
1 
 

 
 

 

The role of NRARP and its therapeutic potential in T-ALL 

Mafalda dos Santos Dias Duque • mafaldasantosdiasduque@tecnico.ulisboa.pt • November 2017 

João Barata’s Lab, Instituto de Medicina Molecular, Lisbon, Portugal  

 Instituto Superior Técnico, Lisbon, Portugal 

ABSTRACT 

T-cell acute lymphoblastic leukemia (T-ALL) is a severe hematological malignancy that accounts for 15% and 25% of 

pediatric and adult ALL cases, respectively. The poor prognosis associated with resistant or relapsed disease constitutes a 

source of concern. 

Notch signaling plays a key role in the pathogenesis of T-ALL being NOTCH1 mutations identified in 60% of T-ALL cases. 

The loss of mir-181ab1 blocks NOTCH1-induced T-ALL development in part by de-repressing the expression of NRARP, a 

negative regulator of Notch signaling.  

NRARP overexpression has been shown to block the expansion of the T-ALL cell lines that display NOTCH1-activating 

mutations and to have the opposite effect in T-ALL cells without NOTCH1 mutations. The dual role of NRARP in the expansion 

of T-ALL cells suggests the involvement of other intervenient(s).  

The association between NRARP and WNT/LEF1, in other cellular contexts and the role of WNT in T-ALL makes of this 

pathway a bona fide candidate as a target of NRARP regulation.  

In this work we aimed at exploring the role of LEF1-mediated Wnt signaling in NRARP-induced functional effects in T-ALL 

cells and to understand NRARP’s therapeutic potential in combination with γ-secretase (Compound E) and BET Bromodomain 

inhibitors (JQ1). 

Our results suggest the involvement of LEF1-mediated Wnt signaling in NRARP-induced effects in NOTCH1 WT T-ALL cell 

lines. 

Furthermore, and although we cannot take conclusions regarding Compound E, we demonstrate that NRARP 

overexpression has a synergistic therapeutic potential when associated with JQ1 in the treatment of NOTCH1 mutant T-ALL 

cells. 
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INTRODUCTION

T-ALL is an aggressive hematological malignancy that 

accounts for approximately 15% of pediatric and 25% of 

adult ALL patients1. High-dosage multiagent 

chemotherapy is the standard care for this type of 

hematological malignancy and has proven to be highly 

effective in childhood leukemias with survival rates 

reaching 85%1. However, in adults, the prospects are not 

so positive with 40% of adult T-ALL patients failing current 

therapy1. Despite the overall improvement in prognosis, 

the actual treatment regimens are often associated with 

lasting side-effects and acute toxicity1. Moreover, the 

prognosis of patients with primary resistant T-ALL2 or 

relapsed disease3 remains poor, underlining the need for 

less toxic and more specific therapies. 

T-ALL arises from the malignant transformation of T-

cells, resultant from the disruption of oncogenes, tumor 

suppressors and developmental pathways2. 

Notch signaling is a hallmark of T-ALL pathogenesis. 

Activating mutations in the NOTCH1 gene, that lead to 

constitutive activation of this signaling pathway, have been 

identified in over 60% of T-ALL patients2, rendering Notch 

as a very attractive pathway to target for drug 

development. However, targeting Notch signaling has 

been challenging. Clinical inhibition of Notch signaling 

using γ-secretase inhibitors (GSIs), which block Notch 

signaling activation4, were shown to induce severe 

gastrointestinal toxicity5,6 and insufficient anti-leukemia 

effects7,8. Thus, a better understanding of the mechanisms 

downstream of Notch oncogenic signaling in T-ALL is 

necessary to develop more effective and less toxic Notch 

targeting therapies. 

Studies on the role of mir-181ab1 in NOTCH1-induced 

T-ALL revealed that loss of mir-181ab1 inhibits leukemia 

development at least in part by de-repressing the 

expression of NRARP9 (Notch-regulated ankyrin repeat 

protein), a transcriptional target of Notch10 and a negative 

regulator of this signaling pathway11. Interestingly, work 

done at the host laboratory found that NRARP expression 

is increased in human T-ALLs (Fragoso, R., unpublished 

data). This observation, while consistent with NRARP 

being a downstream target of Notch1 suggests that its 

levels, although increased, are not sufficient to block 

Notch1 oncogenic signals. In line with these, Fragoso, R. 

and colleagues evaluated the role of NRARP 

overexpression (OE) in T-ALL. Consistently with NRARP 

negative regulator role in Notch signaling, NRARP 

overexpression leads to a block in this signaling pathway, 

confirmed by a decrease in the protein levels of Notch 

Intracellular Domain-1 (NICD1) and in the mRNA 

expression levels of main Notch transcriptional targets, 

such as Deltex1 (DTX1) and Hairy Enhancer of Split 

(HES1). Despite the inhibition of Notch signaling in all the 

cell lines evaluated (CEM, DND4.1, Loucy and TALL-1), 

the proliferation outcomes varied depending on NOTCH1 

mutational status. NOTCH1 mutant cell lines proliferation 

is decreased while NOTCH1 WT cell lines proliferation is 

increased upon NRARP overexpression. Interestingly, 

alongside with the differences in proliferation, differences 

in c-Myc (MYC) expression (mRNA and protein levels) 

were also observed. As in proliferation, NRARP 

overexpression in NOTCH1 mutant cell lines leads to a 

decrease in MYC expression, having the opposite effect in 
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NOTCH1 WT cell lines. This data suggests a dual role for 

NRARP in T-ALL pathogenesis.  

MYC is a major oncogene and a downstream target of 

Notch signaling that is highly associated with T-ALL 

pathogenesis12,13. MYC’s significance in T-ALL lead to new 

therapies targeting this downstream effector of Notch. One 

of the molecules used to target MYC in T-ALL is JQ114, a 

BET Bromodomain inhibitor that prevents the proliferation 

of T-ALL cells by inducing cell cycle arrest and 

apoptosis15,16.  

