cancer were found. Pearson’s correlation analysis showed
that the expression level of MRP1 was positively correlated
with the expression levels of TGF-B1 (r=0.732, p=0.012) and
IL-8 (r=0.709, p=0.018), and the expression level of TGF-1
was positively related to that of IL-8 (r=0.714, p=0.015).

Conclusion: With the prolongation of chemotherapy time
in breast cancer patients, the expression level of MRP1 also
increased which may affect the therapeutic effect of chemo-
therapy in breast cancer patients and lead to drug resist-
ance. TGF-B1 and IL-8 may be closely associated with the
mechanism of drug resistance in MRP1-guided breast cancer
chemotherapy.
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hormonotherapy are the main treatment methods
for breast cancer. However, in recent years, many
new chemotherapy drugs and regimens were
proved unsatisfactory in improving the progno-
sis of breast cancer patients, with 10-year overall
survival rate not exceeding 60% [3,4]. Therefore,
research on biomolecules that affect the therapeu-
tic effect of breast cancer has important scientific
significance and clinical application value.
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Multidrug resistance (MDR) of tumor cells is
a major barrier affecting treatment, and multidrug
resistance associated protein 1 (MRP1) is one of
the major members of MDR [5,6]. In recent years,
many studies have reported that MRP1 is high-
ly expressed in many malignant tumors such as
gastric cancer, lung cancer and leukemia, and the
therapeutic effect of chemotherapy in patients with
high expression of MRP1 is obviously poorer than
those with low expression of MRP1 [7-9]. There
are few reports on the expression level of MRP1
in breast cancer and its effect on the chemotherapy
outcome of breast cancer patients, and the mecha-
nism of action of MRP1 in this cancer is not eluci-
dated in studies. Transforming growth factor beta-1
(TGF-B1) is a protein regulating cell growth and
differentiation [10]. Interleukin-8 (IL-8) regulates
human reproductive physiological and pathologi-
cal processes by binding to specific receptors [11].
In recent years, studies have reported that TGF-31
and IL-8 are correlated with the drug resistance
mechanisms of tumors [12,13].

In this study, changes in the expression level
of MRP1 in breast cancer patients during chemo-
therapy were examined, and its correlations with
the expression levels of TGF-B1 and IL-8 were ana-
lyzed so as to provide a basis for guiding the clini-
cal breast cancer chemotherapy.

Methods

Study subjects

A total of 346 patients with breast cancer who were
admitted to our hospital from March 2015 to December
2017 were selected. Inclusion criteria: 1) patients with
an average age of 52.64+14.05 years; 2) female patients
pathologically diagnosed with breast cancer; 3) patients
with no previous tumor history; 4) patients undergoing
primary surgery and chemotherapy in our hospital for
the first time, without receiving endocrine therapy; 5)
patients with no liver, kidney and other organ dysfunc-
tion, and no abnormal hemorrhage or abnormal coagu-
lation function; and 6) patients with complete medical
records and follow-up data. Exclusion criteria: 1) patients
with distant metastasis; 2) patients with hypertension,
heart disease or diabetes; 3) patients with lung, chest
or other diseases; or 4) patients dying of other diseases.
This study was approved by the Medical Ethics Commit-
tee of our hospital, and patients or their family members
signed the informed consent.

Table 1. Primer sequences

Extraction of the total RNA from cells

Fasting peripheral venous blood was collected from
all patients in the early morning, and TRIzol reagent
(Shanghai Mingjin Biology Co., Ltd.,, Shanghai, China)
was used to extract the total RNA from the patient serum
according to the kit instructions. A micro-ultraviolet
ND-1000 spectrophotometer (NanoDrop Technologies,
Inc.,, USA) was applied to analyze the concentration
and purity of the extracted RNA. The ratio of 1.8-2.0
indicated that the purity of the extracted RNA met the
experimental requirements. Three percent agarose gel
electrophoresis (gel electrophoresis kit was purchased
from Shanghai Jingke Science and Technology Co., Ltd.)
was used to analyze RNA integrity.

