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Supplementary results and discussion

Treatments that target the aberrant signaling pathways controlling the growth and survival of
malignant T-lymphoblasts are attracting wide attention as promising tools in the therapeutic
armamentarium for human leukemias. The rationale for inhibiting oncogenic pathways in
anticancer therapy is based on the concept of oncogene addiction, which posits that cancer
cells become dependent on continuous oncogenic signals for proliferation and survival, as well
as experimental evidence linking oncogenic pathways with chemotherapy resistance *% Thus,
the combination of molecularly targeted drugs with conventional antileukemic agents could
provide an improved therapeutic window with increased efficacy and reduced toxicity.

The data we report substantiates this prediction, showing that inhibition of NOTCH1
signaling can effectively abrogate glucocorticoid resistance in T-ALL primary patient samples
and cell lines.

Despite numerous studies addressing the mechanisms that mediate the response of
leukemia cells to glucocorticoid therapy, the molecular basis of glucocorticoid resistance

remains incompletely understood *%°

. In this context, our results identify a transcriptional
regulatory circuit that controls glucocorticoid receptor expression and glucocorticoid receptor
auto-upregulation downstream of oncogenic NOTCH1 as a potential therapeutic target to

reverse glucocorticoid resistance in T-ALL.



This mechanism, which was characterized in detail in the immortalized CUTLL1 cells,
was also verified in leukemic lymphoblasts from the original lymphoma sample used to generate
this cell line (T-ALL sample 2, Fig. 1c, Supplementary Fig.3b), indicating that the mechanistic
interplay between NOTCHL1 signaling, glucocorticoid receptor auto upregulation and
glucocorticoid resistance were original features of these glucocorticoid-resistant tumor cells.
Furthermore, the combination of glucocorticoids with GSIs was strongly synergistic, shifting the
effects of GSI treatment from mildly cytostatic to strongly cytotoxic.

To test the specificity of the interaction between GSls and glucocorticoids, we analyzed
the effects of GSI treatment in the response of CUTLL1 cells to a panel of antineoplastic drugs
with different mechanisms of action. These experiments showed that in contrast to the
synergistic effects of CompE and dexamethasone, v-secretase inhibition did not influence the
apoptotic responses triggered by etoposide, vincristine, L-asparaginase or methotrexate in T-
ALL (Supplementary Fig. 5 online). Similar results were obtained in KOPTK1 and TALL1 cells
(data not shown). From these results, we concluded that GSI treatment sensitizes T-ALL
lymphoblasts specifically to glucocorticoid-induced cell death by a mechanism that does not
affect the sensitivity of these cells to apoptosis induced by double-strand DNA breaks
(etoposide), spindle dysfunction (vincristine), inhibition of protein biosynthesis (L-asparaginase),
or a block of nucleotide metabolism (methotrexate).

Numerous studies on the mechanisms of action of glucocorticoids have demonstrated
an important role of the mitochondrial apoptotic pathway in the activation of glucocorticoid-
induced cell death ®. The synergistic effects of GSl-treatment and glucocorticoids were
mediated by improved glucocorticoid receptor auto-up-regulation leading to effective
upregulation of BIM, a proapoptotic BH3-only factor previously implicated in glucocorticoid-
induced cell death (Fig. 3h) *%. Extended expression analysis of all major apoptosis regulators
of the BCL2 and BH3 only subfamilies failed to identify any other significant changes in gene

expression potentially associated with an increased cell death response (data not shown).



Additional pharmacologic interactions affecting glucocorticoid resistance in ALL have
been described before. Most notably, inhibition of mMTOR signaling with rapamycin can reverse
glucocorticoid resistance in leukemic lymphoblasts inducing posttranscriptional downregulation
of MCL1 %°, however, we failed to detect changes in the protein levels of this antiapoptotic factor
in cells treated with CompE plus dexamethasone (data not shown). Similarly, we did not detect
changes in the differentiation arrest of T-ALL cells that could be linked to differential
glucocorticoid sensitivity or transcriptional changes in the SRG3 gene (data not shown), two
mechanisms proposed to reduce the sensitivity to glucocorticoid-induced apoptosis downstream
of NOTCH1 activation in mouse primary thymocytes 227,

In vivo studies using a mouse xenograft model of T-ALL demonstrated an increased
antitumor effect in animals treated with DBZ plus dexamethasone. Importantly 6/8 animals
engrafted with glucocorticoid resistant T-ALL cells and treated with DBZ plus dexamethasone
remained leukemia free by bioimaging analysis at 8 weeks post-treatment. Furthermore,
minimal residual disease levels in this group were below the level of detection as established by
flow cytometric analysis of spleen cells after anti-human CD45 staining, confirming complete
clearance of human leukemic cells in animals treated with DBZ plus dexamethasone (data not
shown).

