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Abstract

Aberrant DNA methylation plays a critical role in the development and the progression of cancer.
Failure to demethylate and to consequently reactivate methylation-silenced genes in cancer
contributes to chemotherapeutic resistance, yet the regulatory mechanisms of DNA demethylation
in response to chemotherapeutic agents remain unclear. Here, we show that promyelocytic
leukemia (PML) recruits ten-eleven translocation dioxygenase 2 (TET2) to regulate DNA
modification and cell proliferation in response to chemotherapeutic agents. TET2 was required by
multiple chemotherapeutic agents (such as doxorubicin) to promote 5-hydroxymethylcytosine
(5hmC) formation. Stable isotope labeling with amino acids in cell culture, followed by
immunoprecipitation-mass spectrometry, identified potential binding partners of TET2, of which
PML mostly enhanced 5hmC formation. PML physically bound to TET2 via the PML C-terminal
domain and recruited TET2 to PML-positive nuclear bodies. This interaction was disrupted by the
PML-RARA t(15;17) mutation, which stems from chromosomal translocation between DNA
encoding the C-terminal domain of PML and the retinoic acid receptor alpha (RARA) gene. In
response to chemotherapeutic drugs, PML recruited TET2, regulated DNA modification,
reactivated methylation-silenced genes, and impaired cell proliferation. Knockout of PML
abolished doxorubicin-promoted DNA modification. In addition, PML and TET2 levels positively
correlated with improved overall survival in patients with head and neck cancer. These findings
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shed insight into the regulatory mechanisms of DNA modification in response to chemotherapeutic

agents.
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Introduction

Abnormal DNA methylation is a hallmark of cancer (1, 2). Aberrant DNA methylation of
multiple genes results in their inappropriate transcriptional silencing and contributes to loss
of checkpoints and other functions in cancer. In response to therapy, failure to demethylate
and to consequently reactivate these methylation-silenced genes contributes to therapeutic
resistance (2). This is at least in part because the activity of most therapies depends to some
extent on the same apoptotic/proapoptotic and differentiation/prodifferentiation pathways,
which are silenced by DNA methylation during carcinogenesis (2), and one of the highly
possible reasons for the failure to demethylate these genes is the deregulation of ten-eleven
translocation (TET).

TET family members (TET1, TET2, and TET3) oxidate 5-methylcytosine (5mC) to 5-
hydroxymethylcytosine (5hmC) and consequently promote DNA demethylation (3).
Accumulating studies indicate that TETSs play critical roles in various physical and
pathological processes, including tumorigenesis, cell reprogramming, development, and
differentiation (4-6). Compared with TET1 and TET3, TET2 shows much higher mutant
frequencies in multiple types of cancer. TET2 is often mutated in glioma, lymphoid, and
myeloid malignancies, especially acute myeloid leukemia (AML) (7-9). In AML patients,
TET2 mutations are associated with reduced response of AML to chemotherapy and adverse
overall survival (10, 11). Interestingly, TET2 mutations have been reported to be mutually
exclusive with isocitrate dehydrogenase 1/2 (IDH1/2) (12, 13) and Wilms’ tumor (WT1)
mutations (14, 15). Both IDH1/2 and WT1 mutations lead to reduced TET2 activity and
reductions in 5hmC (12-15). Furthermore, the decrease of TETs and 5hmC was identified as
a hallmark of multiple types of solid tumor (16, 17) and, importantly, enhanced expression
of TET2 suppresses both proliferation and metastasis of cancer cells (16, 18).

Like TET2, promyelocytic leukemia (PML) is also frequently mutated in AML (19). PML
plays a critical role in cell-cycle arrest, senescence, apoptosis, genome stability, and antiviral
effects (20). The t(15;17) mutation of PML and retinoic acid receptor alpha (RARA) results
in PML-RARA fusion protein and leads to acute promyelocytic leukemia (APL). Unlike
PML, PML-RARA interacts with DNA methyltransferase 3s (DNMT3), promotes DNA
methylation of tumor suppressors, and leads to transcription repression (19, 21), which is
essential for PML-RARA to initiate APL (22). Arsenic acid (As,O3) and/or all-trans retinoic
acid (RA) dissociate repressor complexes from PML-RARA, mediate PML-RARA
subsequent degradation, and effectively induce differentiation or apoptosis of AML cells
(19). Except RA and AsyO3 PML also responds dynamically to many chemotherapeutic
agents (such as doxorubicin) to form PML-nuclear bodies (PML-NB), which recruit
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numerous proteins (such as p53 and RB1) to facilitate the inhibition of cancer (20, 23). In
this study, we show that PML recruits TET2, regulating DNA modification and cell
proliferation in response to chemotherapeutic agents (Fig. 1A).

Materials and Methods

Cell culture and transfection

HEK293 (human embryonic kidney), SCC-15 (human head and neck squamous cell
carcinoma), SCC-25 (human head and neck squamous cell carcinoma), and U20S (human
osteosarcoma) cells from the ATCC were maintained in DMEM containing 10% heat-
inactivated FBS, 2 mM glutamine, 100 U/mL penicillin, and streptomycin at 37°C under a
humidified atmosphere of 5% CO,. Pm/f*”* and Pm/l~~ mouse embryonic fibroblast (MEF)
cells were previously described (24). NB4 (acute promyelocytic leukemia) cells from
Shanghai Institute of Hematology, Ruijin Hospital (Shanghai, China), were cultured in
suspension under standard conditions. Mycoplasma PCR testing of these cells was
performed every month. Transfections were performed using Lipofectamine 2000 (Thermo
Fisher Scientific Inc.).

SILAC-labeling and mass spectrometry analysis

Stable isotope labeling by amino acids in cell culture (SILAC)-labeling and mass
spectrometry (MS) analysis were performed as previously described (24-26). Briefly, the
light-labeled HEK?293 cells were transfected with pCl-Neo HA-TET2 for 36 hrs, while
heavy-labeled ([U-13Cg]-L-lysine and [U-13Cg, 1°N,]-L-arginine) cells were transfected with
pCl-Neo. “Light” cell lysate and “heavy” lysate were mixed at a 1:1 ratio, and the mixed
lysates were incubated with the anti-HA antibody for 4 hrs, followed by MS analysis.

