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FZD6 triggers Wnt–signalling driven by WNT10BIVS1
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Abstract
Wnt/Fzd signaling has been implicated in hematopoietic stem cell maintenance
and in acute leukemia establishment. In our previous work, we described a
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by the expression of WNT10BIVS1 transcript variant, in acute myeloid leukemia.
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To determine the occurrence of WNT10BR in T‐cell acute lymphoblastic leukemia
(T‐ALL), we retrospectively analyzed an Italian cohort of patients (n = 20) and
detected a high incidence (13/20) of WNT10BIVS1 expression. To address genes
involved in WNT10B molecular response, we have designed a Wnt‐targeted RNA
sequencing panel. Identifying Wnt agonists and antagonists, it results that the
expression of FZD6, LRP5, and PROM1 genes stands out in WNT10BIVS1 positive
patients compared to negative ones. Using MOLT4 and MUTZ‐2 as leukemic cell
models, which are characterized by the expression of WNT10BIVS1, we have
observed that WNT10B drives major Wnt activation to the FZD6 receptor
complex through receipt of ligand. Additionally, short hairpin RNAs (shRNAs)‐
mediated gene silencing and small molecule‐mediated inhibition of WNTs secretion have been observed to interfere with the WNT10B/FZD6 interaction. We
have therefore identified that WNT10BIVS1 knockdown, or pharmacological
interference by the LGK974 porcupine (PORCN) inhibitor, reduces WNT10B/
FZD6 protein complex formation and significantly impairs intracellular effectors
and leukemic expansion. These results describe the molecular circuit induced by
WNT10B and suggest WNT10B/FZD6 as a new target in the T‐ALL treatment
strategy.
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1 | INTRODUCTION
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models of T‐ALL.25,26,29 Activated β‐catenin in thymocytes confers
genomic instability, thus promoting RAG‐dependent T‐cell lym-

Acute T‐lymphoblastic leukemia (T‐ALL) is an uncommon hemato-

phomas.30 Over 80% of childhood T‐ALL patients showed upregu-

logical malignancy, arising from the proliferation of immature T‐cell

lated CTNNB1 (β‐catenin) gene, and its suppression by siRNA of the

precursors or lymphoblasts in bone marrow and other organs

expression led cells to apoptosis in vitro.16 The clinical outcome re-

occurring to 15% of pediatric and 25% of adult ALL.

1–3

mains poor due to frequent relapse and drug resistance,2,3 and this

Normal T lymphocyte development occurs mostly in the thymus

poor outcome is mainly caused by a subpopulation of chemotherapy‐

and depends on the lifelong seeding of hematopoietic progenitors

resistant leukemic cells with stem cell‐like properties, named ‘leu-

that originate in the bone marrow.4,5 Thymocyte differentiation in

kemia initiating cells' (LICs). Expression of CD34+/CD4− or CD34+/

the thymus is tightly regulated by a number of molecular pathways,

CD7− discriminates subfractions of cells with long‐term repopulating

one of which increasingly recognized for T cell development, being

ability in childhood T‐ALL.31 More recent evidence to support a

6

the Wnt/β‐catenin signaling cascade. In the hematopoietic system, a

causative role for Wnt signaling reported that Wnt‐active cells

role for Wnt signaling is first demonstrated during T cell develop-

comprise only a small minority, highly enriched for LICs, of the bulk

ment in the thymus where it provides proliferation signals to imma-

leukemia cell population in the BM of mice with clinically morbid T‐

ture thymocytes.7 Although the physiologic role of Wnt signaling in

ALL disease.26 Preliminary data in our laboratory have shown that

post‐thymic T cell development remains poorly defined, data indicate

WNT10BIVS1 variant, described in AML,27 is expressed also in T‐ALL

that Wnt can regulate the stemness of CD8 T cells by suppressing

patients.32 To further investigate a role for this critical signaling

their differentiation into Teff cells.8 In summary, Wnt proteins are

pathway in human T‐ALL, we analyzed a multicentric Italian cohort of

secreted glycoproteins that bind to a receptor complex comprising

patients (n = 20) diagnosed as T‐ALL, with WNT10BIVS1 expression

the cysteine‐rich domain (CRD) of a seven‐transmembrane Frizzled

being observed in 13 patients. We also confirm the relevance of

(FZD) receptor family member and a co‐receptor of the low‐density

these findings to human disease by detecting the molecular circuit

lipoprotein receptor‐related protein LRP‐5 or LRP‐6.9,10 In the ca-

triggered by WNT10B over‐expression using the MOLT‐4 and

nonical Wnt pathway, WNT‐FZD complex has been reported to

MUTZ2 cell models that express the WNT10BIVS1 allele variant.

emanate an intracellular signaling leading to N‐terminally dephos-

Several pharmacologic compounds have been developed to disrupt

pho‐β‐catenin (active β‐catenin, ABC) that results in β‐catenin

Wnt/β‐catenin signaling with the endpoint to interfere with the

breakdown inhibition and its recruitment to the plasma membrane as

activated canonical Wnt signaling.33,34 We employ here a selected

+

Subsequently, β‐catenin is

Porcupine (PORCN) inhibitor, the small molecule LGK974,34 and

routed to the nucleus, where it selectively interacts with the factors

TGFβRI inhibitor A83‐01 showing to down‐regulate FZD6.35 PORCN

such as T cell factor (TCF)/lymphoid enhancer factor (LEF) and is then

is specific to Wnt post‐translational acylation, which is required for

recruited, through enhancers, to chromatin acting as transcriptional

subsequent WNT ligands secretion.36 Inhibiting the activity of

co‐activators of Wnt‐regulated genes.13 Recent models highlight the

PORCN leads to suppression of Wnt ligand‐driven signaling activity

complex nature of Wnt‐mediated gene regulation underlining that β‐

in several models.37,38 In this report, we examine the expression of

catenin is not sufficient for gene target activation (https://web.stan-

the Wnt signaling cascade components mediated by WNT10B and

ford.edu/group/nusselab/cgi-bin/wnt/target_genes).14,15

Altered

the effects of specific gene silencing by short hairpin RNA (shRNA), as

expression levels of Wnt signaling components have been closely

well as the exposure to the potent PORCN inhibitor (LGK974), or the

an early response to WNT stimulation.

11,12

related to initiation and progression of acute and chronic leuke-

TGFβRI inhibitor (A83‐01) on the WNT10B‐mediated Wnt signaling

mia.16–18 The highest level of active Wnt signaling is detected in the

activation. These findings could provide a strategy to eliminate the

most immature CD4−CD8− (double negative, DN) cells by differential

Wnt‐active subpopulations within bulk leukemia cells highly enriched

expression, which is determined by elevated levels of activating and

for LICs by targeting Wnt‐driven molecular targets.

lower levels of inhibiting factors in the Wnt signaling cascade.

