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Wnt/GSK-3βmediates posttranslational modifications of
FLYWCH1 to regulate intestinal epithelial function and
tumorigenesis in the colon

The intestinal epithelium undergoes rapid renewal, with
the entire epithelial layer replacedwithin five days. Intesti-
nal stem cells (ISCs), located in the intestinal crypts,
generate all differentiated cell types necessary for intesti-
nal function. Key signalling pathways involved in stem
cell maintenance include Wnt, Notch, Hedgehog, and
BMP. Wnt signalling, primarily driven by crypt cells, cre-
ates a signalling gradient to maintain homeostasis [1].
However, nuclear β-catenin, the key regulator of Wnt sig-
nalling, correlates positively with tumorigenesis. While
crypt base cells also exhibit high levels of nuclear β-
catenin, the regulatorymechanism in normal tissue versus
tumor remains unclear [1]. FLYWCH-Type Zinc Finger
1 (FLYWCH1), an uncharacterised transcription factor,
binds unphosphorylated-β-catenin [2], is associated with
H3K9me3 in (peri)centromeric chromatin [3], and colocal-
izes with γ-H2AX foci [4]. While its deletion is embryon-
ically lethal in mice [5], the specific role and regulation
of FLYWCH1 in tissue homeostasis and tumorigenesis
remain unclear.
This study investigates the role of FLYWCH1 in intesti-

nal stem cell regulation and its impact on colorectal
cancer. We hypothesize that FLYWCH1 directly influences
ISC function by modulating critical signalling pathways,
thereby playing a significant role in the initiation and
progression of colorectal cancer (CRC).
To assess the significance of FLYWCH1 expression in

intestinal tissue homeostasis, we first examined its expres-
sion in murine tissues. Data from BioGPS (http://biogps.
org) and themouse gene expression database indicate vary-

List of abbreviations: CHX, cycloheximide; Co-IP,
co-immunoprecipitation; CRC, colorectal cancer; ELISA, enzyme-linked
immunosorbent assay; FLYWCH1, FLYWCH-Type Zinc Finger 1;
GSK-3β, glycogen synthase kinase-3β; IF, immunofluorescence; IHC,
immunohistochemistry; ISC, intestinal stem cell; ISH, In-situ
hybridisation; PTM, post-translational modification; RMSD, Root mean
square deviation; TMA, tissue microarray; Wnt3A/Rspo, Wnt-3A and
R-spondin1.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.
© 2024 The Author(s). Cancer Communications published by John Wiley & Sons Australia, Ltd on behalf of Sun Yat-sen University Cancer Center.

ing tissue expression of Flywch1, with the highest level
observed in the brain (Supplementary Figure S1). To con-
firm this, we conducted in-situ hybridisation (ISH) analy-
sis to identify distinct cell type-specific expression patterns
in the brain and intestinal tissues. ISH was performed
using a Digoxigenin-labelled antisense-RNA probe for Fly-
wch1 mRNA on representative brain, liver and intestinal
sections from 16-week-old wild-type mice (Supplementary
Figure S2A-G). We observed high expression of Flywch1
in cells located alongside the ISC marker Olfactomedin-
4 (Olmf4)-positive cells, while Flywch1 was not detectable
in the differentiated epithelial cells of the intestinal villi
(Supplementary Figure S2D-E). In addition, we examined
the differential expression of FLYWCH1 during carcino-
genesis, initially in the intestine of ApcMin+/− mice, which
harbour tumors and adjacent non-tumor regions. Flywch1
expression was substantially downregulated in intestinal
neoplastic crypts compared to normal crypts (Supplemen-
tary Figure S2F-G). This is consistent with FLYWCH1
expression in human CRC tissues (Figure 1A-B, Supple-
mentary Table S1). Collectively, these studies suggest a
potential role for FLYWCH1 in ISC and the development
of CRC.
To investigate the specific role of FLYWCH1 in ISCs