Plasmids, cell lines, and antibodies

pAd Track-CMV (pAd-EV) and pAd-PML (flag tagged PML V) were described in a
previous study (24). pCl-Neo Flag-PML isoforms, HA-PML, pCDNA3B Flag-TET2, and
catalytic dead mutant pPCDNA3B Flag-TET2 MUT (H1304Y, D1306A) plasmids were
described in our previous studies (27, 28). pS-Flag-SBP TET2 and TET2 deletion mutants
(Flag-TET2) were generous gifts from Dr. Yu at University of Michigan Medical School
(Ann Arbor, Ml; ref. 29). Full-length TET2 sequence from pS-Flag-SBP TET2 was cloned
into the EcoR | and Sa/ | sites of the vector pEGFP C1 (BD Biosciences) to build pEGFP
TET2 plasmid. Similarly, full-length TET2 sequence from pS-Flag-SBP TET?2 was cloned
into the Sa/l and Not| sites of the vector pCI-Neo (Promega) to build pCl-Neo Flag-TET2
and pCl-Neo HA-TET2 plasmids. pEGFP DNMT3A, pEGFP DNMT3B, and pcDNA3.1
PML-RARA were kind gifts from Dr. Robertson (30) and Dr. Ley (31), respectively. PML-
RARA sequence from pcDNA3.1 PML-RARA was cloned into the EcoR | and Xba | sites
of pCI-Neo to build pCI-Neo Flag-PML-RARA. Sim2 amplified from MEF cDNA was
cloned into the Xba | and Not | sites of lentivector pCDH (System Biosciences) to build
pCDH Flag-Sim2. Sequences of shTETs and shPML described in Supplementary Table S1
were used to build pLKO.1 shPML#1/#2, pLKO.1 shTET1#1/#2, pLKO.1 shTET2#1/#2,
and shTET3#1/#2 plasmids. Sequences of shPML#1 and shPML#2 were also cloned into
pMKO.1-hyg to build pMKO.1 shPML#1 and pMKO.1 shPML#2. The pLX304 library
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containing 65 potential functional partners of TET2 was from GE Healthcare. Pml knockout
and WT MEF cell lines were generous gifts from Dr. Myung Kim at the NIH (Bethesda,
MD) and Dr. Giovanni Blandino at the Regina Elena Cancer Institute, Rome, Italy.
Recombinant adenoviral, lentiviral, and retroviral particles were generated according to the
standard protocols. Antibodies are described in Supplementary Table S1.

LC/MS MS analysis of C, 5mC, and 5hmC
LC/MS MS analyses of C, 5mC, and 5hmC were carried out as previously described (28).

Immunoblotting, immunofluorescence, and immunoprecipitation

Immunoblotting, immunofluorescence, and immunoprecipitation were carried out as
previously described (24).

siRNA knockdown

SiRNA knockdown was carried out as previously described (24, 32). Briefly, sSiRNAI against
Tetl, Tet2, Tet3, or Sim2 was performed using siGenome SMART pool siRNA reagents
(Dharmacon). Nontargeting siRNA (Dharmacon) was used as control.

5hmC dot blot assay
Different doses of genomic DNA were spotted on Hybond-N+ membrane, then spotted DNA

was cross-linked to the membrane by UV Stratalinker 2400 (Stratagene), then membrane
was blocked in 5% BSA and subsequently incubated with anti-5hmC antibody.

Cell synchronization

L-mimosine (G1), thymidine (S), and nocodazole (G2/M) were used to synchronize cells as
previously described (33).

gRT-PCR
RNA was extracted using the miRNeasy Mini Kit (QIAGEN). Reverse transcription was
carried out using the PrimeScript RT Reagent Kit (TaKaRa). qRT-PCR was performed with
the SYBR PrimeScript PCR kit 1l (TaKaRa). Primers for gqRT-PCR are described in
Supplementary Table S1.

Generation of stable cell lines

To generate stable TET1, TET2, TET3, and PML knockdown cells, HEK293, SCC-15, and
SCC-25 cells were infected with virus encoding pLKO.1 scrambled shRNA, pLKO.1
ShPML#1/#2, pLKO.1 shTET1#1/#2, pLKO.1 shTET2#1/#2, or pLKO.1 ShTET3#1/#2 to
build stable knockdown cells. Cells were selected with 1 pg/mL puromycin for 2 weeks,
then pLKO.1 shTET2#1 and pLKO.1 shTET2#2 stable cells were infected with the virus
encoding pMKO.1 shPML#1 or pMKO.1 shPML#2. Resultant cells were selected in 200
pg/mL hygromycin B for 2 weeks to generate stable PML+TET2 double knockdown cells.
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Whole-genome bisulfite-sequencing

Pml*”* and Pmi~~ MEF cells were treated with mock or doxorubicin for 24 hrs. The
genomic DNA was extracted and purified from samples using Qiagen DNeasy Kit
(QIAGEN). After DNA-end repair and 3’-dA overhung, the 100-200 bp fragments were
converted with ZYMO EZ DNA Methylation-Gold Kit (Zymo Research) according to
manufacturer’s instruction. Then the bisulphite- converted DNA samples (Pm/*’* Ctrl, Pm/
** Dox, Pml~~ Ctrl, and Pm/~~ Dox) were sequenced by Illumina HiSeq 2000 using
Illumina standard protocol. Resultant reads were mapped onto the mouse genome reference
sequence (Jul. 2007, mm9) using the alignment software ‘segemehl’ version 0.1.7
(www.bioinf.uni-leipzig.de). Only reads uniquely aligned to the mm9 assembly of the mouse
genome were retained. Only the methylation sites with the number of reads = 10 were used
for further analysis. Methylation rate of sites was calculated using the formula: methylation
rate (MR) = rC/(rC + rT), where rC is the number of reads that remain C after bisulfite
treatment (methylated reads), and rT is the number of reads that become T after bisulfite
treatment (unmethylated reads). Chi-square test was used to calculate the Pvalue of the
methylation difference between control (Mock) and doxorubicin (Dox) treatment.
Methylation sites with £< 0.05 and absolute methylation difference = 50% were considered
significant. To identify candidate differentially methylated regions (DMR) between Dox and
Mock, their peaks were merged, and the number of reads within those peaks was assessed
with chi-square test. DMRs with MR (Dox)/MR (Mock) < 0.4 and £ < 0.05 (chi-square test)
were classified as doxorubicin-promoted demethylation regions (DPD-DMR). The genes
with DPD-DMRs located in = 10 KB of transcription start sites (TSS) were used for further
study. All sequencing data were deposited to the NCBI under the accession number
GSE75408.

hMEDIP-qPCR

5-hydroxymethylcytosine methylated DNA immunoprecipitation (1MEDIP) was carried out
as previously described (34, 35).

Statistical analysis

MTT assay

Xenografts

Pvalues were calculated using Student #test or chi-square test as noted. < 0.05 was
considered statistically significant (*).

3-(4,5)-Dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliumromide (MTT) assay was carried
out as previously described (24).

