
Original Study
Soy Foods Might Weaken the Sensitivity of
Tamoxifen in Premenopausal Patients With

Lumina A Subtype of Breast Cancer
Kaifeng Deng, Shanying Mo, Xuexiang Liu, Jifei Chen, Qiaoyun Zhang,

Xiaoli Chen, Jianming Chen, Shengming Dai

Abstract
Epidemiologic studies held that soy foods are beneficial to breast diseases, but the impact of soy foods on
breast diseases is still controversial. In premenopausal patients with Lumina A subtypes of breast cancer, 14
samples were analyzed by GEO2R. Soy foods altered the estrogen receptor-related gene profile in Lumina A
subtypes of breast cancer dramatically. Soy foods might weaken the sensitivity of tamoxifen and improve the
curative effect of neoadjuvant chemotherapy.
Background: Based on estrogen active substances, many women consume soy foods in the belief that it could
prevent breast cancer (BC). Women with different molecular subtypes would be likely to have diverse reactions to soy
foods, especially those with the estrogen-receptor-positive (ERþ) subtype. The aim of the current study is to identify
the differentially expressed genes (DEGs) on soy foods in premenopausal patients with Lumina A subtype of BC
(LABC) after soy food treatment, and to further investigate the critical molecule change. Materials and Methods:
GSE58792 retrieved from Gene Expression Omnibus was analyzed to obtain DEGs using GEO2R. Gene Ontology and
pathway enrichment analysis were performed using FunRich and GeneMINIA. Overall survival of critical genes was
performed by the Kaplan-Meier plotter online tool. Results: A total of 108 DEGs were obtained from the dataset,
among which 35 were up-regulated and 73 down-regulated. Soy foods significantly reduced the expression of TFF3,
TFF1, GATA3, and ESR1, which were related to the activity of the ER-related pathway and the sensitivity of tamoxifen.
Furthermore, the lower expressions of TOX3, FSIP1, ESR1, and CLGN were related to prolonged survival time of
patients with BC. The most significant signaling pathways were epithelial-to-mesenchymal transition in up-regulated
DEGs, mesenchymal-to-epithelial transition, and mammary gland alveolus development in down-regulated DEGs,
which were all related to the development and prognosis of BC. Conclusions: Soy foods could dramatically alter the
ER-related gene profile in LABC. Particularly, down-regulated DEGs of TFF3, TFF1, GATA3, and ESR1 might weaken
the sensitivity of tamoxifen and increase the efficacy of neoadjuvant chemotherapy in premenopausal patients with
LABC.
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Introduction
Breast cancer is the most common type of gynecologic malig-

nancy in women worldwide.1 Although the mortality rate is
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decreasing owing to the progresses in screening, diagnosis, and
treatment, the incidence of breast cancer is still increasing, and
tumor recurrence and metastatic relapse remain the major problems
contributing to the death rate.2 Epidemiologic studies indicate that
high dietary intake of soy foods might be significantly associated
with a decreased risk of death and recurrence in patients with breast
cancer.3,4 For this reason, most women consume soy in the belief
that it prevents breast cancer and treats the gynecologic disease.
However, breast cancer is a heterogeneous group of diseases that
consists of several molecular subtypes with different biological
behaviors and different molecular-targeted therapeutic medicines.5-7

Consuming soy foods might cause a variety of reactions in women
with different breast cancer subtypes.
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Table 1 Fourteen Premenopausal LABC Samples

Placebo Treatment Soy Food Treatment

GSM1419625 GSM1419651

GSM1419631 GSM1419655

GSM1419636 GSM1419656

GSM1419654 GSM1419662

GSM1419661 GSM1419666

GSM1419664 GSM1419667

GSM1419673 GSM1419670

Abbreviation: LABC ¼ laminal A breast cancer.
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Soy Foods Might Weaken the Sensitivity of Tamoxifen
Soy foods contain numerous biologically active compounds, such
as genistein and isoflavones, which have estrogenic activity.8 On this
basis, having soy foods when an estrogen receptor-positive (ERþ)
breast cancer is present may result in a special effect. Andrade et al
demonstrated that genistein at physiological concentrations, either
in purified glycoside or aglycone forms or from soy-based sources,
stimulates the growth of ERþ breast cancer and the expression of
several ER target genes.9 And long-term consumption of low
genistein doses (� 500 ppm, dietary level) promotes MCF-7 tumor
growth and results in genistein-induced nonregressing tumors with
more aggressive and advanced growth phenotypes.10 Moreover,
genistein is proved to block the inhibitory effects of tamoxifen.11-14