and CRC, we performed loss-of-function experiments by
expressing Flywch1-gRNA in Cas9-expressing intestinal
organoids (Supplementary Figure S3A). This was followed
by Southern blot analysis to evaluate the establishment
of Flywch1-knockout (Flywch1K/O) organoid lines (Supple-
mentary Figure S3B). The results indicated thatFlywch1K/O
organoids, displayed larger size and increased crypt bud-
ding compared to the normal control (Supplementary
Figure S4A-E). Additionally, the expression of cycling stem
cell marker (Lgr5,Olmf4) and enteroendocrine cell media-
tors (Ngn3, Pax4) expressions was increased in Flywch1K/O
organoids, while the expression of quiescent markers
(Tert, Lrig1) was reduced. Atoh1 (a Paneth-cell mediators)
remained unchanged (Supplementary Figure S4F-H). In
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contrast, overexpression of FLYWCH1 (FLYWCH1OE) sig-
nificantly repressed CRC patient-derived tumor organoids
(PDOs) growth (Supplementary Figure S4I-K), and can-
cer stem-like cell markers (CD44, LGR5) (Supplementary
Figure S4L). These observations suggest that FLYWCH1
play a key role in intestinal homeostasis and tumorigen-
esis.
To investigate the relationship between FLYWCH1

expression and Wnt signalling, we evaluated the impact
of FLYWCH1 on the expression of Wnt target genes in
CRC cells. We used qRT-PCR to analyse both FLYWCH1-
knockout (FLYWCH1K/O) (Supplementary Figure S5A-C)
andFLYWCH1-overexpressing (FLYWCH1OE) SW620 cells
(Supplementary Figure S5D-G). We assessed the expres-
sion of a subset of Wnt-associated gene, including frizzled
genes (FZD5, FZD6, FZD7), WNT1, WNT6, lipoprotein
receptor-related protein genes (LRP5, LRP6), homeobox
protein CDX2, fibroblast growth factor 4 (FGF4), B-cell
CLL/lymphoma 9 (BCL9), and the cell surface adhesion
receptor CD44 (Supplementary Figure S5H-I). In line with
our previous report [2], differential expression of FLY-
WCH1 influenced the expression of genes associated with
Wnt pathway.
Additionally, we analysed FLYWCH1 expression in vari-

ous CRC and normal epithelial cell lines (TIG119, CCD841-
CoN). Immunofluorescence (IF) staining revealed that the
nuclear foci formed by FLYWCH1 were more pronounced
in TIG119 and CCD841-CoN cells compared to the dif-
fuse nuclear expression observed in CRC cells (Figure 1C,
Top panels, Supplementary Figure S6A). After 24 hours

treatment with Wnt-3A and R-spondin1 (Wnt3A/Rspo),
which activate Wnt receptors, we observed the accumu-
lation of unexpected FLYWCH1 foci in the cytoplasm of
all tested cell lines (Figure 1C, Bottom panels, Supplemen-
tary Figure S6B), along with a decrease in the total level
of nuclear FLYWCH1 protein (Figure 1D, Supplementary
Figure S6C). However, treatment with FH535, an inhibitor
of β-catenin and PPAR that acts at the level of transcription
of target genes, notably increased FLYWCH1, inhibited
glycogen synthase kinase-3β (GSK-3β) and β-catenin levels
(Supplementary Figure S6D-E), while treatment with the
GSK-3β-specific β-catenin phosphorylation sites inhibitor
(BIO) inhibited FLYWCH1 expression (Supplementary
Figure S6F). These results suggest an antagonistic relation-
ship between FLYWCH1 and GSK-3β/β-catenin signalling,
where aberrant Wnt pathway activity may induce a nega-
tive feedback loop to downregulate FLYWCH1 activity.
Previously, we reported that FLYWCH1 interacts with

β-catenin via its N-terminal domain of β-catenin, where
GSK-3β phosphorylates β-catenin [2]. Here, we further
investigated the potential crosstalk between FLYWCH1
and GSK-3β. Our bioinformatics databases and molec-
ular docking simulations confirmed potential binding
sites and interaction orientations between FLYWCH1 and
GSK-3β (Figure 1E, Supplementary Video S1, Supple-
mentary Figure S7A, and Supplementary Tables S2-S4).
We performed a comparative binding enzyme-linked
immunosorbent assay (ELISA) (Figure 1F, Supplemen-
tary Figure S7B) and co-immunoprecipitation (Co-IP)
assay,whichwere attenuated uponWnt3A/Rspo treatment