The following animal handling procedures were approved by the Animal Care and Use
Committee of DaLian Medical University. Xenograft models were carried out as previously
described (24). Briefly, 1 X 107 cultured SCC-15 cells stably expressing shScram (control
scrambled shRNA), shPML (shPML#1), shTET2 (ShTET2#1), or shPML/ShTET2
(ShPML#1/shTET2#1) were suspended in DMEM and injected subcutaneously into the
flank of 6-week-old Nod/Scid mice. After 12 days, these tumor-bearing mice were
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randomized into 8 groups (6 mice per group) and injected i.p. every 3 days with vehicle or
doxorubicin (3 mg/kg). After 21 days, the mice with vehicle treatment were sacrificed.
Tumor size was measured every 3 days by caliper and tumor volumes were calculated using
the formula 0.52 X L X W2 where L was the longest diameter and /was the shortest
diameter.

TET2 promotes DNA 5hmC modification in response to chemotherapeutic agents

Considering that the DNA modification pathway might be deregulated in cancer cells, we
first used MEF cells (normal cells) to determine the alteration of DNA modification in
response to chemotherapeutic agents. The DNA 5mC and 5hmC levels of the treated MEF
cells were assessed by MS as described in our previous study (28). The nucleosides were
quantified using the nucleoside to base ion mass transitions of 228 to 112 (C), 242 to 126
(5mC) and 258 to 142 (5hmC) (Fig. 1B). MS analyses indicated that the 5hmC level
(5hmC/C) was increased about 1.5-fold by doxorubicin treatment (Fig. 1C), whereas 5mC
level (5mC/C) was not notably altered by doxorubicin (Supplementary Fig. S1A). Further
dot blotting also indicated that 5hmC was increased by doxorubicin (Fig. 1D). To determine
whether the increase of 5hmC is a phenomenon simply related to cell-cycle or cell growth
arrest, MEF cells were treated with L-mimosine, thymidine, or nocodazole to induce G1, S,
or G2/M distribution (Supplementary Fig. S1B). MS analyses demonstrated that
synchronized MEF cells showed less than 10% alteration of 5mC (Supplementary Fig. S1C)
and 5hmC (Supplementary Fig. S1D). Therefore, it was unlikely that doxorubicin-promoted
increase of 5hmC was stemmed from cell-cycle arrest. Due to low oxygen concentration
decreases in the /n vivo activity of oxygen-dependent TETs (36), we supposed that TETs
might play more notable roles in head and neck squamous cell carcinoma (HNSC), which is
likely exposed to more oxygen. Therefore, HNSC SCC-15 and SCC-25 cells were used for
further study. HEK293 cells frequently showing high transfection rate (over 90%) were also
used. To determine whether doxorubicin can promote 5hmC in other cell lines, we then
treated HEK293, SCC-15, and SCC-25 cells with doxorubicin. MS analyses demonstrated
that doxorubicin enhanced 5hmcC in these cell lines (Fig. 1E). Next, we examined whether
5hmC was increased by other chemotherapeutic agents, such as mitomycin C and cisplatin.
As shown in Fig. 1F, 5hmC was also increased by mitomycin C and cisplatin in multiple cell
lines, whereas 5mC was not altered by doxorubicin, mitomycin C, or cisplatin
(Supplementary Fig. S1E and S1F).

To identify which TET is responsible for chemotherapy-promoted 5hmC, we first examined
the alteration of protein and expression levels of TETs in response to doxorubicin. As shown
in Fig. 1G, the protein levels of Tetl, Tet2, or Tet3 were not altered by doxorubicin in MEF
cells. Further gRT-PCR also demonstrated that the expression of Tetl, Tet2, or Tet3 was not
notably altered by doxorubicin (Supplementary Fig. S1G). In line with the results of MEF
cells, the expression of TET1, TET2, or TET3 was not notably altered by doxorubicin in
HEK?293, SCC-15, and SCC-25 cells (Supplementary Fig. S1H). It seemed that doxorubicin-
promoted 5hmC was not stemmed from the alteration of TET protein or expression level.
We then performed knockdown of TET by RNAIi/shRNAI to identify which TET is
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responsible for chemotherapy-promoted 5hmC. MEF cells were treated with siRNAs against
Tetl, Tet2, or Tet3. The knockdown efficiency of TETs was determined by Western blotting
(Supplementary Fig. S11) and gRT-PCR (Supplementary Fig. S1J). As shown in Fig. 1H,
knockdown of Tet2 notably diminished doxorubicin-promoted 5ShmC. To further evaluate the
impact of TET2 on doxorubicin-promoted 5hmC in other cell lines, we created HEK293,
SCC-15, and SCC-25 cells stably expressing scramble shRNA (control), sShmTET1 (#1/#2),
shmTET2 (#1/#2), or sShmTET3 (#1/#2). The knockdown efficiencies were validated by
gRT-PCR (Supplementary Fig. SIK-S1M). Consistent with the observation in MEF cells,
doxorubicin-promoted 5hmC in HEK293 (Fig. 11), SCC-15 (Fig. 1J), and SCC-25 (Fig. 1K)
cells was also decreased by the knockdown of TET2 (Fig. 11-1K). Hence, it seemed that
TET2 promotes DNA 5hmC modification in response to doxorubicin.

PML physically binds to TET2 and recruits TET2 to PML nuclear bodies

To identify the candidate functional partners of TET2 in response to chemotherapy, SILAC
MS analysis of anti-TET2 coimmunoprecipitation (co-1P) was carried out (Fig. 2A). SILAC
MS analyses identified 492 peptides with over 1 X 108 peak area (Supplementary Table S2).
Sixty-five proteins with at least two peptides were considered as the potential partners of
TET2. KEGG pathway analysis indicated that the 65 genes were enriched in “immune
response,” “RNA degradation,” and “hypoxia” pathways (Supplementary Fig. S2A). In line
with the previous study (29), O-linked A-acetylglucosamine transferase was also identified
to interact with TET2 (Supplementary Table S2).

Next, we investigated the role of 65 genes in the regulation of the TET2 catalytic product,
5hmC. Plasmids encoding 65 genes were transfected into HEK293. MS analyses of the
resultant cells demonstrated that PML showed the most notable ability to enhance 5hmC
(Fig. 2B), while none of the 65 genes notably altered the 5mC levels (Supplementary Fig.
S2B). Due to the critical roles of PML in chemo-response and its most notable ability to
increase 5hmC, we reasoned that PML was a functional partner of TET2.