A surprising observation during these in vivo studies was an accelerated mortality in the
DBZ only treatment group, presumably associated with the development of GSI induced toxicity,
that was effectively reversed in animals treated with DBZ plus dexamethasone. The
enteroprotective effects of dexamethasone against DBZ induced gut toxicity were validated
histologically and clinically in extended analysis of the effects of DBZ treatment in non leukemia
bearing mice.

Analysis C57/BI6 mice treated with vehicle only (DMSO), dexamethasone (15 mg/kg),

DBZ (10 uM/kg) or dexamethasone (15 mg/kg) plus DBZ (10 uM/kg) via intraperitoneal injection

daily for 5 and 10 days showed a marked reduction in the gastrointestinal toxicity with reversal



of the proliferative arrest and intestinal secretory metaplasia typically induced by GSI treatment
when mice were cotreated with a glucocorticoid (dexamethasone) (Fig.4 and Supplementary
Figs. 10 and 11 online). Notably, detailed histological analysis of dexamethasone treated
animals showed that glucocorticoid treatment induces increased Paneth cell differentiation and
increased proliferation in the intestinal crypts, which show an elongated morphology, contain 20-
30% more cells (P < 0.001) and have increased numbers of Ki67 positive cells per crypt (P <
0.001). These histological changes are most evident after 10 days of treatment as shown in
Figure 6d and Supplementary Figure 11. These results highlight a previously unrealized role
for glucocorticoids in the control of cell proliferation and cell fate decisions in the gut.

These studies also revealed that both dexamethasone and DBZ treatment induced
thymic atrophy with depletion of cortical thymocytes, which was more severe in animals treated
with DBZ plus dexamethasone (Fig. 4e and Supplementary Fig. 13 online). In the spleen, DBZ
induced disappearance of the marginal zone in the white pulp (Fig. 4e and Supplementary Fig.
14 online), a defect typically associated with loss of NOTCH signaling *®%. Mice treated with
dexamethasone showed moderate atrophy of the white pulp with preservation of the marginal
zone and disorganization of the red pulp (Fig. 4e and Supplementary Fig. 14 online). By
contrast, dexamethasone plus DBZ produced severe alterations of the splenic architecture,
characterized by marked lymphoid atrophy and disappearance of the marginal zone in the white
pulp and prominent disorganization of the red pulp (Fig. 4e and Supplementary Fig. 14 online).
Importantly, although the combination of dexamethasone with DBZ also resulted in increased
lymphoid depletion in the thymus and the spleen, these changes were not associated with any
clinical symptoms. In addition, these effects of dexamethasone plus DBZ treatment in lymphoid
tissues were reversible as demonstrated by restored organ size and cellularity with complete
repletion of double positive T-cells and marginal zone B cells in the thymus and the spleen,

respectively (Supplementary Figs. 13,14 online).



Clinical follow-up of C57/BI6 mice treated with vehicle only (DMSQ), dexamethasone (15
mg kg™), DBZ (10 pM/kg) or dexamethasone (15 mg/kg) plus DBZ (10 uM/kg) via
intraperitoneal injection daily treated for extended periods of time showed that 100% of DBZ
treated animals developed mucous diarrhea after two weeks of treatment, which is consistent
with the development of intestinal secretory metaplasia characteristic of GSI-induce gut toxicity.
Notably, mice treated with dexamethasone plus DBZ showed a delay and reduction in the
incidence of mucous diarrhea, consistent with decreased GSl-induced gut toxicity (P < 0.001)
(Supplementary Fig.10 online). In these experiment, DBZ treatment was maintained for 17
days, when all animals showed severe signs of disease [abdominal stiffness (8/8 mice) and
weight loss (8/8) mice]. Upon discontinuation of the drug treatment, the three most affected
animals in the DBZ treatment group continued to show accelerated weight loss and died on
week three. In contrast, all other 5 C57/BI6 animals treated with DBZ showed a gradual
recovery (improved weight and resolution of abdominal stiffness) one week after discontinuation
of the drug. No adverse effects were noted in animals in the vehicle only and dexamethasone
only treatment groups.

