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TET2 inhibits tumorigenesis of 
breast cancer cells by regulating 
caspase-4
Xuguo Zhu & Shuangqi Li

Epigenetic regulators have been shown to influence breast cancer progression. However, the detailed 
mechanism by which TET2 plays the suppressive role in tumorigenesis remains not completely 
understood. We employed RT-qPCR and westernblot to examine genes expression. Next, the 
bisulphite sequencing PCR was used to determine the methylation level at CASP4 promoter in the 
cells. Phenotypically, we utilized growth curve analysis, colony formation in soft agar and xenograft 
tumor assay to assess tumorigenesis of MCF-7 cell. We found that TET2 knockout enhanced colony 
formation ability and in vivo tumor formation ability of MCF-7 cell, whereas TET2 depletion not affected 
the growth rate of MCF-7 cell in the culture. Mechanistically, TET2 loss led to a significant decrease in 
caspase-4 expression possibly via increasing DNA methylation of CASP4 promoter in MCF-7 cell. To 
validate, TET2 overexpression led to higher level of caspase-4 in MDA-MB-231 and 293T cells, which 
was dependent on TET2 enzymatic activity. Finally, we observed that caspase-4 could revert, at least 
partially, TET2 deletion-induced tumorigenesis of MCF-7. In summary, we reveal a novel mechanism 
that TET2 suppresses tumorigenesis of breast cancer cells through caspase-4. Our findings will facilitate 
development of new diagnostic markers or therapeutical therapies for breast cancer.

Breast cancer is one of the most malignant and highly risky diseases in women. Similar to other types of cancer, 
breast cancer is also caused by a number of genetic and epigenetic factors. Among which, DNA methylation is 
reported to be one of the primary factors involved in breast cancer progression. However, to our knowledge, 
the detailed mechanism of how DNA methylation regulates breast cancer tumorigenesis remains not fully 
understood.

Previous studies have been shown that ten eleven translocation (TET) proteins, a well studied DNA methyl-
ation dioxygenase, are closely associated with the malignancy of tumors1,2. Indeed, the expression levels of TETs 
in tumors are greatly lower than that in normal tissues3,4. In addition, a variety of loss-of-function mutations of 
TET2 has been found in myelodysplastic syndromes (MDS) and acute myeloid leukaemias (AML), as well as 
low frequency of mutations in solid tumors, including breast tumor5. More importantly, TET2 was significantly 
downregulated in various types of cancers6–8. Although TET2 have recently been demonstrated to inhibit inva-
siveness and metastasis of breast cancer9, the molecular mechanism of TET2 regulating tumorigenesis of breast 
cancer are still required to be further investigated.

Caspase-4 has been shown to be implicated in inflammation, immunity and cell death (i.e., Pyroptosis)10–12. 
Interestingly, loss-of-function mutations of CASP4 were observed in colorectal cancer13. Furthermore, 
pro-apoptotic caspases are downregulated in certain cancers. For example, CASP4 expression is suppressed and 
associated with poor prognosis in esophageal squamous cell carcinoma and head and neck squamous cell carci-
noma14. However, it remains unknown whether caspase-4 is involved in breast cancer progression.

Here, we report that caspase-4 acts as a primary downstream target of TET2 to exert the suppressive role in 
the tumorigenesis of breast cancer cells. TET2 loss results in decrease in caspase-4 expression and regulates DNA 
methylation level at CASP4 promoter. For the first time, We utilize colony formation assay and xenograft tumor 
experiment to prove that caspase-4 acts as a brake for breast cancer. Furthermore, caspase-4 overexpression 
largely reverts TET2 null-enhanced tumor phenotypes of MCF-7, suggesting that caspase-4 is essential for tumor 
suppressive role of TET2 in breast cancer cells. Collectively, our findings provide deeper understandings of breast 
cancer progression and help develop novel diagnostic markers and therapeutical strategies for breast cancer.
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Results
TET2 loss enhances tumorigenesis of MCF-7 cell. In order to investigate the role of TET2 in breast 
cancer tumorigenesis, we generated TET2 knockout MCF-7 cells by CRISPR approach (Fig. 1a). First, we exam-
ined cell proliferation of wildtype and TET2 KO MCF-7 in culture. The growth curve analysis showed that TET2-
depleted MCF-7 cells (TET2 KO1, TET2 KO2) exhibited comparable growth rate to the wildtype cells over the 
period of 10 days, which suggested that TET2 had no evident effect on MCF-7 cell growth (Fig. 1b).

