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Abstract

T-cell acute lymphoblastic leukemia (T-ALL) is an aggressive hematological cancer
characterized by skewed epigenetic patterns, raising the possibility of therapeutically targeting
epigenetic factors in this disease. Here we report that among different cancer types, epigenetic
factor TETL is highly expressed in T-ALL and is crucial for human T-ALL cell growth in vivo.
Tetl knockout mice and knockdown in human T-cells did not perturb normal T-cell proliferation,
indicating that TET1 expression is dispensable for normal T-cell growth. The promotion of
leukemic growth by TET1 was depending on its catalytic property to maintain global 5-
hydroxymethylcytosine (ShmC) marks, thereby regulating cell cycle, DNA repair genes and T-
ALL associated oncogenes. Furthermore, overexpression of the Tetl catalytic domain was
sufficient to augment global ShmC levels and leukemic growth of T-ALL cells in vivo. We
demonstrate that PARP enzymes, which are highly expressed in T-ALL patients, participate in
establishing H3K4me3 marks at the TET1 promoter and that PARP1 interacts with the TET1
protein. Importantly, the growth related role of TET1 in T-ALL could be antagonized by the
clinically approved PARP inhibitor Olaparib, which abrogated TET1 expression, induced loss of
5hmC marks and antagonized leukemic growth of T-ALL cells, opening a therapeutic avenue for

this disease.
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Introduction

Aberration in DNA methylation patterns are hallmarks of most human cancers and recent studies
demonstrate that loci specific hypomethylation can transcriptionally activate oncogenes in
various cancers . Ten Eleven Translocation dioxygenase (TET1-3) enzymes, actively mediate
DNA hypomethylation via oxidation of DNA 5mC marks to 5-hydroxymethylcytosine (ShmC),
and consequently impact gene expression and chromosomal stability '?. Several lines of
evidence suggest that TET family members (TET1-3) and ShmC marks safeguard DNA integrity
and act as tumour suppressors >°. TET1 has been reported as lower expressed in colon tumours
'® and in B-cell malignancies, while global loss of ShmC marks has been reported in multiple
cancers ''. Loss of Tetl and combined loss of Tetl and Tet2 promotes B-cell malignancies '
Tetl knockout mice suffer loss of ShmC marks at promoters and gene bodies of DNA repair
genes . Moreover, ShmC marks are significantly enriched at damaged DNA sites >,
substantiating the significance of TET enzymes and ShmC marks for tumour suppression.
Conversely, TET genes and in particular, TET1, also exhibit an oncogenic role in several
malignancies ***°, as shown for acute myeloid leukemia (AML)* ?°. Although TET1 is
translocated in rare cases in AML ?’, the aberrant and high expression of the TETI protein

regulates the expression of critical oncogenic pathways in AML cells > **

. These studies suggest
that TET1 has dichotomous and context dependent roles in hematological malignancies. In the
case of T-ALL, TET1 has been found mutated 1 in 264 T-ALL cases 2, Nevertheless, the role of
TET1 in T-ALL is poorly understood.

T-ALL is an aggressive hematological cancer originating from the malignant transformation of

- 30,31
immature T-cell progenitors >

. Therapy outcome for T-ALL is significantly inferior compared
to that for precursor B-ALL *2. Relapse of the disease is the most common cause of treatment

failure and is often linked to epigenetic mechanisms *°, pointing to the potential of therapies
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targeting epigenetic factors for treating this malignancy. Recent studies in healthy human CD4"
naive T-cells indicate that TET1 negatively regulates Th1/Th2 differentiation by suppressing the
expression of pro-differentiation genes such as GATA3, CD69 and IFNG in vitro growth
promoting. In this study, we now demonstrate that in human T-ALL cells, high TET1 expression
maintains global hydroxymethylome which positively regulates gene expression, safeguards
genome integrity, and thereby promotes leukemic growth. Furthermore, our data indicate that the
growth promoting activity of TET1 can be pharmacologically targeted via inhibition of PARPs,
which act as TET1 upstream regulators, opening a potential treatment modality for T-ALL

patients.
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Materials and Methods

Patient samples and leukemic cell lines

Mononuclear cells isolated from diagnostic BM or PB samples from patients with T-ALL, B-
ALL and AML, were analyzed. T-All and B-ALL samples were obtained from the University
Hospital Ulm at diagnosis from pediatric patients (<18 yrs old) with de novo BCP-ALL after
informed consent was given in accordance with the institution’s ethical review board. For further

information, see Supplementary information (SI).

Xenogr aft experiments (NSG)

All mice experiments were conducted according to the national animal welfare law
(Tierschutzgesetz) and were approved by the Regierungsprasidium Tiibingen, Germany. For
assessing the impact of TET1 KD on T-ALL cell lines, NSG (NOD.Cg-PrkdcScid
[12rgtm1W;1/SzJ) mice were injected intravenously, sacrificed 8 weeks hence and engraftment
was confirmed by flow cytometry using anti-human CD45+ and CD3+ antibody.

For further information, see SI.

Olaparib treatment of cell linesand primary cells

For liquid culture assays, 1x10° T-ALL cell lines were treated with Olaparib (5uM) or DMSO
and growth kinetics were assayed over 6 days. For colony assays, 500 input cells were seeded
into methylcellulose (H4330) containing Olaparib (5uM) or DMSO. The colonies were scored 14
days later.

Additional Materials and methods are described in Supplementary Methods
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Results

TET1ishighly expressed in majority of T-ALL patients

Our initial analysis of TET1 expression in published gene expression data sets of human cancer
cell lines and leukemia patients revealed that TET1 is highly expressed in T-ALL cell lines and
highest in T-ALL patients among all leukemia types (Fig. SIA-B) ** **. Our quantitative real
time PCR (qRT-PCR) and gene expression microarray confirmed that TET1 is several fold
higher expressed in T-ALL patients and cell lines compared to other acute leukemia (Fig. 1A-B;
Fig. S1C; Suppl. Table 1-2). Furthermore, our data and re-analysis of publically available cDNA
microarray and RNA-seq data sets indicated that TET1 is overexpressed in T-ALL patients
compared to healthy bone marrow (BM) derived CD34" hematopoietic stem progenitors
(HSPCs), BM derived CD3" T-cells and naive T-cells (Fig. SID-E) 29:3% Furthermore, western
blots confirmed that TET1 protein is overexpressed in T-ALL cell lines compared to CD3" T-
cells (Fig. 1C).