Of note, NRARP has been shown to independently 

regulate canonical Notch and Wnt signaling17,18. Curiously, 

while NRARP negatively modulates Notch signaling by 

promoting NICD degradation, it positively regulates Wnt 

signaling by promoting LEF1 (lymphoid enhancer-binding 

factor 1) protein stability18. LEF1 is a DNA-binding 

transcription factor, acting downstream of the Wnt 

signaling pathway by interacting with nuclear β-catenin19. 

Surprisingly, despite Wnt signaling fundamental role during 

T-cell development20, a clear function for this pathway in T-

ALL has not been established. Some studies suggest that 

Wnt/β-catenin signaling activation has an oncogenic role in 

T-ALL in a Notch-independent fashion21,22. However, there 

is also evidence of Wnt signaling as a tumor suppressor 

since LEF1 inactivating mutations can be found in 15% of 

T-ALL patients23. Importantly, this suggests that alterations 

in NRARP expression/function can also contribute to T-

ALL pathogenesis by destabilizing LEF1 protein.  

Considering the aforementioned together with the fact 

that MYC is also a Wnt target, this pathway constitutes a 

prime candidate to be the mediator of the proliferation 

differences observed upon NRARP overexpression. 

Noteworthy, Fragoso, R. unpublished data show that in 

NOTCH1 mutant cells there is a decrease in β-catenin 

protein levels while in NOTCH1 WT cells there is an 

increase upon NRARP overexpression. 

Overall, the data suggests that NRARP regulates both 

Notch and Wnt pathways, with different functional 

outcomes depending on NOTCH1 mutational status what 

might have very important therapeutic implications.  

Thus, in our work we aimed to (i) comprehend the role 

of NRARP in promoting T-ALL cells proliferation by 

exploring the role of LEF1-mediated Wnt signaling upon 

NRARP overexpression and (ii) evaluate the therapeutic 

potential of NRARP in combination with γ-secretase and 

BET Bromodomain inhibitors in T-ALL. 

Materials and Methods 

Cell Culture 

NRARP overexpressing T-ALL cells (CEM, DND4.1, 

Loucy, TALL-1) were established by lentiviral transduction 

of a GFP tagged construct with or without NRARP (NRARP 

and Empty, respectively)9,24.  

Using shRNAs against LEF1 from GeneCopoeia, cell 

lines with and without LEF1 knock-down (KD), hereinafter 

referred to as shLEF1 and shSCR, respectively, were 

established in different backgrounds: NOTCH1 mutant 

(DND4.1) or WT (Loucy), with and without NRARP 

overexpression. 

Cells were cultured in RPMI-1640 medium with L-

glutamine (Gibco), supplemented with 10% of fetal bovine 

serum (FBS) (Biowest), 1% penicillin/streptomycin (Gibco) 

and 1% 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 

acid (HEPES) (Gibco), hereinafter mentioned as R10 

medium. The cells were kept in culture at a density of 

0.5x106 cells/mL, at 37ºC in a 5% CO2 environment.  

RNA Analysis 

The harvested cells (5 × 106 cells) were centrifuged at 

3000-3500 rpm during 5 minutes at 4°C and the pellet was 

resuspended in 1 mL of TRIzol® reagent (Ambion™, 

ThermoFisher Scientific) and stored at -80°C. 

To proceed with RNA extraction samples were thawed 

and incubated for 5 minutes at room temperature. Next, 

200 μL of chloroform were added to each sample. After 

being vortexed for approximately 15 seconds, the samples 

were incubated for 2-3 minutes at room temperature 

allowing the formation of two phases. The samples were 

then centrifuged for 15 minutes at 13000 rpm at 4°C and 

the upper phase recovered without disturbing the interface. 

Upon adding 500 μL of isopropanol the samples were 

incubated on ice for 15 minutes and then centrifuged at 

13000 rpm at 4°C for 15 minutes. After discarding the 

supernatant, the samples were washed with 1 mL of 

ethanol 75% and centrifuged at 13000 rpm at 4°C for 10 

minutes. The supernatant was discarded and the RNA left 

to dry at room temperature for no more than 5 minutes.  

RNA pellets were resuspended in 50 μL of DNase/RNase 

free water and incubated for 10 minutes at 55-60°C to 

dissolve. RNA samples were stored at -80°C. 

RNA quantification was performed using a NanoDrop 

2000 UV-Vis spectrometer (Thermo Scientific) to measure 

absorbance at 230, 260 and 280 nm. RNA samples were 

considered good when the absorbance ratios of A260/280 

and A260/230 were between 1,8-2,1 and superior to 1,8, 

respectively. 

cDNA synthesis 

cDNA synthesis was performed according to 

manufacturer instructions using the SuperScript™ III kit 

from Invitrogen. cDNA synthesis was performed using 500 

ng of RNA.  The cDNA was stored at -20°C. 

 

Quantitative/Real-time PCR 

To quantify gene expression in T-ALL cell lines, 

Quantitive/Real-time PCR was performed using TaqMan 

or SYBR Green methods. Expression of NRARP was 

quantified using TaqMan Gene expression assays and 

Master Mix (Applied Biosystems), following manufacturer’s 

instructions (Thermo Fisher Scientific). The expression of 

the remaining genes was quantified using Power SYBR 

Green PCR Master Mix (Applied Biosystems, Life 

Technologies) and the following primers: 

hDTX1 Forward: 5’ CAG CTT GTG CCC TAC ATC ATC 3’ 
Reverse: 5’ ACG ACG GGT CGT AGA AGT TG 3’ 

hHES1 Forward: 5’GCA GAT GAC GGC TGC GCT GA 3’  
Reverse: 5’ AAG CGG GTC ACC TCG TTC ATG C 3 

hMYC Forward: 5’ GGC TCC TGG CAA AAG GTC A 3’  