Importantly, pharmacokinetic analysis of mice treated with dexamethasone for 5 days
showed that glucocorticoid treatment reduced the clearance of DBZ in vivo (Supplementary
Fig. 12 online). Further analysis of drug metabolism in vitro showed a decrease in DBZ
metabolism by liver microsomes induced by dexamethasone (Supplementary Fig. 12 online).
These results strongly suggest that the reversal of GSl-induced gastrointestinal toxicity by
dexamethasone is not mediated by changes in drug metabolism, but by a protective effect of
glucocorticoids in the intestinal epithelium.

How does dexamethasone protect from GSl-induced goblet cell metaplasia? Cell fate
decisions in the gut are regulated by a coordinated network of transcription factors that control
the proliferation and differentiation of intestinal progenitor cells. In this context, Kif4, a

transcription factor tumor suppressor gene controlled by NOTCH-Hes1 signaling, functions as a



negative regulator of cell cycle progression and may be involved in the pathogenesis of GSI-
induced intestinal toxicity (Fig.5), which is characterized by goblet cell differentiation and cell
cycle arrest (Fig. 4 and Supplementary Fig. 11 online).

A possible explanation to account for the decrease in DBZ-induced gut toxicity by
dexamethasone would be an inhibitory effect of glucocorticoids in the expression of KLF4.
However, experimental analysis of the effects of glucocorticois in KLF4 expression do not
support a direct role of glucocorticoids in the regulation of KLF4, as luciferase reporter assays
failed to detect regulation of KLF4 promoter activity by dexamethasone (Supplementary Figure
17). These negative results suggest that an indirect effect accounts for the abrogation of DBZ-
induced KLF4 upregulation induced by dexamethasone. To identify possible mediators of
glucocorticoid function in the intestinal epithelium we performed gene expression profiling with
oligonucleotide microarrays in the intestines of animals treated with vehicle only (DMSO),
dexamethasone (15 mg/kg), DBZ (10 uM/kg) or dexamethasone (15 mg/kg) plus DBZ (10
uM/kg) for 5 days. This analysis identified a marked upregulation in Ccnd2 expression in the
intestine of animals treated with dexamethasone, leading us to test the genetic interaction
between the effects of dexamethasone in the homeostasis of intestinal epithelial cells and in
GSl-induced gut toxicity using Ccnd2 knockout mice.

As in the case of wild type animals, histological analysis of Ccnd2 null animals treated
with dexamethasone showed a increase numbers of Paneth cells numbers, however, this was
accompanied by a reduction of total cell numbers and decreased Ki67 positive cells per crypt
(Figure 6e,f), which was in contrast with the increased proliferation observed in the gut of
glucocorticoid treated controls(Figure 6e,f). These results suggest that forced differentiation of
the progenitor cells towards the Paneth cell lineage induced by dexamethasone leads to
decreased proliferation in the intestinal crypt in Ccnd2 deficient mice. Moreover, genetic ablation

of Ccnd2 reversed the protective effects of dexamethasone against DBZ-induced goblet cell



metaplasia (Figure 6e), which highlights the functional relevance of Ccnd2 upregulation as a
critical mediator of the effects of dexamethasone treatment in the gut. These results, together
with the observation that over-expression of Ccnd2 in AGS cells results in a marked decrease in
KLF4 transcript levels (Figure 6c¢), support that a dexamethasone-Ccnd2-KIf4 regulatory axis
impairs the transcriptional upregulation of KLF4 upon inhibition of NOTCH1 signaling in the gut
and precludes the overt development of goblet cell metaplasia in animals treated with
dexamethasone plus DBZ (Figure 69).

The y-secretase complex is responsible for the processing of several class |
transmembrane proteins in addition to NOTCH receptors, including APP, the precursor of
amyloidogenic peptides responsible for the pathogenesis of Alzheimer’s disease. As a result,
GSls, which block the accumulation of pathogenic Ap peptides, constitute some of the most
promising drugs for the treatment of Alzheimer’s disease. However, the development of GSI-
induced gut toxicity in preclinical tests has halted the clinical development of GSls in the
treatment of this neurodegenerative disorder. Similarly, the first clinical trial testing the safety
and efficacy of blocking NOTCH signaling with a GSI in T-ALL showed a high prevalence of
dose-limiting intestinal toxicity. Here we demonstrate that reversal of glucocorticoid resistance in
T-ALL cells upon NOTCH inhibition and protection from GSl-induced gut toxicity in animals
treated with a GSI plus dexamethasone. These results warrant testing the interaction between
GSls and glucocorticoids in clinical trials evaluating the safety and efficacy of this drug
combination in the treatment of T-ALL and may open new therapeutic approaches for the

treatment of Alzheimer’s disease.
Supplementary methods

Cell viability assays. Viability and cell growth ratios were determined analyzing cell density by
a metabolic colorimetric assay (MTT) using the Cell Proliferation Kit I (Roche) in cell lines

treated with different antileukemic drugs. The range of concentrations used in these



experiments was: CompE (102 to 5 x 10° M), dexamethasone (107*° to 10 M), etoposide
(107 to 10™ M), methotrexate (107'° to 10™* M), L-Asparaginase (10 to 10 g I") and
vincristine (1072 to 107° M).

