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Table S1. Interacting genes and their network types of the 27 common related genes between four 

selected EDCs and ER positive breast cancer based on GeneMANIA network analysis. 

Degree Centrality Gene Symbol Official Full Name Interacting Gene Networks * 

13 ESR1 Estrogen receptor 1 

AKT1 

AR 

BRCA1 

CASP8 

EP300 

ERBB2 

HDAC5 

NCOA1 

NCOA7 

PIK3CA 

SLC10A1 

SMO 

TP53 

2 

2, 3, 5, 6 

2, 3 

7 

2, 3 

2 

2 

2, 3 

2, 3 

2, 3 

1 

1 

2 

12 TP53 Tumor protein p53 

AKT1 

AR 

BCL6 

BRCA1 

CASP8 

EP300 

ERBB2 

ESR1 

HDAC5 

MTOR 

NCOA1 

SMO 

1 

2, 7 

2, 3 

2, 3 

2 

2, 7 

1 

2 

2 

2 

2 

1 

12 NCOA1 
Nuclear receptor 

coactivator 1 

AKT1 

AR 

BRCA1 

CYP1A1 

DUSP10 

EP300 

ESR1 

HDAC5 

KLHL24 

NCOA7 

PTCH1 

TP53 

1, 3 

2, 3 

2 

1 

1, 7 

1, 2, 3, 6 

2, 3 

7 

1 

7 

7 

2 

11 AKT1 
AKT serine/threonine 

kinase 1 

AR 

BRCA1 

EP300 

ERBB2 

ESR1 

MAP2K2 

MTOR 

NCOA1 

PIK3CA 

SMO 

TP53 

2 

2 

2 

1 

2 

1 

2, 3, 5, 4 

1, 3 

2, 3 

3 

1 
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Table S1. Cont. 

Degree Centrality Gene Symbol Official Full Name Interacting Gene Networks * 

11 BCL6 B-cell CLL/lymphoma 6 

ABCG1 

APOB 

EP300 

GABRR1 

HDAC5 

KLHL24 

PIK3CA 

PTCH1 

SLC10A1 

SMO 

TP53 

7 

1, 7 

2, 7 

7 

2, 3 

1 

1 

7 

1 

2 

2, 3 

10 AR Androgen receptor 

AKT1 

BRCA1 

CASP8 

EP300 

ESR1 

NCOA1 

PIK3CA 

SLC10A1 

SMO 

TP53 

2 

2, 3 

1, 3, 4 

2 

2, 3, 5, 6 

2, 3 

3 

1 

1 

2, 4 

9 EP300 
E1A binding protein  

p300 

AKT1 

AR 

BCL6 

BRCA1 

ESR1 

KLHL24 

NCOA1 

PIK3CA 

TP53 

2 

2 

2, 7 

2, 7 

2, 3 

1 

1, 2, 3, 6 

1 

2, 7 

9 PIK3CA 

Phosphatidylinositol-

4,5-bisphosphate  

3-kinase catalytic  

subunit alpha 

ABCG1 

AKT1 

AR 

BCL6 

EP300 

ERBB2 

ESR1 

KLHL24 

MTOR 

1 

2, 3 

3 

1 

1 

3 

2, 3 

1 

3, 6 

8 SMO 
Smoothened, frizzled  

class receptor 

AR 

AKT1 

BCL6 

CYP1A1 

ESR1 

ERBB2 

PTCH1 

TP53 

1 

3 

2 

1 

1 

1 

2, 3 

1 

7 BRCA1 
BRCA1, DNA  

repair associated 

AKT1 

AR 

EP300 

ESR1 

MTOR 

NCOA1 

TP53 

2 

2, 3 

2, 7 

2, 3 

2 

2 

2, 3 

7 CASP8 Caspase 8 

AR 

CYP1A1 

ESR1 

GABRA6 

KLHL24 

MTOR 

TP53 

2, 3, 4 

1 

7 

7 

7 

7 

2 
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Table S1. Cont. 