Reverse: 5’ CTG CGT AGT TGT GCT GAT GT 3’  

hNOTCH1 Forward: 5’ GAG GCG TGG CAG ACT ATG C 3’  
Reverse: 5’ CTT GTA CTC CGT CAG CGT GA 3’ 

hHey1 Forward: 5’ GTT CGG CTC TAG GTT CCA TGT 3’ 
Reverse: 5’ CGT CGG CGC TTC TCA ATT ATT C 3’ 
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hPTCRα Forward: 5’ AGC CCC ATC TGG TTC TCA G3’ 
Reverse: 5’ AGG GCC ATA GGT GAA GGC AT3’ 

hCCND1 Forward: 5’ CAA TGA CCC CGC ACG ATT TC 3’ 
Reverse: 5’ CAT GGA GGG CGG ATT GGA A 3’ 

hLEF1 Forward: 5’ TGC CAA ATA TGA ATA ACG ACC CA 3’ 
Reverse: 5’ GAG AAA AGT GCT CGT CAC TGT 3’ 

hAxin2 Forward: 5’ CTC CCC ACC TTG AAT GAA GA 3’ 
Reverse: 5’ GTT TCC GTG GAC CTC ACA CT 3’ 

h18S Forward: 5’ GGA GAG GGA GCC TGA GAA ACG 3’  
Reverse: 5’ CGC GGC TGC TGG CAC CAG ACT T3’ 

The PCR reactions were performed using ViiA™ 7 

Real-Time PCR System (ThermoFisher Scientific). Gene 

expression was normalized against the gene 18S, and 

relative mRNA expression was calculated using the 2-ΔΔCt 

method. 

Protein Extraction and Quantification 

Cells were harvested and centrifuged at 3200 rpm for 

5 minutes at 4°C. Supernatant resulting from the 

centrifugation was discarded and the cell pellets 

ressuspended in Lysis Buffer (50mM Tris-Base pH 8.0, 

150 mM NaCl, 5mM EDTA, 1 mM NaOV (Sigma), 10 mM 

NaF, 10mM Sodium Pyrophosphatase (Sigma), 1% NP-

40), supplemented with protease inhibitor cocktail 

Complete Mini (Roche) and protease inhibitor AEBSF 

(1mM). Lysates were centrifuged at 13000 rpm for 20 

minutes at 4°C and the supernatants were collected and 

stored at -20°C. Total protein quantification was performed 

using Bradford reagent (Bio-Rad) at 1:5000 v/v dilution in 

H2O and the quantification was obtained using GeneQuant 

pro (Amersham Biosciences) spectrophotometer at a 

595nm wavelength (Protein595 Program).  

When analyzing the expression of proteins with a fast 

turnover (such as NICD and NRARP) the cell lines were 

pre-treated with 1μL/mL of proteasome inhibitor MG-132 

(10mM in DMSO, Calbiochem), and incubated for 8 hours 

at 37ºC at a cell density of 1x106 cells/mL. 

Western Blot 

Protein extracts were resuspended in Lysis buffer and 

Laemmli buffer and denatured for 5 minutes at 90ºC. The 

samples – containing 50 to 100 ng of total protein – were 

loaded in a SDS-PAGE gel (10%, 12% or 16% of 

acrylamide) and ran at constant voltage for different 

periods of time depending on the size of the proteins to 

separate and transferred onto a nitrocellulose membrane 

for 90 min at 400 mA at 4°C. Ponceau S solution (Sigma) 

was used to evaluate the protein’s content. Membranes 

were blocked for 1 hour with 3% w/v milk diluted in Tris-

Buffered Saline with 0.1% Tween 20 (TBS-T buffer). 

Immunoblotting was then performed using different 

primary antibodies: NRARP (E-13) (1:200), LEF1 (C18A7) 

(1:1000), phospho-β-catenin (Ser675) (1:1000), total β-

catenin (1:1000), β-Actin (1:1000) (Santa Cruz 

Biotechnology) and c-Myc (1:1000). Membranes were 

incubated overnight at 4ºC, under soft agitation. The 

following day the membranes were washed 3 times for 15 

minutes in TBS-T and incubated for 1 hour, at room 

temperature, with the respective horseradish peroxidase-

conjugated secondary antibodies: anti-rabbit IgG (1:5000, 

Promega), anti-mouse IgG (1:5000, Promega) or anti-goat 

IgG (1:5000, Santa Cruz Biotechnology), diluted 1:5000 v/v 

in 3% milk. After secondary antibody incubation, the 

membranes were washed 3 times for 15minutes with TBS-

T and then stained using Pierce ECL Plus Western Blotting 

Substract (Thermo Fisher Scientific Inc.). 

Immunodetection was carried by chemiluminescence 

using Curix60 (AGFA HealthCare). Result analysis and 

band quantification was performed using Photoshop CS6. 

Membrane stripping 

Membrane stripping was performed by incubation with 

a striping buffer (15 mM Tris Base, 100 mM 2-β- 

mercaptoethanol (Sigma), 2% SDS, pH=6.7) 

supplemented with 1:1000 v/v dilution of 2-β- 

mercaptoethanol for 30 minutes at 57°C with agitation. 

Afterwards, the membranes were rinse with H2O at least 

10 times and washed with TBS-T 3 times for 20 minutes 

each with agitation.  

 

Cell growth assays: Proliferation and Viability 

To evaluate the effects of JQ1 and Compound E in T-

ALL cells proliferation and viability a fixed number of Empty 

and NRARP cells – CEM, DND41, Loucy, and TALL1 - was 

plated at optimal concentration and exposed to different 

experimental conditions. Regarding JQ1 assays, cells 

were treated with two different drug concentrations (0,5μM 

and 1μM) and DMSO or just medium.  Concerning the 

Compound E assay, only 3 conditions were tested: control 

(cells plated just with medium), DMSO, and 1μM of drug.  

For proliferation and viability experiments 2.0 × 105 

cells were plated at optimal concentration and harvested 

at the different time points – 24h, 48h, 72h and 96h.  

Regarding proliferation, cell number was determined 

by flow cytometry (LSR Fortessa) using counting beads 

(Beckmon Coulter, 10μm) as specified by the 

manufacturer. 