Considering that PML is well known to form the PML-NBs and to recruit proteins to
regulate transcription, we then determined whether PML could recruit TET2 to PML-NBs.
The ability of endogenous PML-TET2 association in HEK293 cells was first assessed by co-
IP (Fig. 2C). Western blotting of the resultant immunoprecipitates indicated that the
endogenous PML-TET?2 association was detected. As mentioned above, unlike PML-RARA,
PML shows poor interaction and colocalization with DNMT3s (19, 21). Therefore, TET2
and PML (isoform V) were overexpressed in HEK293, using DNMT3A and DNMT3B as
controls. Consistent with the observation of endogenous PML and TET2, co-IP analyses
indicated that overexpressed PML showed more notable interaction with overexpressed
TET2 than with overexpressed DNMT3A (Fig. 2D). Furthermore, TET2, PML, and DNMT3
were overexpressed in U20S cells, which are often used for immunofluorescent analysis.
Immunofluorescent analysis demonstrated that overexpressed TET2, DNMT3A, and
DNMT3B were nuclear diffuse in the absence of overexpressed PML (Fig. 2E and 2F),
whereas only overexpressed TET2 was delocalized to PML-NBs in U20S cells
overexpressing PML (Fig. 2G and 2H). Hence, compared with DNMT3s, TET2 and PML
preferably bound to each other.
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PML-RARA t(15;17) mutation disrupts the ability of PML to bind to TET2

To determine the regions of TET2 that bind to PML, HEK293 cells were transfected with
plasmids encoding PML and each of the TET2-deletion mutants (Fig. 3A). Co-IP analyses
of the resultant cells demonstrated that overexpressed TET2-F2 (Cys-rich domain) showed
poor interaction with overexpressed PML, whereas TET2-F1, TET2-F3, and TET2-F4
showed notable interaction with PML (Fig. 3B). Then we extended our analysis of the
interaction between overexpressed PML and each of the TET2-deletion mutants in U20S
cells by immunofluorescence. Without the transfection of PML, TET2-deletion mutants
were nuclear or cytoplasm diffuse (Fig. 3C and 3D). With the transfection of PML, only
TET2-F2 (Cys-rich domain) was not delocalized to the PML-NBs, whereas TET2-F1,
TET2-F3, and TET2-F4 were colocalized with PML-NBs (Fig. 3E and 3F).

To determine the regions of PML to interact with TET2, HEK293 and U20S cells were
transfected with the plasmids encoding TET2 and each of the nuclear-located PML isoforms
(PML 1-V1) (Fig. 4A). PML isoforms are generated from a single PML gene by alternative
splicing (37). These PML isoforms share the same N-terminal region but differ in their C-
terminal sequences (Fig. 4A). Co-IP analyses of HEK293 cells transfected with TET2 and
each of the PML isoforms indicated that TET2 could bind all PML isoforms except PML V
(Fig. 4B). Among PML isoforms, PML 1V showed the most notable ability to bind to TET2.
Consistent with the result of co-1P, immunofluorescent analyses of U20S cells also
demonstrated that TET2 showed poor colocalization with PML V. Among PML isoforms,
TET?2 preferably, but not exclusively, bound PML IV (Fig. 4C). Because PML isoforms
share the same N-terminal, these observations suggested that PML bound to TET2 in a PML
C-terminal-dependent way.

Considering that PML-RARA results from the displacement of PML C-terminal with
RARA, we then evaluated the ability of PML-RARA to bind TET2 to confirm that the
binding between PML and TET2 is dependent on PML C-terminal. We first carried out co-
IP analysis to assess the interaction between TET2 and PML-RARA. DNMT3A, which was
reported to interact with PML-RARA (19, 21), was used as control. We found that
DNMTS3A notably bound PML-RARA, whereas TET2 poorly bound PML-RARA (Fig. 4D).
Next, we evaluated the impact of PML-RARA mutation on the DNA modification. Using
pCI-NEO vector as control, we overexpressed PML or PML-RARA in HEK293 cells. Dot
blotting demonstrated that PML-RARA mutation disrupted the ability of PML to enhance
5hmC (Fig. 4E). Further MS analyses confirmed that PML-RARA mutation diminished the
PML-enhanced 5hmC (Fig. 4F) without significant alteration of 5mC (Supplementary Fig.
S3A). We then investigated the impact of endogenous PML restoration on 5hmC in APL
cells, which harbor an endogenous PML-RARA mutation. To restore the function of PML,
As,03 and RA were used to treat NB4 cells (APL cells) (19). Without significant alteration
of 5mC (Supplementary Fig. S3B), As,O3 or RA promoted endogenous PML-RARA
degradation and restored endogenous PML ability to enhance 5hmC (Fig. 4G and 4H).
Finally, we investigated the mutual exclusivity between PML-RARA and TET2 mutations in
AML. A meta-analysis of 2054 AML cases was carried out (38-41). The frequently AML-
mutant genes IDH1, IDH2, WT1, DNMT3A, RUNX1 (runt-related transcription factor 1),
and FLT3 (fms-related tyrosine kinase 3) were taken as controls. As shown in Fig. 41 and
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Supplementary Fig. S3C-S3E, PML-RARA showed a mutually exclusive pattern with TET?2
mutations in AML (odds ratio: 0.069; £< 0.001), whereas PML-RARA or TET2 mutations
showed no mutually exclusive pattern with FLT3 mutations.

PML recruits TET2 to regulate 5hmC in response to doxorubicin

To investigate the role of PML in regulation of TET2 in response to chemotherapy, we first
investigated the alteration of endogenous PML and TET2 localization by doxorubicin
treatment. As shown in Fig. 5A, Supplementary Fig. S4A and S4B, both endogenous TET2
and endogenous PML were nuclear diffuse in the cells without doxorubicin treatment, while
doxorubicin promoted the formation of PML-NB and the recruitment of TET2 to PML-NBs.
As described above, doxorubicin treatment increased Pml protein level (Fig. 5B) and 5hmC
(Fig. 1C-1E), and no notable alteration of Tetl, Tet2, or Tet3 was detected (Fig. 1G and
Supplementary Fig. S4C), suggesting that doxorubicin-promoted 5hmC was not stemmed
from the alteration of TET protein levels. In addition, PML is well known to form PML-NBs
and to recruit numerous proteins to PML-NBs in response to chemotherapy. Therefore, we
reasoned that PML recruits TET2 to regulate 5hmC in response to chemotherapeutic agent.

Then we evaluated the role of endogenous PML in chemotherapy-promoted 5hmC using
Pml*”* (wild type, WT) and Pm/~~ (knockout, KO) MEF cells. Dot blotting and MS
analyses indicated that knockout of Pml diminished the doxorubicin-promoted 5hmC (Fig.
5B and 5C) without significant alteration of genomic-scale 5mC (Supplementary Fig. S4D).
Importantly, the adenovirus-mediated expression of PML restored the ability of doxorubicin
to promote 5hmC in Pm/~~ cells (Fig. 5D and 5E) without significant alteration of 5mC
(Supplementary Fig. S4E), which suggested that PML was essential for TET2-promoted
5hmC in response to chemotherapy. Next, we evaluated the effect of Pml and/or Tet2
knockout on doxorubicin-promoted 5hmC. We found that doxorubicin-promoted 5hmC was
decreased by the depletion of either Tet2 or Pml gene, but not additively by the codepletion
of both genes (Fig. 5F). To further investigate the impact of PML-TET2 on doxorubicin-
promoted 5hmC in other cell lines, we created HEK293, SCC-15, and SCC-25 cells stably
expressing scramble shRNA (control), scmTET2 (#1 and #2), and/or shmPML (#1 and #2).
The knockdown efficiencies were validated by qRT-PCR (Supplementary Fig. S4F-S4H).
Consistent with the observation in MEF cells, doxorubicin-promoted 5hmC in HEK293
(Fig. 5G), SCC-15 (Fig. 5H), and SCC-25 (Fig. 5I) cells was also decreased by the depletion
of either TET2 or PML, but not additively by the codepletion of both genes (Fig. 5G-5I).