Nevertheless, Chen et al suggested that genistein inhibited cell
proliferation by inactivating the IGF-1R-PI3 K/Akt pathway and
decreasing the Bcl-2/Bax mRNA and protein expressions.15 More-
over, Liu et al showed that exposure to soy foods in MCF-7(ERþ)
could prevent isoflavones from stimulating MCF-7 tumor growth in
athymic nude mice, indicating that other bioactive compounds in
soy can negate the estrogenic properties of isoflavones.16 There are
conflicting results on the impact of soy after breast cancer. Thus, the
complex relationship between soy intake and breast cancer remains
to be established. Shike et al17 have demonstrated that soy intake
could alter breast cancer-related gene expression including FGFR2,
which might drive cancer growth. Thus, we conducted a bio-
informatic analysis to investigate differentially expressed genes
(DEGs) on soy foods in premenopausal patients with Luminal A
(ERþ) breast cancer (LABC), the most common type of breast
cancer that accounts for 40% to 45% of all types of breast cancer,
and was low-grade, ERþ, and observably benefited from endocrine
therapy.18,19 The present study aims to identify the DEGs in
premenopausal patients with LABC with soy or non-soy food
treatments, and to investigate the critical molecule change after soy
food intervention for developing novel approaches for prevention
and therapy.

Materials and Methods
Data Acquisition and Identification of DEGs

The transcription profile of GSE58792 that contained 14 pre-
menopausal LABC samples was obtained from the Gene Expression
Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/) database
(Table 1). This dataset, based on the GPL570 Affymetrix Human
Genome U133 Plus 2.0 Array, included 14 pre-menopausal LABCs
samples. GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/) was
applied to screen DEGs between soy foods and placebo treatment
samples. DEGs with P-values less than .05 and log fold change
(logFC) > 1.5 or < �1.5 were selected. GEO2R is an interactive
tool that allows users to compare 2 groups of samples in a GEO
series to identify DEGs under the same experimental conditions. In
total, over 90 percent of GEO data can be accessed and analyzed in
this way, and results are presented as a table of genes in sequence of
significance and may be viewed as profile graphs.20

Significant Functions and Pathway Enrichment Analysis
Using FunRich software, DEGs between the 2 sample types were

enriched to identify critical pathways involved in tumor develop-
ment and metastasis. Pathways with P-value < .05 were considered
to be statistically significant.
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Predicted Protein Interaction (PPI) Network
Construction

High-quality protein interaction networks can provide key in-
sights into the functional and biological properties of cellular sys-
tems. The GeneMANIA (http://genemania.org/) database is an
online tool of known and PPIs, including physical and indirect
functional associations.21

Results
Identification of DEGs

Based on GSE58792 dataset and the GEO2R, a total of 108
DEGs were identified between the soy food intake group and the
placebo group in the samples from the premenopausal patients,
among which 35 were up-regulated and 73 down-regulated. Some
up-regulated genes (eg, FOXC1, MMP1, and MMP7) are associ-
ated with invasion and metastasis of breast cancer, whereas parts of
down-regulated genes (eg, TOX3, FSIP1, ESR1, and CLGN) were
related to the increase of survival time. Interestingly, most signifi-
cantly down-regulated genes are ER-related genes. The top 65
DEGs are displayed in Table 2 and Table 3.

GO and Pathway Enrichment Analysis
To reveal the biological significance of DEGs, GO functional and

pathway enrichment analyses were performed using FunRich soft-
ware. As demonstrated in Table 4, based on the biological pathway
enrichment analysis, the up-regulated DEGs (COL6A2, CRYAB,
TUBB6) were identified to be significantly enriched in epithelial-to-
mesenchymal transition (EMT), and S100A8 in endogenous TLR
signaling, whereas down-regulated DEGs (NRIP1, FOXA1, TFF1,
ESR1, ERBB4, AR, TOX3, TFF3) were involved in FOXA tran-
scription factor networks, nuclear estrogen receptor alpha network,
erbB receptor signaling network, androgen receptor (AR), and
mesenchymal-to-epithelial transition (MET). Furthermore, these
signaling pathways were closely related to the survival time of
patients with breast cancer. In terms of biological process,
up-regulated DEGs (KRT16, MAP2, FSCN1, EMP1, COL6A2,
COL3A1, TUBB6) were mainly enriched in the cell growth and/or
maintenance; whereas down-regulated DEGs (AR, IGF1R, ERBB4,
TFF1, BMPR1B) were involved in cell communication and signal
transduction.