Viability was accessed at 24h, 48h, 72h and 96h, using 

AnnexinV-APC and 7AAD. After harvested, the cells were 

washed with ice cold PBS and resuspended in 100μL of 

AnnexinV binding buffer 1X (eBiosciences). To each 

sample 1μL of AnnexinV-APC (eBiosciences) and 2μL of 

7AAD (BD Pharmigen) were added followed by an 

incubation of 15min at room temperature in the dark. 

Afterwards 150μL of AnnexinV binding buffer were added 

to each sample and viability was assessed by flow 

cytometry (LSR Fortessa). 

Both proliferation and viability assays were analyzed 

using FlowJo™. 

Results 

We started by confirming the results previously 

described by Fragoso, R. and colleagues regarding the 

effects of NRARP overexpression in T-ALL cell lines. 

Firstly, we confirmed that NRARP overexpression 

blocks Notch signaling as shown by the decrease in NICD1 

protein levels and mRNA expression of Notch downstream 

targets 

Moreover, we also observed differences in the 

proliferative potential depending on NOTCH1 mutational 

status: increased proliferation in NOTCH1 WT and 

decreased proliferation in NOTCH1 mutant T-ALL cell lines 

upon NRARP overexpression. Alongside with the 

differences in proliferation we also observed differences in 
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MYC expression levels (mRNA and protein) depending on 

NOTCH1 mutational status as observed by Fragoso, R. 

and colleagues (unpublished data). Finally, we further 

observed differences in phosphoβ-catenin (pβ-catenin) 

levels as previously reported by Fragoso, R., et al. 

(unpublished work). In the NOTCH1 mutant cell line 

DND4.1 there is a decrease while in the NOTCH WT cell 

lines Loucy there is an increase in pβ-catenin levels upon 

NRARP overexpression. 

 

LEF1 knock-down in T-ALL cell lines 

Differences in β-catenin and MYC expression upon 

NRARP overexpression suggest the involvement of Wnt 

signaling in the proliferative phenotype observed in 

NOTCH1 WT T-ALL cells. The crosstalk between Notch 

and Wnt has already been described and NRARP was 

shown to regulate both pathways. Moreover, LEF1 has 

been shown to interact with NRARP in other cellular 

contexts25 constituting a bona fide candidate to mediate 

the Wnt-Notch  interaction in the T-ALL context. 

To unveil the putative role of LEF1 in Wnt signaling 

regulation by NRARP, we knocked-down LEF1 in NRARP 

overexpressing cell lines. With these lines we will be able 

to understand if LEF1 knock-down can revert the 

proliferative effects induced by NRARP overexpression. 

For example, if the increased proliferation observed in 

NOTCH WT cell lines upon NRARP overexpression is 

mediated through LEF1, then the knock-down of LEF1 in 

these cells should result in a lower proliferative index.   

LEF1 knock-down was evaluated both at the mRNA 

(Figure 1A) and protein levels (Figure 1B). In both cases, 

it was possible to observe a decrease in LEF1 expression, 

in all cell lines.  

 

Figure 1 - LEF1 knock-down confirmation. (A) Via quantitative PCR 

calculated using the 2-ΔΔCt method. The 18S ribosomal RNA was used as 

housekeeping gene and samples were normalized to the respective 

shSCR control. (B) By western blot.The several bands detectec 

correspond to the different isoforms of LEF1.  

Next, we evaluated the expression of some Wnt 

signaling pathway elements and downstream 

transcriptional targets (Figures 2A, 2B and 3) to 

understand the functional effects of LEF1 knock-down in 

the activity of this pathway. 

Regarding the Wnt transcriptional target genes we 

don’t observe any decrease in the mRNA levels of any of 

the genes evaluated with the exception of CCND1 and 

AXIN2 in Loucy NRARP cells (Figure 2B). In fact, and 

contrary to what expected, we observe an increase in the 

expression of these genes in the other cell lines, 

irrespectively of NRARP overexpression (Figure 2A and 

2B).  

Nonetheless, LEF1 knock-down results in a decrease 

in pβ-catenin and β-catenin protein levels in both DND4.1 

and Loucy cells (Figure 3) which is indicative of Wnt 

signaling inhibition. Furthermore, there is a decrease in 

MYC protein levels upon LEF1 knock-down in DND4.1 and 

Loucy NRARP cells. These results suggest that in both 

NRARP overexpressing cell lines Wnt signaling regulates, 

at least in part, MYC expression through LEF1.  

Since LEF1 knock-down results in Wnt signaling 

blockade we sought of further characterizing Notch1 

signaling activation in this experimental setting. As shown 

in Figure 2C, in DND4.1 cells, irrespectively of NRARP 

overexpression, LEF1 knock-down does not induce 

consistent changes in the expression of the Notch1 target 

genes analyzed. The same observation was made for 

Loucy NRARP cells (Figure 2D). Interestingly, in Loucy 

parental cells, LEF1 knock-down results in the up-

regulation of Notch1 downstream targets (Figure 2D).   

 

Figure 2 - mRNA analysis of Wnt (A, B) and Notch (C, D) targets in 

NOTCH1 mutant (DND4.1) and WT (Loucy) cell lines with LEF1 knock-

down and respective controls, determined by quantitative PCR and 

calculated using the 2-ΔΔCt method. CT values were normalized to 18S 

gene. LEF1 knock-down samples were normalized to the respective 

shSCR control.  

Of note and consistent with the observations made at 

the protein level, LEF1 knock-down in NRARP 

overexpressing cells results in decreased mRNA 

expression of MYC (Figure 3). 
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Next, to understand the functional role of LEF1 in T-

ALL cells proliferation regulated by NRARP we will 

compare the proliferative capacity of T-ALL cells 

overexpressing NRARP and knocked-down or not for 

LEF1. These assays are already ongoing. 

 

Figure 3 - Western Blot analysis of Wnt target genes upon LEF1 

knock-down in NOTCH1 mutant and WT cell lines with and without 

NRARP overexpression. 