19

WNT

ligands may also regulate T‐cell mediated immune responses by
secreted factors that stimulate bone formation and hemopoietic

2 | MATERIALS AND METHODS

cells,20 one of them being WNT10B.21 In the thymus, loss‐ and gain‐
of‐function studies have indicated that at least two stages of thy-

2.1 | Patients and cell lines

mopoiesis require Wnt/β‐catenin signaling, specifically WNT5B and
WNT10B are expressed at high levels in the single positive (SP)

The study included 20 untreated primary T‐ALL patients diagnosed

thymic subsets.19,22 The prevalent influence of secreted Wnt

between 2004 and 2019 and three healthy donors. All the samples

22–24

has renewed efforts to

were obtained from the Department of Hematology, Niguarda Ca'

determine the role of Wnt signaling to leukemia establishment. Only

Granda Hospital and from Policlinico Hospital of Milan, and

recently it has been demonstrated by experimental evidence that

they were processed as approved by the Institutional Review Board

oncogenic growth in leukemias of both myeloid and lymphoid line-

(N°19‐22.06.2018). Each patient and donor gave his/her informed

signaling proteins in hematopoiesis

16,25–28

ages is dependent on Wnt signalling.

The role of Wnt‐signal-

consent in accordance with the Declaration of Helsinki for collection

ling in leukemia stem‐cell biology has been emphasized in mouse

of clinical data, the cryopreservation of bone marrow samples and
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the performance of DNA/RNA‐analysis for scientific purposes, in

Enhancer (Life Technologies, ThermoFisher Scientific). The amplifi-

accordance with institutional guidelines. Bone marrow samples from

cations of WNT10B/WNT10BIVS1 were performed as follows: 94°C

each patient were collected and cryopreserved at diagnosis and then

for 3min, 30 cycles at 94° for 30 s, 58°C for 30 s, 72°C for 30 s. Real‐

centrally analyzed at the Department of Health Sciences ‐ University

time qPCR was carried out using the SYBR Fast qPCR master mix

of Milan, Italy. HeLa (ATCC CCL‐2) and MOLT‐4 (ATCC CRL‐1582)

(Roche) in the Light Cycler 480 (Roche) according to the manufac-

cells were grown in DMEM (Gibco) medium containing Glutamax and

turer's protocols. Primer sequences are indicated in Table S1.

RPMI (Gibco), respectively. MUTZ‐2 (DSMZ ACC 271) cells were
grown in 60% alpha‐MEM (Gibco) medium, complemented with 20%
fetal bovine serum, 20% conditioned medium from 5637 cell line

2.4 | Next generation sequencing ampliseq analysis

(DSM ACC 35), 1% penicillin/streptomycin and 50 ng/ml SCF (STEM
CELL Technologies). Cell lines were routinely tested to exclude my-

Next generation sequencing (NGS) for RNA analysis was performed

coplasma contamination.

on 5 T‐ALL and two healthy donors (HD) samples, using a custom 178
gene Ion Ampliseq panel which was based on Ion Ampliseq RNA Wnt
signaling panel (ThermoFischer Scientific) with additional amplicons.

2.2 | Cell based assays

The additional genes analyzed were: MARK4(NM_001199867), NDP
(NM_000266),

PROM1(NM_001145847),

MLLT11(NM_006818),

MOLT‐4 cell line was treated with LGK974 and A83‐01 inhibitors

WNK2(NM_006648), TBL1XR1(NM_024665), ROCK2(NM_004850),

and recombinant human Wnt‐10B. LGK‐974 was kindly provided by

LRRFIP2(NM‐001134369), USP34(NM_014709). RNA concentration

Novartis (Bâsel, Switzerland), while A83‐01 and rhWnt‐10B were

was assessed on Qubit™ 4 fluorometer in combination with Qubit™

purchased from Tocris Bioscience and R&D System respectively.

RNA HS Assay Kit (Thermofisher Scientific). Library preparation was

Apoptosis was assessed by labeling cells with eBioscience™ Annexin

performed according to the Ion AmpliSeq™ Kit for Chef DL8 protocol

V‐FITC Apoptosis Detection Kit (ThermoFisher Scientific) and finally

(ThermoFischer Scientific # A29024) for automated preparation of

analyzed by flow cytometry on a FACSVerse (BD Biosciences). EdU

libraries per Ion Chef™ instrument. Enriched samples were

assays for HeLa cells were performed using Click‐It EdU imaging kit

sequenced on the Ion S5 System Instrument. Sequencing results were

C10337 (ThermoFisher Scientific) adding 10 µM EdU 3 h prior fixa-

preliminary analyzed using Ion Torrent Suite v 5.12.1. Coverage

tion. Images were obtained with a ZEISS Upright Axio Imager Z1

analysis was performed using plugin AmpliSeqRNA v. 5.12.0.1. We

motorized Microscope, with EC Plan‐Neofluar 10� and 20� objec-

examined the differential expression of a total of five patients

tive and AxioCam MRm camera. We used the Axiovision Rel 4.7

affected by T‐ALL and split them up into two groups (WNT10BIVS1‐

software. Cell proliferation was evaluated by flow cytometry analysis

positive and WNT10BIVS1‐negative). Since we had to perform an

after EdU incorporation into DNA using Click‐iT™ EdU Alexa Fluor™

analysis with few samples for each condition, we needed to find a

488 Flow Cytometry Assay Kit (ThermoFisher Scientific). Relative cell

robust method in this context. In this regard, EdgeR showed to have

proliferation was expressed as the percentage of EdU Alexa Fluor™

good performance with a small sample size.39,40 In particular, the

488 median fluorescence of treated cells compared to that of

EdgeR exact test suited better than the generalized linear model

cells treated with the specific vehicle. The viability of MOLT‐4 and

(glm).40 Furthermore, it was also recommended to apply a log2FC

MUTZ‐2 cells after concentration‐ and time‐dependent treatments

threshold of 0.5 or 2 to maximize both the quality and the utility of

was determined using both manual cell count with 0.4% Trypan Blue

the data by increasing the sensitivity of the tool.40 Finally, we

(Sigma Aldrich) and the standard MTT [3‐(4,5‐dimethylthiazol‐2‐yl)‐

considered as significantly differentially expressed (SDE) genes those

2,5‐diphenyltetrazolium bromide] metabolic activity assay (Sigma

genes having a p‐value [adjusted with Benjamini‐Hochberg (BH)

Aldrich). The viability was expressed as the percentage of optical

correction] lower than 0.05 and an absolute log2FC value higher than

density of treated cells compared to optical density of cells treated

or equal to 2.

with the specific vehicle. Each experimental condition was done in
hexaplicate and repeated at least twice.

