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Abstract: Objective: To investigate the effect of everolimus combined with letrozole on MIR-429 and Zinc finger E-box 
binding homeobox 1 (ZEB1) in patients with breast cancer. Methods: A total of 159 patients with breast cancer 
were enrolled, of which 89 patients received everolimus combined with letrozole and were included as the study 
group (SG). Another 70 patients who received everolimus monotherapy were assigned to the control group (CG). 
The clinical efficacy and adverse reactions were compared. MIR-429 and ZEB1 before treatment (T0), one week 
of treatment (T1), two weeks of treatment (T2), three weeks of treatment (T3), four weeks of treatment (T4), and 
their relationship with treatment time were analyzed. ROC curve was used to analyze the predictive performance of 
miR-429 and ZEB1 for efficacy. Results: The SG showed significantly increased response rate compared with the CG 
(P=0.025). miR-429 and ZEB1 did not differ at T0 and T1 (P>0.05), but were lower at T2, T3 and T4 in the SG than 
in the CG (P<0.001). The levels of miR-429 and ZEB1 of the two groups were the highest at T0, decreased at T1, 
and were the lowest at T4 (P<0.001). Spearman analysis showed that miR-429 and ZEB1 in the SG were negatively 
correlated with treatment time (P<0.001). From the results of ROC curve analysis, we observed that the combined 
detection of miR-429 and ZEB1 has excellent predictive performance for treatment efficacy (P<0.001). Conclusion: 
Everolimus combined with letrozole is superior to monotherapy for breast cancer, while miR-429, ZEB1 may be 
potential indicators for the diagnosis and treatment efficacy of breast cancer.
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Introduction

Breast cancer is a very common malignant 
tumor seen in gynecology, it occurs in breast 
epithelial tissue, and mainly affects women [1]. 
The common treatment option for breast can-
cer is surgical treatment. However, breast can-
cer can show subtle early symptoms and devel-
op rapidly into the middle and advanced stag-
es, which increased the annual mortality of 
breast cancer [2, 3]. A report by Bray et al. indi-
cated that more than one million new cases of 
female breast cancer are diagnosed every year 
worldwide [4]. Although the median age of 
breast cancer is 62, around one quarter of 
those diagnosed are women between ages 
75-84, a study revealed that more young 
women are being diagnosed with advanced 
stage breast cancer [5]. The pathogenesis of 
breast cancer remains unclear. It is clinically 
believed that reproduction-related factors, 

genetics and environment, diet, and history of 
breast disease may contribute to breast cancer 
[6]. A breast lump is often the first thing that 
spurs a visit to their doctor. Nipple discharge, 
skin changes, and abnormalities of the nipple-
areola complex in non-pregnant patients are 
typical symptoms of breast cancer [7]. Not only 
that, breast cancer can also cause a series of 
complications, such as loss of appetite or 
anorexia, weight loss, fatigue, anemia and 
fever, severe failure and even death. Statistics 
have shown its mortality is second only to cervi-
cal cancer, globally [8, 9]. Therefore, the clinical 
demand for breast cancer treatment is very 
urgent.

Many patients with breast cancer are estrogen-
receptor-positive, and estrogen is an important 
factor to stimulate the growth of breast cancer 
cells, so lowering estrogen levels helps to inhib-
it the development of breast cancer. Endocrine 
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therapy is effective; however, it easily induces 
drug resistance, reducing the overall response 
rate [10]. Everolimus may restore the sensitivity 
of tumor cells to endocrine therapy, and is often 
used to treat metastatic renal cell carcinoma, 
esophageal squamous cell carcinoma, neuro-
endocrine tumors, and breast cancer, etc. [11]. 
However, everolimus has its shortcomings. 
Data shows that breast cancer patients treated 
with everolimus have more adverse reactions 
[12]. Therefore, researchers are working to 
explore more effective treatment options. 
Letrozole is part of a new generation of highly 
selective aromatase inhibitors, which can 
reduce estrogen levels and inhibit the prolifera-
tion of cancer cells with the estrogen receptor. 
However, long-term use of letrozole may cause 
serious adverse reactions in patients [13]. 
Tilghman found that letrozole has achieved 
good results in the treatment of breast cancer 
[14], so we speculated that the combination of 
everolimus with letrozole can effectively 
improve the therapeutic effect for breast can-
cer. ZEB1 is a member of the ZEB transcription 
factor family and involved in the occurrence 
and development of malignant tumors [15]. 
miR-429 as an oncogene or tumor suppressor 
gene also plays an important role in various 
tumors [16]. Therefore, we tested miR-429 and 
ZEB1 in the treatment of breast cancer by 
everolimus combined with letrozole to deter-
mine the therapeutic effect, aiming to provide 
new treatment ideas and methods.