Next, we attempted to explore whether TET2 knockout influenced anchorage-independent growth of MCF-7 
cells. We performed colony formation assay of wildtype and TET2-null MCF-7 cells in soft agar, and found that, 
expectedly, E2 could greatly stimulate anchorage-independent growth rate of MCF-7 cells compared to cells 
treated with EtOH. More interestingly, the TET2 null MCF-7 cells formed significantly more colonies than wild-
type cells treated with both EtOH and E2, indicating a primary role of TET2 in anchorage-independent growth 
of MCF-7 cells (Fig. 1c,d).

To confirm that TET2 also exerted the tumor suppressive role in other breast cancer cell lines, we conducted 
colony formation assay of MDA-MB-231 stably expressing mock or TET2 in soft agar (Supplementary Fig. 1a). 

2OK2TETTW TET2 KO1

EtOH

E2

b

c

N
um

be
r o

f c
ol

on
ie

s

WT
TET2 KO1
TET2 KO2

EtOH E2

**
**

**

*

WT

TET2 KO1

d

Tu
m

or
 w

ei
gh

t (
g)

***e

TET2 KO2

***

a

LaminB1

TET2

f

Figure 1. TET2 loss enhances tumorigenesis of MCF-7 cell. (a) Westernblot analysis of TET2 level in MCF-7 
(WT, TET2 KO1, TET2 KO2) cultured in normal media, laminB1 as loading control. WT denotes wildtype. (b) 
Growth curve analysis of MCF-7 (WT, TET2 KO1, TET2 KO2) treated with EtOH or 1 nM E2 over a period of 
10 days. WT denotes wildtype. (c) Colony formation assay of MCF-7 (WT, TET2 KO1, TET2 KO2) treated with 
EtOH or 1 nM E2. This assay was performed in 6-well plate, after 2 weeks, the cell colonies were harvested and 
stained. Then, the colony number was counted. WT denotes wildtype. (d) Statistical analysis of colony number 
shown in Fig. 1c. (e) Xenograft tumor assay of MCF-7 cells (WT, TET2 KO1, TET2 KO2) in NOD-SCID 
female mice, tumors were excised at day 30 after initial injection, n = 4 for each group. WT denotes wildtype. 
(f) Weight measurement of tumors shown in Fig. 1e. All data are presented as mean ± SD from three biological 
replicates. **p < 0.01; ***p < 0.001.
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The results showed that the colony number of TET2-overexpressed MDA-MB-231 cells was less than half of mock 
cells (Supplementary Fig. 1b and c), suggesting the role of TET2 in repressing anchorage-independent growth of 
various breast cancer cells.

To determine whether the critical role of TET2 in detached MCF-7 cells could be observed in vivo, we carried 
out the xenograft tumor experiment of wildtype and TET2 KO MCF-7 cells in immunodeficient NOD-SCID mice 
(n = 4 per group). We observed TET2 knockout of MCF-7 cells led to remarkably larger tumor size compared 
to wildtype MCF-7 cells, the statistical analysis of tumor weight confirmed the observation (Fig. 1e,f). Taken 
together, TET2 had the ability to suppress tumorigenesis of MCF-7 cell under suspended condition.

Caspase-4 is specifically regulated by TET2. As TET2 knockout only resulted in tumorigenesis of 
MCF-7 under suspended condition, we hypothesized that TET2 might exert its pro-apoptotic effect via regulating 
apoptosis-related genes expression. To search for the downstream target responsible for TET2 knockout-induced 
phenotypes of MCF-7 cell, we focused on the genes (Bcl-2 and Caspase family) directly involved in classical apop-
tosis pathway (besides CASP3), because MCF-7 do not express caspase-3. The RT-qPCR result demonstrated that 
only CASP4 mRNA level was downregulated (decreased by ~60–70%) in TET2-deficient MCF-7 cells relative to 
wildtype cells (Fig. 2a). As a validation, westernblot result showed markedly decreased caspase-4 protein level in 
TET2-null MCF-7 (Fig. 2b). To investigate whether CASP3 was the downstream target of TET2, we determined 
its expression level in stable MDA-MB-231 cell lines (mock, flag-TET2). No evident change in CASP3 expression 
was observed in MDA-MB-231 cells overexpressing TET2 compared with mock cells (Supplementary Fig. 2).