Adolescent and young adult T-ALL patients exhibited a trend towards higher TET1 expression in
comparison to elderly patients (Fig. S1F). Within the cohort of childhood cases, TET1 was
significantly higher expressed in the medium and high risk group compared to standard risk T-
ALL (Fig. 1D). Expression levels of TET1 were independent of the molecular cytogenetic
subgroups or stages of maturation (Fig. S1G-H). However, in published RNA-seq data TET1 was
higher expressed in the subgroup harboring HOXA-rearrangements and in post-cortical stages of
maturation (Fig. S11-J) *°. TET1 expression was independent of the mutation status of recurrently

mutated genes in T-ALL patients, such as NOTCHI (Fig. S1K). Of note, the TET1 paralogues -

TET2 and TET3 — were not higher expressed in human T-ALL compared to other leukemia types

or healthy BM (Fig. SIL-O).
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TET1lisrequired for leukemic growth of human T-ALL cellsbut not critical for normal T-
cell differentiation

Next, we sought to evaluate the functional relevance of high TET1 expression in T-ALL cells.
shRNA mediated depletion of TET1 in T-ALL cell lines induced reduction of cell growth (70-
80%) and colony numbers (50-95%) compared to scrambled control in liquid culture and colony
forming unit (CFU) assays, respectively (Fig. S2A; Fig. 2A-B). NSG mice transplanted with
TET1 depleted T-ALL cell lines showed a marked decrease in leukemic engraftment (Fig. 2C).
Histopathological analysis revealed a sharp decrease in infiltration of human CD3" T-ALL cells
in liver and lung (Fig. 2D). In T-ALL patient derived xenograft (PDX) cells, TET1 depletion
caused a decrease in leukemic engraftment in BM and spleen, reflected in the reduced spleen
sizes and spleen weight of xenografts (Fig. 2E-F).

To negate the possibility of an off-target effect of the shRNA, fist we transduced a TET1
expression lacking lymphoma cell line RAJI with shRNA against TET1. Second, we knocked out
TET1 by lentivirally overexpressing Cas9 and sgRNA targeting TET1 (sgTET1) in T-ALL cell
lines. The overexpression of shTET1A-B in RAJI did not impact proliferation or colony
formation (Fig. 2A-B). However, as observed in our knockdown study, TET1 knockout in the
bulk T-ALL cells induced a significantly reduction in CFU of T-ALL cell lines (Fig. S2B) and
liquid culture proliferation (data not shown). The knockout of TET1 was evidenced by the
reduction of TET1 protein in western blot (Fig. S2C), T7 endonuclease assay and sanger

sequencing (data not shown).

To assess whether TET1 also has an important role in healthy T- cells, we knocked down TET1
in human T-cells and utilized Tetl knockout (ko) mice to analyze the effect on normal T-cell

distribution *’. In Tetl ko mice, no significant differences were observed in the absolute cell
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numbers of the DN1-4 subpopulations or in CD4", CD8", CD4" CD8" (DP) subpopulations,
albeit a trend towards a decrease in DN1, DN2 and particularly CD4" CD8" (DP) cells was
observed (Fig. S2D-E). Notably in the spleen, BM and peripheral blood (PB) of young (8-12
weeks) ko and wt mice, no differences were observed in the distribution of CD4", CD8" and
CD4'CDS8" T-cells, indicating that Tetl is not essential for early T cell development in the
thymus or for the formation of mature T-cells (Fig.2G) *’. Furthermore, to test whether the
absence of Tetl expression impairs expansion of T cells, we harvested splenic CD3" T-cells from
wt and ko mice and subjected them to in vitro IL-2 stimulation. In the absence of Tetl
expression, T-cells did not show any significant change in expansion in vitro (Fig. S2F).
Moreover, we extended this analysis to human T-cells by knocking down TET1 in CD3" T-cells
enriched from PB. Similar to murine T-cells, TET1 depletion also did not exhibit any impact on
IL-2 stimulated expansion of human T-cells (Fig. S2G).

Taken together our data suggests that high TET1 expression is required to sustain leukemic

growth of T-ALL cells but is not crucial for normal T-cell differentiation and growth.

The enzymatic domain of Tetl is sufficient to rescue TET1 depleted cells and augment
leukemic growth of human T-ALL

Next, we sought to examine whether the growth promoting function of TET1 in T-ALL cells is
dependent on its enzymatic function. For this, we overexpressed only the catalytic domain of
Tetl, (Tetl-CD) in the TET1 depleted T-ALL cell line JURKAT. The catalytic activity of Tetl
was sufficient to rescue TET1 depleted T-ALL cells in vitro and in vivo (Fig. 3A-C).

We previously performed gene expression analysis on primary T-ALL patient samples (n=5) pre
and post-xenograft transplantation **: analysis of TET1 expression in this dataset revealed a

higher expression of TET1 post-transplantation in 4 out of 5 xenografts compared to cells pre-
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transplantation (Fig. S2H). Moreover, in a published microarray analysis of T-ALL cell lines
transplanted into xenografts, a similar increase in TET1 expression was observed (Fig. S2I),
suggesting that high TET1 expression is associated with leukemic growth in vivo *. Indeed,
forced expression of Tetl-CD in T-ALL cell lines significantly augmented leukemic growth in
vitro and in vivo (Fig. 3D-E). These data clearly suggest that the growth-promoting role of TET1

in T-ALL is at least partly dependent on its enzymatic activity.

TET1 depletion induces loss of 5hmC marks at promoters and gene bodies of genes
involved in cell cycle, DNA repair and NOTCH pathway

Next we analyzed 5ShmC levels in T-ALL cells via Intracellular fluorescence (IF) in our
knockdown, rescue and overexpression experiments. IF-flow cytometry for ShmC marks in
TET1 depleted JURKAT cells, primary T-ALL patients and TET1 knockout bulk T-ALL cell
lines revealed a significant decrease in global ShmC levels (Fig. 4A-B and Fig. S3A-B) and
increase in SmC levels (Fig. S3C). Conversely, overexpression of Tetl-CD in TET1 depleted
cells or wild type T-ALL cells induced a global increase in ShmC levels (Fig. 4C-D).
Furthermore, we performed hydroxymethylated DNA immunoprecipitation (hMeDIP)-seq in
TET1 depleted JURKAT cells. In hMeDIP-seq, TET1 depletion resulted in more than a 59%
reduction of global ShmC enrichment at the promoter (-5kbTSS), gene body (GB) and intergenic
regions compared to scrambled control (referred to as TET1 dependent ShmC or T1-5hmC
regions from here) (Fig. 4E-F). In detail, a total of 2,404 and 6,115 ShmC enriched promoters
and GB were observed in the scrambled arm, respectively, out of which more than 50% of the
promoters and GB lost ShmC marks upon TET1 depletion (Suppl. Table 3). On the contrary, in
the absence of TET1, the majority of enhancers and superenhancers gained ShmC marks, while

only 206 enhancers and 75 superenhancers lost ShmC marks (Suppl. Table 3). Collectively, these
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data indicate that a large number of 5ShmC enriched promoters are dependent on TET1

expression in T-ALL, particularly since TET2 and TET3 expression remained unchanged in
TET1 depleted and knockout bulk JURKAT and MOLT-4 cells (Fig. S3D-E).

