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ABSTRACT  

Hematopoietic stem cells (HSCs) are responsible for the 

generation of various blood cell lineages, characterized by 

self-renewal property. Deregulation and differentiation of 

blood cells leads to leukemogenesis. In the present review, we 

mark out the emerging role of Wnt signaling as a critical 

regulator of distinct aspects of self-renewal and 

differentiation and importance of targeting the pathway to 

inhibit leukemia development. Aberrant activation of Wnt 

signaling and downstream effectors have been demonstrated 

in Acute Myeloid Leukemia (AML). Moreover, the chimeric 

transcription factors such as promyelocytic leukemia- retinoic 

acid receptor-α (PML-RARAα), promyelocytic zink finger 

protein (PLZF-RARα) and AML-ETO that are observed to 

play role in AML which induce downstream Wnt signaling 

events. Various studies suggest that AML associated fusion 

proteins contribute to leukemogenesis by enhancing self-

renewal and inducing plakoglobin expression, activating the 

Wnt signaling pathway. The canonical Wnt pathway could be 

shown to be of major importance in pathogenesis of AML 

and seems to be a promising treatment strategy in AML  
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Background 

A rare population of multipotent cells found in the adult bone marrow (BM) is responsible 

for continuous production of blood cells called Hematopoietic Stem Cells (HSCs) through 

the process hematopoiesis including platelets, erythrocytes, and all leukocytes throughout life 

(Orkin et al, 2008 [1]). HSCs have self-renewal type proliferation that undergoes a stepwise 

loss of multi-lineage potential and become progressively committed to a single hematopoietic 

lineage and thereby into fully mature blood cells (Luice et al, 2012 [2]). These properties of 

HSCS such as self-renewal, differentiation, proliferation, apoptosis and senescence of HSC 

are regulated by various pathways including Wnt, Notch, Hedgehog, TGFβ/SMAD and 

several others. Of these, Wnt (Wingless-Int)/β-catenin pathway is a crucial pathway which 

controls development and cell fate determination (Luice et al, 2012 [2])and by far the best 

characterized. The role of Wnt signaling in normal hematopoiesis and lymphocyte 

development is important and has been covered extensively in a number of recent reviews 

(William et al, 2013; Staal et al, 2008; Staal et al, 2008 [3-5]). Wnt/β-catenin pathway is 

shown to be dysregulated in many types of cancers and hence could provide an excellent 

therapeutic target (Valkenburg et al, 2011; Borah et al,2015; Dahmani et al, 2011 [6-8]). In 

recent years, knowledge about the role of Wnt signaling in hematopoiesis and leukemia has 

increased (Luice et al, 2012 [9]). A better understanding of this pathway pave the way to 

developing better therapeutic approaches for hematologic malignancies (William et al, 2013 

[3]). Therefore, this review will recapitulate the contribution of Wnt/β-catenin pathway in 

cancer progression with a focus on AML. 

AML is a clonal disease resulting from a malignant transformation of a hematopoietic stem 

or progenitor cell. It is characterized by an abnormal accumulation of hematopoietic 

progenitor cells leading to progressive insufficiency of normal hematopoiesis. There are 

different genetic causes resulting in variable clinical courses of AML that include cytogenetic 

abnormalities, gene mutations, deletions of certain chromosomes or abnormal karyotype 

making molecular causes of the disease highly heterogenous. 

Cytogenetic abnormalities in AML 

Cytogenetic abnormalities can be detected in approximately 50% to 60% of newly diagnosed 

AML patients (Kumar et al., 2016 [10]). The most of the cases of AML are associated with 

nonrandom chromosomal translocations that often result in gene arrangements. Cytogenetics 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5040980/#B1-cancers-08-00078
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is the most important prognostic factor for predicting remission rate, relapse, and overall 

survival. Several chromosomal abnormalities such as monosomies or deletions of part or all 

of chromosomes 5 or 7 (–5/–7) and trisomy 8 are common in AML (Kumar et al, 2016 [10]). 