For the analysis of primary patient samples, cryopreserved T-ALL lymphoblasts were
thawed and immediately plated in 1 ml of RPMI1640 media supplemented with 20% FBS and
10 ng mI™ IL7. After 24 hours dead cells were removed using magnetic columns with the Dead
Cell Removal Kit (Miltenyi Biotec). Viable cells were counted and plated (2 x 10* cells) in 100 pl
of media in the presence if vehicle (DMSO), dexamethasone (100 nM), CompE (100 nM) or
dexamethasone (100 nM) plus CompE (100 nM). Viability and cell numbers were analyzed after
48 hours by a WST-1 metabolic colorimetric assay (Roche).
cDNA and shRNA constructs. MigR1 and MigR1-ICNL1 retroviral constructs expressing EGFP,
and ICN1 IRES GFP have been described before ***'. MigR1-Ccnd2 expressing Ccnd2 IRES
GFP was generated cloning the PCR-amplified mouse Ccnd2 coding sequence in the MigR1
retroviral vector. The pCS2 ICN-HA vector was generated by cloning into the pCS2 vector the
sequence encoding the intracellular domains of NOTCH1 after PCR amplification from a full
length cDNA with primers introducing an ATG initiating codon in the 5 and replacing the
termination codon by an HA coding sequence in the 3’. We generated a plasmid (pEP7-HA-
HES1) expressing HES1 by PCR amplification and cloning of a HES1 cDNA in the pEP7-HA
and pMSCV IRES vectors, respectively. pCDNA3.1-MYB expression construct was generated
by cloning Notl-EcoRV cMYB cDNA from pCM8-cMYB into the pCDNA3.1 vector. We created
the retroviral construct pMSCV-HA-NR3C1 by cloning a pCMV-HA-hGR BamHI-Dral fragment
containing an HA tagged full length NR3C1 cDNA, into the pMSCV-puro vector. A hairpin
oligonucleotide sequences targeting NR3C1 (target sequence: 5-
AGCAAGCTTTCCTGGAGCAAAT-3) was expressed from the pGIPZ lentiviral vector. Hairpin
oligonucleotide sequences targeting HES1 (target sequence: 5-GACAGCATCTGAGCACAGA-

3’), BIM (target sequence: 5-AAGGTAGACAATTGCAGCCTG-3’), BMF (target sequence: 5'-



GCCCAGAGTAAGGAATGTCTT-3) or the Iuciferase gene (target sequence 5'-
CCTAAGGTTAAGTCGCCCTCG-3’) were expressed from the pLKO-puro lentiviral vector.

Retroviral and lentiviral transduction. Retroviral particles were produced and used in spin
infections as previously described *2. Lentivirus production and infections were performed as

previously described .

Lentiviral particles expressing a luciferase and neomycin
phosphotransferase fusion transcript were generated with the FUW-Lucneo vector **.

DNA microarray analysis. We extracted RNA from duplicate cultures of CUTLL1 cells treated
for 24 h with vehicle (DMSO), CompE (100 nM), dexamethasone (1 uM) and CompE (100 nM)
plus dexamethasone (1 uM) and prepared samples for analysis with Affymetrix Human U133
Plus 2.0 arrays according to the manufacturer’s instructions as previously described **. We
normalized interarray intensity differences with dChip *® and selected for analysis the 10,896
probes with least variation among experimental replicas. Genes with synergistic upregulation or
downregulation upon CompE plus dexamethasone cotreatment were selected as those with
increased or decreased levels of gene expression of at least 30% and 100 units over DMSO,
CompE and Dexamethasone treatments.

For microarray analysis of gene expression in mouse intestines we extracted RNA from
C57/BI6 animals treated with vehicle (DMSO), dexamethasone (15 mg kg™), DBZ (10 pmol kg~
1y and dexamethasone (15 mg kg™) plus DBZ (10 pmol kg™) by intraperitoneal injection for 5
days. Duplicate samples were analyzed with Affymetrix Mouse 430A 2 arrays according to the
manufacturer’s instructions as previously described *. We normalized interarray intensity
differences with Dchip *® and averaged the expression across duplicate samples. To establish
the correlation of expression data and dexamethasone treatment we performed Nearest-
neighbor analysis using Signal to Noise statistic: (i class 0 - pclass 1)/ (o class 0 + g class 1),
with class O corresponding to DMSO and DBZ treated samples and class 1 corresponding to

dexamethasone and dexamethasone plus DBZ treated samples.