Knockout of PML diminishes doxorubicin-promoted demethylation

Considering that 5hmC is supposed to be the intermediate of DNA demethylation, we
carried out whole genomic bisulfite sequencing to evaluate the role of PML in doxorubicin-
promoted DNA demethylation (Fig. 6A). Briefly, Pm/*’* and Pm/~~ MEF cells were treated
with doxorubicin for 24 hrs, then the bisulphite-converted DNA samples (Pm/*/* Ctrl, Pml
**Dox, Pml~~ Ctrl, and Pm/~~ Dox) were sequenced. Only methylation sites with a read
number > 10 were used for further study. MR of a methylation site was calculated as
described in Materials and Methods. The alteration of methylation rate (AMR) of a site was
calculated using the following formula: AMR = MR (Mock)/MR (Dox), where MR (Dox)
and MR (Mock) are the MR of the sites with and without doxorubicin treatment,

Cancer Res. Author manuscript; available in PMC 2019 February 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

Page 10

respectively. Methylation sites with AMR > 1.5 and £ < 0.05 were considered as
significantly demethylated by doxorubicin. Smooth scatter plot of methylation sites
demonstrated that most methylation sites (dark blue) of whole genome, CpG island, and
none CpG island are located close to the red dash line (Fig. 6B). It means that the MR of
most methylation sites was not notably altered by doxorubicin in Am/*”’* (Fig. 6B) and Pm/
=/~ (Supplementary Fig. S5A) MEF cells, which was consistent with the results of MS
analyses (Supplementary Fig. S4D and S4E).

Next, we focused on the doxorubicin-promoted demethylation sites in WT cells (DPDMS-
WT) to evaluate the impact of Pml on demethylation. Considering that lower MR (WT
Mock) is inclined to disturb AMR value, we first analyzed the DPDMS-WTs with AMR >
1.5, P<0.05, and MR (WT Mock) > 0.5. Because the methylation sites of the whole
genome were formed by the methylation sites of CpG island and none CpG island, only the
methylation sites of CpG island and none CpG island are shown. As shown in Fig. 6C, top,
DPDMS-WTs with AMR > 1.5, P< 0.05, and MR (WT Mock) > 0.5 were far away from the
red dash line, whereas most of the corresponding methylation sites were localized close to
the red dash line in Am/~~ (Pml KO) cells (Fig. 6C, lower panel), which meant that Pml KO
did abolish most of doxorubicin-promoted demethylation. Further analyses of DPDMS-WTs
with MR (WT Mock) > 0.7 or MR (WT Mock) > 0.9 also argued that PML KO diminished
doxorubicin-promoted demethylation (Supplementary Fig. S5B and S5C). Using AMR > 1.5
(demethylated), AMR < 0.5 (methylated) and 0.5 < AMR < 1.5 (not altered) as threshold,
we then assessed the alteration of DPDMS-WTs described above in KO cells. As shown in
Fig. 6D, about 95% of these corresponding DPDMS-WTSs showed not alteration in KO cells.

To evaluate the impact of Pml on doxorubicin-promoted demethylation of particular genes,
we compared the doxorubicin-promoted differentially methylated regions (DMR) of WT
cells with DMR of KO cells. DMRs with MR (Dox)/MR (Mock) < 0.4 and P < 0.05 were
taken as doxorubicin-promoted demethylation DMRs (DPD-DMRs). As expected, Pml KO
resulted in notable alteration of DPD-DMRs (Fig. 6E). Twenty-one genes with DPD-DMRs
located in £ 10 KB of TSS in WT cells are shown in Fig. 6F. Nineteen out of these twenty-
one genes showing no difference [MR (Dox)/MR (Mock) > 0.9] in Pml KO cells were used
for the further study. gRT-PCR of these genes indicated that doxorubicin showed the most
notable ability to enhance Sim2 in WT cells, while Pml KO diminished the doxorubicin-
promoted Sim2 expression (Fig. 6G). Further Western blotting confirmed that Pml KO
decreased the doxorubicin-promoted Sim2 expression (Fig. 6H). And the recombinant
adenovirus-mediated expression of PML in KO cells restored the ability of doxorubicin to
enhance Sim2 (Fig. 61 and 6J).

To investigate the role of Tet2 and Pml in the demethylation and sequential transcription of
Sim2, we carried out 5-hydroxymethylcytosine methylated DNA immunoprecipitation g°PCR
(hMEDIP-gPCR) analysis of Sim2 DMR. As shown in Fig. 6K, Sim2 DMR
(Chr16:94095399-94095781) is located in the third exon of Sim2 and about 5 KB to
downstream of Sim2 TSS. HMEDIP-gPCR of Sim2 DMR indicated that the doxorubicin-
promoted 5hmC was decreased by the depletion of either Tet2 or Pml, but not additively by
the codepletion of both genes (Fig. 6L). Further sodium bisulfite sequencing PCR of Sim2
DMR demonstrated that doxorubicin-promoted demethylation of Sim2 was diminished by
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the depletion of either Tet2 or Pml, but not additively by the codepletion of both genes (Fig.
6M). Consistent with the observations of 5hmC and demethylation, the doxorubicin-induced
expression of Sim2 was inhibited by the depletion of either Tet2 or Pml (Fig. 6N). Finally,
the recombinant lentivirus-mediated expression of Sim2 was carried out to evaluate the
physical role of Sim2 (Fig.60). MTT analyses of the resultant cells indicated that enhanced
expression of Sim2 impaired cell proliferation (Fig. 6P).

PML-TET2 regulates cell proliferation in response to doxorubicin

To investigate the effect of PML and TET2 on cell proliferation in response to
chemotherapeutic agent, we overexpressed/knocked down PML and/or TET2 in multiple
cell lines, and treated resultant cells with different doses of doxorubicin. A TET2 catalytic
dead mutant (TET2 MUT) was used as negative control (Supplementary Fig. S5D and S5E).
Unlike TET2 WT, TET2 MUT was not able to enhance 5hmC (Fig. 7A and 7B;
Supplementary Fig. S5D and S5E). Enhanced expression of PML and/or TET2 WT
increased the ability of doxorubicin to inhibit cell proliferation, whereas TET2 MUT showed
no ability to enhance doxorubicin-promoted inhibition of cell proliferation (Fig. 7C).
Interestingly, coexpression of PML and TET2 WT showed the most marked ability to
sensitize HEK293 cells to doxorubicin (Fig.7C). Furthermore, sSiRNA- or shRNA-mediated
knockdown of PML and/or TET2 resulted in poorer response to doxorubicin in MEF (Fig.
7D), HEK?293 (Fig. 7E), SCC-15 (Fig. 7F), and SCC-25 cells (Fig. 7G). Comparing with
knock down of PML, we did not detect additive ability of PML-TET2 codepletion to
decrease response to doxorubicin (Fig. 7D-7G).