The chromosomal abnormalities also balanced translocations such as t(8;21), t(15;17), 

t(11;17), t(9;11); and inv(16)shows the most frequent chromosomal aberrations and their 

corresponding fusion genes in AML [10]. The most frequent onco fusion proteins such as 

AML1-ETO (Licht et al, 2001 [11]), PML-RARα and PLZF-RARα have the role in the 

pathogenesis of AML (Grignani et al, 1998 [12]). 

Further, the mutations comprise alterations in myeloid transcription factors and activating 

mutations of signal transduction intermediates leading to inappropriate gene expression and 

aberrant signal transduction, respectively. Both mechanisms are highly interdependent, 

resulting in reduced apoptosis, increased stem cell self-renewal and blocked differentiation of 

AML cells (Steffen et al. 2005 [13]). The majority of AML patients still cannot be cured 

inspite of major progress in the treatment during the last couple of years. Thus, new 

therapeutic strategies are essential owing to high mortality rates and high relapse rates even 

among transplanted patients (Mawad et al, 2013 [14]). The Wnt/ β-catenin pathway has been 

shown to play an essential role in the development of AML by regulating the cell 

proliferation, differentiation, and apoptosis of HSCs (Gilliland et al, 2004; Lapidot et 

al,1994; Okuhashi et al, 2011 [15,16,17]). Thus, Wnt/ β-catenin signaling molecules can be 

attractive candidates for developing novel targeted therapies for this disease (Gilliland et al., 

2004; Lapidot et al., 1994; Okuhashi et al., 2011; Lane et al., 2011; Mochmann  et al., 2011 

[15-19]). 

Wnt signaling pathway 

The Wnt pathway is a group of signal transduction pathways made of proteins that pass 

signals into a cell through cell surface receptors. Wnt pathway is initiated by evolutionarily 

conserved growth factors of the Wnt family. Wnts are encoded by 19 different wingless and 

integration site growth factor (Wnt) genes that share a high degree of sequence homology 

(Swarup et al, 2012 [20]). They bind to cell surface receptors Frizzled (Fzd) to activate the 

Wnt pathway, thus initiating the signaling cascades that are crucial in many physiological 

settings (Clevers et al, 2012 [21]). Wnt signaling pathway actively functions in embryonic 

development and helps in homeostasis in mature tissues by regulating diverse processes 

including cell proliferation, survival, migration and polarity, specification of cell fate, and 

https://en.wikipedia.org/wiki/Signal_transduction
https://en.wikipedia.org/wiki/Proteins
https://en.wikipedia.org/wiki/Frizzled
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self-renewal property (Kim et al, 2013, Wang et al,2012 [22-23]).Wnt proteins comprise a 

major family of signaling molecules that orchestrate and influence a myriad of cell biological 

and developmental processes. These proteins are hydrophobic and are found in association 

with cell membranes and the extracellular matrix. They become palmitoylated in the 

endoplasmic reticulum of the Wnt-producing cells in the presence of acyltransferase 

porcupine. This palmitate modification is thought to assist in ligand reception on Wnt-

responding cells. Once modified, the proteins are transported and secreted using secretory 

vesicles controlled by the multi-pass transmembrane protein Wntless/Evi (evenness 

interrupted), which is present in the Golgi and/or on the plasma membrane. This facilitates 

the release of Wnt protein from the cells to get associated with the seven-pass transmembrane 

receptor Fzd. Fzd is present on the surface of responding cells and possesses a large 

extracellular domain containing a conserved motif which comprises 10 cysteine residues 

called the cysteine-rich domain. There are various co-receptors – low-density lipoprotein 

receptor-related proteins 5 or 6 (LRP5/6) or ROR2 that aid in the binding of Wnt proteins to 

the receptor (Rosso et al, 2013 [24]). The co-receptor engaged then determines the 

downstream effect of the successful ligand binding, initiating either the canonical or the 

noncanonical pathways (Verkaar et al, 2010 [25]). 