To test whether the regulation of caspase-4 expression by TET2 is specifically occurred in MCF-7 cells, we 
generated stably TET2 overexpressed, triple-negative human breast cancer cell MDA-MB-231, and found that 
caspase-4 level was greatly upregulated (Fig. 2c). Similarly, we also observed this regulation existed in 293T cell 
(Fig. 2d). More interestingly, TET2 mutant (without enzymatic activity) has no ability to upregulate caspase-4 
expression. To conclude, caspase-4 can be significantly regulated by TET2 in various types of cells.

TET2 regulates DNA methylation of CASP4 promoter. As caspase-4 expression was modulated by 
TET2 in an enzymatic activity-dependent manner, which prompted us to hypothesize that TET2 might affect 
the methylation status of regulatory regions in the vicinity of CASP4 gene. Therefore, we used bisulphite PCR 
approach to evaluate the DNA methylation level at CASP4 promoter containing several CpG sites, locating at 
~500 bp upstream of transcription start site (TSS) (Fig. 3a). The results revealed that the methylation level of 
CASP4 promoter in wildtype MCF-7 cells (65%) was obviously lower than that in TET2 KO MCF-7 cells (90% 
and 91.7%) (Fig. 3b).
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Figure 2. Caspase-4 is specifically regulated by TET2. (a) RT-qPCR analysis shows mRNA levels of Bcl-2 and 
caspase family genes in MCF-7 (WT, TET2 KO1, TET2 KO2). WT denotes wildtype. (b) Westernblot analysis 
shows protein level of endogeneous caspase-4 in MCF-7 (WT, TET2 KO1, TET2 KO2), laminB1 as loading 
control. WT denotes wildtype. (c) Westernblot analysis shows protein level of exogeneously overexpressed Flag-
TET2 and endogeneous caspase-4 in stable MDA-MB-231 (mock, Flag-TET2) cell lines, laminB1 as loading 
control. (d) Westernblot analysis shows protein level of exogeneously overexpressed Flag-TET2 and Flag-TET2 
mutant, as well as endogeneous caspase-4 in stable 293T (mock, Flag-TET2, Flag-TET2-mutant) cell lines, 
laminB1 as loading control.

RETRACTED A
RTIC

LE



www.nature.com/scientificreports/

4Scientific RepoRts |  (2018) 8:16167  | DOI:10.1038/s41598-018-34462-z

In addition, TET2 overexpression led to a remarkable decrease in methylation level of CASP4 promoter in 
stable MDA-MB-231 cells (3.3%) compared to mock cells (98.3%), which was consistent with the result observed 
in 293T cells (Fig. 3c,d). Expectedly, the 293T cell stably expressing mutant TET2 exhibited methylation level 
(58.3%) at CASP4 promoter comparable to that in mock 293T cells (61.7%), suggesting that the methylation 
status at CASP4 promoter was modulated by TET2 in an enzymatic activity-dependent fashion (Fig. 3d). Based 
on the results described above, we propose a possible mechanism that TET2 regulates caspase-4 expression via 
impacting DNA methylation of CASP4 promoter.