2.5 | Droplet digital PCRTM
2.3 | Transcriptomic analysis

Droplet digital PCRTM (ddPCR) experiments were performed using
primers and probes listed in extended Table S1. The 0.1 mM RNA,

Total RNA was isolated from HeLa, MOLT‐4 and MUTZ‐2 cells using

extracted using the kit Quick‐RNATM MiniPrep Plus kit (Zymo

Quick‐RNATM MiniPrep Plus kit (Zymo Research), following the

Research), was denatured at 95°C for 5 min and kept on ice prior to

manufacturer's instructions. Qualitative analysis of RNA was ob-

addition to the reaction. We performed the experiment on Bio‐Rad's

tained by Bioanalyzer (Agilent Technologies). 1 μg of total RNA was

QX100 ddPCR system and the reaction mixtures in a final 20 μl

used to reverse transcribe cDNA using ImProm‐II™ Reverse Tran-

volume consisting of 10 μl of 2� One‐Step RT‐ddPCR Supermix

scriptase (Promega Corporation) followed by PCR endpoint utilizing

(Bio‐Rad), 1 mM Manganese Acetate solution (Bio‐Rad), 0.5 μM of

Platinum™ Hot Start PCR 1X Master Mix, 20% Platinum™ GC

primers WNT10B and WNT10BIVS1, 0.25 μM WNT10B_dd1 and
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WNT10BIVS1_dd2 probes (Table S1). The 20 μl ddPCR reaction

Triton X‐100. MUTZ‐2 cells were fixated with 1% paraformaldehyde

mixture was then loaded into the Bio‐Rad DG8 droplet generator

and subsequently permeabilized with 0.5% Triton X‐100 in PBS+ 1%

cartridge (Bio‐Rad). Each well was then filled with 70 μl of droplet

BSA for 20 min at 4°C. Afterwards the samples were incubated with

generation oil (Bio‐Rad), and the prepared cartridge was then loaded

primary antibodies (mouse WNT10B, ThermoFischer Scientific,

into the QX100 droplet generator (Bio‐Rad). The thermal cycling

1:100; rabbit FZD4, Abcam, 1:100; rabbit FZD5, Abcam 1:100; rabbit

conditions consisted of 30 min reverse transcription at 60°C, 5 min

FZD 6, ThermoFischier Scientific, 1:100; Table S3). The subsequent

initial denaturation at 95°C, followed by 40 cycles of a two‐step

steps of the proximity ligation assay (PLA) (both in situ and flow)

thermal profile of 30 s denaturation at 94°C and 60 s annealing‐

followed the manufacturer's instructions. Images were acquired with

elongation at 60°C and a final 10 min denaturation step at 98°C.

a ZEISS Upright Axio Imager Z1 motorized Microscope, with EC Plan‐

Plates were finally transferred into the QX 100 droplet reader (Bio‐

Neofluar 20� and 40� oil objectives and AxioCam MRm camera

Rad), and ddPCR data were analyzed with QuantaSoft analysis

using Axiovision Rel 4.7 software. For quantification, the numbers of

software (version 1.7.4).

RCPs and cell nuclei were counted using CellProfiler (www.cellprofiler.org) on three images. Data analysis of flow‐cytometry PLA was
performed using FACsVerse, flow cytometry (BD Biosciences).

2.6 | mRNA in situ detection
Cells were seeded on Lab‐Tek II (Nunc) chamber slides and allowed

2.8 | Western blotting

to attach. Subsequently, they were fixed in 3.7% (w/v) paraformaldehyde (Sigma Aldrich) in PBS for 15 min at RT. A 50 µl re-

Cells were lysed with an appropriate amount of Nonidet‐P40 Cell

action volume was used for each sample, to make the RNA available

Lysis Buffer (20 mM Tris HCl, 137 mM NaCl, 10% glycerol, 1%

for reverse transcription, and 0.1M HCl was applied to the cells for

nonidet‐P40, 2 mM EDTA) supplemented with complete protease

15 min at 37°C. 1 µM of cDNA primer (LNA primer, Exiqon, Qiagen,

inhibitor and 1 mM PMSF (Cell Signaling Technology) with 1�

see Table S2) was added to the sample with 10 U/µl of M‐MULV

Phosphatase Inhibitor Cocktail (Cell Signaling Technology). Proteins

reverse transcriptase (Thermo Scientific), 500 nM of dNTPS (Thermo

separated by 10% and 12% SDS gel‐electrophoreses were trans-

Scientific), 0.2 µg/µl BSA of (New England Biolabs, NEB) and 1 U/µl of

ferred to a polyvinylidene difluoride (PVDF) membrane by semi‐dry

RiboLock RNase Inhibitor (Thermo Scientific) in the 1� M‐MULV

blotting. The membrane was incubated with primary antibodies

reaction buffer. Ligation was carried out using 0.1 µM of Padlock

against WNT10B (ThermoFisher), β‐catenin (BD Transduction Labo-

Probes with a mix of 0.5 U/µl Ampligase (Epicentre), 0.4 U/µl RNase

ratories), ABC‐Active β‐catenin (Merk Millipore), FZD4 (Abcam),

H (NEB), 1 U/µl RiboLock RNase Inhibitor (Thermo Scientific),

FZD5 (Abcam), FZD6 (ThermoFisher Scientific), GAPDH (Abcam) at

Ampligase buffer, 50 mM KCl and 20% formamide. The rolling circle

4°C for 2 h (Table S3).

amplification (RCA) was performed with 1 U/µl DNA polymerase
(NEB) in the supplied reaction buffer, 1 U/µl RNase inhibitor (Thermo
Scientific), 250 µM dNTPS (Thermo Scientific), 0.2 µg/µl BSA (NEB)

2.9 | Co‐immunoprecipitation experiments

and 5% glycerol, and its incubation was carried for 90 min. The rolling
circle particles (RCPs) were visualized using 100 nM of detection

Co‐IP was done using magnetic protein A beads (DynabeadsTM

probes (Table S2) in 2� SSC and 20% formamide at 37°C for 20 min.