Wnt signalling pathway is divided into canonical pathway that involves Wnt/β-catenin and 

the noncanonical pathway that include planar cell polarity pathway (PCP) and 

Wnt/calcium pathway. These are activated by binding of Wnt protein ligand to the 

Fzd family receptor, which passes the biological signal to the Dishevelled protein inside the 

cell. The canonical Wnt pathway leads to regulation of gene transcription and the 

noncanonical PCP pathway regulates the cytoskeleton that is responsible for the shape of the 

cell. The noncanonical Wnt/calcium pathway regulates calcium inside the cell (Rao et al, 

2010 [26]). 

The canonical Wnt pathway 

Canonical Wnt pathway also referred to as β-catenin-dependent Wnt pathway, is the best 

characterized of the three Wnt signaling pathways. In the absence of Wnt ligand, the 

cytoplasmic β-catenin is maintained at a low level through ubiquitin-proteasome-mediated 

degradation. It is regulated by a multiprotein destruction complex comprising Axin, 

adenomatous polyposis coli (APC), glycogen synthase kinase-3 β (GSK-3 β) and CK1 

(casein kinase 1). As shown in Figure 1, the signaling pathway is initiated upon engagement 

https://en.wikipedia.org/wiki/Cell_polarity
https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/Ligand_(biochemistry)
https://en.wikipedia.org/wiki/Frizzled
https://en.wikipedia.org/wiki/Cell_surface_receptor
https://en.wikipedia.org/wiki/Dishevelled
https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Transcription_(genetics)
https://en.wikipedia.org/wiki/Cytoskeleton
https://en.wikipedia.org/wiki/Calcium_signaling
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of the Wnt ligand with Fzd receptor protein in combination with either LRP5 or LRP6, 

forming a ternary complex on the extracellular membrane. LRP5/6 is a transmembrane 

receptor with a large extracellular domain critical for Wnt binding and a short intracellular 

tail. LRP5/6 also acts as the receptor for the secreted agonists of the Wnt pathway, R-spondin 

family of proteins. R-spondin uniquely synergizes with the Wnt proteins and leads to 

enhancement of the signal responses (De et al, 2012; Jin et al, 2012 [27, 28]). The upstream 

ligand binding then results in the activation of the kinases which induces phosphorylation of 

serine residues in the intracellular cytoplasmictail of LRP5/6, resulting in the initiation of the 

Wnt-mediated signaling cascade (Curtin et al, 2010  [29]). Consequently, phosphoprotein 

Dvl is recruited to the formed complex at the plasma membrane which leads to translocation 

of Axin and GSK-3 β from the cytoplasm to the receptor complex. As a result, the 

destruction complex dissociates and disrupts, due to which the cytoplasmic concentration of 

β-catenin increases. Hence, the accumulated β-catenin translocates into the nucleus where it 

forms a complex with members of the T-cell transcription factor/lymphoid enhancer-binding 

factor (LEF) family of transcription factors. Here, β-catenin acts as a transcription activator 

by displacing Grouchos and recruits the co-activators cAMP response element-binding 

protein binding protein (CBP) or its homolog p300 and also other components of the basal 

transcription machinery (such as CtBP, Foxo, TNIK, Bcl9, and Pygopus) (Takahashi et al, 

2010 [30]). The binding of CBP and p300 activates the Wnt pathway. CBP-mediated Wnt 

signaling is shown to be associated with colonic cell proliferation, and p300-mediated Wnt 

activity promotes differentiation (Bordonaro et al, 2015; Lenz et al, 2014 [31, 32]). This 

results in the expression of the downstream target genes, c-jun, fra-1, c-myc, cyclin D1, etc., 

that are normally involved in developmental stages and adult tissue homeostasis [Figure 1]. 
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Figure 1. Schematic representation of canonical Wnt signaling pathway 

(http://www.wormbook.org/chapters/www_wntsignaling/wntsignaling.html) 