F IGURE 1 Crosstalk between FLYWCH1 and β-Catenin through Wnt activation and GSK3-β, and its role in maintaining intestinal stem
cell homeostasis and tumorigenesis modulation. (A) Representative images of normal (left panel) and tumor (right panel) tissues from tissue
microarrays (TMAs) of CRC patient samples showing differential expression of FLYWCH1 via immunohistochemistry (IHC). Scale bar: 200
µm. (B) Nuclear (left panel) and cytoplasmic (right panel) FLYWCH1 protein expression in epithelial cells across different tumor regions–;
normal, luminal, intratumoral, and advancing edge– was quantified using the H-score system. TMA cores with less than 15% intact epithelial
tumor tissue were excluded from the analysis. p-values are provided in Supplementary Table S1. (C) Immunofluorescence staining
demonstrates the effect of Wnt-3A/Rspo on the cellular distribution and expression pattern of FLYWCH1. Dotted lines indicate enlarged cells,
with “N” representing the nucleus and “C” representing the cytoplasm. Scale bars for the original images: 7.5 µm. Scale bars for the
zoomed-in images: 50 µm. (D) Western blot (WB) analysis of nuclear and cytoplasmic FLYWCH1distribution following Wnt-3A/Rspo
treatment. (E) 3D interaction model showing GSK-3β (yellow) and FLYWCH1 (green) binding, with the amino acid residue sequences of the
FLYWCH1 C-terminus binding site. The serine amino acid in the FLYECH1 C-terminus docking site with GSK-3β is highlighted in red. (F)
ELISA results showing the binding of GSK-3β antibody to wells containing wild-type (#2) and mutant (#3) C-terminal FLYWCH1-GSK-3β
binding peptides, compared with wild-type (#4) and mutant (#5) N-terminal FLYWCH1 peptides and the control Axin-GSK-3β binding
peptide (#1). Data points represent the average of triplicates from three independent experiments. (G) Representative images of day 5 tumor
PDOs treated with DMSO, BIO (5 µmol/L), and FH535 (18 µmol/L) for two days. Organoid size is reduced with FH535 treatment compared to
BIO treatment and DMSO-treated patients-derived tumor organoids (PDOs), as indicated by the differences marked with arrowheads. Scale
bars: 7.5 µm. (H) Schematic model illustrating the mechanism by which activated Wnt and GSK-3β promote the post-translational
modification of FLYWCH1. This leads to the suppressive activity of FLYWCH1 on nuclear β-catenin and proliferation in cancer cells through
cytoplasmic translocation and degradation of FLYWCH1 protein within cancer cells. The antiproliferative effect of FH535, which induces
FLYWCH1 expression in tumor PDOs, suggests its potential therapeutic value in CRC treatment. Abbreviations: 3D, three-dimensional; C,
Cytoplasmic; DAPI, 4’,6-diamidino-2-phenylindole; DMSO, Dimethyl sulfoxide; EIASA, Enzyme-linked immunosorbent assay; FLYWCH1,
FLYWCH-Type Zinc Finger 1; GSK-3β, Glycogen synthase kinase-3 beta; H3, Histone H3; kDa, Kilodalton; N, Nuclear; PDO, Patient-derived
organoid; Rspo, R-spondin; WB, Western blot.
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(Supplementary Figure S7C). Our analysis revealed var-
ious post-translational modifications (PTMs), including
ubiquitination and GSK-3β consensus sequence phos-
phorylation sites within FLYWCH1 amino acid residues
(Supplementary Figure S8A). A cycloheximide (CHX)
chase assay determined the time course of FLYWCH1
protein stability (Supplementary Figure S8B) and demon-
strated ubiquitination-mediated degradation (Supplemen-
tary Figure S8C). FLYWCH1-IP-based assays and BIO
treatment further showed that GSK-3βmaintained nuclear
ubiquitinated FLYWCH1, while Wnt activation and GSK-
3β phosphorylation of FLYWCH1 led to its ubiquitination
and subsequent degradation (Supplementary Figure S8D).
These data suggest that the crosstalk between nuclear FLY-
WCH1 and Wnt/GSK-3β increases FLYWCH1 phosphory-
lation, which could be crucial for proteasome-mediated
FLYWCH1 destabilisation.
To investigate the therapeutic significance of FLYWCH1