Evaluation of the therapeutic potential of NRARP 

One of the main goals of this work is to evaluate the 

therapeutic potential of NRARP in combination with other 

drugs such as the γ-secretase and BET Bromodomain 

inhibitors. To address this question, we conducted 

proliferation and viability assays with cells overexpressing 

NRARP and treated with the γ-secretase inhibitor, 

Compound E, or with the BET Bromodomain inhibitor, JQ1.  

MYC inhibition with BET Bromodomain inhibitor JQ1 

NRARP overexpression in T-ALL cell lines leads to 

proliferative changes depending on NOTCH1 mutational 

status – an increase in proliferation in NOTCH1 WT and a 

decrease in proliferation in NOTCH1 mutant cell lines. 

These changes in proliferation are accompanied by 

differences in MYC expression – increased expression in 

NOTCH1 WT and decrease expression in NOTCH1 

mutant cells. This led us to hypothesize that NRARP 

overexpression may synergize with MYC inhibitors in the 

treatment of T-ALL. We can layout two different scenarios: 

(i) If we consider that the increase in MYC expression in 

NOTCH1 WT T-ALL cells implies that these cells are more 

dependent on MYC signaling upon NRARP 

overexpressing then in these cells it may be therapeutically 

more beneficial to inhibit MYC and overexpress NRARP;  

(ii) if we consider the decrease in MYC expression in 

NOTCH1 mutant T-ALL cells we can postulate that these 

cells are more sensitive to MYC inhibitors when delivered 

to NRARP overexpressing cells.  

JQ1 inhibits MYC via disruption of BRD4-containing 

transcriptional elongation factors 16,26. Disrupting MYC with 

this inhibitor will allow us to understand the dependency 

and sensitivity of NOTCH1 mutant and WT cell lines upon 

NRARP overexpression and if there is any advantage in 

combining this drug with NRARP overexpression as a 

therapeutic approach. 

We performed proliferation and viability assays in cell 

lines treated with different concentrations of JQ1. The two 

concentrations of drug tested (0,5 and 1uM)  were selected 

based on the literature available15,16.  

We started by analyzing the effects of JQ1 in MYC 

protein levels and, as observed in Figure 4, 24h upon 

treatment it is already possible to observe a decrease in 

MYC levels for both concentrations tested. For all cell lines 

the decrease is more accentuated in the cells treated with 

the higher concentration of JQ1.   

The results presented for the JQ1 result from the 

combination of three independent experiments each one 

conducted in triplicate. For the analysis, and considering 

the range of absolute cell numbers obtained amongst the 

independent experiments, we decided to compare fold 

change (ratio between the cell count obtained for each 

drug conditions and the cell count obtained for the DMSO 

condition). Regarding the viability analysis, we quantified 

the percentage of AnnexinV positive cells in each 

experimental condition.  

 

Figure 4 - Western Blot analysis of MYC levels in the different 

experimental conditions (control, DMSO, 0,5uM and 1 uM of JQ1). Beta-

actin was used as loading control. 

We then proceeded with the analysis of JQ1 effects on 

T-ALL cells NOTCH1 mutant (CEM and DND4.1) and WT 

(Loucy and TALL-1) cell lines, with and without NRARP 

overexpression. 

Overall, in what concerns NOTCH1 mutant T-ALL 

cells, we observe that NRARP overexpressing cells are 

more sensitive to JQ1 inhibitor (Figure 5A and B). Looking 

at CEM cells, we observe that as early as 24h upon MYC 

inhibition, CEM NRARP cells present a significant 

decrease in proliferation with JQ1 higher dose and as of 

48h with both doses of JQ1. In comparison, in parental 

cells (CEM Empty) we only observe a significant decrease 

with the higher dose of the drug and starting only upon 48h 

of treatment (Figure 5A).  

A similar effect is observed for DND4.1 cells.  While a 

significant decrease in proliferation in NRARP 

overexpressing cells can be observed at 48h and 72h after 

JQ1 treatment, in DND4.1 Empty cells this decrease is only 

visible after 96h (Figure 5B). Of note, at this time point the 

effects of JQ1 in NRARP cells are lost (Figure 5B).  

Regarding NOTCH1 WT T-ALL cells, we observe that 

NRARP overexpressing cells are more sensitive to 

treatment, as early as 24h for the higher concentration of 

this drug (Figure 5C and D). Notably, the decrease in 

proliferation induced by MYC inhibition in Empty cells in the 

following time points is more accentuated than in NRARP 

overexpressing cells (Figure 5C and D).    



6 
 

Overall, our results show that NRARP overexpression 

turns T-ALL cells more sensitive to JQ1, not only in what 

concerns dose sensitivity (NOTCH1 mutant cell lines) but 

also in terms of time to respond (NOTCH1 WT and mutant 

cells). Interestingly, analyzing the effects of JQ1 in Empty 

cells, it is also possible to observe that NOTCH1 WT T-ALL 

cells are more sensitive to MYC inhibition than NOTCH1 

mutant cell lines (Figure 5). 

Additionally to the effects of MYC inhibition in T-ALL 

cells proliferation, we also evaluated the effects of JQ1 in 

cells viability.    

As shown in Figure 6A, in CEM cells (NOTCH1 

mutant), JQ1 treatment induces a decrease in viability in 

both Empty and NRARP cells. Nonetheless, at 72 and 96h 

time points these effects seem to be slightly more 

accentuated in NRARP overexpressing cells. In DND4.1 

cells, the other NOTCH1 mutant cell line studied, we don’t 

observe any significant effects of MYC inhibition on 

leukemia cells viability (Figure 6B). Suggesting that, in 

these cells JQ1 affects more the proliferative potential. 

 

Figure 5 - Proliferative analysis of T-ALL cells treated with JQ1.  The 

graphs represent fold change (ratio between cell count of each condition 

and the respective DMSO condition for both Empty and NRARP) analysis 

of three independent assays conducted in NOTCH1 mutant (A and B) and 

NOTCH1 WT (C and D) cell lines. Statistical analysis was performed using 

Student’s t-test. p-values lower than or equal to 0,05 were considered to 

be statistically significant. p-values are represented by *p≤ 0,05, **p≤ 0,01 

and ***p≤0,001. 