Materials and methods

In total, 159 patients with breast cancer admit-
ted to our hospital were selected for prospec-
tive analysis. Of the 159 patients, 89 patients 
received everolimus combined with letrozole 
and were included as the study group (SG). The 
average age was 54.3±8.6 years. Another 70 
patients who received everolimus monotherapy 
were assigned to the control group (CG). The 
average age was 53.2±7.5 years. This study 
was approved by the ethics committee of our 
hospital, and all patients signed an informed 
consent.

Inclusion and exclusion criteria

Inclusion criteria: patients had not received 
chemotherapy, radiotherapy and endocrine 
treatment before surgery; diagnosed by patho-

logical examination; with complete medical 
records; good compliance.

Exclusion criteria: patients combined with other 
malignant tumors, multiple chronic diseases, 
cardiovascular and cerebrovascular diseases 
organ dysfunction, with history of drug aller-
gies, with advanced breast cancer, with mental 
illness.

Treatment methods

The CG was given everolimus tablets (Swiss 
Novartis Pharmaceutical Co., Ltd., H20150093) 
10 mg/d, if the patient had an adverse reac-
tion, the daily dosage was adjusted to 5 mg/d. 
The SG was given everolimus combined with 
letrozole (Swiss Novartis Pharmaceutical Co., 
Ltd., H20140149), letrozole 2.5 mg, q.d. Both 
groups of patients received saline care to pre-
vent oral ulcers. Four weeks was a cycle. Four 
mL of fasting venous blood was collected from 
patients before treatment (T0), after 1 cycle of 
treatment (T1), after 2 cycles of treatment (T2), 
after 3 cycles of treatment (T3), and after com-
pletion of treatment (T4), blood was centrifuged 
for 10 minutes (4000 rpm/min) to obtain the 
supernatant. All patients who did respond to 
medical treatment were treated with surgery.

Detection methods

PCR detection: PCR method was used to detect 
the expression of serum MIR-429 and ZEB1. 
Total RNA was extracted using the EasyPure 
miRNA Kit. Ultraviolet spectrophotometer and 
electrophoresis with agarose gel were per-
formed to detect the purity, concentration and 
integrity of total RNA. TransScript® miRNA RT 
Enzyme Mix and 2×TS miRNA Reaction Mix 
were used to reverse transcribe the total RNA. 
Subsequently, a PCR amplification experiment 
was carried out. The PCR reaction system 20 
μL: 1 μL of cDNA, 0.4 μL of each of the upstream 
and downstream primers, 10 μL of 2×TransTaq® 
Tip Green qPCR SuperMix, 0.4 μL of Passive 
Reference Dye (50X), and ddH2O. PCR reaction 
conditions: 94°C pre-denaturation for 30 s, 
94°C denaturation for 5 s, 60°C annealing 
extension for 30 s for a total of 40 cycles. The 
experiment was carried out in triplicate. GAPDH 
was the internal reference, and 2-△ct was used 
for data analysis. Table 1 has the primers for 
MIR-429 and ZEB1.
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Table 1. Primer sequence
MIR-429 Upstream: ACACTCCAGCTGGGTAATACTGTCTGGTAA 

Downstream: CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACGGTTTT 
ZEB1 Upstream: ACCAGAGGATGACCTGCCA 

Downstream: TGCCCTTCCTTTCCTGTGTC 
GAPDH Upstream: ACAGTCAGCCGCATCTTCTT 

Downstream: GACAAGCTTCCCGTTCTCAG 

Observation indicators: Main outcomes: The 
clinical efficacy of the two groups was evaluat-
ed according to RECIST [17]. The expression of 
miR-429 and ZEB1 during treatment and the 
correlation between miR-429 and ZEB1 and 
treatment time was analyzed. ROC curve was 
used to analyze the predictive performance of 
miR-429 and ZEB1 for efficacy.