PPI Network Analysis of DEGs
The PPI network with significant gene pairs was visualized using

GeneMANIA. The combined score over 0.9 was selected as the

http://www.ncbi.nlm.nih.gov/geo/
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Table 2 Up-regulated DEGs in Premenopausal Patients With
LABC

Gene
Symbol P Value LogFC

Gene
Symbol P Value LogFC

FSCN1 .000357 1.78 MMP7 .012651 1.77

BACE2 .001507 1.75 EN1 .016247 2.17

PXDN .001875 1.65 KRT16 .01838 2.13

NFE2L3 .002028 1.74 S100A8 .019187 2.39

MAP2 .002151 1.95 ZIC1 .019927 1.52

COL6A2 .003201 1.65 APOBEC3B .021469 1.91

TMEM64 .003399 1.69 GBP1 .022112 1.59

LY6K .003683 2.29 RARRES1 .02249 2.21

TUBB6 .004041 1.5 KCNN4 .026104 1.51

VGLL3 .005038 1.69 CRYAB .029411 1.59

PAQR5 .007406 1.57 INHBA .035 1.5

B3GNT5 .008159 1.7 HRASLS .036249 1.63

PGBD5 .008336 2.34 MUC16 .038796 1.61

EMP1 .008368 1.68 LCN2 .040059 1.98

FOXC1 .010332 2.85 CALML5 .042234 2.52

MPZL2 .010611 1.85 SLC4A11 .043265 1.86

COL3A1 .010777 1.53 MMP1 .0435 2.08

EP300-AS1 .012141 1.69

Abbreviations: DEGs ¼ differentially expressed genes; LABC ¼ laminal A breast cancer.

Table 4 Gene Ontology and Pathway Enrichment Analysis for
DEGs

Category P Value Count

High DEGs: pathway-epithelial-to-mesenchymal
transition

.005759 3

High DEGs: process-cell growth and/or
maintenance

.004272 7

Low DEGs: pathway-FOXA transcription factor
networks

2.62E-06 6

Low DEGs: pathway-validated nuclear estrogen
receptor alpha network

.000283 4

Low DEGs: pathway-ErbB receptor signaling
network

.008346 13

Low DEGs: Pathway-androgen receptor .007026 3

Low DEGs: pathway-mesenchymal-to-epithelial
transition

.000101 7

Low DEGs: process-cell communication .019848 20

Low DEGs: process-signal transduction .008928 22

Abbreviation: DEGs ¼ differentially expressed genes.
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threshold. Then, a total of 9 genes (FOXC1, MMP1, MMP7,
FSCN1, GATA3, TFF3, TFF1, TOX3 and ESR1) were selected as
hub genes to illuminate the biological significance of gene modules
in BC (Figure 1).

Survival Analysis of Critical Genes
The prognostic value of 24 critical genes was analyzed in Kaplan-

Meier plotter. Overall survival for patients with breast cancer (ERþ,
human epidermal growth factor receptor 2-negative) was obtained
according to the up- and down-regulated DEGs. It showed that
Table 3 Parts of Down-regulated DEGs in Premenopausal
Patients With LABC

Gene
Symbol P Value LogFC

Gene
Symbol P Value LogFC

C1orf168 .000028 �1.98 FOXA1 .009229 �2.13

UGDH .000048 �1.88 BMPR1B .010648 �3.44

FAR2P3 .000511 �2.52 PLAT .011077 �1.88

DYNLRB2 .000738 �1.92 AR .014006 �2.39

TOX3 .000992 �3.21 FSIP1 .014119 �2.54

ERBB4 .0012 �2.6 ESR1 .015333 �3.54

TFF3 .001331 �2.99 GATA3 .017819 �3.06

ACADSB .001614 �2.28 PKIB .018425 �2.48

DNAJC12 .001864 �3.1 CPB1 .019923 �3.31

TMEM144 .002263 �1.51 MYB .02176 �1.83

SLC7A2 .003515 �3.34 BCL2 .025969 �1.68

PSD3 .004526 �2.39 NRIP1 .029124 �1.57

LINC01087 .0049 �2.36 TFF1 .030095 �2.52

IGF1R .007264 �1.68 COL4A5 .034288 �1.83

SLC39A6 .008051 �2.57 GREB1 .039618 �2.56

Abbreviations: DEGs ¼ differentially expressed genes; LABC ¼ laminal A breast cancer.
down-regulated DEG of TOX3 (hazard ratio [HR], 2.11; 95%
confidence interval [CI], 1.43-3.11; log rank P ¼ .00012) was
related to better overall survival, as well as FSIP1 (HR, 1.61; 95%
CI, 1.08-2.41; log rank P ¼ .018), ESR1 (HR, 1.53; 95% CI, 1.05-
2.21; log rank P ¼ .024), and CLGN (HR, 1.49; 95% CI, 1.03-
2.17; log rank P ¼ .034), whereas up-regulated DEGs such as
MMP1 (HR, 1.61; 95% CI, 1.37-1.9; P ¼ 1.1E-8), and MMP7
(HR, 1.18; 85% CI, 1-1.39; log rank P ¼ .049) were related to
worse overall survival (Figure 2).