Degree Centrality Gene Symbol Official Full Name Interacting Gene Networks * 

6 GABRA6 

Gamma-aminobutyric acid type 

A receptor  

alpha6 subunit 

APOB 

CASP8 

GABRR1 

LFNG 

PTCH1 

SLC10A1 

1 

7 

1, 6, 7 

1 

7 

1 

6 HDAC5 
Histone  

deacetylase 5 

BCL6 

ESR1 

LFNG 

MAP2K2 

NCOA1 

TP53 

2, 3 

2 

1 

1 

7 

2 

6 MTOR Mechanistic target of rapamycin 

AKT1 

BRCA1 

CASP8 

MAP2K2 

PIK3CA 

TP53 

2, 3, 4, 5 

2 

7 

1 

3, 6 

2 

5 ERBB2 
Erb-b2 receptor  

tyrosine kinase 2 

AKT1 

ESR1 

PIK3CA 

SMO 

TP53 

1 

2 

3 

1 

1 

5 GABRR1 

Gamma-aminobutyric acid type 

A receptor  

rho1 subunit 

BCL6 

CYP1A1 

DUSP10 

GABRA6 

LFNG 

7 

7 

7 

1, 6, 7 

1 

5 KLHL24 
Kelch like family  

member 24 

BCL6 

CASP8 

EP300 

NCOA1 

PIK3CA 

1 

7 

1 

1 

1 

4 CYP1A1 

Cytochrome P450  

family 1 subfamily A  

member 1 

CASP8 

GABRR1 

NCOA1 

SMO 

1 

7 

1 

1 

4 PTCH1 Patched 1 

BCL6 

GABRA6 

NCOA1 

SMO 

7 

7 

7 

2, 3 

4 SLC10A1 
Solute carrier family 10 member 

1 

AR 

BCL6 

ESR1 

GABRA6 

1 

1 

1 

1 

3 ABCG1 
ATP binding cassette  

subfamily G member 1 

APOB 

BCL6 

PIK3CA 

7 

7 

1 

3 APOB Apolipoprotein B 

ABCG1 

BCL6 

GABRA6 

7 

1, 7 

1 

3 LFNG 

LFNG O-fucosylpeptide 3-beta-

N-

acetylglucosaminyltransferase 

GABRA6 

GABRR1 

HDAC5 

1 

1 

1 

3 MAP2K2 
Mitogen-activated  

protein kinase kinase 2 

AKT1 

HDAC5 

MTOR 

1 

1 

1 

2 DUSP10 
Dual specificity  

phosphatase 10 

GABRR1 

NCOA1 

7 

1, 7 

2 NCOA7 
Nuclear receptor  

coactivator 7 

ESR1 

NCOA1 

2, 3 

7 

0 KIF21B 
Kinesin family member  

21B 
- - 

* 1—Co-expression; 2—Physical interactions; 3—Pathway; 4—Predicted; 5—Co-localization; 6—

Shared protein domains; 7—Genetic interactions.  
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Table S2. The list of candidate EDCs with the score and their interacting genes curated from the CTD. 