Nearly 50% of T1-5hmC genes were known targets of TET1 in human embryonic stem cells *
(Fig. 4F). 56% of T1-5hmC promoters and GB also harbored H3K4me3 marks on their
promoters and less than 14% were associated with repressive H3K27me3 marks, reaffirming a
functional role of TET1 in positive gene regulation (Fig. 4F-G; Suppl. Table 4). Notably,
H3K4me3 associated T1-5hmC genes were enriched for cell cycle and DNA repair (Fig. 4H).
Moreover, RBPJ, NOTCH2 and NOTCH3 - NOTCH signaling pathway genes, which play a
critical role in the pathobiology of T-ALL, also lost ShmC marks upon TET1 depletion. Of note,
the majority (90%) of T1-5hmC promoters and gene bodies found in the JURKAT cell line were

also enriched for ShmC marks in healthy human naive T-cells (Fig. S3F-G) *'.

TET1 and T1-5hmC marks are associated with gene expression of oncogenic and DNA
repair pathways

To understand the relationship between T1-5hmC marks and gene expression, we reanalyzed the
published microarray data of T-ALL patients (n=174) based on TET1 expression *°. We grouped
patients into four quartiles based on TET1 expression levels and compared the gene expression
pattern in the highest expressing group (TET1"#") versus the lowest expressing group (TET1"%):
1,659 genes were differentially expressed in TET1"¢" vs TET1'°" patients of which 82% of the
genes showed a positive association with high TET1 expression (Fig. S4A-C). Genes positively
associated with TET1 expression in T-ALL were involved in regulation of cell cycle
(dimerization partner, RB-like, E2F and multi-vulval class B (DREAM) complex targets), G2M

checkpoint repair and breast cancer associated pathways (Fig. SA, Fig. S4D-E; Suppl. Table 4).

11
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314 genes that positively correlated with TET1 expression in patients, lost ShmC marks
(promoter/GB) in the TET1 depleted T-ALL cell line, JURKAT. Again, these genes were
significantly enriched for cell cycle and DNA repair pathways (Fig. 5B; Suppl. Table 5). In
RNA-seq analysis of TET1 depleted JURKAT cells, 1,145 genes were differentially expressed,
of which 70.8% were downregulated compared to the scrambled control (Fig. 5C; Suppl. Table
6). “Hypoxia” and “mTORCL” signaling pathways, which drive leukemic growth in T-ALL and
|L2-STAT5 signaling which is important for the TET1 driven oncogenic program in AML cells **
were significantly downregulated upon Tetl depletion (Fig. 5D) ***. (Suppl. Table 6). Notably,
89 genes associated with high TET1 expression in patients also exhibited differential expression
in our RNA-seq dataset (Suppl. Table 6). Amongst these were cell cycle, DNA repair genes
(RNF168, DTL, DCK, GINS3, AJUBA, CDK18, CDK19, RFC3 and TDG) and oncogenes
NOTCHS. Importantly, DNA repair genes (such as BRCA1-2, RNF168, RAD51C, CDK18,
CDK19, DTL, DCK) and oncogenes (such as NOTCH3) that exhibited positive correlation with
high TET1 expression in T-ALL patients and lost ShmC marks upon TET1 depletion, also
exhibited deregulated expression in our RNA-seq and/or in qRTPCR data Fig. S4F). Moreover,
DNA repair genes in TET1 knockout T-ALL cell lines and primary T-ALL patient cells showed
a trend towards decreased expression (Fig. S4G-H). The decrease in expression was confirmed at
the protein level in TET1 depleted JURKAT cells (Fig. S4I).

Our hMeDIP-seq and gene expression data in TET1 knockdown/knockout T-ALL cells, T-ALL
patient microarray dataset and published TET1 ChIP-seq data, together strongly indicated that
NOTCH3 is a downstream target of TET1 in T-ALL cells (Fig. S4F-H, Suppl. Table 3 and 6) *°.
Moreover, the depletion of NOTCH3 in T-ALL cell lines also induced a marked reduction in

colony forming ability in vitro (Fig. S4J).
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Depletion of TET1 impairs DNA repair in T-ALL cells

Since our data showed a link between expression of TET1 and DNA repair genes in T-ALL, we
analyzed whether TET1 depletion induces DNA damage in T-ALL cells. We observed an
increase in total YH2AX protein levels and significantly increased numbers of YH2AX foci in
TET1 depleted and bulk knockout T-ALL cells (Fig. SE-F; Fig. S4K). Furthermore, neutral
comet assays in cell lines and primary patient samples showed a significant increase in mean tail
moment, indicating increased DNA damage induced by TET1 depletion (Fig. 5G-H). BrdU-Cell
cycle analysis in TET1 depleted and bulk knockout T-ALL cells revealed a block in the G2/M
phase compared to the scrambled arm (Fig. 5I; Fig. S4L). Exposure of T-ALL cell lines to DNA

damage inducing y-radiation triggered an increase in TET1 expression by 50% (+11%, n=3)

within 30 minutes post-exposure. TET2 and TET3 expression levels remained unchanged (Fig.
5J; Fig. S4M). Furthermore, depletion of TET1 rendered T-ALL cell lines sensitive to y-radiation
at ow dose of 0.5Gy and higher dose of 2Gy at a greater order than scrambled transduced cells
(Fig. 5K). Taken together, these data strongly suggest that high TET1 expression protects T-ALL

cells from DNA damage.