Protein A, Invitrogen) following the manufacturer's instructions. For

Slides were then washed twice in DEPC‐PBS‐T, and nuclei were

500 µg of total protein extracted, 50 µl of magnetic protein A beads

counterstained with 100 ng/ml DAPI (Sigma, D9542). Immunofluo-

were used, and antibodies, diluted 1:100 in PBS/Tween20 0.02%,

rescence images were acquired with a ZEISS LSM510 or ZEISS

were added to the beads. The samples were incubated 20 min at

LSM880 confocal microscope with 20� or 40� oil immersion ob-

room temperature while rotating and being washed three times with

jectives. We used NIS Elements software for the acquisition and

PBS. Proteins were eluted off the beads by adding 30 µl of 3� SDS

processing of the images.

sample buffer (added with 1/10 dithiothretol), heated 5 min at 95°C
and finally analyzed by immunoblotting.

2.7 | In situ proximity ligation assay
2.10 | Cell manipulations and treatments
In situ and flow cytometry proximity ligation assay experiments were
carried out using Duolink Kits (Sigma Aldrich, # DUO92101 and #

RNAi experiments were carried out by using shRNA targeting vectors

DUO94004, respectively). HeLa cells were seeded at a concentration

from Sigma Aldrich. The details of the nucleotide sequences used for

of 1 � 103 cells/well on Lab‐Tek II (Nunc) chamber slides. MOLT‐4

RNA‐interference are given in Table S4. The recombinant lentivirus

cells were prepared using cytospin. The cells were fixed with cold

was produced by the insertion of shRNA of WNT10B into pLKO‐puro

3.7% (w/v) paraformaldehyde (PFA, Sigma Aldrich) for 15 min at

vector, and the ligation reactions were transformed into Stbl3 (Life

room temperature (RT) and subsequently permeabilized with 0.1 %

Technologies) chemically competent. E. coli pLKO constructs were
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used to make lentivirus in HEK293T cells with a polyethylenimine

showed a lower expression level in WNT10BIVS1‐positive patients

(PEI) transfection protocol. At 24h post‐transfection, media was

including PPP2R2B, WNT7A, CAMK2D, PRKCA, FZD3 and WNT11

changed to the target cell media (without antibiotics). HEK293T cells

(Figure 1D). Although the number of patients analysed is limited, the

were returned to 37°C for 48 h to produce viral particles. Viral media

results suggest a context of significant Wnt signaling activation in

was then collected and filtered to infect HeLa and MOLT‐4 cells.

WNT10BIVS1‐positive patients.

Infected cells were incubated for 48–72 h and then given fresh
growth media for 24–48 h before beginning the selection by
puromycin.

3.2 | Expression and proximity ligation analyses
reveal a WNT10B‐FZD6 circuit in MOLT‐4 cell line

2.11 | Statistical analysis

To assess the role of WNT10BIVS1 in the WNT signaling activation,
we have recently investigated the WNT10B ligand expression among

Data are presented as mean ± SEM or ratios among treated and

several cell lines (Figure 2A), revealing the expression of

controls, in independent experiments as indicated in the Figure leg-

WNT10BIVS1 in MOLT‐4 T‐ALL cell line and MUTZ‐2 AML cell line

ends. Statistical significance of differences between experimental

versus HeLa cells, a cell line used as technical control, and charac-

groups and controls was assessed by two‐tailed unpaired t‐test. p

terized by the unique over‐expression of WNT10B (Figure 2A).
Consistent with RT‐PCR analysis, one‐step Droplet Digital PCR

values < 0.05 were considered as statistically significant.

(Figure 2B upper panel) and mRNA in situ detection (Figure 2B lower
panel), using WNT10B/WNT10BIVS1 probes, have shown the exclu-

3 | RESULTS

sive expression of WNT10BIVS1 in MOLT‐4 cell model.

3.1 | WNT10BR rearrangement associates with
T‐ALL patients

ligand in the MOLT‐4 cell model, pointing to an impact on functional

A relevant question is which FZD receptor/s binds WNT10B
significance. This question has been addressed employing co‐immunoprecipitation assay by using antibodies against FZD4/5/6 receptors,
In our previously reported study, we identified a recurrent rear-

previously evaluated by gene expression analysis (Figure 2C), and

rangement of WNT10B (WNT10BR) leading to expression of the

followed by immunoblotting with antibody against WNT10B

transcript variant WNT10B

IVS1

in a cohort of AML patients with in-

(Figure 2D). We have thus revealed a high signal for WNT10B/FZD6

termediate/unfavorable risk.16 In a preliminary analysis including a

interaction, a weak signal for WNT10B/FZD4 and WNT10B/FZD5

small subset of T‐ALL patients, we reported that WNT10BR was

interactions (Figure 2D), as expected following expression analyses

significantly overexpressed.32 Taking into consideration these previ-

(Figure 2C). These results are confirmed using Proximity Ligation

ous results, in this report, we evaluated the presence of WNT10B/

Assay (PLA) for FZD 4/5/6 and WNT10B molecule. We detected

WNT10BIVS1 expression in bone marrow mononuclear cells (BMNCs)

rolling cycle amplification products (RCPs) by PLA only for WNT10B/

derived from a cohort of newly diagnosed T‐ALL patients (n = 20) and

FZD6 ligand/receptor interaction (Figure 2E,F), suggesting that FZD6

healthy donors (n = 3). Consistent with previously published data,

acts as a master receptor for WNT10B ligand in MOLT‐4 cell model.

16,24–27

WNT10B is expressed at low level in normal BM

, and

WNT10BIVS1 results undetectable, conversely WNT10BIVS1 transcript was detected in 13 out of 20 T‐ALL patients (Figure 1A;
Table 1). To address relevant expression pattern in Wnt pathway
transcriptome,