Secondary outcomes: adverse reactions.

Statistical methods

SPSS 24.0 was used to perform statistical cal-
culations. All graphs were drawn using Gra- 
phpad 8 (Shenzhen Tianruiqi Software Te- 
chnology Co., Ltd.). Count data (%) was com-
pared using chi-square. Measurement data 
(mean ± standard deviation) was examined by t 
test. Repeated measures ANOVA was used for 
comparison at multiple time points with post-
hoc Bonferroni test. Correlation was analyzed 
using Spearman correlation coefficient analy-
sis. Predictive performance was evaluated 
using ROC curve. P<0.050 indicated the differ-
ence was statistically significant.

Results

Baseline data

No difference in the age, BMI, living environ-
ment, education level, smoking history, alcohol-
ism, family medical history, ethnicity, white 
blood cells, red blood cells, and platelets 
between the two groups were noted (P>0.05) 
(Table 2).

Comparison of clinical efficacy

In the SG, 41.57% (36 cases) of patients had 
complete remission, 34.83% (31 cases) had 
partial remission, 13.73% (14 cases) had sta-
ble disease, 9.00% (8 cases) had progressive 
disease, and the response rate was 75.28%. In 

the CG, 30.00% (21 cases) had complete remis-
sion, 35.71% (20 cases) had partial remission, 
12.86% (9 cases) had stable disease, 28.57% 
(20 cases) had progressive disease, and the 
response rate was 58.57%. The effective treat-
ment rate of the two groups of patients was sig-
nificantly higher in the SG than in the CG 
(P=0.025) (Table 3).

Comparison of adverse reactions

In the SG, oral ulcers were the most common 
adverse reaction, with a total of 8.99% (8 
patients). In the CG, oral ulcers were also the 
most common reaction (10.00%, 7 cases) 
(Table 4).

Expression of miR-429 and ZEB1 during treat-
ment

There was no significant difference in miR-429 
and ZEB1 at T0 and T1 between the two groups 
(P>0.05), and the SG showed reduced miR-429 
and ZEB1compared with the CG at T2, T3 and 
T4 (P<0.001). The miR-429 and ZEB1 of the 
two groups were the highest at T0, decreased 
at T1, and were the lowest at T4 (P<0.001). The 
Spearman analysis showed that miR-429 and 
ZEB1 in the SG were negatively correlated with 
treatment time (r=-0.939, -0.954, P<0.001) 
(Figure 1).

The predictive value of miR-429 and ZEB1 for 
curative effect

According to the clinical efficacy of the patients 
in the SG, they were divided into an excellent 
group (67 patients with CR and PR), and a gen-
eral group (22 patients with SD and PD). The 
excellent group was observed to have lower 
miR-429 and ZEB1 compared with the general 
group (P<0.001). ROC curve analysis showed 
that when the cut-off value was 1.875, the AUC 
of therapeutic effect predicted by miR-429  
was 0.836, with sensitivity 90.91% and speci-
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Table 3. Comparison of clinical efficacy [n (%)]
Study Group (n=89) Control group (n=70) X2 P

CR 36 (41.57) 21 (30.00)
PR 31 (34.83) 20 (35.71)
SD 14 (13.73) 9 (12.86)
PD 8 (9.00) 20 (28.57)
RR 75.28 58.57 5.021 0.025

Table 2. Comparison of baseline data [(%)]
Study Group (n=89) Control group (n=70) t or X2 P