The PARP inhibitor Olaparib antagonizes TET1 induced T-ALL growth

We previously showed that the PARP enzyme activity (PARylation) positively regulates TET1
expression via the epigenetic marks H3K4me3 ", Interestingly, several members of the PARP
gene family are overexpressed in T-ALL patients compared to B-ALL patients and exhibit a
trend towards higher expression compared to healthy T-cells (Fig. S5A). Furthermore, in
JURKAT, the promoter of TET1 displayed high enrichment for H3K4me3, H3Ac marks and
lower enrichment levels for repressive H23K27me3 marks (Fig. S5B). Moreover, a CpG island

in the TET1 promoter region was hypomethylated in the T-ALL cell lines and hypermethylated
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in the low TET1 expressing B-ALL cell lines (Fig. S5C). Based on these data we reasoned that
high PARP expression in T-ALL could regulate TET1 expression via euchromatic epigenetic
marks. Therefore, we blocked PARP enzymatic activity via treatment of T-ALL cell lines with
Olaparib, an inhibitor of PARylation. Olaparib treatment lead to a significant reduction in TET1
transcription and a concomitant decrease in H3K4me3 and H3Ac levels on the TET1 promoter
(Fig. 6A-B). Of note, TET2-3 expression was not affected (Fig. S5D-E). Olaparib treatment also
resulted in reduced TET1 protein levels (Fig. 6C). Furthermore, co-immunoprecipitation (co-IP)
assay showed that TET1 physically interacted with PARP1 in the T-ALL cell line JURKAT (Fig.
6D). In light of our observations, we reasoned that PARP mediated PARylation could also
impact TET1 protein expression post-transcriptionally. To test this hypothesis, we transiently
overexpressed Myc-tagged TET1 and Myc-tagged-Tet]-CD under the CMV promoter in HEK
293T cell and treated the cells with Olaparib for 72h. Olaparib treatment lead to the decrease of
exogenous tagged protein levels compared to the DMSO control (Fig. 6E-F), suggesting that
PARylation and PARP-1 interaction with TET1 impacts the protein stability of both the full
length as well as Tet1-CD. These data indicate that TET1 is regulated transcriptionally and post-
transcriptionally via PARylation, opening up a therapeutic opportunity to test whether the

inhibition of PARylation via Olaparib could be used to target TET1 function in T-ALL.

Treatment with Olaparib induced marked reduction in colony formation of T-ALL cell lines
accompanied by increased apoptosis of primary T-ALL primary patient samples compared to the
DMSO control (Fig. 7A-B). JURKAT cells treated with Olaparib in vitro for 48h and
transplanted into NSG mice showed a significant reduction in BM engraftment (Fig. 7C).
Histopathology analysis showed visible decrease in infiltration of human CD3" T-ALL cells in
liver and lung of the drug treated arm (Fig. 7D). The treatment of PDX cells with Olaparib nearly

abolished leukemic growth in vivo which was reflected in significantly reduced engraftment in
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BM and spleen and reduced spleen sizes and weight (Fig. 7E-F). Furthermore, TET1 depleted T-
ALL cells were more sensitive to Olaparib treatment and exhibited virtually no clonogenic

potential in CFC assays (data not shown).

The block of PARylation activity via Olaparib induced a significant reduction in global ShmC
levels in T-ALL cell lines (Fig. 7G). Similar to shRNA mediated TET1 depletion, Olaparib
treated JURKAT cells exhibited a trend towards a block in the G2M phase of the cell cycle and
increased accumulation of YH2AX foci (Fig. 7H, Fig. S5F). Importantly, depletion of PARP1 via
shRNA reduced TET1 expression and markedly affected T-ALL cell line growth, indicating that
PARP genes function upstream of TET1 in T-ALL cells (Fig. S5G-H). Lastly, we attempted to
rescue the impact of Olaparib with overexpression of Tetl-CD in JURKAT cells. The ectopic
overexpression of Tetl-CD marginally rescued the impact of Olaparib on T-ALL cell growth in
vitro (Fig. S5I). Olaparib did not affect the exogenous expression of Tetl-CD (Fig. S5J).
However, as shown before, Olaparib reduced the stability of the Tet1-CD protein contributing to

the limited effect of Tet1-CD overexpression on the impact of Olaparib treatment (Fig. 6E-F).

Taken together, our data show that Olaparib is highly effective in counteracting the growth

promoting effect of TET1 in human T-ALL.
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Discussion

TET! has dual roles in myeloid and lymphoid hematological malignancies ** *°. Our study
showed that even within lymphoid leukemias, TET1 plays dichotomous roles as we
demonstrated that TET1 exerts a growth-promoting role in T-ALL in contrast to B-cell
malignancies in which TET1 acts as a tumor suppressor -’: first we observed that among
leukemias TET1 is highly expressed in the majority of T-ALL patients. TET1 was found higher
expressed in patients compared to healthy thymic progenitors, adult naive T-cells and BM
derived T- cells, although we could not compare the expression levels in patients to primitive
normal human double negative and double positive thymocytes, as these cells were not
accessible. Secondly, leukemic growth of primary human T-ALL was dependent on high TET1
expression, in contrast to normal T-cells as our characterization of young Tetl ko mice (8-12
weeks) and published data of older mice (24 weeks) indicated that Tetl is not critical for in vivo
T-cell development. Thirdly, the enhancement of the leukemic potential via overexpression of
the Tetl enzymatic domain and the increase in TET1 expression in clonally expanded primary T-
ALL cells in vivo indicated that high TET1 enzymatic activity is advantageous for the leukemic
growth of T-ALL cells.

Mechanistically, TET1 achieves this growth promoting function in T-ALL by regulating ShmC
marks and thereby maintaining gene expression of factors required for growth and genomic
integrity of T-ALL cells. TET1 depletion leads to loss of ShmC marks (T1-5hmC) at cell cycle,
DNA repair and gene expression associated genes, while the majority (70%) of differentially
expressed genes upon TETI1 depletion are downregulated, especially genes coding for factors
required for cell cycle, DNA repair and oncogenic pathways. Furthermore, TET1 expression in

patients and also correlates with the cell cycle and DNA repair pathways. Thus, these data
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indicate an active growth promoting role of TET1 in T-ALL, in contrast to healthy human T-
cells, in which TET1 has been suggested to largely perform a repressive function *'.
Another known mechanism of cancer cells to maintain oncogenic growth and chemoresistance is

to protect the cell from DNA damage **-*°

. Indeed, in line with hMeDIP-seq and gene expression
analysis, our data confirmed that TET1 protects the genomic integrity of T-ALL cells as
depletion of TET1 resulted in DNA damage and enhanced sensitivity to IR exposure.
Furthermore, induction of DNA damage via IR exposure prompted increase in TET1 expression
and an expression pattern reminiscent of the kinetics of YH2AX levels in radiation exposed cells

4. %8 1t is known that ShmC marks also exhibit similar kinetics in response to IR, are

significantly enriched at the sites of DNA damage and vital for ensuring genome integrity ' **
%0 Therefore, the TET1 depletion induced loss of ShmC marks in T-ALL cells could also render
T-ALL cells more susceptible to DNA damage. Furthermore, we demonstrated that PARP1
induced TET1 expression and interacts with the TET1 protein. Of note PARP1 itself has a known
role in single strand DNA damage repair '>°'. Therefore, high TET1 expression and T1-5hmC
marks could also promote growth of T-ALL cells by not only regulating expression of DNA
repair genes but also by protecting the genome from damage by maintaining ShmC marks at
DNA lesions ** .