Discussion
Breast cancer has been classified into several molecular subtypes

based on gene expression profiles.22 The ERþ subtypes, known as
luminal A and luminal B, are the most predominant molecular
subtypes of breast cancer, and present with good prognosis and
better response to endocrine therapies than ER-negative (ER�)
breast cancer.23 Different molecular subtypes of breast cancer have
diverse reactions to the same substance. Many studies held that
patients with breast cancer eat more soy food to reduce the mortality
rate of breast cancer.24,25 However, the breast cancer subtypes
and/or hormonal status were always ignored in those works. To our
knowledge, this is the first report to analyze gene expression profiles
between soy and placebo in patients with LABC. We retrieved a
dataset of controlled trials on soy foods to analyze the DEGs and
found that soy foods could cause alterations in gene expression in
LABC patients.

The impact of soy foods on breast carcinogenesis is very likely to
be remarkable. One hundred eight DEGs for LABC were obtained
from the dataset, among which 35 were up-regulated and 73 down-
regulated. COL6A2, CRYAB, KRT16, MAP2, FSCN1, EMP1,
COL3A1, and TUBB6 were identified to be significantly enriched
in the EMT pathway (P ¼ .0057) and cell growth and/or main-
tenance pathway (P ¼ .0042) based on the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis in the
up-regulated DEGs. Meanwhile, in the down-regulated DEGs,
NRIP1, AR, FOXA1, TAT, TFF1, GREB1, IGF1R, BCL2, VAV3,
HMGCS2, MYB, ERBB4, GATA3, TFF3, TOX3, and ESR1 were
Clinical Breast Cancer April 2019 - e339



Figure 1 Protein-Protein Interaction Network of DEGs. The Nodes Represent Proteins, and the Edges Indicate the Predicted functional
Associations. The Line Thickness Indicates the Strength of Connections or Evidences

Abbreviation: DEGs ¼ differentially expressed genes.
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enriched in the FOXA transcription factor network (P ¼ 2.62E-06)
pathway, validated nuclear ER alpha network (P ¼ .00028), ErbB
receptor signaling network (P ¼ .0083), AR (P ¼ .007), and MET
(P ¼ .0001). These pathways are closely correlated with the
progression, metastasis, and recurrence of breast cancer.

In the up-regulated DEGs, calcium-binding proteins S100A8, an
important immunemodulatory factor that was correlated with
Figure 2 Kaplan-Meier Survival Analysis of MMP1, MMP7, TOX3, FSI
Kaplan-Meier Estimator. The figure on the Left Represents
the Right Represents the Survival Curve of down-regulate

Abbreviations: DEGs ¼ differentially Expressed Genes; HR ¼ hazard ratio.
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lymph node metastasis, was considered to be a biomarker of poor
prognosis in invasive ductal carcinoma of the breast.26 S100A8 was
also correlated to lower overall survival and worse outcome in
patients with LABC.27 In the study conducted by Bao et al, high
expression and secretion of S100A8/A9 may be associated with the
loss of ESR1 and GATA3 expression in breast cancer.28 Interest-
ingly, this phenomenon coincides with our results that ESR1 and
P1, ESR1, and CLGN. The Survival Curve was Performed Using the
the Survival Curve of Up-regulated DEGs; whereas the figure on
d DEGs



Figure 3 Low Expression of ERS1, FOXA1, and AR Tended to
Weaken the Sensitivity of Tamoxifen; high Expression
of FOXC1, S1008A, and MMP1 and low Expression of
ERS1, TFF3, TFF1, and GATA3 Were Likely to Increase
the Efficacy of Neoadjuvant Chemotherapy

Abbreviation: DEGs ¼ differentially expressed genes.
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GATA3 were decreased by soy food intake. MMP1 and MMP7
were higher in the soy food group, and it has been reported that
high expressions of MMP1 and MMP7 were correlated with worse
overall survival and unfavorable relapse-free survival and were
significant prognostic indicators for breast cancer.29,30 Up-regulated
DEGs of S100A8, MMP1, and MMP7 were hazardous factors for
breast cancer induced by soy foods. On the other hand, Wang et al
showed that increased expression of FOXC1 reduced the expression
of ERa and cellular responses to tamoxifen in the MCF-7 cells.31

Kolacinska et al found that high expression of FOXC1 means
better pathologic response to neoadjuvant chemotherapy regardless
of breast cancer subtypes.32 Taken together, up-regulated DEGs of
S100A8, MMP1, MMP7, and FOXC1 induced by soy foods were
closely related to poor prognosis in patients with LABC.