Analysis of viability in NOTCH1 WT T-ALL cells shows 

that MYC inhibition affects the viability of both Empty and 

NRARP cells (Figure 6C and D). Moreover, we observe 

that the effects induced by JQ1 treatment are more 

pronounced in Empty cells than in NRARP overexpressing 

cells. These results suggest that in NOTCH1 WT cells 

MYC regulates preferentially proliferation rather than 

survival upon NRARP overexpression.  

 

Figure 6 - Viability analysis of T-ALL cells treated with JQ1.The graphs 

represent the percentage of AnnexinV positive cells of three independent 

assays conducted each NOTCH1 mutant (A and B) and NOTCH1 WT (C 

and D) cell lines. Statistical analysis was performed Student’s t-test. p-

values lower than or equal to 0,05 were considered to be statistically 

significant. *p≤ 0,05, **p≤ 0,01 and ***p≤0,001. 

Targeting NICD release with γ-secretase inhibitor 

Compound E 

The therapeutic potential of GSIs has been extensively 

studied in several cancers including breast cancer27, 

pancreatic cancer28and T-ALL29, amongst others. In all, 

one of the main adverse effects is the severe 

gastrointestinal toxicity4. One strategy to overcome this 

problem consists in dose management and non-

continuous use of this compound. 

Since, and as GSIs, NRARP blocks Notch signaling11, 

we hypothesized that NRARP overexpression may 

synergize with GSIs, allowing the use of lower doses of 

these compounds and consequently to ameliorate the side 

effects induced by them. 

To test our hypothesis, we sought of treating T-ALL 

cells, with and without NRARP overexpression, with the 

GSI Compound E. The use of this inhibitor has been well 

characterized in vitro, which allowed us to choose a dose 

that has been demonstrated to work for most of the cell 

lines used in our study7,30. Nonetheless, we started by 

confirming the ability of this Compound E dose to inhibit 

Notch signaling.  This was done by quantitative PCR 

analysis of Notch1 target genes (Figure 7). 

As shown in Figure 7, Compound E treatment results 

in an overall decrease of Notch transcriptional targets 

expression in all cell lines, independently of NRARP levels.  
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Of note, the magnitude of changes in target genes 

expression does not seem to correlate with NOTCH1 

mutational status either (Figure 7).  

 

Figure 7 - mRNA analysis of NOTCH1 target genes upon treatment 

with Compound E determined by quantitative PCR. The 2-ΔΔCt method 

was used and CT values normalized to 18S gene. 

After confirming that we were using the adequate 

dosage of Compound E to block Notch signaling, we 

proceeded with the proliferation and viability analysis by 

flow cytometry, using counting beads and 7AAD and 

AnnexinV dies, respectively. We plated each cell line under 

control conditions or in the presence of 1μM of Compound 

E or DMSO and harvested the cells at the stipulated time 

points. The data presented is the combination of three 

independent experiments, each conducted in triplicate. 

For the proliferation analysis, and considering the 

differences in the absolute numbers obtained for each 

independent experiment, we decided to compare fold 

change – ratio between the cell count in the drug condition 

and the cell counts in the DMSO condition. 

Surprisingly, although we show that the dose of CE used 

is able to inhibit NOTCH1-mediated transcription of several 

known NOTCH1 targets (Figure 7) we failed at observing 

differences in proliferation upon treatment with CE (Figure 

8). These results are particularly unexpected for DND4.1 

and TALL-1 cell lines that, in other studies, were shown to 

be sensitive to CE7,30. These results suggest that the 

concentration used is not sufficient to block NOTCH1 

functional effects and for this reason we cannot conclude 

if NRARP can synergize with GSIs. Higher concentrations 

of CE need to be tested such as the ones used by 

Okuhashi, Y. and colleagues31,32 

We have further analyzed leukemia cells viability upon 

Compound E treatment by comparing the percentage of 

AnnexinV positive cells in Compound E and DMSO treated 

cells. The results obtained for CEM, DND4.1, Loucy and 

TALL-1, are shown in Figures 9A, B, C and D, respectively. 

Overall, and as for proliferation, we don’t observe 

major effects in cell viability induced by Compound E 

treatment, irrespectively of NRARP (Figure 9). It is only at 

96h that we observe a consistent increase in cell death 

(although only statically significant for some cell lines) 

Nonetheless, this loss of cell viability results most probably 

from an experimental artifact and it is not correlated with 

cells treatment or NRARP levels.   

 

 

Figure 8 – Proliferative analysis of T-ALL cells treated with 

Compound E.  The graphs represent fold change (ratio between cell count 

of the Compound E condition and the respective DMSO condition for both 

Empty and NRARP) analysis of three independent assays conducted in 

NOTCH1 mutant (A and B) and NOTCH1 WT (C and D) cell lines. 

Statistical analysis was performed using Student’s t-test. p-values lower 

than or equal to 0,05 were considered to be statistically significant. *p≤ 

0,05, **p≤ 0,01 and ***p≤0,001. 

Discussion and Conclusions 

In line with the work previously done at the host 

laboratory, the first objective of this master thesis was to 

discern the mechanism through which NRARP regulates 

T-ALL cells, namely by exploring the role of Wnt/LEF1 

signaling in NRARP-mediated effects in T-ALL cell lines 

growth. 

To decipher the putative function of LEF1-mediated 

Wnt signaling in NRARP regulation of T-ALL cells 

proliferation we proceeded to LEF1 knock-down in 

NOTCH1 mutant and WT T-ALL cells, with and without 

NRARP overexpression. 
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Figure 9 – Viability analysis of T-ALL cells treated with Compound E. 

The graphs represent the percentage of AnnexinV positive cells of three 

independent assays conducted for each NOTCH1 mutant (A and B) and 

NOTCH1 WT (C and D) cell lines. Statistical analysis was performed 

Student’s t-test. p-values lower than or equal to 0,05 were considered to 

be statistically significant. *p≤ 0,05, **p≤ 0,01 and ***p≤0,001. 