Detection of MRP1 mRNA via qRT-PCR

The above-mentioned total mRNA extracted was
reversely transcribed and synthesized into complemen-
tary deoxyribonucleic acid (cDNA) according to the in-
structions of the fluorescence qPCR kit (Thermo Fisher
Scientific, China Co., Ltd.). Reaction: at 37°C for 45 min
and 95°C for 5 min. The amplification reaction system
of cDNA was 25 pL. PCR conditions: at 95°C for 5 min,
followed by circular reaction at the same condition using
the two-step method, 95°C for 10s and 60°C for 34s for a
total of 40 cycles. U6 was taken as the internal reference.
All samples were repeared in 3 wells, and the results
were analyzed via the 2-4¢t method. The gqRT-PCR prim-
ers were synthesized by Suzhou Syobio Technologies
Co., Ltd. (Suzhou, China). Primer sequences are shown
in Table 1.

Enzyme-linked immunosorbent assay (ELISA)

MRP1, TGF-B1 and IL-8 proteins were detected by
ELISA according to the kit instructions. Besides, all the
detection kits were purchased from Shanghai Jingkang
Biological Engineering Co., Ltd. (Shanghai, China).

Observational indexes

Changes in the expression levels of MRP1 mRNA as
well as MRP1, TGF-B1 and IL-8 proteins before chemo-
therapy and at 1, 2, 4 and 8 weeks after chemotherapy
were evaluated and analyzed. Correlations of MRP1
with clinicopathological features of patients and cor-
relations among MRP1, TGF-f1 and IL-8 were assessed
and analyzed.

Statistics

SPSS 19.0 [AsiaAnalytics (formerly SPSS China)]
was applied. Count data were expressed as percentage,
and compared using the x? test. Quantitative data were
expressed as meanststandard deviation, and analyses

Forward primer

Reverse primer

MRP1
Uo

5'-ATACCTGCTGTTCGGATTT-3'
5'-CGCTTCGGCAGCACATATAC-3'

5'-CGCATAGTGGATGGCTTT-3'
5-TTCACGAATTTGCGTGTCAT-3'
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among multiple groups were performed using repeated
analyses of variance (ANOVA). Correlations of MRP1
with patient clinicopathological features were analyzed
via cross tabulation analysis. Pearson’s correlation
analysis was conducted to analyze correlations among
MRP1, TGF-B1 and IL-8. P<0.05 showed that the differ-
ence was statistically significant.

Results

General data

There were 346 patients with breast cancer,
including 161 (46.53%) cases aged less than 50
years and 185 (53.47%) aged more than 50 years.
The tumor diameter was less than 5 cm in most
cases (n=328; 94.80%), while 18 cases (5.20%) had
a tumor diameter greater than 5 cm. Patients were
histologically classified into grade I (85; 24.57%),
grade II (111; 32.08%) and grade III (150; 43.35%).
According to TNM staging system, patients were
divided into stage I (132; 38.15%), stage II (128;
36.99%) and stage III (86; 24.86%). Among 346 pa-
tients, there were 146 (42.20%) cases with lymph
node metastasis, 101 (29.19%) with blood vessel
invasion and 48 (13.87%) with nerve invasion
(Table 2).

QRT-PCR detection results of MRP1 mRNA

According to qRT-PCR detection results, the ex-
pression level of MRP1 mRNA was increased with
the prolongation of chemotherapy time. The mean

Table 2. General information

Information n (%)
Age, years

<50 161 (46.53)

>50 185 (53.47)
Tumor diameter (cm)

<2 209 (60.40)

>2, <5 119 (34.39)

>5 18 (5.20)
TNM staging

I 132 (38.15)

II 128 (36.99)

III 86 (24.806)
Histological grading

I 85 (24.57)

II 111 (32.08)

III 150 (43.35)
Lymph node metastasis

Yes 146 (42.20)

No 200 (57.80)
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expression levels of MRP1 mRNA before chemo-
therapy and at 1, 2, 4 and 8 weeks after chemo-
therapy were 0.717+0.124 ng/mL, 0.759+0.126 ng/
mL, 0.779+0.125 ng/mL, 0.834+0.131 ng/mL and
0.901+0.262 ng/mL, respectively, and there were
statistically significant differences in the expres-
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Figure 1. QRT-PCR detection results of MRP1 mRNA.
QRT-PCR detection results show that the expression level
of MRP1 mRNA is increased with the extension of chemo-
therapy time, and p<0.05 in pairwise comparisons among
a,b,c,dande.
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Figure 2. ELISA detection results of MRP1 protein. ELISA
detection results reveal that the expression level of MRP1
protein goes up with the prolongation of chemotherapy
time, and p<0.05 in pairwise comparisons among a, b, c,
dande.
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sion level of MRP1 mRNA between each time
points (p<0.05) (Figure 1).