and GSK-3β crosstalk in CRC, we screened PDOs for
growth with six different Wnt small molecule inhibitors
and activators, including the GSK-3β phosphorylation
blocker BIO, QS11, WAY-316606, WIK14, FH535, and a
GSK-3β inhibitor drug. After 72 hours, the WST-1 prolif-
eration assay showed that BIO induced the most growth,
while FH535 resulted in lowest growth compared to con-
trol organoids and other drugs (Figure 1G, Supplementary
Figure S9A).
The clinical significance of FLYWCH1/GSK-3β crosstalk

was further examined using a CRC tissue microarray
(TMA) via immunohistochemistry (IHC) and H-score
analysis (Supplementary Figure S9B, Supplementary Table
S5). H-score analysis showed that while the nuclear GSK-
3β expression was not significantly different between
normal and tumor samples, nuclear GSK-3β significantly
increased with tumor stage (Supplementary Figure S9B),
contrasting with FLYWCH1 (Figure 1B, left panel). How-
ever, cytoplasmic GSK-3β staining intensity decreased
with tumor stage (Supplementary Figure S9C), similar to
FLYWCH1 (Figure 1B, right panel) in tumor samples. Fur-
thermore, patients with low cytoplasmic FLYWCH1 and
high cytoplasmic GSK-3β had the shortest overall survival
(OS) (Supplementary Figure S10A-B and Supplementary
Table S6), while no significant differences were observed
for nuclear FLYWCH1 or nuclear GSK-3β (Supplementary
Figure S10C-D and Supplementary Table S6).
In conclusion, we propose a model (Figure 1H) in which

FLYWCH1 acts as a negative regulator of Wnt/β-catenin
signalling, maintaining ISC homeostasis. Aberrant Wnt
activation mediates the cytoplasmic translocation of FLY-
WCH1 protein, and further dysregulation of FLYWCH1 by
GSK-3β disrupts this complex, leading to uncontrolled β-
catenin activity during CRC development and progression.

Our data, along with previous findings [6], suggest that
FH535 might inhibit tumor growth by GSK-3β/β-catenin
inhibition, inducing FLYWCH1 expression. Altogether,
this highlights FLYWCH1 as a potential therapeutic tar-
get inWnt/β-catenin-driven tumorigenesis. Recent studies
have identified associations between FLYWCH1 and the
Wnt/β-catenin pathway, particularly with chromatin in
DNA damage response and radioresistance [3, 4, 7-10].
A more detailed analysis of FLYWCH1’s role in ISC
regulation and CRC, including its therapeutic potential
and differential subcellular localization, is discussed in
the “Extra discussion text” section of the Supplementary
Materials. Therefore, future investigations targeting FLY-
WCH1 for clinical anti-cancer treatment strategies and
monitoring treatment efficiency are warranted.