we

performed

AmpliSeq

transcript

3.3 | WNT10BIVS1 gene silencing impairs WNT10B/
FZD6 interaction in MOLT‐4 cells

analyses

(GSE159797) of BMNCs from T‐ALL patients (n = 5) and healthy

To assess the mechanistic insights of the WNT10B autocrine

donors (n = 2). AmpliSeq transcriptome reproducibility enables a

signaling, we pointed out the consequence of WNT10B/WNT10BIVS1

highly accurate detection for differential gene expression analysis in

knockdown. Silencing of the WNT10B gene in MOLT‐4 cell line, by

a relatively small sample set, in particular for highly expressed genes,

shWNT10BIVS11 and shWNT10BIVS12 molecules, results in a specific

without the need for data normalization algorithms. The overall

decreased expression of WNT10BIVS1 transcript and, as we high-

number of detectable RNAs does not significantly differ between

lighted, with higher silencing efficiency by shWNT10BIVS12, using the

WNT10B

IVS1

IVS1

‐negative patients, but indi-

mRNA in situ detection approach (Figure 3A,B). Paralleling the above

vidual genes differ in expression level between the two groups of

findings, WNT10BIVS1 knockdown generates an expression down‐

patients (Figure 1B). Genes (n = 23) with prominent expression dif-

modulation of Wnt signaling effector genes (i.e. CTNNB1, AXIN2,

ferences are listed in Figure 1C. Genes higher expressed in

PYGO2, GSK3β) (Figure 3C), suggesting a functional role that needs

‐positive and WNT10B

WNT10BIVS1‐positive than in WNT10BIVS1‐negative include PLCB4,

further investigation. Consistent with the transcriptome results, after

PROM1, FZD6, LRP5, PLAU and MLLT11 (Figure 1D). Additional

due to WNT10BIVS1 knockdown, even the WNT10B‐FZD6 ligand–

genes more robustly expressed in WNT10BIVS1‐positive include

receptor interaction resulted in a statistically significant down mod-

TBL1XR1, CTNND1, and VANGL1. Conversely, a number of genes

ulation (p < 0.0001) visualized as RCPs decrease (Figure 3D,E).
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F I G U R E 1 WNT‐targeted gene expression analysis in T‐ALL between WNT10BIVS1‐positive and WNT10BIVS1‐negative subjects.
(A) RT‐PCR analysis of WNT10B, WNT10BIVS1 and GAPDH transcripts, respectively, in T‐ALL samples (n = 20) and lymphocytes from
aged‐matched healthy donors (n = 3). (B) Correlation heatmap between samples from T‐ALL WNT10BIVS1‐positive patients (n = 3), T‐ALL
WNT10BIVS1‐negative patients (n = 2) and healthy donors (n = 2). (C) The heatmap shows the differentially expressed genes in the two groups
considering only those with an adjusted p‐value <0.05 and a |log2FC| ≥2. Samples (columns) and genes (rows) are clustered using hierarchical
clustering. The heatmap depicted shows the 23 significantly differentially expressed genes (SDE) for each considered sample, and intensity
indicates the ratio of mRNA expression. PLCB4, FZD6, PROM1, PLAU and LRP5 expression stand out in WNT10BIVS1‐positive samples
whereas PPP2R2B, WNT11, WNT7A, PRKCA, and CAMK2D are highly down‐regulated in the same group. (D) Volcano plot for the pair
WNT10BIVS1+ versus WNT10BIVS1‐ (p value vs. fold change ratio) shows the SDE genes highlighted in red dots (genes with BH adjusted
p‐value ≤0.05 and a log2FC ≥ 2). The top six up‐ and down‐regulated genes are identified as shown according to the false discovery rate
(FDR). The horizontal dotted line corresponds to p‐value = 0.05 and the two vertical dotted lines to log2FC = ±2
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TABLE 1

7

Patient and disease characteristics
All (n = 20)

WNT10BIVS1 positive (n = 13)

WNT10BIVS1 negative (n = 7)

Median (range), years

32 (19–59)

33 (21–59)

28 (19–59)

≥40 years, n (%)

6 (30)

4 (29)

2 (33)

12 (60)

7 (50)

5 (83)

6/18 (33)

4/12 (33)

2/6 (33)

Pro‐T‐ALL

2/18 (11)

2/13 (15)

0/5 (0)

Pre‐T‐ALL

12/18 (67)

7/13 (54)

5/5 (100)

Cortical T‐ALL

4/18 (22)

4/13 (31)

0/5 (0)

Medullary T‐ALL

0/18 (0)

0/13 (0)

0/5 (0)

Normal karyotype

6/18 (33)

5/12 (42)

1/6 (17)

MLL aberrations

2/18 (11)

1/12 (8)

1/6 (17)

Complex karyotype

1/18 (5)

1/12 (8)

0/6 (0)

Other abnormalities

9/18 (50)

5/12 (42)

4/6 (67)

Response after first line therapy (complete remission), n (%)

17/19 (89)

11/13 (85)

6/6 (100)

Relapse/progression after first line therapy, n (%)

6/19 (32)

4/13 (31)

2/6 (33)

Allogeneic HSCT, n (%)

12/19 (63)

7/13 (54)

5/6 (83)

Relapse/progression after allogeneic HSCT, n (%)

3/12 (25)

2/7 (28)

1/5 (20)

Age at diagnosis

Male, n (%)
9

Hyperleukocytosis at diagnosis (WBC >100 � 10 /L), n (%)
Immunophenotypic subtypes, n (%)

Cytogenetic subgroups, n (%)

Abbreviations: HSCT, hematopoietic stem cell transplantation; WBC, white blood cell.

To determine the specificity of our silencing assay, WNT10B

5 µM.34 We evaluated the effects of increasing concentration of

knockdown has been performed on HeLa cell line by using the

LGK974 inhibitor (0.1, 0.5, 1.0, 1.5, 2.0 and 5.0 µM) on Wnt signaling

shWNT10B molecule. In this case, we observed a decrease of

activation in MOLT‐4 cell model. LGK‐974 treatment, at different

WNT10B transcript in situ (Figure S1A,B) and a down modulation of

concentrations for 24 and 48 h on MOLT‐4 cell line, resulted in a

the WNT effector genes (Figure S1C). Silencing of WNT10B tran-

dose‐dependent decrease of WNT10B‐FZD6 ligand–receptor in-

script in HeLa cells also produces a significant decrease (p < 0.0001)

teractions (Figure 4A–C). We herewith observe that LGK974 de-

of WNT10B‐FZD6 RCPs (Figure 1D,E) as well as in MOLT‐4 cell line.

creases

In parallel with the above results, WNT10BIVS1 knockdown in MOLT‐

(Figure 4D), as well as expression of other Wnt effectors (Figure 4E).