ELISA detection results of MRP1 protein

Results of the ELISA detection revealed that the
expression level of MRP1 protein rose up in paral-
lel with the prolongation of chemotherapy time.
The mean expression levels of MRP1 protein before
chemotherapy and at 1, 2,4 and 8 weeks after chem-
otherapy were 0.125+0.012 ng/mL, 0.158+0.014 ng/
mL, 0.201+0.016 ng/mL, 0.236+0.018 ng/mL and
0.258+0.023 ng/mL, respectively, displaying sta-
tistically significant differences in the expression
level of MRP1 protein at two time points (p<0.05)
(Figure 2).

Correlations of MRP1 with clinical features of patients
with breast cancer

The median of MRP1 mRNA expression level
before chemotherapy was 0.134 ng/mlL, and pa-
tients with expression level lower than the me-
dian were included into the low expression group
1, while those with the expression level higher
than the median were included into the high ex-
pression group. Cross tabulation analysis results
revealed that the high expression levels of MRP1
mRNA before and after chemotherapy were not
related to age, tumor diameter, TNM stage, histo-

logical grade and lymph node metastasis (p>0.05)
(Table 3).

ELISA detection results of TGF-S1

ELISA detection results revealed that the ex-
pression level of TGF-f1 protein went up with
the prolongation of chemotherapy time. The
mean expression levels of TGF-B1 protein before
chemotherapy and at 1, 2, 4 and 8 weeks after
chemotherapy were 5.26+1.38 ng/mlL, 5.93+1.56
ng/mL, 6.47+1.76 ng/mL, 6.83+1.78 ng/mL and
7.65+2.01 ng/mL, respectively, with statistically sig-
nificant differences in the expression level of TGF-31
protein between each two time points (p<0.05)
(Figure 3).

ELISA detection results of IL-8

ELISA detection results indicated that the
expression level of IL-8 protein went up as the
chemotherapy time prolonged. The mean expres-
sion levels of IL-8 protein before chemotherapy
and at 1, 2, 4 and 8 weeks after chemotherapy
were 76.56+£13.42 pg/mL, 82.37+14.36 pg/mL,
88.12+15.25 pg/mL, 92.18+16.17 pg/mL and
101.98+18.44 pg/mL, respectively. The differences
were statistically significant in the expression level
of IL-8 protein between two time points (p<0.05)
(Figure 4).

Table 3. Correlations of MRP1 protein expression with clinicopathological features of patients with breast cancer

Features n Before chemotherapy After chemotherapy
Low expression  High expression pvalue  Low expression  High expression p value
group 1 group 1 group 1 group 1

Age, years 0493 0.523
<50 161 121 40 35 126
>50 185 133 52 42 143

Tumor diameter (cm) 0467 0.619
<2 209 146 63 58 151
>2 137 101 36 34 103

TNM staging 0.934 0.775
I 132 99 33 36 96
II 128 91 37 41 87
III 86 60 26 25 61

Histological grading 0.862 0.114
I 85 60 25 30 55
II 111 82 29 26 85
III 150 110 40 51 99

Lymph node metastasis 0.298 0.262
Yes 146 111 35 46 100
No 200 142 58 52 148
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Correlations among MRP1, TGF-B1 and IL-8

According to Pearson’s correlation analysis, the
expression level of MRP1 mRNA was positively
correlated with the expression levels of TGF-pf1
(r=0.732, p=0.012) and IL-8 (r=0.709, p=0.018),
showing a positive correlation between the ex-
pression level of TGF-B1 and that of IL-8 (r=0.714,
p=0.015).