Caspase-4 reverts TET2 loss-induced tumorigenesis of MCF-7 cell. To test whether caspase-4 medi-
ated TET2-induced tumor phenotype of MCF-7 cell, we established caspase-4 knockdown MCF-7 (shCASP4-2, 
shCASP4-5) by short hairpin RNAs (Fig. 4a), and then performed colony formation in soft agar to determine 
whether caspase-4 had a role in anchorage-independent growth of MCF-7 cells. The result demonstrated that 
caspase-4 knockdown resulted in remarkable increase in colony number of MCF-7 cells compared to scram-
ble cells in the presence of E2, indicating caspase-4 played a suppressive role in tumorigenesis of MCF-7 cell 
(Fig. 4b,c).
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Figure 3. TET2 regulates DNA methylation of CASP4 promoter. (a) Schematic diagram indicates DNA 
methylation of CASP4 promoter influenced by TET2. TSS indicates transcription start site, the detected 
methylation region was marked in blue, the red filled circles indicate CpGs whose methylation levels were 
examined by Bisulphite sequencing PCR. (b) Bisulphite sequencing PCR analysis shows methylation level at 
promoter region (TSS upstream of ∼500 bp) in MCF-7 (WT, TET2 KO1, TET2 KO2). Six circles in row indicate 
six CpGs at the analysed region, ten circles in column indicate ten clones picked to sequence. The filled circle 
denotes methylated CpG and the blank circle denotes unmethylated CpG. WT denotes wildtype, TSS denotes 
transcription start site. (c) Bisulphite sequencing PCR analysis shows methylation level at promoter region 
(TSS upstream of ∼500 bp) in stable MDA-MB-231 (mock, Flag-TET2) cell lines. Six circles in row indicate 
six CpGs at the analysed region, ten circles in column indicate ten clones picked to sequence. The filled circle 
denotes methylated CpG and the blank circle denotes unmethylated CpG. TSS denotes transcription start 
site. (d) Bisulphite sequencing PCR analysis shows methylation level at promoter region (TSS upstream of 
∼500 bp) in stable 293T (mock, Flag-TET2, Flag-TET2-mutant) cell lines. Six circles in row indicate six CpGs 
at the analysed region, ten circles in column indicate ten clones picked to sequence. The filled circle denotes 
methylated CpG and the blank circle denotes unmethylated CpG. TSS denotes transcription start site.
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As a validation, we inducibly expressed caspase-4 in TET2 KO1 MCF-7 cells (KO1-CASP4) and carried out 
colony formation assay of the cell in soft agar with the treatment of E2 (Fig. 4d). We found that TET2 KO1-CASP4 
MCF-7 cell displayed significantly reduced colony number relative to TET2 KO1-mock cell without dox treat-
ment, which might be due to leaky expression of caspase-4. When induced by dox, TET2 KO1-CASP4 cells 
formed much lower number of colonies than TET2 KO1-mock and WT-mock MCF-7 cells (Fig. 4e,f).

More importantly, xenograft tumor experiment showed that induced expression of caspase-4 greatly atten-
uated tumor formation ability of TET2 KO1 MCF-7 cell, compared to TET2 KO1-mock MCF-7 cell (Fig. 4g,h). 
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Figure 4. Caspase-4 reverts TET2 loss-induced tumorigenesis of MCF-7 cell. (a) Westernblot analysis shows 
protein level of endogeneous caspase-4 in MCF-7 cells (SCR, shCASP4-2 and shCASP4-5), shCASP4-2 and 
shCASP4-5 were two shRNAs against CASP-4, SCR was scramble shRNA. LaminB1 as loading control. 
(b) Colony formation assay of MCF-7 (SCR, shCASP4-2 and shCASP4-5) treated with EtOH or 1 nM E2, 
shCASP4-2 and shCASP4-5 were two shRNAs against CASP4, SCR was scramble shRNA. This assay was 
performed in 12-well plate, after 10 days, the cell colonies were harvested and stained. Then, the colony number 
was counted. (c) Statistical analysis of colony number shown in Fig. 4b. (d) RT-qPCR analysis shows inducible 
expression level of caspase-4 in stable MCF-7 cells (WT-mock, TET2 KO1-mock, TET2 KO1-CASP4) were 
treated with vehicle or 2 μg/mL Dox for 1 day. WT-mock denotes wildtype MCF-7 transduced with empty 
vector, KO1-mock denotes TET2 KO1 MCF-7 transduced with empty vector, KO1-CASP4 denotes TET2 KO1 
MCF-7 transduced with caspase-4-inducible vector. (e) Colony formation assay of stable MCF-7 cells (WT-
mock, TET2 KO1-mock, TET2 KO1-CASP4) treated with 1 nM E2 plus vehicle or 2 μg/mL Dox for ∼2 weeks. 
This assay was performed in 12-well plate, after 2 weeks, the cell colonies were harvested and stained. Then, the 
colony number was counted. WT-mock denotes wildtype MCF-7 transduced with empty vector, KO1-mock 
denotes TET2 KO1 MCF-7 transduced with empty vector, KO1-CASP4 denotes TET2 KO1 MCF-7 transduced 
with caspase-4-inducible vector. (f) Statistical analysis of colony number shown in Fig. 4e. (g) Xenograft tumor 
assay of stable MCF-7 cells (WT-mock, TET2 KO1-mock, TET2 KO1-CASP4) in NOD-SCID female mice 
administered with vehicle or 2 mg/mL Dox. Tumors were excised at day 30 after initial injection. n = 6 for each 
group. WT-mock denotes wildtype MCF-7 transduced with empty vector, KO1-mock denotes TET2 KO1 
MCF-7 transduced with empty vector, KO1-CASP4 denotes TET2 KO1 MCF-7 transduced with caspase-4-
inducible vector. (h) Weight measurement of tumors shown in Fig. 4g. All data are presented as mean ± SD 
from three biological replicates. *p < 0.05; **p < 0.01; ***p < 0.001.RETRACTED A
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Taken together, these data suggested that caspase-4 could reverse, at least partially, TET2 knockout-enhanced 
tumorigenic phenotype of breast cancer cell MCF-7.