After confirming the knock-down of LEF1 at mRNA and 

protein levels (Figures 1) we analyzed its effects on Wnt 

signaling (Figures 2A and B). Although we didn’t observe 

major differences in the mRNA levels of the Wnt 

transcriptional targets analyzed (CCND1 and AXIN2), at 

the protein level we verified that LEF1 knock-down results 

in a clear downregulation of β-catenin levels (Figure 3). 

Since in the absence of active Wnt signaling, β-catenin 

is targeted for degradation this decrease is consistent with 

the inhibition of this pathway19,33.  We also observed a 

decrease in the levels of phospho(Ser675)β-catenin 

(Figure 3), that correlates with the levels of activity of this 

pathway34. Thus, together these results point to the 

inhibition of the Wnt pathway upon LEF1 knock-down. 

Considering that LEF1 is one of the main transcription 

factors acting downstream of Wnt, it makes sense that 

knocking-down its expression leads to the impairment of 

this pathway activity. 

Consistent with our hypothesis that the observed 

increased levels of MYC in NOTCH1 WT cells are a 

consequence of Wnt activation by NRARP overexpression, 

in Loucy NRARP cells we observe a decrease in MYC 

mRNA and protein levels upon LEF1 knock-down (Figures 

2D and 3, respectively). In what regards DND4.1 NRARP 

cells (NOTCH1 mutant cells) although we also observe a 

decrease in MYC mRNA expression, at the protein level 

we are not able to make any conclusion due to the 

differences in protein loading (Figures 2C and 3). 

We further aimed at understanding how blocking the 

Wnt pathway impacted on Notch1 signaling. Therefore, in 

the cell lines knocked-down for LEF1 we have 

characterized the expression of Notch transcriptional 

targets (Figure 2C and D). In cells overexpressing NRARP, 

independently of NOTCH1 mutational status we didn’t 

observed consistent changes, possibly because NRARP 

overexpression blocks this signaling pathway. However, if 

we look at the changes induced in Empty cells, especially 

in the Loucy cell line, LEF1 knock-down seems to result in 

the up-regulation of Notch1 downstream targets (Figure 

2D). This observation suggests that in the absence of Wnt 

signals, T-ALL cells activate the Notch pathway.  

Not possible to carry out during the master thesis 

period, next we aim at investigating the impact of LEF1 

knock-down in NOTCH1 mutant and WT T-ALL cells 

overexpressing NRARP. Preliminary results show that Wnt 

signaling inhibition in Loucy NRARP cells leads to a 

decrease in proliferation, which is consistent with our 

hypothesis of NRARP promoting leukemia cells 

proliferation by Wnt signaling activation through LEF1. 

Interestingly, our preliminary results further suggest that 

NOTCH1 WT cells are dependent of Wnt signaling as can 

be inferred by the block in the proliferation observed in 

Loucy Empty cells knocked-down for LEF1.  

Overall, although we cannot yet conclude about the 

role of Wnt/LEF1 signaling in T-ALL cells proliferation, 

throughout this master thesis we have establish the tools 

to do so in the next future.   

The second objective of this master project was to 

evaluate the therapeutic potential of NRARP in T-ALL. To 

this end, we decided to investigate NRARP’s potential in 

combination with drugs shown to have a therapeutic 

impact on this disease: BET bromodomain and γ-

secretase inhibitors. 

MYC is a central effector of NOTCH1 oncogenic 

signals, being essential for the maintenance and growth of 

NOTCH1-induced leukemia12. In addition, T-ALL leukemia-

initiating cells (LICs), were shown to be dependent on 

MYC35. Thus, given MYC importance in this disease 

context, the use of BET Bromodomain inhibitors, that 

inhibit MYC expression, emerged as a new therapeutic 

approach16,36.  

Considering the changes in MYC levels upon NRARP 

overexpression we can hypothesize that NOTCH1 mutant 

T-ALL cells, presenting lower levels of MYC, may be more 

responsive to Bromodomain inhibitors. On the other hand, 

we can also hypothesize that the upregulation of MYC 

levels observed in NOTCH1 WT cells upon NRARP 

overexpression means that these cells are more 

dependent on MYC levels. To address these hypotheses 

and understand if NRARP can enhance BET 

Bromodomains inhibitors effects we evaluated the 

proliferation and viability of T-ALL cells treated with JQ1 in 

combination with NRARP overexpression.  

Based on the literature available regarding the use of 

JQ1 in T-ALL15,16, 35 we chose two concentrations of JQ1 

(0,5 and 1μM) to performed a titration throughout 4 time 

points. We observed that the lowest concentration tested 
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can reduce the levels of MYC in CEM, DND4.1, Loucy and 

TALL-1 cell lines as early as 24h after treatment (Figure 4). 

Regarding NOTCH1 mutant cell lines, CEM and 

DND4.1, when comparing NRARP overexpressing with 

Empty cells we observe that overall NRARP cells respond 

earlier to JQ1, are more sensitive to lower doses of this 

compound and the effects induced in terms of proliferation 

are more pronounced (Figure 5A and 5B, respectively). 

This is particularly clear for the CEM cell line. NRARP cells 

show a significant decrease in proliferation in response to 

the higher dose of JQ1 at 24h while this is only seen for 

Empty cells at 48h (Figure 5A). In addition, at 48h CEM 

NRARP cells show a significant decrease in proliferation 

induced by the lower dose of JQ1 and the same is never 

obtained for the Empty cells during the 96h of experimental 

analysis (Figure 5A). Finally, at the end of the assay, the 

decrease in proliferation induced by 1μM of JQ1 is 

approximately two-fold in NRARP cells compared with 

Empty cells (Figure 5A).  