10+
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Figure 3. ELISA detection results of TGF-B1. ELISA detec-
tion results indicate that the expression of TGF-B1 protein
rises up with the increase in chemotherapy time, and p<0.05
in pairwise comparisons among a, b, ¢, d and e.
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Figure 4. ELISA detection results of IL-8. ELISA detection
results illustrate that the expression level of IL-8 protein
is increased as the chemotherapy time is prolonged, and
p<0.05 in pairwise comparisons among a, b, ¢, d and e.
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Discussion

With the gradual increase in the incidence
rate of breast cancer and the frequent application
of chemotherapy, the therapeutic effect of chemo-
therapy for breast cancer has gradually become un-
satisfactory [14,15]. MRP1 is a molecule that has
become popular in recent years, which can protect
tumor cells from being recognized and Kkilled by
immune cells and reduce the sensitivity to drugs
[16,17]. However, there are few reports on the influ-
ence of MRP1 on the therapeutic effect of breast
cancer chemotherapy, and its mechanism is still
not clear. TGF-B1 has important regulatory effects
on cell growth, differentiation and immune func-
tion [10]. Lin et al. [18] reported that TGF-B1 can
participate in drug resistance in osteosarcoma cells
by inducing miR-202 to inhibit apoptosis in human
osteosarcoma cells. The main biological activity
of IL-8 is to attract and activate neutrophils [11],
but in recent years it has been found to be associ-
ated with tumor drug resistance. Fernando et al.
[13] reported in a study that blocking IL-8 signal
transduction can improve the acquired resistance
to epidermal growth factor receptor (EGFR) inhi-
bition in lung cancer patients, and enhance the
chemotherapy outcome. There are few reports on
the roles of TGF-B1 and IL-8 in the mechanism of
drug resistance in breast cancer chemotherapy.
This study aimed to investigate the mechanism of
drug resistance in breast cancer through analyzing
the changes in MRP1, TGF-B1 and IL-8 expression
levels in breast cancer patients during chemothera-
py, thus providing theoretical guidance for clinical
breast cancer chemotherapy.

In this study, the expression levels of MRP1,
TGF-B1 and IL-8 before chemotherapy and at 1, 2,
4 and 8 weeks after chemotherapy in 346 breast
cancer patients undergoing chemotherapy were
evaluated. The study results illustrated that the
expression levels of MRP1, TGF-B1 and IL-8 grad-
ually increased with the prolongation of chemo-
therapy time. Statistical analyses revealed that
there were statistically significant differences in
the expression levels of MRP1, TGF-f1 and IL-8
between two adjacent time points among 5 time
points (before chemotherapy and at 1, 2, 4 and 8
weeks after chemotherapy). The degree of resist-
ance to chemotherapy in breast cancer patients
was not constant but increased with the prolon-
gation of chemotherapy time [19,20]. Kim et al.
[21] ascertained in a study that MRP1 can induce
sensitivity of breast cancer cells to chemotherapy,
and added that the results revealed that MRP1 ex-
pression level in breast cancer tissues increased
after chemotherapy. Oshimori et al. [12] reported
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in a study that TGF-B1 promotes drug resistance
in squamous cell carcinoma. Wang et al. [22] also
reported that inhibiting TGF-B1 can increase the
sensitivity of lung cancer cells to chemotherapy.
In their study Limpakan et al. [23] detected that
as chemotherapy continues, the drug resistance
in gastric cancer cells is gradually increased, but
the IL-8 level is relatively low in gastric cancer
cells remaining sensitive to chemotherapy. Their
results are similar to those of the present study.
Correlations among MRP1, TGF-B1 and IL-8 were
further analyzed in this study, which showed that
the expression level of MRP1 was positively cor-
related with the expression levels of TGF-f1 and
IL-8. Therefore, it was believed that MRP1 might
affect the therapeutic effect of chemotherapy for
breast cancer patients and lead to drug resistance.
TGF-B1 and IL-8 might be closely related to the
mechanism of drug resistance in MRP1-mediated
breast cancer chemotherapy. In order to detect the
dynamic changes in the expression levels of MRP1,
TGF-B1 and IL-8 in breast cancer patients during
chemotherapy, the changes in the expression levels
of MRP1, TGF-B1 and IL-8 in serum of patients
with breast cancer were examined, which were dif-
ferent from the above studies but obtained similar
results. This indicates that the detected roles of
MRP1, TGF-$1 and IL-8 expression levels in the se-
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