Quantitative real-time PCR. Total RNA from T-ALL cell lines was extracted with the Perfect
Pure RNA Kit (5 Prime) following the manufacturer's instructions. Total RNA from mouse tissues
was extracted using Trizol reagent (Invitrogen). cDNA was generated with the Super Script First
Strand Synthesis System for RT-PCR (Invitrogen) and analyzed by quantitative real-time PCR
using SYBR Green PCR Master Mix (Applied Biosystems) and the 7300 Real-Time PCR
System (Applied Biosystems). Relative expression levels were normalized with GAPDH
expression used as a reference control. Primer sequences are available upon request.

Luciferase reporter assays. We performed NR3C1 reporter assays in 293T cells cultured in
DMEM media supplemented with 10% dialyzed fetal bovine serum in the presence or absence
of dexamethasone (1 pM). A luciferase reporter construct (pGL3 NR3C1 Al FP11-FP12)
containing the FP11-FP12 regulatory sequence (5'-
CGTAAAATGCGCATGTGTTCCAACGGAAGCACTGG-3) responsible for autoregulation of the
NR3C1 promoter Al ¥ was cotransfected with plasmids expressing NR3C1 (pcDNA3 NR3C1),
MYB (pcDNA3 MYB) and HES1 (pEP7-HA-HES1) and the pRL-CMV Renilla luciferase
expression plasmid used as normalization and transfection control. NR3C1 reporter activity and
Renilla luciferase activity were analyzed 24 h after transfection. For KLF4-luciferase reporter
assays AGS and HCT116 cells were transfected with pGL2 constructs containing human KLF4
proximal promoter sequences and plasmids driving expression of HA-tagged ICN1 (pCS2-ICN1-
HA) or HES1 (pEP7-HA-HES1) together with the pRL-CMV Renilla luciferase expression
plasmid. Klf4 reporter activity and Renilla luciferase levels were analyzed 48 h after transfection.
ChlIP-on-chip and quantitative ChIP analysis. HES1 (H-140, Santa Cruz Biotechnology)
immunoprecipitates and control genomic DNA of HPB-ALL cells were differentially labeled with
Cy3 and Cy5 and hybridized to the Agilent Proximal Promoter Arrays following standard
procedures as previously described *. To analyze the binding ratios for probes located in the
NR3C1 1B and NR3C1 1C promoters we used the Chip Analytics 1.1 software (Agilent

Technologies) and the UCSC Genome Browser. For the analysis of ChIP enrichment of NR3C1
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1A, 1B and 1C promoter sequences in CUTLLL1 cells and of KLF4 promoter sequences in HT29
cells we performed real-time PCR using ACTB genomic sequence levels as loading control in
control genomic DNA (used as reference), and in HES1-specific antibody and IgG control
chromatin immunoprecipitates.

Western blot analysis. Antibodies against NOTCH1 (NOTCH1-TAD), activated ICN1
(NOTCHL1 Vall1744, Cell Signaling Technologies), HES1 (H-140, Santa Cruz Biotechnology),
glucocorticoid receptor (E-20, Santa Cruz Biotechnology), BIM (Cell Signaling Technologies);
BMF (BD Bioscience); HA epitope (Roche); PARP (H-250, Santa Cruz Biotechnology); cleaved
PARP (Asp214) (BD Pharmingen); Ccnd2 (M-20, Santa Cruz Biotechnology), a-tubulin (TU-02,
Santa Cruz Biotechnology) and a-actin (C-11, Santa Cruz Biotechnology) were used in
immunoblot assays using standard procedures.

Immunohistochemistry. We performed anti Ki67 (Dako), anti lysozyme (Dako) and anti KLF4-
immunostaining on formalin-fixed paraffin-embedded tissue sections after antigen retrieval by
microwave heating in citrate buffer (pH 6.0) for antibody to Ki67, by proteinase K for lysozyme
and by Trilogy (Cell Marque) for antibody to KLF4. After epitope recovery slides were incubated
with antibody (anti Ki67 1:50, anti lysozyme 1:500 and anti KLF4 1:500 dilution) overnight at
room temperature before antigen detection with diaminobenzidine (DAB) using a Ventana
automated staining platform (Ventana).