4 cells ensues a strong decrease of cell proliferation potential

Importantly, in parallel with these results, we find that LGK‐974

(Figure 3F–H), as well as WNT10B knockdown in HeLa cells

treatment strongly down‐modulate the WNT10BIVS1 expression,

(Figure S1F–H).

pointing out the ability of this porcupine inhibitor to interfere with

total

and

active‐β‐catenin

level

dose‐dependently

WNT10B ligand and transcript stability (Figure 4C,E). Notably, we
have obtained almost the same WNT10BIVS1 knock‐down expression

3.4 | Porcupine inhibitor LGK974 decreases
WNT10B‐mediated autocrine Wnt signaling
activation and affects transcript stability

already at the lowest LGK‐974 concentration, such as previously
obtained by WNT10BIVS1 silencing, thus supporting the hypothesis of
a negative post‐transcriptional feedback circuitry. In parallel with the
above results, LGK‐974 inhibitor treatment reduced the MOLT‐4 cell

Parallel down‐modulation of WNT10BIVS1 and WNT10B transcripts

viability in a dose‐ and time‐dependent manner, as we assessed by

in MOLT‐4 and HeLa cell lines, respectively, raised translational im-

manual cell count with Trypan blue and MTT assay (Figure 4F,G).

plications of the porcupine inhibitor treatment to interfere with the

Furthermore, LGK‐974 treatment produces a reduction of cell pro-

autocrine WNT10B overexpression. The consequence of the treat-

liferation potential of MOLT‐4 cell line as measured by EdU cell

ment with porcupine inhibitor is defined by the inhibition of Wnt

proliferation assay (Figure S2A). This is accompanied by a slight in-

acyl‐transferase activity. It was demonstrated that the IC50 of

crease in apoptosis rate at 96 h, as shown in Figure 4H. In order to

LGK974 inhibitor is 0.3 nM in HN30 cell line; nevertheless, in several

confirm that the observed effects were not merely specific for

cell types, inhibition of Wnt signaling requires concentrations up to

MOLT‐4 cells lines, but undoubtedly ascribed to the suppressive

8
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F I G U R E 2 WNT10B expression and receptor interactions in different leukemia cell lines. (A) RT‐PCR analysis of WNT10B and
WNT10BIVS1 in the indicated cell lines. (B) qPCR analysis of FZD4, FZD5, and FZD6 expression in MOLT‐4 cell line. (C) Upper panel: detection
of WNT10B‐WNT10BIVS1 expression by droplet digital PCR (ddPCR) assay, using two different fluorophores in Taqman™ assays (FAM and
VIC). The FAM and VIC fluorescence for each droplet is plotted as a data point on each graph. The droplet threshold for each fluorophore used
is indicated by the magenta lines, determining whether a droplet is considered positive or negative for either FAM or VIC fluorescence. In the
lower panel representative images and quantification of WNT10B‐WNT10BIVS1 (green and red dots) mRNA in situ detection in human
cultured HeLa and MOLT‐4 cells. Scale bar, 10 μm. Cell nuclei are shown in blue. (D) WNT10B‐FZD4, WNT10B‐FZD5 and WNT10B‐FZD6
protein complexes detection by co‐immunoprecipitation assay (Co‐IP). (E) Proximity ligation assays (PLA) with antibodies against WNT10B
and FZD4, FZD5 and FZD6 of MOLT‐4 cell line. Red fluorescence dots resulting from the juxtaposition of anti‐WNT10B and anti‐FZDs
antibodies were visualized by fluorescence microscopy with concomitant DAPI nuclear staining. Scale bar, 10 μm. (F) Representative
quantification of the number of dots per cell

effect of LGK‐974 on WNT10B‐mediated Wnt signaling activation,

WNT10B agonist was able to restore the inhibition of Wnt signaling

additional experiments were conducted using the MUTZ‐2 leukemic

induced by LGK974 treatment in MOLT‐4 cell line. When human

cell line, characterized by the expression of WNT10BIVS1, with an

recombinant WNT10B ligand is added to LGK974‐treated MOLT‐4

increasing concentration of LGK974 (Figure S3). We therefore show

cells, the suppressive effects of LGK974 on cell viability are partially

that FZD6 is the most expressed receptor in MUTZ‐2 cell line, among

rescued (Figure 5A,B).

the FZD receptors analysed (Figure S3A), acting as a major specific
receptor for WNT10B ligand interaction (Figure S3B,C). LGK974
treatment induces a dose‐dependent reduction both of WNT10B‐
FZDs interaction measured by PLA flow cytometry (Figure S3D), and

3.5 | The TGF‐β‐inhibitor A83‐01 impairs WNT10B‐
FZD6 interaction by FZD6 down modulation

of total and active‐β‐catenin levels (Figure S3E). Moreover, we assess
that the treatment with LGK974 for 72 h generates a reduction of

A previous study showed that TGF‐β stimulation increased pro-

cell viability (Figure S3F) and an increase of apoptosis in MUTZ‐2 cell

duction of the WNT10B, due to a potential cooperative function

line (Figure S3G). Furthermore, we examined whether the addition of

for small mother against decapentaplegic (SMAD) and Nuclear

CASSARO
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F I G U R E 3 WNT signaling is down‐modulated by WNT10BIVS1 silencing. (A) Upper panel: WNT10B‐WNT10BIVS1 mRNA in situ detection
in human cultured MOLT‐4 cells 72 h after infection with WNT10B‐WNT10BIVS1 silencing lentiviruses (shWNT10B, shWNT10BIVS11,
shWNT10BIVS12) versus empty vector control (shCtrl). Scale bar, 10 μm. Cell nuclei are shown in blue. Grey scale for dots quantification is
represented in the lower panel. Quantification of number of dots per cell is represented in the panel (B). (C) RT‐qPCR analysis of the indicated
WNT signaling effector genes in MOLT‐4 cell line infected with three different WNT10B silencing lentiviruses versus empty vector control
(Ctrl). Two‐tailed unpaired t‐test was used for statistical analysis: *p < 0.05, **p < 0.01, ***p < 0.001. (D) and (E) WNT10B‐FZD6 PLA in human
cultured MOLT‐4 cells 72 h after infection with WNT10B‐WNT10BIVS1 silencing lentiviruses [shWNT10B, shWNT10BIVS11, shWNT10BIVS12
vs. empty vector control (shCtrl)]. Scale bar, 10 μm. Cell nuclei are shown in blue. Grey scale for dots quantification is represented in the lower
panel. In the panel (E) is represented the quantification of number of dots per cell. (F–H) EdU labeling assays of MOLT‐4 cell line 72 h after
infection with WNT10B‐WNT10BIVS1 silencing lentiviruses versus empty vector control (shCtrl). Representative images with corresponding
quantifications are shown (G) and (H). Scale bar 10 μm
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F I G U R E 5 Recombinant WNT10B reverse LGK974‐mediated effects on MOLT‐4 cell line. (A) and (B) MOLT‐4 cell line were treated for
different endpoints with 100 ng/mL recombinant WNT10B protein and with the increasing concentration of porcupine inhibitor LGK974, and
then, cell viability was analysed through Trypan blue cell count (left panel) and MTT assay after 96h of treatment (right panel)
factor of activated T‐cells (NFAT) in the induction of WNT10B