To investigate the role of PML and TET2 in response to doxorubicin /n vivo, a xenograft
mouse model was built. Briefly, SCC-15 cells stably expressing shScram (control scrambled
shRNA), shPML, shTET2, or shPML/shTET2 were injected subcutaneously into the flank of
mice. Then, these grouped tumor-bearing mice were treated with vehicle or doxorubicin.
Consistent with the observation in vitro, knockdown of PML and/or TET2 resulted in poorer
response to doxorubicin (Fig. 7H). To further evaluate the role of PML and TET2 in vivo,
we examined the clinical relevance in HNSC patients. Using data set from The Cancer
Genome Atlas (42), Kaplan-Meier plotter was built to analyze the overall survival of HNSC
patients with different PML and TET2 levels. mRNA expression z-scores were calculated as
described in cBioPortal (42). Default £2 zscores recommended by cBioPortal were used as
threshold. Patients with PML or TET2 mRNA expression z-score > 2 were grouped into
PML or TET2 high group (n = 52). The rest of the patients were grouped into PML and
TET2 low group (n = 465). As shown in Fig. 71, low expression of PML and TET2 was
associated with poorer overall survival in HNSC patients.

Discussion

Aberrant DNA methylation leads to inappropriate transcriptional silencing and contributes to
cancer progression. In response to therapies, failure to demethylate and to consequently
reactivate these methylation-silenced tumor suppressors is a contributor to therapeutic
resistance (2). One of the highly possible reasons for the failure to demethylate these
methylated genes is the deregulation of TET pathway. However, the regulatory mechanism
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of TETSs in response to chemotherapeutic agents remains elusive. We found that multiple
chemotherapeutic agents could enhance 5hmC through TET2. Further study indicated that
PML physically bound to TET2 and recruited TET2 to PML-NBs in a PML C-terminal
dependent way, and this binding between PML and TET2 could be disrupted by PML-
RARA t(15;17) mutation. In response to doxorubicin, PML recruited TETZ2, regulated DNA
modification, reactivated the methylation-silenced genes, and impaired cell proliferation,
while knockout of PML abolished doxorubicin-promoted DNA modification. Additionally,
PML and TET2 levels were positively correlated with improved overall survival in HSNC
patients.

First, our study suggests that restoring demethylation pathways in certain cancer cells may
increase their susceptibility to chemotherapy. Accumulating evidence indicate that the
capacity of most cancers to resist chemotherapies is frequently connected to abnormalities of
DNA methylation (2). One of the highly possible reasons for abnormal DNA methylation in
cancer is the deregulation of TET pathway. This is supported by the observation that
decreased TET and loss of 5hmC are seen in a wide variety of solid tumors (16, 17).
Importantly, recent studies demonstrate that restoration of TET functions by genetic or
pharmacological (ascorbate) methods itself could suppress cancer progression (43, 44). Our
results suggest that activator of TETs (such as ascorbate) may act as an adjuvant to standard
chemotherapy in future clinical trials. If the combination of chemotherapy and the activator
of TETs shows acceptable tolerability in cancer patients, we expect that the combination
should demonstrate synergistic effect. Furthermore, considering the function of PML and
TET2 in tumors, we propose that measuring the levels of PML and/or TET2 may help to
predict the interactions between chemotherapy and the activator of TETS.

Second, the potential pathological significance of PML and TET2 interaction is at least side
supported by the observation that PML interacts with TET2, depending on the PML C-
terminal, which is not included in PML-RARA fusion protein. PML-RARA, resulting from
the displacement of PML C-terminal with RARA through t(15;17), is proven to promote
APL (45). Chemotherapy using AsyO3 and RA induces clinical remission of APL through
degradation of PML-RARA and reorganization of PML-NBs (46, 47). Consistent with this,
we found that As,O3 and RA degraded PML-RARA and enhanced 5hmC, the intermediate
of DNA demethylation. Interestingly, DNMT3A-mediated DNA methylation is essential for
PML-RARA to initiate APL (22). Considering the critical roles of 5hmC in DNA
demethylation and sequential transcription activation, our study suggests that PML-RARA
t(15;17) mutation potentially disrupts the transcription-activating function of PML and
TET2. More study is still required to investigate the role of TET2 in the initiation and
therapy of APL.

Thirdly, our study also suggests that PML and TET2 interaction may be involved in other
pathways. PML is well known to recruit numerous transcription factors to PML-NB to
regulate transcription in response to a wide variety of stimuli (such as chemotherapy,
hypoxia, and virus infection) (23). PML-NBs are frequently localized to particularly gene-
rich and transcriptional active regions of chromatin (48). Although it is arguable whether
PML itself is a transcription factor, previous studies have demonstrated that PML plays
critical roles in stimulus-promoted transcription (20, 23). In this study, we showed that
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chemotherapeutic agents promote PML-NB, delocalize TET2, enhance 5hmC, and result in
DNA demethylation (Fig. 7J). Interestingly, previous studies have demonstrated that PML
and 5hmC share the same binding partners such as p53 (20, 49), which suggests that PML
might promote 5ShmC and recruit 5hmC reader transcription factors to control transcription.
Hence, we speculate that PML may also facilitate the association of TET2 and transcription
factors (Fig. 7J). Considering the number of PML-modulating stimuli (such as hypoxia and
inflammation) (23, 50) and PML-modulated transcription factors (23), PML-TET2 might be
involved in multiple pathways.

However, several limitations should be noted. Firstly, although meta-analysis indicated that
PML (PML-RARA) and TET2 were mutated mutually exclusively in AML, this exclusive
distribution should not be taken as proof (at least not a strong proof) to support that PML
and TET2 function in the same pathway. This is due to the origin and differentiation state
difference between APL (PML-RARA) and other AMLs. Secondly, we concentrated on only
TET-dependent DNA demethylation in response to chemotherapies. There might be some
TET-independent demethylation pathways in response to chemotherapies. Thirdly, we
focused our study on only several cell lines. Considering that DNA methylation might show
different patterns in a cancer-type-specific and even cell-type-specific manner, we only
carried out whole genomic bisulfite sequencing of MEF cells. Despite these limitations, this
study does indicate that PML and TET2 regulate DNA modification in response to
chemotherapeutic agents.