Several studies indicate that TET genes have grossly unique functions in normal and malignant
hematopoiesis '*2%*7>*¢_Our data also suggests that the DNA repair function of TET1 is not
compensated by other TET family members in T-ALL; for instance, TET2-3 expression was not
altered in our knockdown experiments, ShmC levels remained low upon TET1 depletion and
exposure to radiation did not prompt changes in expression of TET2-3.

One of the major challenges is to translate these biological insights into new therapeutic

strategies: in this context, PARP enzymes that are highly expressed in T-ALL patients and
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383

regulate TET1 expression transcriptionally and post-transcriptionally, can be targeted using

C 51, 57
inhibitors °

. Inhibition of PARPs via Olaparib antagonizes the enzymatic activity of TET],
thereby abrogating leukemic growth of T-ALL cells in vivo opening a therapeutic avenue in this
subtype of aggressive leukemias. The fact that Olaparib is clinically approved and T-ALL cells
are sensitive to PARP inhibition should facilitate the initiation of clinical trials to test this
therapeutic concept **. Interestingly, PARP inhibitors are highly effective in combating

59-63

neuroblastoma and small lung cancer . TET1 is highly expressed in both of these cancers

(Fig. S1A) **.

Based on our study we propose a model that high TET1 expression sustains and promotes
leukemic growth of transformed T-ALL cells via two proposed mechanisms (Fig. S6): high
TET1 levels in T-ALL are transcriptionally and post-transcriptionally regulated by enzymatic
activity of PARP family members. PARylated TET1 establishes ShmC marks and positively
regulates the expression of genes required for the growth and maintenance of genomic integrity
of T-ALL cells (A). Furthermore, based on our own data and published studies we propose that
the PARPI-TET1 complex and T1-5hmC marks also act as sensors at DNA lesions to promote
DNA repair in T-ALL cells (B). Based on this, inhibition of PARylation will impair
establishment of ShmC marks, transcription of growth promoting genes and will induce an

accumulation of DNA damage in T-ALL cells (A-B).
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Figures Legends:

Fig. L TET1ishighly expressed in T-ALL patients

(A) TET1 mRNA expression values in human leukemia patients and healthy cells, determined by
TagMan qRT-PCR. Dots represent expression levels corresponding to independent biological
replicates indicated as ‘n’. Each box plot shows mean and range of expression. Fold values were
obtained through normalization to expression of the housekeeping gene TBP. Statistical
differences were calculated using one way-ANOVA (B-D) TET1 expression assessed via cDNA
microarray of (B) human leukemia patients from the Munich-Berlin data set: GSE66006 and
GSE78132; statistical differences were calculated using one way-ANOVA (C) Western blot for
TET1 protein in T-ALL cell lines compared to PB derived CD3+ T-cells. B-Actin was used as an
endogenous control. (D) TET1 expression in standard versus medium and high risk T-ALL
patients, obtained using cDNA microarray (Munich-Berlin gene expression data set GSE66006

and GSE78132) *p<0.05; **p<0.001; ***p<0.0001

Fig. 2 TET1isrequired for leukemic growth for human T-ALL

(A) Total cell number at day 6 in liquid culture expansion assay of T-ALL cell lines transduced
with scrambled or shRNA. Bars represent mean cell number and error bars indicate standard
error of mean (sem.); ‘n’ represents number of independent experiments performed for each cell
line. Statistical differences were calculated using Kruskal-Wallis test (B) Colony assay of TET1
depleted T-ALL cells versus scrambled control with 500 cells initially plated at day 0; Colonies
were scored on day 14. Bars represent mean number of colonies and error bars indicate sem.; ‘n’
represents number of independent experiments. Statistical differences were calculated using
Kruskal-Wallis test (C) Percentage of engrafted CD45" T-ALL cells in the BM of sacrificed

NSG mice transplanted with scrambled control (Scr) or shRNA transduced T-ALL cell lines.
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Each dot indicates percentage of CD45" cells in the BM of a single NSG mouse. Horizontal lines
indicate mean; statistical differences were calculated using two tailed t-test. (D)
Immunohistochemical staining of liver and lung tissue sections of NSG mice, verifying presence
of CD3" human T-ALL cells in sacrificed mice 8 weeks post-transplantation (E) Percentage of
human CD45" T-ALL cells in the BM and spleen of NSG mice transplanted with two separate
patient derived xenograft (PDX) samples, PDX#1-2, after transduction with scrambled control or
TET-1 shRNA. Each dot indicates percentage of CD45" cells in a single NSG mouse BM.
Horizontal lines indicate mean (F) Spleen weight (in milligrams) of NSG mice transplanted with
scrambled control or shRNA transduced PDX cells sacrificed 8 weeks post-transplantation (G)
Percentage distribution of murine T-cell subpopulations in BM, spleen and peripheral blood of
aged matched Tetl wt and ko mice, analyzed by FACS. Bars indicate mean percentage and error
bars indicate stdev. ‘n’ represents biological replicates. Significant differences were calculated

using Mann Whitney test. *p<0.05; **p<0.001; ***p<0.0001

Fig. 3 Theenzymatic activity of TET1isrequired for sustenanceof T-ALL cells

(A-B) JURKAT cells double-transduced with shTET1-B + Tetl-catalytic domain (CD) versus
shTET1-B + empty vector control (pCDH) (A) Total cell number at day 6 in liquid culture
expansion assay (B) Total number of colonies in the primary CFU assay per 500 input cells; bars
represent mean values, error bars indicate stdev; ‘n’ represents independent experiments,
significant differences were calculated using Mann Whitney test. (C) Percentage of CD45" T-
ALL cells in the BM, spleen and liver of NSG mice transplanted with FACS sorted shTET1-B +
Tet1-CD versus shTET1-B + pCDH transduced JURKAT cells. Each dot indicates percentage of
CD45" cells in a single NSG mouse. Horizontal bars represent average engraftment. Statistical

differences were calculated using t-test. (D) Total number of colonies in the CFU assay per 500
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input cells in Tetl-CD or pCDH transduced JURKAT and MOLT-4 cell lines. Bars represent
mean values; error bars indicate stdev; individual experiments are indicated as ‘n’. Statistical
differences were calculated using Mann Whitney test. (E) Percentage of CD45" T-ALL cells in
the BM of NSG mice transplanted with pCDH and Tet1-CD transduced JURKAT cells. Each dot
indicates percentage of CD45" cells in a single NSG mouse bone marrow. Horizontal bars

represent average engraftment. Statistical differences were calculated using t-test.