AUTH OR CONTRIBUT IONS
Conception and design: Sheema Almozyan and Abdol-
rahman Shams Nateri. Development of methodology:
SheemaAlmozyan, Abrar Aljohani, Sepideh Youssefi, Pre-
rna Kadam, Roya Babaei-Jadidi, Bradley Spencer-Dene,
Emad Rakha, and Abdolrahman Shams Nateri. Acquisi-
tion of data: Sheema Almozyan, Abrar Aljohani, Sepideh
Youssefi, Prerna Kadam, William Dalleywater, Bradley
Spencer-Dene, andRoya Babaei-Jadidi. Analysis and inter-
pretation of data: Sheema Almozyan, Sepideh Youssefi,
Prerna Kadam, William Dalleywater, Roya Babaei-Jadidi,
and Abdolrahman Shams Nateri. Writing and revision
of the manuscript: Sheema Almozyan, William Dalley-
water, and Abdolrahman Shams Nateri. Administrative,
technical, or material support: Sheema Almozyan, Roya
Babaei-Jadidi,Mohammad Ilyas, EmadRakha, andAbdol-
rahman Shams Nateri. Supervisions: Mohammad Ilyas,
EmadRakha, andAbdolrahman ShamsNateri. All authors
have read, reviewed and agreed to the published version of
the manuscript.

ACKNOWLEDGEMENTS
We thank Axel Behrens (The Institute of Cancer Research,
London, UK) for providing the Tig119 cells, Emenike
Kenechi. Onyido (Swansea University Medical School,
Swansea University, Swansea, UK) and BelalMuhammad
(Cincinnati Children’s Hospital Medical Centre, Cincin-
nati, Ohio) for supplying vectors. We also appreciate the
technical advice from EmmaNye (The Francis Crick Insti-
tute, London, UK), Phil Clarke (University of Nottingham,
Nottingham, UK), and Kiarash Saleki (Universal Scien-
tific Education and Research Network [USERN]). Special
thanks go to Alison Sims and her family (Campaign &
Alumni Relations Office, Nottingham, UK) for their fan-
tastic fundraising efforts in memory of Daz Sims, which
have greatly supported our work.

 25233548, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.12625 by C

ochraneC
hina, W

iley O
nline L

ibrary on [04/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcac2.12625&mode=


LETTER TO THE JOURNAL 5

CONFL ICT OF INTEREST STATEMENT
The authors declare no potential conflicts of interest.

FUNDING INFORMATION
This research was supported by the Medical Research
Council (MRC) (grant number G0700763) and by the
University of Nottingham, Nottingham, UK.

DATA AVAILAB IL ITY STATEMENT
Data generated in the present study are available from the
corresponding author upon request. The clinical informa-
tion and gene expression data for FLYWCH/GSK-3β stud-
ied in colorectal cancer TMA slides have been uploaded to
https://doi.org/10.7910/DVN/KTAFUC.

ETH ICS APPROVAL AND CONSENT TO
PART IC IPATE
For patient-derived organoids, CRC specimens were col-
lected from the Nottingham Health Sciences Biobank
(NHSB) at Queens Medical Centre, University of Not-
tingham (NHSB approval number: ACP000098 A Nateri
CRC). Ethical approval and research and development
approval for generating the TMA were obtained from the
Local Research Ethics Committee and the Trust Research
and Development office in Nottingham (Ethical approval
reference number: 05/Q1605/66), respectively. Mice for
organoid isolations were kept in a specific pathogen-
free condition (PPL number: P375A76FE). All experi-
ments were conducted at the University of Nottingham
in accordance with institutional biomedical service unit
guidelines.

Sheema Almozyan1,2
Roya Babaei-Jadidi1,3

Abrar Aljohani4,5
Sepideh Youssefi1

William Dalleywater6
Prerna Kadam1

Bradley Spencer-Dene7,8
Emad Rakha4

Mohammad Ilyas6
Abdolrahman Shams Nateri1,9

1Cancer Genetics & Stem Cell Group, BioDiscovery
Institute, School of Medicine, University of Nottingham,

Nottingham, Nottinghamshire, UK
2Department of Cell Therapy and Immunobiology,

Research & Innovation Centre, King Faisal Specialist
Hospital & Research Centre, RUH, Riyadh, Saudi Arabia
3Respiratory Medicine, BioDiscovery Institute, School of

Medicine, University of Nottingham, Nottingham,
Nottinghamshire, UK

4University of Nottingham and Nottingham University City
Hospital, School of Medicine, Nottingham,

Nottinghamshire, UK
5Department of Clinical Laboratory Sciences, College of
Applied Medical Sciences, Taif University, Taif, Saudi