Score Chemical Name (Cas No.) Interacting Genes 

40 Perfluorooctanoic acid (335-67-1) 
ABCG1, APOB, CYP1A1, ERBB2, ESR1, 

TP53, SHH 

37 Stearic acid (57-11-4) ABCG1, AKT1, AR, ESR1 

35 Triphenyl phosphate (115-86-6) AR, ESR1, TP53 

34 Dibutyl Phthalate (84-74-2) AKT1, AR, ESR1 

30 Sodium Fluoride (7681-49-4) AKT1, CASP8, TP53, FAS 

28 Perfluorodecanoic acid (335-76-2) AKT1, CYP1A1, ESR1 

23 Hydroquinone (123-31-9) CASP8, CYP1A1, TP53, FAS 

23 Butylated Hydroxyanisole (25013-16-5) AR, ESR1 

23 Homosalate (118-56-9) AR, ESR1 

23 Oxybenzone (131-57-7) AR, ESR1 

23 Phantolid (15323-35-0) AR, ESR1 

23 Triclosan (3380-34-5) AR, ESR1 

17 Butylparaben (94-26-8) CYP1A1, ESR1 

14 Lead acetate (301-04-2) AKT1, MAP2K2 

13 2,2',4,4'-tetrahydroxybenzophenone (131-55-5) ESR1 

13 2,4-dihydroxybenzophenone (131-56-6) ESR1 

13 2-tert-butylphenol (88-18-6) ESR1 

13 4-hydroxybenzophenone (1137-42-4) ESR1 

13 Benzophenone (119-61-9) ESR1 

13 Benzylparaben (94-18-8) ESR1 

13 benzyl salicylate (118-58-1) ESR1 

13 Di-n-octyl phthalate (117-84-0) ESR1 

13 Dioxybenzone (131-53-3) ESR1 

13 Ethyl-p-hydroxybenzoate (120-47-8) ESR1 

13 FD & C Yellow No. 6 (2783-94-0) ESR1 

13 Isopropyl 4-hydroxybenzoate (4191-73-5) ESR1 

13 Methylparaben (99-76-3) ESR1 

13 Methyl salicylate (119-36-8) ESR1 

13 Octamethylcyclotetrasiloxane (556-67-2) ESR1 

13 Octocrylene (6197-30-4) ESR1 

13 Perfluoro-n-nonanoic acid (375-95-1) ESR1 

13 Phenyl salicylate (118-55-8) ESR1 

13 Propylparaben (94-13-3) ESR1 

13 Resorcinol (108-46-3) ESR1 

12 Titanium dioxide (13463-67-7) TP53, FAS 

12 Nonidet P-40 (9036-19-5) TP53 

12 Quinoline (91-22-5) TP53 

12 Silver Nitrate (7761-88-8) TP53 

12 Zinc chloride (7646-85-7) TP53 

11 Phloroglucinol (108-73-6) AKT1 

10 2-methylresorcinol (608-25-3) AR 

10 Acetyl methyl tetramethyl tetralin (21145-77-7) AR 

10 Acetyl tert-butyl dimethylindan (13171-00-1) AR 

10 Butylated Hydroxytoluene (128-37-0) AR 

10 Versalide (88-29-9) AR 

7 Catechol (120-80-9) CASP8, FAS 

6 Acetaldehyde (75-07-0) MTOR 

4 1-naphthol (90-15-3) CYP1A1 

4 Isoeugenol (97-54-1) CYP1A1 

4 Piperonyl Butoxide (51-03-6) CYP1A1 

4 Perfluorohexanesulfonic acid (355-46-4) SLC10A1 

3 Aluminum (7429-90-5) APOB 
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Table S3. The common 27 genes between EDCs and breast cancer, and evidence showing their 

relation with breast cancer. 

Gene Symbol Relation with Breast Cancer  References 

ABCG1 
Significantly upregulated in breast carcinoma tumors compared 

with control tissues 
[1] 

AKT1 Mutated in breast cancer [2] 

 Statistically significant exclusion mutation pattern in breast tumors [3] 

APOB ApoB levels was inversely associated with breast cancer risk  [4] 

 
rs693 and rs1042031 polymorphisms in the APOB gene increased 

the risk of breast cancer 
[5] 

 ApoB levels were negatively associated with breast cancer risk  [6] 

AR 
AR variant, Δ3AR, has been found exclusively in some breast 

tumors and breast cancer cell lines but not in normal breast tissue 
[7] 

BCL6 BCL6 stimulates the oncogenicity of breast cancer cells  [8] 

BRCA1 Mutated in breast cancer [9] 

CASP8 CASP8 SNPs showed significant associations with breast cancer  [10] 

 Genetic variation is associated with the risk of various cancers [11] 

CYP1A1 
CYP1A1 polymorphisms are associated with the risk of breast 

cancer1 
[12] 

DUSP10 -  

EP300 Known as breast cancer related genes  [13] 

ERBB2 
Amplified in 20 to 30% of breast cancers, and overexpression is 

associated with an aggressive phenotype of tumor 
[9] 

 Overexpression in 25-30% breast tumors [14] 

ESR1 Over two-thirds of cases in breast cancer express ESR1 [15] 

GABRA6 -  

GABRR1 -  

HDAC5 Extensively expressed in breast cancer tissues [16] 

KIF21B -  

KLHL24 -  

LFNG Reduced expression in majority of breast basal tumors [17] 

 Overexpression in luminal A breast cancer [18] 

MAP2K2 -  

MTOR 
The PI3K/AKT/mTOR pathway alterations play significant roles in 

breast cancer 
[19] 

NCOA1 
Overexpression positively correlates with breast cancer recurrence 

and metastasis 
[20] 

NCOA7 Alterations in gene expression affect breast cancer risk  [21] 

 Genetic variants is associated with breast cancer  [22] 

PIK3CA 
Statistically significant exclusion mutation pattern in breast cancer 

mutations 
[3] 

 Mutated in 45% of luminal breast cancer [23] 

PTCH1 
Sonic hedgehog/Patched (SHH/PTCH1) signaling pathway is 

involved in hormone-induced development of breast carcinoma  
[24] 

SLC10A1 -  

SMO Overexpression in primary breast cancers [25] 

 Play a role in maintaining breast cancer stem cell features [26] 

TP53 Mutated in 30% of breast cancer [9] 
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