In down-regulated DEGs, ERBB4 was related to the mammary
gland alveolus development, cell proliferation, positive regulation of
intracellular estrogen receptor signaling pathway, and negative
regulation of apoptotic process. Bieche et al showed that lower
ERBB4 expression meant better prognosis than ERBB4 over-
expression in breast cancer.33 Han et al has demonstrated that the
expression levels of TOX3 were upregulated significantly in the T3
and T4 stages compared with the T1 stage.34 And TOX3 was
strongly associated with ERþ breast cancers by GWAS.35 Shan et al
reported that overexpression of TOX3 was associated with reduced
disease-free and metastasis-free survival rates.36 These studies
support that high expression of TOX3 is a risk factor for breast
cancer. The expression of TOX3 after soy food treatment was
significantly decreased compared with the placebo group
(P < .005). In this respect, soy foods are a good diet for LABC.

FOXA1 was proved to be essential for cellular response to
tamoxifen, even in those that have transitioned to tamoxifen resis-
tance.37 FOXA1 may also result in well-differentiated breast cancer
and over-expressed ER.38 Therefore, lower expression of FOXA1
induced by soy food intake might influence the effectiveness of
tamoxifen. Moreover, Cochrane et al found that a high ratio of AR
to ER (� 2.0) indicated an over 4-fold increase of risk for failure
when on tamoxifen.39 Nevertheless, down-regulated DEGs showed
that the decrease of ESR1 (�3.54 logFC) was higher than AR
(�2.39 logFC), which suggested that the ratio would be bigger and
might also reduce the curative effect of tamoxifen. Guarneri et al
found that patients with lower ER pathway activity had high levels
of chemotherapy sensitivity.40 Gianni et al reported that combining
ER status with ER-related genes was a novel and important method
for predicting the response of a neoadjuvant chemotherapy and
provided useful information for investigators to identify subgroups
of patients who will either benefit or be resistant to neoadjuvant
chemotherapy.41 Microarray research has showed that S100A8/
MMP1 were up-regulated, whereas ER, PR, GATA3, TFF1, and
TFF3 were down-regulated in tumor biopsy from the patients with
pathologic complete response. Chen et al suggested that such
information might contribute to individualized cancer therapy.42 In
this study, the up-regulated genes of S1008A and MMP1 and the
down-regulated genes (ERS1, TFF3, TFF1, GATA3) indicated that
soy food treatment was likely to increase the efficacy of neoadjuvant
chemotherapy. In these genes, TFF3 and TFF1, which have positive
correlation with ERþ breast cancer, were reported to stimulate
migration and invasion of breast cancer cells.43-45 Moreover, TFF3
and TFF1 were specific and sensitive predictive biomarkers of
response to endocrine therapy, degree of response, and duration of
response in unstratified patients with metastatic breast cancer.46,47

And GATA3, which was strongly associated with ER� and pro-
gesterone receptor-negative status,6,48 was a good independent
predictor of response to neoadjuvant chemotherapy at lower
expression.49 Guha et al suggested that soy foods consumed at levels
comparable to those in Asian populations might reduce the risk of
cancer recurrence in women receiving tamoxifen therapy and,
moreover, appeared not to interfere with tamoxifen efficacy.50

However, the present study revealed that soy food treatment
probably lowers the curative effect of tamoxifen in LABC.

Conclusion
In summary, we intended to identify DEGs with bioinformatics

analysis to find the critical molecule change after soy food treatment
in LABC in this study. In our study, a total of 108 DEGs were
screened out. The up-regulated genes of MMP1 and MMP7
significantly reduced the overall survival time, whereas the down-
regulated genes of TOX3, FSIP1, ESR1, and CLGN increased
the overall survival time. In another important aspect, the expression
patterns of FOXC1, S100A8/MMP1, ESR1, GATA3, TFF1,
TFF3, FOXA1, and AR might be related to the efficacy improve-
ment of neoadjuvant chemotherapy and the effectiveness reduction
of tamoxifen after soy food treatment in LABC (Figure 3). Owing
to small sample size, it still remains to be confirmed by further
experimental studies to verify the results.

Clinical Practice Points

� Soy foods contain numerous biologically active compounds, such
as genistein and isoflavones, which have estrogenic activity.
Isoflavones have been reported to decrease breast cancer cell
growth through ER-independent inhibition of tyrosine kinases
and DNA topoisomerases, and dietary levels of genistein have
also been reported to stimulate growth of estrogen-sensitive
breast cancer cells through transactivation of the ER and
Clinical Breast Cancer April 2019 - e341
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blocking the inhibitory effects of tamoxifen. However, the overall
impact of soy foods in patients with LABC is still unclear.