Fig. 4 TET1regulates5hmC marksin T-ALL cells

(A) IF-flow cytometry of ShmC in T-ALL cell line JURKAT. Bars represent mean values; error
bars indicate standard deviation; independent experiments are indicated as ‘n’. Statistical
differences were calculated using one-way ANOVA (B) IF-confocal microscopy analysis of
S5hmC in primary T-ALL patient cells. The plot represents the combined results of three
independent experiments. The box plot represents the intensity of ShmC marks in single cells.
Horizontal bars indicate median intensity and vertical lines represent range of intensity. White
line show 10um. Statistical differences were calculated using Mann-Whitney test. (C) Total
S5hmC content of shTET1-B + Tet1-CD versus shTET1-B + pCDH transduced JURKAT cells, as
observed via IF-flow cytometry. Bars represent mean values; error bars indicate standard
deviation; individual experiments are indicated as ‘n’. Statistical differences were calculated
using two tailed t-test. (D) IF-confocal microscopy analysis of JURKAT cells transduced with
empty vector or Tetl-CD. IF-confocal microscopy analysis of ShmC in primary T-ALL patient
cells. The plot represents the combined results of three independent experiments. The box plot
represents the intensity of ShmC marks in single cells. Horizontal bars indicate median intensity
and vertical lines represent range of intensity. White line show 10pm. Statistical differences were

calculated using Mann-Whitney test. (E) hMeDIP-seq- percentage of losses and gains across
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genomic regions in TET1 depleted JURKAT cells versus scrambled control. (F) Heatmap shows
centered ShmC peaks, histone marks (activating marks H3K4me3 and repressive marks
H3K27me3) and TET1 occupancy in the region of +5kb TSS. In heatmaps (in green), the upper
panel represents loci enriched with ShmC marks in the scrambled arm but reduced or absent in
the shRNA arm, while the lower panel shows regions enriched in the sShRNA arm but reduced or
absent in the scrambled arm. Blue heatmaps represent corresponding loci enriched with
H3K4me3 and H3K27me3 marks in JURKAT cells, and TET1 occupancy (ChIP-seq) * in
human ESC (G) Overlap of TET1 dependent ShmC promoters and gene bodies (T1-5hmC) with
H3K4me3 and H3K27me3 enriched promoters in JURKAT cells (H) Top five Enrichr,
Reactome 2016 pathways associated with T1-5hmC-H3K4me3 and T1-5hmC-H3K27me3 genes;

p-value<0.05, FDR<0.05.

Fig. 5 High TET1 expression protects T-ALL cells from DNA damage, accompanied by
expression of cell cycleand DNA repair pathways

(A) Heatmap representing the expression of cell cycle and dimerization partner, RB-like, E2F
and multi-vulval class B (DREAM) complex genes in high TET1 expressing T-ALL patients
(n=44) versus low TET1 expressing patients (n=44) (Table S4A). (B) Reactome pathway
analysis of T1-5hmC genes in JURKAT cells which correlated with TET1 expression in T-ALL
patients (FDR<0.05, p<0.05). (C) Heatmap showing selected differentially expressed genes in
RNA-seq of TET1 depleted JURKAT cells (n=2, FDR<0.05, p<0.05) (D) GSEA analysis of
RNA-seq of TET1 depleted JURKAT cells showing pathways downregulated after TETI
depletion. (E) Western blot of total phosphorylated H2AX (Ser139) levels in TET1 depleted T-
ALL cell line JURKAT. H2A.X represents the endogenous control. (F) Representative IF image

and summary of the percentage of cells harboring >5 phosphorylated H2AX (Ser139) foci in
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scrambled vs shRNA transduced JURKAT cells. The graph represents the combined results of
three independent experiments. Bars represent mean values and error bars represent stdev; White
line represents distance of 10um. Statistical differences were calculated using one-way ANOVA
(G) Neutral comet assay in TET1 depleted JURKAT cells. The plot represents the combined
results of three independent experiments. Horizontal lines represent the median and vertical lines
represent range. Statistical differences were calculated using Mann-Whitney test. The
representative figure shows comet tails highlighted by white arrows. (H) Neutral comet assay in
TET1 depleted primary T-ALL patient samples. The plot represents the combined results of three
independent experiments. Horizontal lines represent the median and vertical lines represent
range. Statistical differences were calculated using Mann-Whitney test. (1) Cell cycle analysis of
TET1 depleted JURKAT cells versus scrambled control 48h post-transduction using BrdU
staining. Bars represent mean values and error bars represent stdev; ‘n’ represents number of
independent experiments. Statistical differences were calculated using Kruskal-Wallis test (J)
qRT-PCR gene expression analysis of TET 1-3 in 2Gy y-radiation exposed T-ALL cell lines, 30
mins post-exposure. Bars represent mean values and error bars represent stdev. ‘n’ represents
number of independent experiments. Statistical differences were calculated using Kruskal-Wallis
test (K) Viable cell number of TET1 depleted vs scrambled control JURKAT cell line, 24h and
96h post-exposure to 0.5 and 2Gy y-radiation analyzed by trypan blue exclusion. Dotted line
depicts cell number at day 0 (1x10°). Bars represent mean values and error bars represent stdev.
‘n’ represents number of independent experiments. Statistical differences were calculated using

Kruskal-Wallis test. *p<0.05; **p<0.001; ***p<0.0001; ns. — not significant.