The canonical Wnt pathway is also regulated tightly by members of several families of 

secreted antagonists that interfere with ligand–receptor interactions, such as members of 

the Dickkopf (DKK) family, the secreted frizzled-related protein (sFRP) family and Wnt 

inhibitory factor 1 (WIF1) (Valencia et al, 2009; Gasemi et al, 2016 [33, 34]). The four 

mammalian homologues of Dickkopf (DKK), DKK1–4 negatively regulate Wnt signaling 

by interacting with the Wnt co-receptor LRP5/6, thereby inhibiting signals that emanate 

from the Fzd-LRP complex. FRPs are naturally occurring secreted forms of Fzd, which 

contain the cysteine-rich domain of members of the Fzd-family but do not have a 

transmembrane region. Thus, they bind Wnt proteins and thereby abrogate the activity of 

Wnts. Also, WIF1 is a lipid-binding protein that binds to Wnt proteins, preventing them 

from passing signals to the cell (Liu et al, 2017 [35]). Furthermore, the transcriptional 

activity of the β-catenin-TCF complex is modulated within the nucleus (Valencia et al, 

2009 [33]). 
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Dysregulated Wnt signaling has been identified as a key factor in the initiation of various 

malignancies. Several transcriptional targets of Wnt signaling are known oncogenes in the 

pathogenesis of epithelial cancers such as c-myc and cyclin D1 which are supposed to be 

involved in the oncogenic function of inappropriate Wnt signal activation (Polakis et al, 

2000 [36]). In addition, Fzd, β-catenin and cyclin D1 are found to be the predictor of a 

poor outcome in poorly differentiated TNBC patients (Kazi et al, 2016; Kazi et al, 2018 

[37, 38]. Dey et al [39] have also studied the tumor specimens from two breast cancer 

cohorts and together with meta-analysis of other breast cancer microarray studies 

confirmed the Wnt pathway activation in TNBC sub-types. Moreover, there are strong 

evidences that defects in the Wnt pathway are involved in the development of several 

types of solid tumors like colorectal, prostate, and oral cancer (Noguti et al, 2012; Lu et al, 

2009; Chen et al,2010) [40-42]. It has been known that hematological malignancies, such 

as chronic myeloid and lymphocytic leukemia, mantle cell lymphoma, multiple myeloma, 

and AML may occur partly because of the constitutive activation of Wnt/β-catenin 

canonical signaling pathway (Xueling et al, 2010; Wang et al, 2009 [43, 44]). The Wnt 

signaling pathway has recently been implicated in self-renewal and proliferation of 

hematopoietic stem and progenitor cells [3]. Staal et al. [45] suggest that continuous 

activation of Wnt pathway result in the development of highly aggressive leukemias. Hence 

overexpression or mutation in any of the pathway components leads to malignant growth. 

Wnt signaling in AML 

Aberrant Wnt signaling is proposed to be a hallmark of many cancers (Pohl et al, 2017 

[46]). The role of the Wnt pathway for survival, proliferation and differentiation of HSCs has 

raised the hypothesis that aberrant Wnt signaling might play a role in pathogenesis of 

leukemia. AML is frequently associated with mutations of the FLT3 receptor tyrosine kinase 

as well as with chromosomal translocations, such as t(8;21), t(15;17) and t(11;17) resulting in 

the generation of chimeric genes encoding specific transcription factors. Both, chromosomal 

translocations and FLT3 mutations have recently been reported to be associated with aberrant 

Wnt signaling in AML [Figure 2] (Mikesch et al, 2007 [47]). 
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Figure 2. Schematic representation of Wnt signalling pathway in AML (Mikesch et al) 

[47] 

A significant proportion of AML cases have been shown to have aberrant expression of Wnt 

pathway components including Wnt-1, Wnt-2b and LEF-1 (Simmon et al, 2005[48]). In 

addition, Wnt1, Wnt2B, and LEF1 mRNA are also overexpressed in CD34+ leukemic blast 

cells from AML patients (Ashihara et al, 2015 [49]). Moreover, deregulation of the 

expression of certain Wnt ligands (i.e., WNT2B, WNT6, WNT10A, WNT10B) are shown in 