� In this study, we found that soy foods could alter the ER-related
gene profile in LABC dramatically. And, above all, the differ-
entially expressed genes are strongly correlated to the sensitivity
of tamoxifen and the curative effect of neoadjuvant chemo-
therapy. The result might provide a dietary reference for patients
with LABC during drug therapy. Certainly, larger clinical trials
are warranted to validate this association.
Acknowledgments
This work was funded by grant from the Project of Liuzhou

Municipal Administration of Science and Technology, Guangxi,
China (2015J030510).

Disclosure
The authors have stated that they have no conflicts of interest.

References
1. Berry DA, Cronin KA, Plevritis SK, et al; Cancer Intervention and Surveillance

Modeling Network (CISNET) Collaborators. Effect of screening and adjuvant
therapy on mortality from breast cancer. N Engl J Med 2005; 353:1784-92.

2. Lu CW, Lo YH, Chen CH, et al. VLDL and LDL, but not HDL, promote breast
cancer cell proliferation, metastasis and angiogenesis. Cancer Lett 2017; 388:130-8.

3. Zhao TT, Jin F, Li JG, et al. Dietary isoflavones or isoflavone-rich food intake and
breast cancer risk: a meta-analysis of prospective cohort studies. Clin Nutr 2017.
https://doi.org/10.1016/j.clnu.2017.12.006.

4. Chen M, Rao Y, Zheng Y, et al. Association between soy isoflavone intake and
breast cancer risk for pre- and post-menopausal women: a meta-analysis of
epidemiological studies. PLoS One 2014; 9:e89288.

5. Perou CM, Sørlie T, Eisen MB, et al. Molecular portraits of human breast tu-
mours. Nature 2000; 406:747-52.

6. Sørlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of breast car-
cinomas distinguish tumor subclasses with clinical implications. Proc Natl Acad Sci
U S A 2001; 98:10869-74.

7. Prat A, Perou CM. Deconstructing the molecular portraits of breast cancer. Mol
Oncol 2011; 5:5-23.

8. Farina HG, Pomies M, Alonso DF, Gomez DE. Antitumor and antiangiogenic
activity of soy isoflavone genistein in mouse models of melanoma and breast
cancer. Oncol Rep 2006; 16:885-91.

9. Helferich WG, Andrade JE, Hoagland MS. Phytoestrogens and breast cancer: a
complex story. Inflammopharmacology 2008; 16:219-26.

10. Andrade JE, Ju YH, Baker C, Doerge DR, Helferich WG. Long-term exposure to
dietary sources of genistein induces estrogen-independence in the human breast
cancer (MCF-7) xenograft model. Mol Nutr Food Res 2015; 59:413-23.

11. Buteaulozano H, Velasco G, Cristofari M, Balaguer P, Perrot-Applanat M. Xen-
oestrogens modulate vascular endothelial growth factor secretion in breast cancer
cells through an estrogen receptor-dependent mechanism. J Endocrinol 2008; 196:
399-412.

12. Hsieh C, Santell R, Haslam S, Helferich W. Estrogenic effects of genistein on the
growth of estrogen receptor-positive human breast cancer (MCF-7) cells in vitro
and in vivo (published erratum appears in Cancer Res 1999; 59:1388). Cancer Res
1998; 58:3833-8.

13. Allred CD, Allred KF, Ju YH, Virant SM, Helferich WG. Soy diets containing
varying amounts of genistein stimulate growth of estrogen-dependent (MCF-7)
tumors in a dose-dependent manner. Cancer Res 2001; 61:5045-50.

14. Ju YH, Doerge DR, Allred KF, Allred CD, Helferich WG. Dietary genistein
negates the inhibitory effect of tamoxifen on growth of estrogen-dependent human
breast cancer (MCF-7) cells implanted in athymic mice. Cancer Res 2002; 62:
2474-7.

15. Chen J, Duan Y, Zhang X, Ye Y, Ge B, Chen J. Genistein induces apoptosis by the
inactivation of the IGF-1R/p-Akt signaling pathway in MCF-7 human breast
cancer cells. Food Funct 2015; 6:995-1000.

16. Liu Y, Hilakivi-Clarke L, Zhang Y, et al. Isoflavones in soy flour diet have different
effects on whole-genome expression patterns than purified isoflavone mix in hu-
man MCF-7 breast tumors in ovariectomized athymic nude mice. Mol Nutr Food
Res 2015; 59:1419-30.

17. Shike M, Doane AS, Russo L, et al. The effects of soy supplementation on gene
expression in breast cancer: a randomized placebo-controlled study. J Natl Cancer
Inst 2014; 106.

18. Qi W, Li J, Si S, et al. Breast carcinoma in situ: an observational study of tumor
subtype, treatment and outcomes. Oncotarget 2016; 8:2361-71.