Collectively, we describe that PML recruits TET2 to regulate DNA modification and cell
proliferation in response to chemotherapeutic agents, which might potentially contribute to
the improvement of cancer therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance:

Promyeloctic leukemia protein recruits TET2, regulating DNA modification and cell
proliferation in response to chemotherapeutic agents.
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Figurel.
TET2 promotes DNA 5hmC modification in response to chemotherapeutic agents. A,

Schemamitic of this study. B, Base ion mass transitions for LC-MS/MS analysis of dC,
5mdC and 5hmdC. The nucleosides were quantified using the nucleoside to base ion mass
transitions of 228 to 112 (C), 242 to 126 (5mC) and 258 to 142 (5hmC). C, LC-MS/MS
analysis of 5ShmC levels of MEF cells treated with 500 nM doxorubicin. The DNA 5hmC
(5hmC/C) and 5mC (5mC/C) levels (n = 3 and + SEM) were assessed by MS unless
specifically noted. Pvalues of MS analyses were calculated using Student’s #test and p
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value < 0.05 was considered as significant (*).The 5hmC of the cells treated with
doxorubicin for 0 hr was considered as 1. D, 5hmC dot blot assay of MEF cells treated with
doxorubicin for 0, 18 or 36 hrs. E, LC-MS/MS analysis of 5hmC levels of HEK293, SCC-15
and SCC-25 cells treated with 500 nM doxorubicin. F, The 5hmC levels of MEF, HEK293,
SCC-15 and SCC-25 cells treated with mitomycin C (6 pM) or cisplatin (2 uM) for 36 hrs.
G, Western blotting showing the protein levels of Tetl, Tet2 and Tte3 in MEF cells treated
with doxorubicin. H, The 5hmC levels of MEF cells treated with siRNAs and/or doxorubicin
as noted. MEF cells were tranfected with smart pool siRNAs against control (nontargeting),
Tetl, Tet2 or Tet3. After 24 hrs, the cells were treated with doxorubicin for 30 hrs. 1, J and
K, The 5hmC level of stable TET knockdown HEK293 (1), SCC-15 (J) and SCC-25 (K)
cells treated with mock or doxorubicin for 36 hrs.
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PML physically binds to TET2 and recruits TET2 to PML nuclear bodies. A, Schemamtic
showing SILAC-labeling and mass spectrometry analysis of anti-TET2 co-IP. B, The 5mC
levels (5mC/C) of HEK293 cells transfected with the plasmids encoding 65 potential
functional partners of TET2. The pCDH lentivector was used as control and the 5ShmC level
of pCDH-transfected HEK293 was taken as 1. C, Co-IP analysis of endogenous TET2 and
PML in HEK293 cells. D, Co-IP analysis of EGFP-tagged TET2 and HA-tagged PML.
PEGFP-DNMT3A, pEGFP-TET2 or HA-PML (V) were transfected in HEK293 cells. Then
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GFP-DNMT3A, GFP-TET2 and HA-PML were immunoprecipitated as noted. E,
Fluorescent microscopy images of U20S cells transfected with expression vectors
containing pEGFP-TET2, pEGFP-DNMT3A or pEGFP-DNMT3B. Scale bar = 50 um. F,
The enlarged fluorescent microscopy images of the white rectangles in (E). G, Fluorescent
microscopy images of U20S cells transfected with HA-PML, pCI-Neo Flag-TET2, pEGFP-
DNMT3A or pEGFP-DNMT3B. These cells were stained with anti-Flag (red, first-column
panels) and anti-PML (blue, third-column panels) antibodies. Scale bar = 50 um. H, The
enlarged fluorescent microscopy images of the white rectangles in G. White arrows indicate
that only Flag-TET2 is colocalized with PML-NBs.
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The regions of TET2 to interact with PML. A, Schematic showing TET2-deletion mutants.
B, Co-IP analysis of PML and TET2-deletion mutants. pS-Flag-SBP TET2-deletion mutants
(F1-F4) or HA-PML were transfected into HEK293 cells. Then Flag tagged TET2-deletion
mutants and HA-PML were immunoprecipitated. C, Fluorescent microscopy images of
U20S cells transfected with pS-Flag-SBP TET2-deletion mutants (F1-F4). Scale bar = 50

pum. D, The enlarged fluorescent microscopy images of the white rectangles in (C). E,

Fluorescent microscopy images of U20S cells transfected with pS-Flag-SBP TET2-deletion
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mutants (F1-F4) and HA-PML. Scale bar = 50 um. F, The enlarged fluorescent microscopy
images of the white rectangles in (E). White arrows indicate the colocalization between
TET2-deletion mutants and PML.
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Figure 4.

PML-RARA t(15;17) mutation disrupts the ability of PML to bind TET2. A, Schematic
showing primary structure of PML isoform 1-VI. B, Co-IP analysis of TET2 and PML
isoforms. pCl-Neo HA-TET2 and pCl-Neo Flag-PML isoforms (PML I-V1) were
transfected into HEK293 cells. Then TET2 and PML I-VI were immunoprecipitated using
anti-Flag and anti-HA antibodies. C, Fluorescent microscopy images of U20S cells
transfected with pCl-Neo HA-TET2 and pCl-Neo Flag-PML I-VI isoforms. These cells
were stained with anti-HA and anti-PML antibodies. White arrows indicate the PML V
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shows no colocalizaiotn with TET2. Scale bar = 10 um. D, Co-IP analysis of DNMT3A,
TET2 and PML-RARA. HEK293 cells were transfected with pEGFP-DNMT3A, pEGFP-
TET2 and pCl-Neo Flag-PML-RARA. Then GFP-DNMT3A, GFP-TET2 and Flag-PML-
RARA were immunoprecipitated as noted. E, The 5hmC dot blot analysis of HEK293
transfected with pCI-NEO, pCI-NEO-Flag PML-RARA or pCI-NEO-Flag PML 1V for 36
hrs. F, The 5hmC levels of HEK293 and U20S transfected with pCI-NEO, pCI-NEO-Flag
PML-RARA or pCI-NEO-Flag PML 1V for 36 hrs. G, The 5hmC dot blot analysis of NB4
cells treated with 5 UM RA or 1 uM arsenic acid (AspO3) for 36 hrs. H, The 5hmC levels of
NB4 cells treated with RA or As,Os for 24 or 48 hrs. |, Somatic mutations (containing point
mutation, internal tandem duplication, chromosome translocation mutation and gene
deletion) in PML-RARA, TET2, IDH1, IDH 2, WT1, DNMT3A, RUNX1 and FLT3 were
identified in 2054 AML cases, which were from four studies (38—41). 1348 out of 2054
cases carried at least one mutation. Odd Ratio was calculated using the formula: Odd Ratio
= (A *D)/(B * C), where A = number of cases altered in both genes; B = number of cases
altered in G1 but not G2; C = number of cases altered in G2 but not G1; and D = number of
cases altered in neither gene. Fisher’s exact test was used for the calculation of pvalue.
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Figure5.