Age (year) 54.3±8.6 53.2±7.5 0.846 0.399
BMI (KG/cm2) 23.52±3.05 24.46±4.72 1.519 0.131
Living Environment 0.070 0.792
    Urban 59 (66.29) 45 (64.29)
    Rural area 30 (33.71) 25 (35.71)
Level of education 3.454 0.063
   <High School 21 (23.60) 26 (37.14)
    ≥ High school 68 (76.40) 44 (62.86)
Smoking history 3.688 0.055
    Yes 24 (26.97) 29 (41.43)
    No 65 (73.03) 41 (58.57)
History of alcoholism 3.272 0.071
    Yes 38 (42.70) 40 (57.14)
    No 51 (57.30) 30 (42.86)
Family medical history 0.296 0.586
    Yes 60 (67.42) 50 (71.43)
    No 29 (32.58) 20 (28.57)
Nation 0.071 0.790
    Han 80 (89.89) 62 (88.57)
    Minority 9 (10.11) 8 (11.43)
White blood cells (×109/L) 6.85±2.08 6.74±1.89 0.345 0.731
Red blood cells (×1012/L) 4.85±0.52 4.73±0.43 1.557 0.122
Platelets (×109/L) 246.52±46.21 237.23±43.26 1.294 0.198
Pathological Stage 0.034 0.854
    I-II 66 (74.16) 51 (72.86)
    III-IV 23 (25.84) 19 (27.14)

ficity 65.67%. When the cut-off value is 2.405, 
the AUC predicted by ZEB1 for the therapeutic 
effect is 0.859, the sensitivity is 86.36%, and 
the specificity is 80.60%. miR-429 and ZEB1 
were  the predictive indicators of efficacy. We 
obtained the logit (P) = -15.224 + -9.047 × miR-
429 + 13.289 × ZEB1. When the cut-off value 
is 0.330, the AUC of the model for predicting 
efficacy is 0.875, the sensitivity is 86.36%,  
and the specificity is 91.04% (Figure 2; Table 
5).

Discussion

Breast cancer arises from the epithelial compo-
nent of the breast, which has seriously threat-
ened women’s physical and mental health. 
Clinical studies have shown that the 5-year 
overall survival rate is poor, and it is currently 
affecting more young women [18] often with a 
metastatic type. Despite the fact that there are 
comprehensive treatment options such as  
surgery, radiotherapy, chemotherapy, Chinese 
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herbs, biological therapy, and targeted therapy, 
the 5-year survival rate of breast cancer is still 
low [19]. Therefore, new research is needed to 
explain the mechanism and develop effective 
treatment. New treatment strategies should be 
determined to improve the survival rate of 
patients. Everolimus is a mTOR inhibitor, which 
effectively blocks the PI3K/AKT/mTOR path- 

way and reverses the resistance caused by 
endocrine therapy. However, many clinical  
studies have shown that the clinical efficacy of 
everolimus monotherapy is not ideal [20]. 
Letrozole is an arylazole enzyme inhibitor and 
has become a first-line drug for postmenopaus-
al estrogen-dependent patients with breast 
cancer. However, acquired drug resistance is 

Table 4. Comparison of adverse reactions between the two groups [n (%)]
Study Group (n=89) Control group (n=70) X2 P

Oral ulcer 8 (8.99) 7 (10.00)
Tiredness 4 (4.49) 6 (8.57)
nausea and vomiting 2 (2.25) 3 (4.29)
Upset stomach 1 (1.12) 0 (0.00)
Interstitial lung disease 0 (0.00) 1 (1.43)
Incidence of adverse reactions (%) 16.85 24.29 1.346 0.246

Figure 1. Changes in miR-429 and ZEB1 during treatment. A. Changes in miR-429 during treatment. B. Changes in 
ZEB1 during treatment. C. Correlation analysis of miR-429 and treatment time. D. Correlation analysis of ZEB1 and 
treatment time. @P<0.001 compared to the same group T0; *P<0.001 compared to the same group T1; #P<0.001 
compared to the same group at T2; & compared to the same group at T3, P<0.001; $P<0.001 compared with the 
control group of the same period. 
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still a major challenge [19]. Both drugs 
are of great clinical significance.