19. Voduc KD, Cheang MC, Tyldesley S, Gelmon K, Nielsen TO, Kennecke H.
Breast cancer subtypes and the risk of local and regional relapse. J Clin Oncol 2010;
28:1684-91.
- Clinical Breast Cancer April 2019
20. Barrett T, Wilhite SE, Ledoux P, et al. NCBI GEO: archive for functional
genomics data sets–update. Nucleic Acids Res 2013; 41(Database issue):
D991-5.

21. Warde-Farley D, Donaldson SL, Comes O, Zuberi K, Badrawi R. The Gene-
MANIA prediction server: biological network integration for gene prioritization
and predicting gene function. Nucleic Acids Res 2010; 38:214-20.

22. Reisfilho JS, Pusztai L. Gene expression profiling in breast cancer: classification,
prognostication, and prediction. Lancet 2011; 378:1812-23.

23. Holst F, Stahl PR, Ruiz C, et al. Estrogen receptor alpha (ESR1) gene amplifi-
cation is frequent in breast cancer. Nat Genet 2007; 39:655-60.

24. Zhang Y-F, Kang H-B, Li B-L, Zhang R-M. Positive effects of soy isoflavone food
on survival of breast cancer patients in China. Asian Pac J Cancer Prev 2012; 13:
479-82.

25. Caan BJ, Natarajan L, Parker B, et al. Soy food consumption and breast cancer
prognosis. Cancer Epidemiol Biomarkers Prev 2011; 20:854-8.

26. Arai K, Takano S, Teratani T, Ito Y, Yamada T, Nozawa R. S100A8 and S100A9
overexpression is associated with poor pathological parameters in invasive ductal
carcinoma of the breast. Curr Cancer Drug Targets 2008; 8:243-52.

27. Zhang S, Zhen W, Liu W, et al. Distinct prognostic values of S100 mRNA
expression in breast cancer. Sci Rep 2017; 7:39786.

28. Bao YI, Wang A, Juanfen MO. S100A8/A9 is associated with estrogen receptor
loss in breast cancer. Oncol Lett 2016; 11:1936-42.

29. Wang J, Ye C, Lu D, et al. Matrix metalloproteinase-1 expression in breast car-
cinoma: a marker for unfavorable prognosis. Oncotarget 2017; 8:91379-90.

30. Bell R, Barraclough R, Vasieva O. Gene expression meta-analysis of potential
metastatic breast cancer markers. Curr Mol Med 2017; 17:200-10.

31. Wang J, Xu Y, Li L, et al. FOXC1 is associated with estrogen receptor alpha and
affects sensitivity of tamoxifen treatment in breast cancer. Cancer Med 2017; 6:
275-87.

32. Kolacinska A, Fendler W, Szemraj J, et al. Gene expression and pathologic
response to neoadjuvant chemotherapy in breast cancer. Mol Biol Rep 2012; 39:
7435-41.

33. Bièche I, Onody P, Tozlu S, Driouch K, Vidaud M, Lidereau R. Prognostic value
of ERBB family mRNA expression in breast carcinomas. Int J Cancer 2003; 106:
758-65.

34. Han CC, Yue LL, Yang Y, Jian BY, Ma LW, Liu JC. TOX3 protein expression is
correlated with pathological characteristics in breast cancer. Oncol Lett 2016; 11:
1762-8.

35. Stacey SN, Manolescu A, Sulem P, et al. Common variants on chromosomes 2q35
and 16q12 confer susceptibility to estrogen receptor positive breast cancer. Nat
Genet 2007; 39:865-9.

36. Shan J, Dsouza SP, Bakhru S, et al. TNRC9 downregulates BRCA1 expression and
promotes breast cancer aggressiveness. Cancer Res 2013; 73:2840-9.

37. Hurtado A, Holmes KA, Rossinnes CS, Schmidt D, Carroll JS. FOXA1 is a critical
determinant of estrogen receptor function and endocrine response. Nat Genet
2011; 43:27-33.

38. Hisamatsu Y, Tokunaga E, Yamashita N, et al. Impact of FOXA1 expression on
the prognosis of patients with hormone receptor-positive breast cancer. Ann Surg
Oncol 2012; 19:1145-52.

39. Cochrane DR, Bernales S, Jacobsen BM, et al. Role of the androgen receptor in
breast cancer and preclinical analysis of enzalutamide. Breast Cancer Res 2014; 16:
R7.

40. Guarneri V, Broglio K, Kau S-W, et al. Prognostic value of pathologic complete
response after primary chemotherapy in relation to hormone receptor status and
other factors. J Clin Oncol 2006; 24:1037-44.

41. Gianni L, Zambetti M, Clark K, et al. Gene expression profiles in paraffin-
embedded core biopsy tissue predict response to chemotherapy in women with
locally advanced breast cancer. J Clin Oncol 2005; 23:7265-77.