PML recruits TET2 to regulate DNA 5hmC modification in response to chemotherapies. A,
Representative fluorescent microscopy images of SCC-15 cells treated with doxorubicin for
30 hrs. White arrows indicate the doxorubicin promoted colocalization between PML and
TET2. Scale bar = 10 ym. B, Pm/** and Pm/~~ MEF cells were treated with doxorubicin
for 36 hrs. Resultant cell lysates and DNA samples were analyzed by western blot and MS,
respectively. C, MS analysis of the 5ShmC levels of the cells described in (B). D, Pm/™~
MEF cells were infected with adenovirus encoding empty vector (Ad-EV) or Flag tagged
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PML (Ad-PML) for 24 hrs. Then cells were treated with doxorubicin for 24 hrs. E, The
5hmC levels of the cells described in (D). F, The 5hmC levels of Pm/** and Pm/”~ MEF
cells treated with Tet2 siRNAs and/or doxorubicin. Pm/*/* and Pml~~ MEF cells were
tranfected with control (nontargeting) or Tet2 siRNAs. After 24 hrs, the cells were treated
with doxorubicin for 30 hrs. G, H, and |, The 5hmC level of stable TET2, PML, and
TET2+PML knockdown HEK293 (G), SCC-15 (H) and SCC-25 (1) cells treated with
doxorubicin for 36 hrs. These stable cell lines were generated as described in Materials and
Methods.
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Figure®6.

Kr?ockout of PML diminishes doxorubicin-promoted demethylation. A, Schematic showing
whole genomic bisulfite sequencing of Pm/** and Pm/~~ MEF cells treated with
doxorubicin for 30 hrs. B, Smooth scatter plot showing the methylation rate correlation
between Mock (control, X-axis) and Dox (doxorubicin treatment, Y-axis) in Pm/”* WT
MEF cells. The numbers (ranging from 0 to 1) in both axes represent MR. The red dash line
represents AMR =1 (no MR alteration) and the colors from dark blue to white represent the
relative density of methylation sites. C, Smooth scatter plot showing DPDMS-WT
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methylation status in 2m7/7~ KO cells. AMR = MR (WT Mock)/ MR (WT Dox) > 1.5, MR
(Mock) > 0.5 and p value < 0.05 were taken as the thresholds of DPDMS-WTs in Pm/**
WT cells. The resultant DPDMS-WTs (upper panel) were used to build the smooth scatter
plot to show the correlation between MR (KO Mock) and MR (KO Dox) in Am/~~ KO cells
(lower panel). D, Percentages of different DPDMS-WT methylation status in Pm/”~ KO
cells. Red: DPDMSs with AMR (KO) > 1.5 and p value <0.05 in Pml KO cells; green:
DPDMSs with AMR (KO) < 0.5 and p value < 0.05 in KO cells; black: no significant altered
sites in KO cells. E, Circular plot showing genome-wide doxorubicin-promoted
demethylation DMRs in PmI** and PmI~~ MEF cells. Red scales represent DPD-DMRs. F,
Heat map of 21 genes with DPD-DMRs in Pml WT and KO cells. G, QRT-PCR analysis of
the gene expression in Pm/*’* and Pml~~ MEF cells treated with doxorubicin for 36 hrs. H,
Western blotting showing Pml and Sim2 in Am/*”* and Pm/~~ MEF cells treated with
doxorubicin for 36 hrs. |, Pm/”~ MEF cells were infected with adenovirus encoding Ad-EV
(empty vector) or Ad-PML (Flag-PML) for 24 hrs. The resultant cells were treated with
doxorubicin for 24 hrs. J, QRT-PCR analysis of Sim2 expression in the cells described in
(1. K, Genome browser view showing demethylation regions in Sim2 gene. Only
methylation sites with the number of reads =10 were used. The scales represent the
methylation rates ranging from 0 to 1. L, The 5hmC levels of Sim2 DMR in Pm/** and Pm/
~~ MEF cells treated with doxorubicin. Pm/** and Pm/~~ MEF cells were tranfected with
siRNAs as noted. After 30 hrs, the cells were treated with doxorubicin for 12 hrs. Then
5hmC levels of Sim2 DMR were determined by hMEDIP-gPCR. M, The 5mC levels of
Sim2 DMR in Am/*”* and Pm/~~ MEF cells treated with doxorubicin. Pm/** and Pml~/~
MEF cells tranfected with siRNAs as noted. After 30 hrs, the cells were treated with
doxorubicin for 24 hrs. Sodium bisulfite sequencing PCR of Sim2 was carried out to assess
the 5mC level. Open circles are unmethylated CpGs and black filled circles are methylated
CpGs. N, QRT-PCR analysis of Sim2 mRNA expression in the cells described in (M). O,
MEF cells were infected with lentivirus encoding pCDH (empty vector) or pCDH Sim2
(Flag-Sim2) for 48 hrs. P, Relative cell number of MEF cells infected with lentivirus
encoding pCDH (empty vector) or pCDH Sim2 (Flag-Sim2) for 60 hrs. MTT analysis was
carried out to assess the cell number.
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Figure7.

PI\%IL-TETZ regulates cell proliferation in response to chemotherapy. A, Western blotting
showing Flag-TET2 and HA-PML in HEK293 cells were transfected with HA-PML,
pCDNA3B Flag-TET2 WT or pCDNA3B Flag-TET2 MUT for 48 hrs. B, The 5mC levels of
the cells described in (A). C, HEK293 cells transfected with HA-PML, pCDNA3B Flag-
TET2 WT or pCDNA3B Flag-TET2 MUT for 24 hrs. Then the cells were treated with 0, 10,
100, 250, 500, 1000, 2500, 5000, 10000 or 25000 nM of doxorubicin for 48 hrs. The cell
number of the cells without doxorubicin treatment was taken as 100%. D, Relative cell
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number of Am/*”* and Pmi™" cells treated with Tet2 siRNAs and/or doxorubicin. Am/*/* and
PmI~~ MEF cells were tranfected with control (nontargeting) or Tet2 siRNAs for 24 hrs.
Then resultant cells were treated with doxorubicin for 48 hrs. E, F, and G, Relative cell
number of stable TET2 and/or PML knockdown HEK293 (E), SCC-15 (F) and SCC-25 (G)
cells treated with doxorubicin. The stable cells were treated with doxorubicin for 60 hrs. H,
Mouse SCC-15 stable cell xenograft models treated with doxorubicin. n = 8 groups; n =6
mice/group; + SEM. |, Kaplan-Meier Plotter of the overall survival of head and necks
patients with different PML-TET2 levels. More details about HNSC patients are described in
Supplementary Table S3. J, Schematic showing PML-TET2-promoted DNA demethylation
in response to chemotherapy.
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