We have not observed major effects in what concerns 

T-ALL cells viability although at 48h we start observing a 

small but significant increase in apoptosis induced by the 

higher dose of JQ1 and at 72h by the lowest dose (Figure 

6A and B). Nonetheless, the changes induced in viability 

are approximately the same in Empty and NRARP cells, 

suggesting that NRARP overexpression enhances only the 

inhibitory effects mediated by JQ1 at the proliferative level. 

This is in line with what has been described for JQ1, whose 

main effect in T-ALL cell lines is cell cycle arrest15,16. 

Relatively to NOTCH1 WT cell lines, Loucy and TALL-

1, the conjugation of NRARP with JQ1 does not seem to 

have a positive synergistic effect in proliferation or viability 

(Figures 5C and D and 6C and D). For both cell lines we 

observe a significant decrease in proliferation at 24h in 

NRARP cells treated with the higher dose of JQ1 (Figure 

5C and D). Since these cells have increased levels of MYC 

upon NRARP overexpression this result could suggest that 

these cells depend more on MYC levels. Nonetheless, in 

the following time point this effect is lost (in the case of 

TALL-1 cells) or comparable to the effects induced by JQ1 

in Empty cells (in the case of Loucy). Meaning that if these 

cells are more dependent on MYC signals, they find a way 

to recover and cope with MYC decreased levels.    

In what regards NOTCH WT cells viability, JQ1 

induces apoptosis in both Empty and NRARP 

overexpressing cells. It is however interesting to notice that 

in NRARP cells this effect is attenuated (Figure 6A and B) 

suggesting that in these cells MYC regulates mainly 

proliferation and not survival. This is in fact consistent with 

the results obtained upon NRARP overexpression in 

NOTCH1 WT cells: no effects on cell survival but increased 

proliferative capacity.  

In sum, our results show that the combined use of JQ1 

with NRARP overexpression may be beneficial as a 

therapeutic approach in T-ALL cases with identified 

NOTCH1 mutations. Of note, these results need to be 

confirmed using more cell lines and for example xenograft-

derived patient samples. In these, NRARP overexpression 

can be accomplished by the in vitro delivery of NRARP 

recombinant protein. 

The oncogenicity of Notch signaling activation is 

considered a hallmark of T-ALL pathogenesis37, making 

Notch a bona fide target. One of the main approaches to 

target Notch signaling consists in the use of GSIs. These, 

firstly developed to treat Alzheimer’s disease38, block NICD 

cleavage and translocation to the nucleus and 

consequently its activity4. However, and despite the 

promising results obtained in vitro7,30 GSIs were shown to 

lack anti-leukemia effects7,8 and to result in severe side 

effects particularly gastrointestinal toxicity5,6.  

Since combinatorial therapy of GSIs with 

glucocorticoids has been shown to reduce the toxicity of 

these inhibitors 39 and considering that NRARP 

overexpression leads to the degradation of NICD we 

sought to evaluate the therapeutic benefits of combining 

GSIs and NRARP. In particular, we wanted to understand 

if NRARP overexpression makes T-ALL cells more 

sensitive to GSIs allowing the use of lower doses and 

consequently reducing the toxicity associated with these 

drugs. 

Amongst the cell lines used in this project two have 

been described as resistant to GSIs, CEM and Loucy, and 

the other two as sensitive, DND4.1 and TALL-17,30.  The 

use of these cell lines would also allow us to understand if 

NRARP can modulate T-ALL cells resistance to GSIs.  

Based on the literature available we chose a 

concentration of Compound E of 1 μM. This concentration 

was shown to functionally inhibit Notch1 signaling7,30. We 

confirmed it by analyzing the expression of Notch1 

transcriptional targets. Overall, we found the expression of 

most of these targets down-regulated upon Compound E 

treatment (Figure 7).  

However, when you analyzing the functional effects of 

Notch signaling inhibition in T-ALL cells proliferation and 

survival, we failed at observing any change induced by 

Compound E (Figure 8 and 9). At least for the parental cell 

lines known to be sensitive to GSIs, DND4.1 and TALL-1 

Empty cells, we would expect to observe differences in 

proliferation7,30,40.  

Thus, in our experimental setting, the changes induced 

by the Compound E in Notch1 transcriptional activity did 

not translate into functional outputs, at least in what 

concerns proliferation and viability. For this reason, we 

cannot conclude if NRARP overexpression has therapeutic 

beneficial effects when combined with Compound E.   

To be able to address our question we should next do 

a titration of the Compound E using the cell lines described 

as sensitive to this drug and evaluate its functional effects 

in proliferation and viability. The differences associated 

with cell lines maintained in different laboratories and 

cultured during different periods of time may justify our 

results and the lack of phenotypic changes. It may happen 

that we have to use higher concentrations as the ones 

tested by Okuhashi, Y. and colleagues31 to induce an effect 

in proliferation and/or viability in our cells. 

Future prospects 

In the scope of the work developed during this master 

thesis, future prospects are directly related with a better 

understanding of (i) the role of NRARP in promoting T-ALL 

cells proliferation and (ii) of NRARP overexpression 

therapeutic potential. 

Regarding the role of NRARP in the proliferation of T-

ALL cell lines, next we will conduct proliferation and 
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viability assays to conclude about the role of LEF1-

mediated Wnt signaling activation induced by NRARP in 

NOTCH1 WT cells. 

Considering the decrease in proliferation induced by 

NRARP in NOTCH1 mutant cell lines, we want to address 

the therapeutic potential of NRARP by itself. This can be 

done by evaluating in vitro the effects of delivering NRARP 

recombinant protein to xenograft-derived T-ALL primary 

cells. 

The conjugation of NRARP overexpression with 

Compound E should be re-evaluated after the drug is 

titrated in order to conclude if there is any advantage in 

combining NRARP overexpression with this compound in 

the treatment of T-ALL. 

Moreover, the results obtained regarding the 

conjugation of NRARP overexpression with JQ1 should be 

further confirmed in other T-ALL cell lines and in xenograft-

derived primary samples by administering recombinant 

NRARP protein and JQ1 and evaluating the synergistic 

effects of combining both in correlation NOTCH1 

mutational status. 
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