above results, we demonstrate a significant dose‐dependent down‐

gene expression.41 Therefore, taking into consideration this data,

modulation of WNT10B‐FZD6 interactions on HeLa cell line over‐

we used the small molecule A83‐01, a TGF‐βRI inhibitor able to

expressing the WNT10B molecule (Figure S4A,B) as a consequence

down‐regulate the FZD6 expression,35 to modulate the WNT10B‐

of FZD6 and WNT10B down‐modulation (Figure S4C,D). Further-

FZD6 interplay via TGF‐β signaling pathway. To assess whether the

more, we showed a consequent reduction of Wnt effector genes,

specific FZD6 receptor down‐regulation confirms the WNT10B‐

with the exception of GSK‐3β, after treatment with A83‐01 in-

FZD6 interplay, we perform the PLA experiments after A83‐01

hibitor (Figure S4D). It is interesting to note that MOLT‐4 cell line

exposure at 24 and 48 h, showing a dose‐dependent down‐mod-

showed a better response to treatment with A83‐01 inhibitor at

ulation of the interaction events visualized as decreasing RCPs

lower concentration than in HeLa cells. These results obtained on

(Figure 6A,B). Analysis of the gene and protein expression profiles

HeLa cells suggest that without the presence of rearrangement,

pointed out the expected down‐modulation of FZD6 expression as

WNT10B expression would be TGF‐βRI‐dependent as previously

a consequence of TGF‐βRI inhibition after treatment with A83‐01

reported.41

(Figure

6C,D).

Conversely,

a

weak

down‐modulation

of

WNT10BIVS1 expression or the downstream Wnt effector genes
such as CTNNB1, AXIN2, PYGO2, GSK3‐β (Figure 6D) has been
IVS1

obtained. These data suggest that WNT10B

4 | DISCUSSION

expression in

MOLT‐4 cell line is driven by the genomic rearrangement, whereas

Previous studies have explored the multiple ways abnormal Wnt

this is not a consequence of TGF‐βRI‐mediated induction. More-

signaling contributes to the pathogenesis of human leuke-

over, we notice that MOLT‐4 cell viability (Figure 6E,F) and cell

mia.16,17,26,27,42–45 Our recent findings also highlight the high

proliferation (Figure S2B) are slightly affected by the treatment

prevalence of a WNT10B rearrangement (WNT10BR), involving

with A83‐01 inhibitor. This is accompanied by an increase in

intron 1 proximal to the exon 2, and expressing the WNT10BIVS1

apoptosis rate measured at 96 h (Figure 6G). In parallel with the

transcript in acute myeloid leukemia with normal karyotype.27

F I G U R E 4 WNT10B‐FZD6 interaction is down‐modulated by treatment with porcupine inhibitor LGK974 in MOLT‐4 cell line. (A) PLA in
human cultured MOLT‐4 cells 24 and 48h after treatment with porcupine inhibitor in a dose‐dependent manner. Scale bar, 10 μm. Cell nuclei
are shown in blue. In panel (B), the quantification of the number of dots per cell is represented. (C and D) MOLT‐4 cells were treated with
increasing concentrations of LGK974 inhibitor for 48 h, then was evaluated WNT10B‐FZD6 protein complexes detection by co‐
immunoprecipitation assay (C), and immunoblot analysis for β‐catenin and active β‐catenin (D) of the same treated cells. (E), RT‐qPCR analysis
of the indicated WNT signalling effector genes in MOLT‐4 cell line after 24h of porcupine inhibitor treatment. Two‐tailed unpaired t‐test was
used for statistical analysis: *p < 0.05, **p < 0.01, ***p < 0.001. F–G, MOLT‐4 cells were cultured with increasing concentrations of LGK974 for
different time points; then, cell viability was analyzed through Trypan blue cell count (F) and MTT assay (G). Data are normalized by comparing
each condition with DMSO‐treated cells. (H) MOLT‐4 cell line was treated with LGK974 and then stained with AnnexinV/PI and analyzed
through flow cytometry. Data are expressed as the mean ± SEM of three independent experiments. Two‐tailed unpaired t‐test was used for
statistical analysis: *p < 0.05, **p < 0.01, and ***p < 0.001
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F I G U R E 6 TGF‐βRI inhibition down‐modulates FZD6 expression inhibiting WNT10B‐FZD6 interaction. (A) WNT10B‐FZD6 PLA in
cultured MOLT‐4 cells 24 and 48 h after treatment with TGF‐βRI inhibitor in a dose‐dependent manner. Scale bar 10 μm. Cell nuclei are
shown in blue. (B) Quantification of the number of dots per cell. (C) Immunoblot analysis of the same treated cells with antibodies against
WNT10B and FZD6 genes and using GAPDH as equal loading control. (D) qPCR analysis of the indicated WNT signaling effector genes in
MOLT‐4 cell line after 24 h of TGF‐βRI inhibitor treatment. Two‐tailed unpaired t‐test was used for statistical analysis. (E and F) Cell viability
of MOLT‐4 after TGF‐βRI inhibitor treatment was analyzed by Trypan blue cell count (left panel) and MTT assay (right panel). Data are
represented as mean ± SEM of three independent experiments. Two‐tailed unpaired t‐test was used for statistical analysis: *p < 0.05,
**p < 0.01, ***p < 0.001. (G) MOLT‐4 cells were treated with increasing concentrations of A83‐01 inhibitor and then were harvested and
stained with Annexin V/PI to analyze cell viability. Data are represented as mean ± SEM of three independent experiments
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Based on prior results, it has been suggested the importance of
abnormal Wnt activation in T‐ALL patients, supported by patients
being characterized by a minor subpopulation of Wnt‐active cells
highly enriched for leukemia‐initiating cells (LICs) with both T‐ and
myeloid cell potential.16,26,31,46 The role played by the Wnt signaling
in T‐ALL pathogenesis is overly complex and the precise mechanisms underlying leukemia development remain to be elucidated.
Paralleling our own observations in an Italian multicentric cohort of
newly diagnosed T‐ALL patients, we detected a high frequency of
WNT10BIVS1 expression in bone marrow samples at diagnosis.
Analysis of the expression of components and downstream targets
of Wnt signaling in a subset of our patient cohort by targeted RNA
sequencing technology enables a sensitive detection of significantly
differentially expressed (SDE) genes. The data set analysis suggests
that the WNT10BIVS1‐positive patients shared an active Wnt
signaling transcriptional profile delineated by FZD6, PLCB4, PROM1,
LRP5, MLLT11 and PLAU overexpression, and WNT7A, WNT11,
PPP2R2B, FZD3, CAMK2D and PRKCA down‐regulation compared to
WNT10BIVS1 negative patients. Remarkably, these findings support
a functional role for FZD6 in WNT10BIVS1 positive patients. FZD6
was shown drastically increased in B‐cell leukemogenesis 47 and in
a subset of childhood T‐ALL.16 Furthermore, PLCB4 overexpression
has recently been associated with poor clinical outcome in acute