Pharmacokinetic and drug metabolism studies. To analyze the effects of dexamethasone
treatment in DBZ metabolism in vivo we injected DBZ (2 pmol kg™) via tail vein in vehicle-only
or dexamethasone (15 mg kg™ for 5 days) pretreated mice and analyzed DBZ concentrations
in mouse plasma by LC/MS/MS mass spectrometry in a Sciex API4000 triple quadrupole at
serial timepoints. The concentration of DBZ in mouse plasma was determined using a standard

curve (analyte peak area vs. concentration) generated with calibration standard pools.
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To analyze the effects of dexamethasone in the hepatic metabolism of DBZ, we

incubated mouse liver microsomes (Xenotech) with DBZ or dexamethasone plus DBZ at 37° C

and analyzed DBZ concentrations by LC/MS/MS mass spectrometry in samples taken at serial

timepoints using a standard curve prepared in incubation buffer with heat inactivated liver

microsomes.
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Supplementary Fig. 1. Inhibition of NOTCH signaling induces G1 cell cycle arrest in
CUTLL1, KOPTK1 and TALL1 cells. (a) DNA content analysis by PI staining of T-ALL cell lines
treated with vehicle only (DMSO) or a GSI (CompE 100 nM) for 72 hours shows increased
percentage of cells in GO/G1 upon inhibition of NOTCH signaling. (b) BrdU incorporation
analysis of T-ALL cell lines treated with vehicle only (DMSO) and CompE (100 nM) shows

decreased proliferation upon GSI treatment.
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Supplementary Fig. 2. Dose response analysis of CompE in presence of dexamethasone.

CUTLLZ1 cells were treated with increasing doses of CompE in the presence of dexamethasone
100 nM or vehicle only (DMSO) for 72 h. Cell viability was analyzed using an MTT assay.
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Supplementary Fig. 3. Drug response of relapsed T-ALL primary samples to
glucocorticoids and CompE. (a) Primary T-ALL lymphoblasts were cultured in presence of
DMSO (vehicle control), dexamethasone (1 uM), CompE (100 nM) or dexamethasone (1 uM)
plus CompE (100 nM) for 48h. Cell viability was analyzed using an WST-1 assay. Analysis of
the CUTLL1 cell line assayed in the same conditions is shown as reference. (b) Quantitative
RT-PCR analysis of NR3C1 expression in primary T-ALL lymphoblasts (T-ALL patient 2)
showing synergistic upregulation of NR3C1 transcripts in cells treated with dexamethasone plus

CompE.
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Supplementary Fig. 4. Retroviral expression of ICN1 antagonizes inhibition of NOTCH1
signaling by CompE. (a) Western Blot analysis of NOTCH1 (NOTCH1 TAD) in CUTLL1 cells
infected with control retroviruses expressing GFP (CUTLL1 GFP) and CUTLL1 cells infected
with bicistronic retroviruses expressing ICN1 (CUTLL1 ICN1 GFP). Endogenous ICN1 is
masked by the transmembrane form of the receptor (NOTCH1-TM) while the smaller virally
expressed ICNL1 is detected as a lower molecular weight band. Endogenous ICN1 is visualized
using the NOTCH1 Vall744 antibody which recognizes an epitope generated at the site of
gamma secretase cleavage but not present in the artificially-generated retrovirally-expressed
ICN1 (J. Aster personal communication). Inhibition of y-secretase cleavage with CompE induces
a marked decrease in le levels of endogenous ICN1 (detected with the Val 1744 antibody) but
not in retrovirally expressed ICN1 (detected by the TAD antibody). (b) RT-PCR analysis of the
NOTCH1 target gene HES1 in CUTLL1 cells infected with retroviruses expressing ICN1 and
GFP and control cells expressing GFP only and treated with vehicle only (DMSO) or CompE
(200nM) for 24 hours. Inhibition of NOTCH1 signaling with CompE induces marked
downregulation of expression of HES1 in cells infected with control retroviruses expressing
GFP. In contrast, cells infected with retroviruses expressing ICN1 and GFP showed sustained