The present study has indicated that 
the clinical efficacy of the SG treated 
with everolimus+ letrozole was signifi-
cantly better than the CG which was 
only treated with everolimus mono-
therapy. It is suggested that everolim-
us combined with letrozole has good 
clinical value and is worthy of popular-

Figure 2. The predictive performance of miR-
429 and ZEB1 for efficacy. A. miR-429 at T3, the 
excellent group<general group, *P<0.001. B. 
ZEB1 at T3, the excellent group<general group, 
*P<0.001. C. ROC curve of miR-429 for predict-
ing efficacy. D. ROC curve of ZEB1 for predicting 
efficacy. E. The ROC curve of miR-429 combined 
with ZEB1 on the efficacy.

Table 5. The predictive performance of miR-429 and ZEB1 
for therapeutic effect

miR-429 ZEB1 miR-429+ZEB1
cut-off 1.875 2.405 0.330
Sensitivity (%) 90.91 86.36 86.36
Specificity (%) 65.67 80.60 91.04
Youden Index (%) 56.58 66.96 77.41
AUC 0.836 0.859 0.875
95% CI 0.751~0.920 0.766~0.952 0.770~0.980
P <0.001 <0.001 <0.001
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ization. Slomovitz found [21] that the combina-
tion of everolimus and letrozole can also 
achieve more significant results, which can also 
confirm our results. Everolimus therapy can 
suppress the immune system and may delay 
the progression of breast cancer. However, 
some unwanted side effects were also 
observed, such as oral ulcers, and fatigue, etc. 
The growth of breast tumor tissue depends on 
the estrogen level, so eliminating the stimulus 
mediated by estrogen can relieve the tumor. 
Letrozole can competitively bind to the heme of 
cytochrome P450 enzyme subunits, thereby 
inhibiting aromatase, resulting in reduced 
estrogen biosynthesis in all tissues. On the 
other hand, letrozole is cheaper than other non-
steroidal aromas and is more suitable for long-
term use. However, long-term administration 
can also cause side effects, such as nausea 
and vomiting, gastrointestinal upset, and lung 
interstitial lesions. However, when serious 
adverse reactions occur, the medicine should 
be stopped and help sought from a physician.

We also found that there was no significant dif-
ference between the two groups of patients at 
T0, and both groups had significantly higher 
than the normal levels of miR-429 and ZEB1  
and they are significantly reduced at T4, sug-
gesting that miR-429 and ZEB1 may be involved 
in the occurrence and development of breast 
cancer.

This is also consistent with the results of other 
teams of researchers [22, 23]. The expression 
of ZEB1 in tumor tissues is generally high and is 
associated with advanced or metastatic dis-
ease. The significant increase of ZEB1 in breast 
cancer patients in this study also proves ZEB1 
was similarly expressed in patients with breast 
cancer. Chung et al. revealed that ZEB1 main-
tains the epithelial status of ovarian cancer 
through transcriptional regulation and histone 
modification [24], and which may also be the 
role in breast cancer. While miR-429 acts as an 
oncogene in the development of a variety of 
tumors, Yoneyama found miR-429 functions in 
endometrial cancer via regulation of PTEN [25], 
we speculate that it has the same regulation 
pathway in breast cancer. However, due to the 
lack of in vitro experiments, we have not been 
able to verify this, which is also a key direction 
for our future research. We further found that 
miR-429 and ZEB1 are negatively correlated 
with the treatment time, indicating that miR-

429 and ZEB1 are closely related to the dis-
ease progression of breast cancer. In order to 
verify our conjecture, we used the joint detec-
tion of miR-429 and ZEB1 to determine the pre-
dictive value of the patient’s prognosis. Its sen-
sitivity and specificity are both excellent, which 
also suggests that detection of miR-429 and 
ZEB1 can aid the assessment of the rehabilita-
tion process.

The purpose of this study was to explore the 
clinical value of everolimus combined with 
letrozole in the treatment of breast cancer. Due 
to the limited experimental conditions, there 
are still deficiencies. This study lacks basic 
experiments, and the clinical drugs for breast 
cancer are extensive and complicated, and it is 
not yet clear which drug can achieve the opti-
mal results. We will conduct a more in-depth 
and comprehensive analysis in the future.

In summary, everolimus combined with letro-
zole is superior to monotherapy in the treat-
ment of breast cancer, and miR-429 and ZEB1 
may be potential indicators for the diagnosis 
and treatment of breast cancer.
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