Discussion
This study identifies a novel TET2/caspase-4 pathway antagonistic to breast cancer tumorigenesis (Fig. 5). We 
used the most common breast cancer cell lines MCF-7 and MDA-MB-231 as research models, which demon-
strated the non-cell type-specific role of TET2 in human breast cancer. Mechanistic and biological studies help us 
reach several conclusions: first of all, TET2 loss enhanced anchorage-independent growth and xenograft tumor 
growth ability of MCF-7. Secondly, we identify a key pro-apoptotic gene CASP4 as downstream target of TET2, 
and this regulation is dependent on enzymatic activity of TET2. Thirdly, TET2 regulates caspase-4 expession 
probably through alteration of DNA methylation at CASP4 promoter region. Finally, TET2 regulates tumorigene-
sis of MCF-7 cells partially, if not fully, via caspase-4. These conclusions provide a solid foundation for explaining 
the suppressive role of TET2 in breast cancer.

TET2, an oxidative enzyme during active erasure of 5mC, has been shown to be affected via abolishing its 
enzymatic activity with loss-of-function mutations in MDS and AML15. Whether and how TET2 exerts its effects 
on initiation and progression of human solid tumors are still required to be further investigated, in spite of 
advances in understanding of mechanism underlying regulation of tumorigenesis.

In addition to hematological malignancies, recently, increasing evidences demonstrate that TET2 is impli-
cated in progression of solid tumors, including prostate cancer, gastric cancer, epithelial ovarian cancer, mela-
noma and breast cancer7,8,16–18. Consistent with our study, TET2 is also identified as a brake for breast cancer 
in some researches17,19. To date, there are two, even more, well-established molecular mechanisms underlying 
TET2-mediated phenotype of breast cancer. Besides miR-200, J-Y Chen et al. revealed TET2 had the ability to 
silence tumor suppressor genes by modulating DNA methylation, thereby inhibiting migration and invasion of 
breast cancer9,17. Beyond these findings, we placed caspase-4 in the downstream of TET2 to mediate the suppres-
sive role in breast cancer cells.

In spite of suppressive role of TET2 in a variety of cancers, some studies reveal that TET2 exerts the 
tumor-promoting effect. For instance, deletion of TET2 in tumor-infiltrating myeloid cells reduces melanoma 
progression via IL-1R-MyD88 axis20. Apart from this, another fact is that TET2 knockdown in osteosarcoma cells 
(OS) downregulates IL-6, then modulating MEK/ERK/HIF-1α pathway and finally decreasing lung metastasis 
of OS cells21. Based on these conclusions, we speculate that TET2 displays tumor-contributory role, mostly via 
affecting tumor microenviroment. To conclude, double-edged sword roles of TET2 in cancer initiation and pro-
gression necessitate more investigations to identify the respective mechanisms.