Arabia
6Histopathology, Queens Medical Centre, School of
Medicine, University of Nottingham, Nottingham,

Nottinghamshire, UK
7Experimental Histopathology, The Francis Crick Institute,

London, UK
8Non-Clinical Histology, Bioimaging, GSK, Stevenage,

Hertfordshire, UK
9Academic Unit of Translational Medical Sciences, School

of Medicine, University of Nottingham, Nottingham,
Nottinghamshire, UK

Correspondence
Abdolrahman Shams Nateri, BioDiscovery Institute,

School of Medicine, University of Nottingham,
Nottingham, Nottinghamshire, NG7 2RD, United

Kingdom.
Email: a.nateri@nottingham.ac.uk

ORCID
AbdolrahmanShamsNateri https://orcid.org/0000-
0002-6422-6813

REFERENCES
1. Colozza G, Park SY, Koo BK. Clone wars: Frommolecules to cell

competition in intestinal stem cell homeostasis and disease. Exp
Mol Med. 2022;54(9):1367-78.

2. Muhammad BA, Almozyan S, Babaei-Jadidi R, Onyido EK,
Saadeddin A, Kashfi SH, et al. FLYWCH1, a Novel Suppressor
of Nuclear beta-Catenin, Regulates Migration and Morphology
in Colorectal Cancer. Mol Cancer Res. 2018;16(12):1977-90.

3. Santos-Barriopedro I, van Mierlo G, Vermeulen M. Off-the-
shelf proximity biotinylation for interaction proteomics. Nat
Commun. 2021;12(1):5015.

4. Almozyan S, Coulton J, Babaei-Jadidi R, Nateri AS. FLYWCH1,
a Multi-Functional Zinc Finger Protein Contributes to the DNA
Repair Pathway. Cells. 2021;10(4):889.

5. DickinsonME, Flenniken AM, Ji X, Teboul L, WongMD,White
JK, et al. High-throughput discovery of novel developmental
phenotypes. Nature. 2016;537(7621):508-14.

6. Tu X, Hong D, Jiang Y, Lou Z, Wang K, Jiang Y, et al. FH535
inhibits proliferation and migration of colorectal cancer cells
by regulating CyclinA2 and Claudin1 gene expression. Gene.
2019;690:48-56.

7. Jun S, Jung YS, Suh HN, Wang W, Kim MJ, Oh YS, et al. LIG4
mediatesWnt signalling-induced radioresistance.NatCommun.
2016;7:10994.

8. Gupta R, Somyajit K, Narita T, Maskey E, Stanlie A, Kremer
M, et al. DNA Repair Network Analysis Reveals Shieldin as a

 25233548, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.12625 by C

ochraneC
hina, W

iley O
nline L

ibrary on [04/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.7910/DVN/KTAFUC
https://orcid.org/0000-0002-6422-6813
mailto:a.nateri@nottingham.ac.uk
https://orcid.org/0000-0002-6422-6813
https://orcid.org/0000-0002-6422-6813
https://orcid.org/0000-0002-6422-6813
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcac2.12625&mode=


6 LETTER TO THE JOURNAL

Key Regulator of NHEJ and PARP Inhibitor Sensitivity. Cell.
2018;173(4):972-88 e23.

9. Rispal J, Escaffit F, Trouche D. Chromatin Dynamics in Intesti-
nal Epithelial Homeostasis: A Paradigm of Cell Fate Determina-
tion versus Cell Plasticity. StemCell RevRep. 2020;16(6):1062-80.

10. Sheng X, Lin Z, Lv C, Shao C, Bi X, Deng M, et al. Cycling Stem
Cells Are Radioresistant and Regenerate the Intestine. Cell Rep.
2020;32(4):107952.

SUPPORT ING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

 25233548, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.12625 by C

ochraneC
hina, W

iley O
nline L

ibrary on [04/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcac2.12625&mode=

	Wnt/GSK-3b mediates posttranslational modifications of FLYWCH1 to regulate intestinal epithelial function and tumorigenesis in the colon
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