Fig. 6 Enzymatic activity of PARPs regulates TET1 mRNA expression and protein stability

in T-ALL cells
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(A) TET1 mRNA expression in T-ALL cell lines, quantified via qRT-PCR, 72h post-treatment
with the PARylation inhibitor Olaparib versus DMSO control. Bars represent mean values, error
bars represent stdev and ‘n’ represents independent experiments. Statistical differences were
calculated using Mann-Whitney test (B) ChIP-qRT PCR of histone marks on the promoter of
TET1 72h post Olaparib treatment vs. DMSO control in JURKAT cells (position from
transcription start site (TSS): A (-200 to-100), B (-100 to +1) and C (+1 to +200). Bars represent
mean values, error bars represent stdev and ‘n’ represents independent experiments. Statistical
differences were calculated using Mann-Whitney test (C) TET1 protein levels in DMSO versus
Olaparib treated JURKAT cells, 72h post-treatment assayed by Western blot and summarized via
densitometry analysis. Bars represent mean values, error bars represent stdev and ‘n’ represent
independent experiments. Statistical differences were calculated using paired t-test (D) Co-
immunoprecipitation of endogenous PARP-1 with TET1 in JURKAT cells (E-F) TET1 protein
levels in Olaparib or DMSO treated and transiently transfected HEK 293T cells expressing (E)
Myc tagged full length TET1 construct and (F) Myc tagged Tetl-CD, 72h post-treatment,

assayed by western blot using antibody against Myc tag. *p<0.05; **p<0.001; ***p<0.0001

Fig. 7 Olaparib treatment antagonizes TET1 expression and abrogates T-ALL cell growth
in vitro and in vivo

(A) Total number of colonies in primary CFU assay per 500 input cells of Olaparib treated T-
ALL cell lines vs DMSO control. Bars represent mean values, error bars represent stdev and ‘n’
represent independent experiments. Statistical differences were calculated using a two tailed t-
test. (B) Annexin-V and 7-AAD staining of primary T-ALL patient cells, 72h post-treatment
with Olaparib or DMSO. Bars represent mean values, error bars represent stdev and ‘n’

represents biological replicates. Statistical differences were calculated using Mann-Whitney test.
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(C) Percentage of CD45" T-ALL cells in the BM of NSG mice transplanted with JURKAT cells
treated in vitro with Olaparib or DMSO for 72h. Each dot indicates percentage of CD45" cells in
a single NSG mouse. Horizontal bars represent average engraftment. Statistical differences were
calculated using t-test. (D) Immunohistochemical staining of liver and lung tissue sections of
NSG mice injected with Olaparib or DMSO treated JURKAT cells for quantifying CD3" human
T-ALL cells (400X and 630X magnification). (E) Percentage of CD45" T-ALL PDX cells in the
BM and spleen of sacrificed NSG mice transplanted with DMSO or Olaparib treated PDX
sample, 8 weeks’ post- transplantation. Each dot indicates percentage of CD45" cells in a single
NSG mouse BM. Horizontal bars represent average engraftment. Statistical differences were
calculated using t-test. (F) Spleen weight (in milligrams) of NSG mice transplanted with DMSO
or Olaparib treated PDX cells, sacrificed 8 weeks’ post- transplantation. Each dot indicates the
spleen weight of a single mouse. Horizontal bars represent average spleen weight. Statistical
differences were calculated using t-test. (G) Analysis of total ShmC content in Olaparib vs
DMSO treated JURKAT and CCRF-CEM cells, using DNA dot blot assay using anti-ShmC
monoclonal antibody. (H) Cell cycle analysis of Olaparib treated JURKAT cells versus DMSO
control 72h post-transduction using BrdU staining. Bars represent mean values, error bars
represent stdev and ‘n’ represent independent experiments. Statistical differences were calculated

using Mann-Whitney test. *p<0.05; **p<0.001; ***p<0.0001

33



A) B)
TET1
101 I *%k* I
*%%
cC 100 %>
S 3 56
28 10
g
5% 102
< = s
© -
§E 10
E 104
10'5 T T T T T
D AN AN S\ o
ARG AN
X2 QN x ™
& & & &
\ ‘\0 ’\0 o
DN
v Q%o
SRS AR NS IR
¥ NG
Q¥
O
- o
hr 3+
) »
3 3
* z i Z
F 3 o o= & g & 3
2 s 9 2 £ s 9 7
X = L + X = L +
: 3 k5 5 £ g & B
3 = O o 3 = O O
o-TET1 |- a B — G
a-BACTIN N——-_

TET1

*%*

p o,

T
© ¥RPPo ©

o O

MRNA expression
Log, intensity

& &
oS
8
&O @O
D)
TET1
C
O >
= O
o=
() T\I
= 3
5 S
|_
4l
AN
2O S
NN
oF .o
QL &
S &
F &
S &
o N



MW Ve
[« h./
% Y
: ] %
<
uﬂ. K3 o,vv
: N, $
: «\\.\O
3 -6 I
o o o+% S ®\
(@) O //Q\
. e o * F 7z @.\AV
° A ,\Q
Q\‘
° o o o ° )
(-] (Y] < N
syeJBousx Jo NG
ur s|je0 ,Sydd %
@)
@
R —
e — \)»MW@
R —
m%u ..a.\v//
- — «vO@
% %
3e@9Q NS
S - - - L] .\V\
EL LG x %
Sk EE b . /
hG s 10 g
1000 M
% ¥
i &
i 00
* @//NQ
(P
I T T T 1 0
[=2 [=2 o o o N
o o o o
< ™ N -
— (s1122 00g indur)
o sJaquinu Auojo)
!
c u (¢
e — \\.VMH,@
i —]
.
o /%
39@9Q 3 A Y
SrcEccE Y N
S Wwww —— Y
S E EE (o)
0 c £ ¢ % 4
(7 B I ) **_m %
LIS
100 —— %
O,
t— \\v
FE
—— 2
2 [ T T T T | g%\
@)
. w < ® N = O 7]
.mly 9 Aep uo
L < g0X Jaquinu jeo

MOLT-4

JURKAT

F)

PDX#2

PDX#1

PDX#2

PDX#1

2z
<,
%
ey o
2 % Mu
% |%»| 0 &,
%, | RS
G m,b %
%
<
o| o | %
o &, e
¥,
QT -beva
2,
— T T T T T T T &
©O ©O O O © © © © © ()
©O © © © © © © © %,
© K © 1 F ® N « $