42. Chen Y, Chen C, Yang B, et al. Estrogen receptor-related genes as an important
panel of predictors for breast cancer response to neoadjuvant chemotherapy. Cancer
Lett 2011; 302:63-8.

43. Allred DC. Issues and updates: evaluating estrogen receptor-alpha, proges-
terone receptor, and HER2 in breast cancer. Mod Pathol 2010; 23(Suppl 2):
S52-9.

44. Ahmed AR, Griffiths AB, Tilby MT, Westley BR, May FE. TFF3 is a normal
breast epithelial protein and is associated with differentiated phenotype in early
breast cancer but predisposes to invasion and metastasis in advanced disease. Am J
Pathol 2012; 180:904-16.

45. Amiry N, Kong X, Muniraj N, et al. Trefoil factor-1 (TFF1) enhances oncoge-
nicity of mammary carcinoma cells. Endocrinology 2009; 150:4473-83.

46. May FE, Westley BR. TFF3 is a valuable predictive biomarker of endocrine
response in metastatic breast cancer. Endocr Relat Cancer 2015; 22:465-79.

47. Corte MD, Tamargo F, Alvarez A, et al. Cytosolic levels of TFF1/pS2 in breast
cancer: their relationship with clinical-pathological parameters and their prognostic
significance. Breast Cancer Res Treat 2006; 96:63-72.

48. Mehra R, Varambally S, Ding L, et al. Identification of GATA3 as a breast cancer
prognostic marker by global gene expression meta-analysis. Cancer Res 2005; 65:
11259-64.

49. Tominaga N, Naoi Y, Shimazu K, et al. Clinicopathological analysis of GATA3-
positive breast cancers with special reference to response to neoadjuvant chemo-
therapy. Ann Oncol 2012; 23:3051-7.

50. Guha N, Kwan ML, Quesenberry CP Jr, Weltzien EK, Castillo AL, Caan BJ.
Soy isoflavones and risk of cancer recurrence in a cohort of breast cancer
survivors: the Life After Cancer Epidemiology study. Breast Cancer Res Treat
2009; 118:395-405.

http://refhub.elsevier.com/S1526-8209(18)30645-1/sref1
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref1
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref1
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref2
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref2
https://doi.org/10.1016/j.clnu.2017.12.006
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref4
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref4
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref4
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref5
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref5
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref6
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref6
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref6
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref7
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref7
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref8
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref8
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref8
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref9
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref9
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref10
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref10
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref10
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref11
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref11
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref11
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref11
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref12
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref12
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref12
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref12
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref13
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref13
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref13
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref14
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref14
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref14
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref14
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref15
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref15
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref15
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref16
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref16
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref16
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref16
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref17
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref17
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref17
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref18
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref18
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref19
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref19
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref19
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref20
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref20
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref20
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref21
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref21
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref21
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref22
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref22
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref23
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref23
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref24
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref24
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref24
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref25
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref25
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref26
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref26
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref26
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref27
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref27
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref28
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref28
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref29
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref29
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref30
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref30
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref31
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref31
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref31
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref32
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref32
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref32
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref33
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref33
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref33
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref34
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref34
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref34
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref35
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref35
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref35
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref36
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref36
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref37
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref37
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref37
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref38
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref38
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref38
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref39
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref39
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref39
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref40
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref40
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref40
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref41
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref41
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref41
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref42
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref42
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref42
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref43
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref43
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref43
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref44
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref44
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref44
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref44
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref45
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref45
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref46
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref46
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref47
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref47
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref47
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref48
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref48
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref48
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref49
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref49
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref49
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref50
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref50
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref50
http://refhub.elsevier.com/S1526-8209(18)30645-1/sref50

	Soy Foods Might Weaken the Sensitivity of Tamoxifen in Premenopausal Patients With Lumina A Subtype of Breast Cancer
	Introduction
	Materials and Methods
	Data Acquisition and Identification of DEGs
	Significant Functions and Pathway Enrichment Analysis
	Predicted Protein Interaction (PPI) Network Construction

	Results
	Identification of DEGs
	GO and Pathway Enrichment Analysis
	PPI Network Analysis of DEGs
	Survival Analysis of Critical Genes

	Discussion
	Conclusion
	Clinical Practice Points

	Acknowledgments
	Disclosure
	References