Although caspase-4 has been largely shown to mediate pyroptotic cell death in response to gram-negative 
bacterial infection and cytoplasmic lipopolysaccharide (LPS), the association of caspase-4 with cancer remains 
scarce22,23. Young Hwa Soung et al. reported low frequency (0.6%) of CASP4 mutation in 343 tumor samples, 
indicating that somatic mutations of CASP4 genes were rare in common solid tumors13. In consideration of this 
observation, it was very likely that dysregulated expression of caspase-4, not mutation, occurred in cancers. To 
confirm, we found that caspase-4 was strictly modulated by TET2 knockout in MCF-7 cells, and served as a key 
brake for tumorigenesis and progression of breast cancer. Presumably, caspase-4 may also play an important role 
in other types of tumors, which is required to be further investigated.

In summary, we propose a novel mechanism by which TET2 regulates tumorigenesis of breast cancer cell 
through caspase-4. This finding provides a rationale for diagnosis and prognosis of breast cancer, even other 

Figure 5. A proposed model for caspase-4 involved in TET2-inhibited tumorigenesis of breast cancer cells.
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types of cancers, according to TET2 and caspase-4 expression level. However, some questions are required 
to be addressed: (1) whether TET2 regulates tumorigenesis of breast cancer cells through other pathways or 
downstream targets? (2) If exist, what are the pathways or targets? (3) What is the detailed mechanism by which 
caspase-4 inhibits tumorigenesis of the breast cancer cells? (4) Are there other factors or partner proteins involved 
in caspase-4-mediated phenotypes?

Materials and Methods
Cell culture. MDA-MB-231 and 293T were purchased from ATCC and cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM, Hyclone) supplemented with 10% fetal bovine serum (FBS, Gibco) and 100 U/mL pen-
icillin/streptomycin (Invitrogen). Before inducing estrogen signaling, MCF-7 cells were hormone-stripped for 5 
days by culturing in phenol red-free RPMI 1640 medium (HyClone) plus 10% charcoal-depleted FBS (Biological 
Industries). To make complete 2 × phenol red-free DMEM media, powdered DMEM (Hyclone) was dissolved 
in ddH2O supplemented with charcoal-depleted FBS, Sodium Pyruvate (Gibco) and sodium bicarbonate, then 
sterilize through 0.22 μm filter (Millipore).

Construction and stable knockdown cells generation. CASP4 was amplified from human cDNA 
and then subcloned into pcw57 inducible plasmid. For knockdown, shRNA against CASP4 were ligated into 
pLKO.1 vector, and then co-transfected with lentiviral packaging plasmids (pPAX2 and pVSVG) into 293T cells. 
Forty-eight hours later, Lentiviruses were harvested, and used for cell infection. Stable cell lines were selected with 
2 mg/mL puromycin within 7 days. Two shRNAs for CASP4 (shCASP4-2, GCAACGTATGGCAGGACAAAT; 
shCASP4-5, CAAGAGAAGCAACGTATGGCA) were used in our study. Hairpin sequence of scramble shRNA is 
CCTAAGGTTAAGTCGCCCTCGCTCGAGCGAGGGCGACTTAACCTTAGG.

RT-qPCR. All these experiments were carried out strictly as previously described24. The real-time quantitative 
PCR was performed using ABI 7500 real-time machine. The relative amounts of the mRNA were calculated by 
2ΔΔCt method.