(sbw) 1ybBrom uss|dg

T T T T &
o © o o o 73
© © T «

syesBousx ul
wswyelbuy ,5A0%

Lung H&E*  Liver CD3* Liver H&E*
630X 400X 400X

0X

Lung CD3*

Scrambled
shTET1-B

Spleen BM Spleen

BM

TettVT
Tet1KO

©
1]
£
° o o
x&,
8 : 00%
=2 %
m oto—o—¢——)
[0} x&,
L2 e %,
g
o
° o—g— ¢
° x5
e | T
o o o o
(3] N Al
s||@0 Jo ebejusolad
5 ¢
© s T
Il 0 o
= = .
0
° o < &
Ofwb
. %
0
c 2 oofdo | .
[} ° x
B R
o ° %
n
2 Foofbod o
- s
° oo ° 00
o © o o o o
0 < ™ N -
s||99 Jo abejusoiad
= €
o) h R
1 [ [0
E F
° o %
%QQ
x B
z %
m ° | x&,
o e
5
o
oo
- s
° Tom 00
© ®©® ©®© « « o
-

s||@9 jo ebejusoled



P
—e®

NS
O

Liver

Spleen

BM

100

uswyelbu]y
,G¥A9 Jo sbejusolied

—~

L
1l
c

~

*k*k

100

*k*

o © © o
® © ¥ N
$81U0J0D 4O "ON

?
c

Fig. 3

9 Aep je
(501) slled Jo "oN

* 0O O—O o) OOHN
A
1%,
°| 0,
c ®w o w»w o 7
N « -
s)jeBousx Jo NG Ul
Jusweyelbul ,s¥Ad%
Q
@
— w =
T ar
i

1

%
-
I. <
I T T T { @eo
s 8 8 8 ° 7

s||8o Indul 00g
Jad seluo|02 Jo "ON



Fig. 4

A) B) Q)
500+
n=5 -.? -
D 400 (n=5) 5 300
o2 3 o 2
@ 2 300+ To R =
D5 K 8 200 @
oy *k Lo c [0
O f= ok < =
g d 200+ Q 8 o Scrambled shTET1-B @]
6z £¢ 100 E
TH 53 .
S 100- 2 % 5
C
©
(]
0- = 0- DAPI 5hmC
> R
Q\Qb /\,\,?’ &\9 ‘5\0 «'\
S L& S &L
L CAE NN L X
& 2 9 PYO
D)
250
> *kk
ﬁ % 200+ DMSO 5hmC MERGED
o E
=] |
o 150 JURKAT
<8 PCDH
D @
< © 100
~ 3
QO
€&
£33 501 JURKAT
= Tet1-CD
0_
O
00 ,{\'o
F) G
5hmC 5hmC H3K4me3 H3K27me3 TET1
Scrambled shTET1-B JURKAT
= = == e Bl O
3 3
£ £ - o
8 w 8 ,
3 3
o o =
£ 2 = "
w w
£ £
H) [l H3K4me3 associated

[JH3K27me3 associated

[} cardiac conduction_R-HSA-5576891
[ FAxon guidance_R-HSA-422475
[} Collagen biosynthesis and modifying enzymes_R-HSA-1650814
[ cCollagen formation_R-HSA-1474290
[} Neuronal System_R-HSA-112316
Gene Expression_R-HSA-74160
SUMO E3 ligases SUMOylate target proteins_R-HSA-3108232

Bl H3K4me3 associated
[ H3K27me3 associated
O Independent of H3K4/27me3

T15hmC

SUMOylation of DNA damage response and repair proteins_R-HSA-3108214

Cell Cycle_R-HSA-1640170
SUMOylation_R-HSA-2990846

103

105 10+
p-value (log)

106

[l shTET1-B + Tet1CD
(n=4) [ ShTET1-B + pCDH
> 4000+ " 0]
‘0
& 3000+ u T
£ E
8 2000
o H
0] E 40
0 g
8 1000 o
5
0' T 0 : Ty
10 10
S
8
Q x
S
Lo
*& B
&
14- El Scrambled
. 12] O shTET1B
o)
&) E 10‘ I
_g 5 81
0 O _
B o
s e
Z -E 4_
(0]
2 |
0‘j||_| II|_| T
& 00 o(‘ R
() 0\
& Q;" \(“é &
o*o N
<t N




D)

G)
50+
—
40
5
e 304
[e]
=
% 207
'_
10+
0 I T
> Q
& «'\
S &
o Y
9
J)
100+
B *
< =
©
Z2 50
ES
c
s 2 o M L
2 c
€5
Tn
S 0
C9o 504
® &
I3 *
o
-100 T
&
Q.
®

TET{Hs"

TETqtow

HALLMARK_HYPOXIA

NES =2.5
P<0.05
FDR<0.05

uumw uuunumun WL

HALLMARK_mTORC1_SIGNALING

NES =1.78
P<0.05
FDR<0.05

(LI

B)

DREAM complex targets
and G2M checkpoint
associated genes.

ESC_J1_UP_EARLY.V1_UP
NES =1.81

P<0.05
FDR<0.05

g
WWIWW\H WAL

HALLMARK_IL2_STAT5_SIGNALING
. NES =1.4

P<0.05
FDR<0.05

MWMIIIII HH\H\IIHIHIMW

Scrambled

shTET1-B

hd

n.s.

i%ai%

W T15hmC genes - Positively correlated with TET1 in T-ALL patients
[JT1-5hmC genes - Negatively correlated with TET1 in T-ALL patients

Signaling by Interleukins_R-HSA-449147
CS/DS degradation_R-HSA-2024101
Immune System_R-HSA-168256
Attachment of GPI anchor to uPAR_R-HSA-162791
Cytokine Signaling in Immune system_R-HSA-1280215
Homologous DNA Pairing and Strand Exchange_R-HSA-5693579
Activation of the pre-replicative complex_R-HSA-68962
Cell Cycle_R-HSA-1640170
Activation of ATR in response to replication stress_R-HSA-176187
DNA strand elongation_R-HSA-69190
106 10+ 1072
p-value (log4o)

x“ 0
& ~
&

0@

F) F)
DAPI y-H2AX  Merged
c\zb «\k &\9 N Serambled -.
06\ &@ «@ L}'\') — ok
g & & £8 607
£3
o shTET1-A
a- yH2AX » 2 > 407 -.
Y 3%
R
a-H2A.X q S ShTET1-B
o_
JURKAT ,Qd;\,\.%\?’
L&
PN
H) 1)
801 .. (n=3)
El Scrambled
60- =3 shTET1-A
g . 507 [ shTET1-B
E =
S 40 8
= ‘S 40 .
° S
20+ g
o 20+
o
0- & '
6 9 0‘ T T
¥R N % N
O ) N
«'b& (\«’ OQ\ e
%O 9
K)
10+
8 =
(n=3) ® (n=4)
LSC;_S Em Scrambled
. TET =8 - 3 ShTET1-A
= TET2 S E T 1 ShTET1-B
o TET3 §% 4
o
= O
D Qo
(@]
2_ e *kk
I* * x I ==
0- ’Tlﬂ I[T”;l 'T T T ITII"|
d N N QL &
00@ Q‘?O & 0,5@ Q‘.oo 9
& &
\)(\ N\
24h 96h
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