F I G U R E 7 A speculative model of WNT10B and FZD6 synergy.
WNT10B binds to FZD6 (and potentially to FZD4 and FZD5 with a
minor extent, not shown in the model for the sake of simplicity) and
signals to stabilize β‐catenin. Porcupine (PORCN) is a membrane‐
bound O‐acyl transferase that is required for the palmitoylation of
Wnt proteins and that is essential in diverse Wnt pathways for
Wnt‐Wntless (WLS) binding, Wnt secretion, and Wnt signaling
activity. LGK974 strongly inhibited Wnt secretion in MOLT4 and
MUTZ2 cells expressing the WNT10BIVS1 allelic variant

myeloid leukemia,48 and is linked to T‐ALL biology,49 and WNT7A is
down‐regulated in T‐ALL derived cells due to long‐term DNA
methylation and associated with the WNT canonical pathway
upregulation.

50

interactions and response in a dose‐dependent manner. Contrary to

Of interest is the evidence that lower level of

our expectations, exposure to the PORCN inhibitor LGK974 at low

PRKCA defines a subgroup of pediatric T‐ALL with a very poor

doses show the ability to induce a dramatic reduction in

outcome.51 Although the small number of subjects precludes full

WNT10BIVS1 mRNA and protein expression, likely by a specific

description of the range of inter‐individual divergence in Wnt‐genes

mRNA degradation in response to pharmacologically induced defect

expression, the use of a highly reproducible RNA assay (AmpliSeq)

in the secretory machinery, thus causing the accumulation of non‐

enables differentially expressed gene discovery from small sample

secreted protein55,56. Furthermore, knocking down WNT10B by

numbers mitigating this limitation to some extent. Further inter-

shRNA or blocking its PORCN‐dependent secretion affect the

pretation of our results will require Wnt expression analyses in a

assayed CTNNB1 (β‐catenin), AXIN2, and PYGO2 at transcript

R

larger sample set. This study explores the WNT10B ‐harboring

level, which suggests the induction of regulatory feedback events.

MOLT‐4 T‐ALL cell line to examine the molecular cascade induced

Consistent with this hypothesis, the expression of Wntless (Wls),

by WNT10BIVS1 overexpression. Although the precise functional

another component of the Wnt secretion machinery, correlates

role of FZD6 signaling remains unexplored, results in leukemic B

significantly with the CTNNB1 (β‐catenin) mRNA expression

cells suggest that up‐regulated FZD6 protein is providing canonical

levels.45 In addition, to further confirm the major role of FZD6 in

pathway signals.

47

The requirement for Wnt ligands in leukemia

WNT10B‐mediated activation, the expression of FZD6 has been

proliferation suggests the use of specific inhibitors for targeting

interfered by the A83‐01, a TGF‐βRI inhibitor, via inhibiting TGF‐

Wnt secretion.33,34,38 Wnt ligands require palmitoylation by Por-

β1‐induced SMAD2 phosphorylation that down‐regulates FZD6

cupine (PORCN) for their secretion and interaction with FZD re-

expression as previously reported.35 Through LGK974 exposure and

38,52,53

PORCN inhibitors demonstrated a potent and

A83‐01‐mediated down‐regulation, we revealed here that FZD6 is a

selective interference activity of the Wnt signaling in vivo and in

positive regulator of the WNT10B‐mediated β‐catenin‐dependent

vitro.33,34 The PORCN inhibitor LGK974 significantly abrogates

signaling. A previous study showed that the stimulation of TGF‐β

autocrine and paracrine Wnt signaling in CML progenitors in the

increased the production of the WNT10B, due to a potential

ceptors.

54

To iden-

cooperative function of SMAD and NFAT in the induction of

tify the WNT10B‐related axis and the Wnt/β‐catenin response in

WNT10B gene expression.57 WNT10B gene promoter region orga-

context of the bone marrow microenvironment (BMM).
R

WNT10B ‐positive cell models, we use a chemical interrogation by

nization suggests that its transcription is regulated by the binding of

LGK974 PORCN‐inhibitor. Our results indicate that WNT10BIVS1

NFAT/SMAD3 dimers.41 Notably, our data show that A83‐01

gene silencing by shRNA or treatment with the PORCN inhibitor

exposure did not significantly inhibit WNT10BIVS1 expression

LGK974

despite the interference of the SMAD‐inducer TGF‐β was expected

in

MOLT‐4

and

MUTZ2

reduces

WNT10B/FZD6
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I NS TI T UT I O N A L R EV I EW B OA R D S T A TE M E N T
The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of Grande
Ospedale Metropolitano Niguarda (N°19‐22.06.2018).

5 | CONCLUSIONS
I N F O R M E D C O NS E NT S T AT E M E N T
In summary, we show in this study that FZD6 plays a crucial role in

Informed consent was obtained from all subjects involved in the

the WNT10B‐mediated β‐catenin‐dependent Wnt signaling activa-

study.

tion in WNT10BR‐positive cells. Both TCF7 and LEF1 transcription
factors are overexpressed in T‐ALL patients and in MOLT4 cell line

D A T A A V A I L A B I L I T Y S TA T E M E N T

but not in MUTZ2 AML cell model, in accordance with previous ob-

The NGS data presented in this study are openly available in Gene

servations.16,58 Mechanistically, FZD6‐WNT10B complex is a posi-

Express Omnibus at [https://www.ncbi.nlm.nih.gov/geo/query/acc.

tive regulator that promotes Wnt/β‐catenin pathway, a signaling

cgi?acc=GSE159797], reference number [GSE159797].

26

previously demonstrated to support stem cell function in T‐ALL.

Indeed, leukemic Wnt/β‐catenin pathway is supported by the

ORCID

WNT10B misregulated function and is successfully druggable by the

Alessandro Beghini

https://orcid.org/0000-0002-8234-3474

potent PORCN inhibitor LGK974. We showed compelling evidence
for a dose‐dependent inhibition of FZD6‐WNT10B complex forma-
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tion in vitro, dramatic down‐modulation of WNT10BIVS1 transcript,

The peer review history for this article is available at https://publons.

and identification of potential genetic markers to enrich for leuke-

com/publon/10.1002/hon.2840.

mias that are responsive to LGK974. A speculative model is presented in Figure 7. By altering FZD6‐WNT10B complex formation,
the basis for therapeutic strategies to target leukemic stem cells in
leukemic patients can be provided.
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