HES1 expression upon inhibition of blocking y-secretase cleavage with CompE.
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Supplementary Fig. 5. Analysis of the effects of GSI treatment in chemotherapy
response. Cell viability analysis in the CUTLLL1 cells treated with 100 nM CompE or vehicle
only in presence of increasing concentrations of etoposide, methotrexate, L-asparaginase and
vincristine. Cell viability was analyzed by an MTT assay and cytotoxicity data was represented
as percentage of viable cells compared with non treated controls. Data are means = SD of

triplicate experiments.
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Supplementary Fig. 6. Expression changes induced by dexamethasone plus CompE
cotreatment in glucocorticoid regulated genes. The heat map on the left shows relative
expression levels in CUTLL1 cells treated with DMSO, dexamethasone, CompE and
dexamethasone plus CompE for the most consistent glucocorticoid regulated transcripts
identified across multiple microarray studies as described by Schmidt and coworkers *.
Expression levels are color coded with red indicating higher levels of expression and green
indicating lower levels of expression. Genes are displayed as organized by hierarchical
clustering using Cluster and Treeview. Venn diagrams on the right show the overlap between
genes regulated by dexamethasone treatment and genes differentially upregulated (a, b, c) or
downregulated (d, e) by CompE plus dexamethasone cotreatment vs. DMSO, CompE or
dexamethasone treatment alone. The number of genes in each category and the criteria used
for selection of GSI plus glucocorticoid differential regulation vs. DMSO, CompE or
dexamethasone treatment alone are indicated. The significance of overlap between
dexamethasone regulated genes and those showing differential regulation by dexamethasone
plus CompE was tested by Fisher’'s exact test. These results indicate a broad synergistic effect
of dexamethasone plus CompE in CUTLL1 cells with increased upregulation or downregulation

of glucocorticoid regulated transcripts.

20



HES1 ChIP DNA

Total DNA
1A 27 kb 1B 1C
- /I g — NR3C1 promoter
FP11FP12 "
I':'I -0—0—0——O0———@—0O— Oligonucleotide probes
HES1 chIP on chi
254089 167 202 224 122 0% fold enrichment p
~ I/ < il il amplicons
1A2 1B1 1B2 1C
500 bp

Supplementary Fig. 7. ChlIP-on-chip analysis of HES1 binding to the glucocorticoid
receptor locus. The scatter plot on the top shows data from HES1 ChIP-on-chip analysis using
the Agilent 44K promoter array. The logarithm of fluorescence intensities of HES1
immunoprecipitated chromatin fragments from the HPB-ALL T-ALL cell line in the Y axis plotted
against those of total chromatin in the X axis. The diagram at the bottom shows: (i) the
structure of the glucocorticoid receptor promoters 1A, 1B and 1C, which are responsible
glucocorticoid receptor autoregulation; (ii) the position of each of the seven oligonucleotide
probes at the glucocorticoid receptor locus in the Agilent 44K promoter array with their
corresponding ChIP-on-chip enrichment values calculated with Agilent Gene Analytics software;
and (iii) the position of PCR amplicons used to analyze the enrichment of glucocorticoid
receptor promoters 1A, 1B and 1C in HES1 chromatin immunoprecipitates by quantitative PCR
in the CUTLL1 T-ALL cell line. FP11 (fingerprint 11) and FP12 (fingerprint 12) are regulatory

sequences critically involved in glucocorticoid receptor promoter 1A autoregulation.
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Supplementary Fig. 8. Gene expression analysis of BIM and BMF in glucocorticoid-
resistant T-ALL cells. Quantitative RT-PCR analysis of BIM and BMF in additional
glucocorticoid-resistant T-ALL cells (KOPTK1 and TALL1) showing reversal of glucocorticoid
resistance upon treatment with CompE plus dexamethasone. Relative expression levels are
shown normalized to those of vehicle only treatment controls. Data are means + SD of triplicate