The primers used for detecting mRNAs level are listed as follows: CASP1, AGCACAAGACC-TCTGACAGC/
TAAACCACACCACACCAGGG; CASP2 ,  GGTCCACCTTCCAGCACAAG/GCT-CCCTCATTT 
CCAAGGTGA; CASP3, AACCCGGGTAAGAATGTGCA/AAATACCAGTGGAGG-CCGAC; CASP4, 
AGTTTGACCATCTGCCTCCG/CACAGTTCCGCAGATT-CCCT; CASP5, CAT-GGGGAACTCTGGGTCAG/
TGAAGATGGAGCCCCTTGTG; CASP6, GTGTGTGTCTTCCTGA-GCCA/CCCCGACATGCCTGAATGAT; 
CASP7, TGCGATCCATCAAGACCACC/TCACGTCAA-AACCCAGGCTT; CASP8, CCTCAAGTTCC 
TG AG C C TG G / TG C C TG G TG TC TG A AG T TC C ;  C ASP 9 ,  TG A AC T TC TG C C G TG AG TC C /
AGAGAATGACCACCACGCAG; CASP10, TCTTGGA-AGCCTTACCGCAG/ACAGAACACGAAGCAGT 
CCC; BAD, AGAGTTTGAGCCGAGTGAGC/CATCCCTTCGTCGTCCTCC; BAK, GACGACATCAACCGA 
CGCTA/GTAGACGTGTAGGGCC-AGAC; BAX, AAGGTGCCGGAACTGATCAG/AAAGTAGGAGAGG 
AGGCCGT; BID, ACTGGT-GTTTGGCTTCCTCC/ATGCTACGGTCCATGCTGTC; PUMA, GACC 
TCAACGCACAGTACGA/ATGGTGCAGAGAAAGTCCCC; BIK, CTTTGGAATGCATGGAGGGC/TGAT 
GTCCTCAGTCTG-GTCG; BCL2L11, CTGAAGGCAATCACGGAGGT/CACTGGAGGATCGAGACAGC; 
BMF, GG-AACCCCAGCGACTCTTTT/ATCTGCCACCACACACGATT; BOK, CCACATCTTCTC 
TG C AG G - C A / C C AG G T TG C C AG G G TC T TG ;  G A PDH ,  G AG TC A AC G G AT T TG G TC G T /
TTGATTTTGGAG-GGATCTCG.

Westernblot. This experiment was carried out as previously described25. The following antibodies were 
used: anti-TET2 (Diagenode, C15200179), anti-caspase-4 (MBL, M029-3), anti-GAPDH (Abmart, M20005M), 
anti-LaminB1 (Proteintech, 66095-1-Ig), anti-Flag (Abmart, M20008M). anti-mouse secondary IgG antibody 
(SAB, 3032), anti-rabbit secondary IgG antibody (SAB, 3012). All pictures were taken by digital Bio-Rad machine 
(ChemiDocTM) and processed by its built-in software (image lab).

Bisulphite sequencing PCR (BSP). Genomic DNA were extracted from cells using standard protocol and 
then subjected gDNA to bisulphite treatment using EZ DNA Methylation-GoldTM Kit (ZYMO RESEARCH, 
D5005) according to manufacturer instruction. All primers used in this experiment were designed by Methyl 
Primer Express v1.0 software. We used two pairs of primers to perform nest-PCR, the products were ligated into 
pMD19-T vector, and then sequence. Two pairs of primers are used for nest-PCR: first round PCR (CASP4-m1-F: 
GTTGGATTAGAATTTTTATTAG; CASP4-m1-R: TAATACTCTTCAA-AACCAAC) and second round PCR 
(CASP4-m2-F: TTAGTT-AGTATAGTAGTTTGGAG; CASP4-m2-R: TA-CAAACATTTCTTACCGAA).

Growth curve measurement. The growth curve was measured by counting cells using Countess auto-
mated cell counter (Life Technologies) as previously described26.

Soft agar assay. This experiment was perfomed as previously published26 with minor modification, we 
seeded 1000 cells per well of 12-well plate and 3000 cells per well of 6-well plate. All these experiments were 
carried out with 2 × complete phenol red-free DMEM media. Before treated with EtOH or 1 nM E2 (Sigma), 
the MCF-7 cells were subject to hormone-deprivation for 5 days. All pictures were acquired through the scan 
machine.

Xenograft tumor experiment. We employed NOD-SCID female mice at the age of ~6 week-old in this 
experiment. Prior to cell injection, every mouse was planted with estrogen pill subcutaneously. After 2 days, 10 
million cells were injected subcutaneously per mouse. All mice were euthanized 4 weeks after subcutaneous 
injection. Tumors were then excised and photographed by digital camera. Tumor weights were measured and 
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subject to statistical analyses. The animal protocols were approved by the Animal Welfare Committee of Shanghai 
Medical College, Fudan University and all the methods were performed in accordance with the relevant guide-
lines and regulations.

Statistical analysis. All experiments were performed for three biological replicates, two comparisons were 
performed with graphpad prism 6 software using the two-tailed unpaired student’s t-test. Multiple compari-
sons were performed by one-way analysis of variance (ANOVA) with repeated measures, followed by a post 
hoc Fisher’s least signifcant diferences test. All values were presented as mean ± SD. *P < 0.05 was considered 
statistically significant.

Data Availability
No datasets were generated or analysed during the current study.
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