experiments.
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Supplementary Fig. 9. Inhibition of NOTCH1 signaling with DBZ in vitro reverses
glucocorticoid resistance in T-ALL cells. CUTLL1, KOPTK1 and TALL1 cells were treated
with vehicle only (DMSO), dexamethasone 1 uM (Dexa), DBZ 100 nM (DBZ) and
dexamethasone 1 uM plus DBZ 100 nM (Dexa + DBZ). Flow cytometry analysis of apoptosis
after annexin V/PI staining demonstrates effective reversal of glucocorticoid resistance upon
treatment with dexamethasone plus DBZ at 48 hours (KOPTK1) and 72 hours (CUTLL1 and
TALL1).
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Supplementary Fig. 10. Toxicity analysis of DBZ and dexamethasone in non-leukemia
bearing mice. (a) C57/BI6 female mice were treated for 17 days (arrows) with vehicle only
(DMSO), dexamethasone (15 mg kg™), DBZ (10 uM kg™) or dexamethasone (15 mg kg™) plus
DBZ (10 uM kg™) via intraperitoneal injection daily. Daily follow up is indicated by circles with
clear circles representing asymptomatic mice and solid circles indicating mucous diarrhea. (b)
Moderate and severe gut toxicity events (moderate toxicity: >3 days of persistent diarrhea;
severe toxicity: death) were significantly delayed and decreased in the dexamethasone plus
DBZ (DBZ+DEXA) treatment group compared with animals treated with DBZ alone (DBZ).
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Supplementary Fig. 11. Histopathology of the gut after 10 days of dexamethasone and/or
GSl treatment with DBZ. Histological analysis of the small intestine of mice treated for 10 days
with dexamethasone (Dexa), a GSI (DBZ), dexamethasone plus GSI (Dexa+DBZ) or vehicle
only (control). Hematoxilin eosine (H&E) staining shows marked disorganization of the
architecture of the gut in animals treated with DBZ with secretory metaplasia characterized by
increased number of goblet cells (PAS staining) and a decrease in the proliferating (Ki67
positive) cells in the crypt. Scale bars represent 100 um.
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Supplementary Fig. 12. Effects of dexamethasone in DBZ metabolism in vivo and in
vitro. (a) Pharmacokinetic analysis of DBZ in animals treated with dexamethasone or vehicle
only (DMSO) for 5 days. (b) Analysis of DBZ metabolism by liver microsomes in vitro showing
decreased the metabolization of DBZ in the presence of dexamethasone compared to vehicle
controls (DMSO).
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Supplementary Fig. 13. Reversibility of the effects of dexamethasone plus DBZ in the
thymus. Flow cytometry analysis of thymocyte populations in animals treated with DMSO
(Control) and dexamethasone plus DBZ immediately after 5 days of treatment (Dexa+DBZ); or
after 4 weeks off therapy following 5 days of treatment with dexamethasone plus DBZ (4 weeks
post Dexa+DBZ). Treatment with dexamethasone plus DBZ for 5 days induced a marked
reduction in the cellularity of the thymus and a marked depletion of double positive thymocytes.
However, these effects were transient as demonstrated by reconstitution of total thymocyte cell
numbers and double positive cells in animals analyzed 4 weeks after the last dose of
dexamethasone plus DBZ treatment. Bar diagrams show means + SD of triplicate experiments.
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Supplementary Fig. 14. Reversibility of the effects of dexamethasone plus DBZ in the
spleen. Histological and flow cytometry analysis of the spleen in animals treated with DMSO
(Control) and dexamethasone plus DBZ immediately after 5 days of treatment (Dexa+DBZ); or
after 4 weeks off therapy following 5 days of treatment with dexamethasone plus DBZ (4 weeks
post Dexa+DBZ). Treatment with dexamethasone plus DBZ for 5 days induced a marked
reduction in the cellularity of the spleen with disorganization of the red pulp, atrophy of the
lymphoid follicles and ablation of the marginal zone B cells (IgM* IgD~ population). Analysis of
animals 4 weeks after the last dose of dexamethasone plus DBZ demonstrated that the effects
of GSI plus glucocorticoid treatment in the spleen are reversible with restoration of the cellularity
and architecture of the organ and repopulation of the marginal zone B-cell compartment. Bar
diagrams show means + SD of triplicate experiments.
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Supplementary Fig. 15. Inhibition of NOTCH signaling in vivo with a GSI induces
increased expression of the KLF4 goblet cell differentiation factor. Immunoshistochemical
analysis of KLF4 expression in the small intestine of mice treated for 5 days with
dexamethasone (Dexa), a GSI (DBZ), dexamethasone plus GSI (Dexa+DBZ) or vehicle only

(control). Scale bars represent 100 pm.
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Supplementary Fig. 16. Effects of ICN1 expression in KLF4 promoter activity in HCT116
colon carcinoma cells. Luciferase reporter assays were performed in HCT116 colon
carcinoma cells with a 2,006 base pair KLF4 reporter construct. Promoter activity is shown

relative to an internal control expressing Renilla luciferase. TIS: transcription initiation site.
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Supplementary Fig. 17. Effects of Dexamethasone and HES1 expression in KLF4
promoter activity in AGS cells. AGS cells were transfected with a 2,006 base pair KLF4
reporter construct, a HES1 expression vector (pEP7 HA-HES1) or empty vector control and a
Renilla luciferase expressing construct at 48 hours after treatment with dexamethasone 1 uM or
vehicle only for 8 hours. KLF4 promoter-driven luciferase activity is shown relative to the levels

of Renilla luciferase used as internal control. TIS: transcription initiation site.
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