AML cases (Beghini et al, 2012 [50]). Tickenbrock et al. demonstrated that FZD4 protein 

was expressed in about 80% samples from AML patients but rarely expressed in normal bone 

marrow (Trickembrock et al, 2008 [51]). Also, FZD4 expression modulated apoptosis and 

enhanced WNT3a-induced β-catenin stability in myeloid progenitor cells. Moreover, β-

catenin is shown to be aberrantly expressed in patients with AML (Chung et al, 2002 [52]) 

and β-catenin activation in myeloid leukemia is associated with decreased apoptosis and 

differentiation and increased proliferation leading to poor prognosis (Ysebaert et al, 2006 

[53]). Yuan et al. indicate that LEF1 contributes to the pathophysiology of AML and could 

serve as a novel predictor of better treatment response (Fu et al, 2014 [55]). On the contrary, 

Metzeler and co-authors observed that high LEF1 expression associates with favorable 

outcomes in cytogenetically normal AML patients[56]. MYC overexpression is a strong 

prognostic factor in untreated AML (Ohanian et al, 2016 [57]). Wang et al. suggested that the 

significant over-expressions of cyclin D1 exist in different subgroups of AML patients 
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indicating the Wnt/β-catenin pathway is aberrantly activated in AML. This activates 

downstream target cyclin D1 leads to disturbance in the regulation of cell cycle and abnormal 

proliferation of leukemic cells [54]. 

Many studies reveal that epigenetic inactivation of Wnt pathway inhibitors by CpG island 

methylation provides an additional mechanism for the observed Wnt-pathway activity in 

AML leukemic cells. The methylation status of Wnt antagonists, such as SFRP-1, 3, 4, and 

DKK1, was shown to be responsible for the activation of the Wnt pathway in AML cells and 

correlated with poor prognosis (Valencia et al, 2009; Griffiths et al, 2010 [33,58]). Ghasemi 

et al also showed that CpG island methylation of WIF1 and DKK-1 genes is a common event 

in AML patients [34]. 

These data demonstrate the importance of Wnt signaling pathway in AML patients and their 

outcome, which exhibits the promising therapeutic approach by targeting various 

components of Wnt pathway. 

Activation of Wnt signaling by translocation products in AML 

The AML-associated translocation products AML1-ETO, PML-RARα and PLZF-RARα 

encode abnormal transcription factors that induce self-renewal capacity and a differentiation 

block in susceptible hematopoietic cells. 

The fusion proteins AML1–ETO, PML–RARα and PLZF–RARα share and regulate several 

target genes that have been found to be associated with Wnt signaling. Plakoglobin, a 

homologue of β-catenin is one of such target genes that is strongly induced by all three fusion 

proteins on the mRNA as well as on the protein level. It is a co-activator of TCF and LEF 

transcription factors (Zhurinsky et al, 2000 [59]) and mediates Wnt signaling. Plakoglobin 

binds to TCF/LEF transcription factors, enhancing formation of plakoglobin-LEF-1 

complexes localizes to the nucleus and contributes to TCF- and LEF-dependent promoter 

transactivation of target genes like cyclin D1, c-myc and PPARδ (Muller et al, 2004 [60]). 

Plakoglobin binds to the c-myc promoter leading to its increased expression in AML cells 

carrying one of the fusion proteins. Activation of c-myc by plakoglobin has previously been 

reported by Rennoll et al [61]. The plakoglobin promoter was cloned and shown to be 

induced by AML1-ETO in 32D cells. Moreover, plakoglobin was also significantly over-

expressed in AML patient samples with fusion protein compared to AML patient samples 

that did not express a fusion protein (Muller et al, 2004  [60]). 
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Further, the transcriptional regulation of plakoglobin results in the accumulation of 

endogenous β-catenin in the nucleus and thereby increased levels of β-catenin protein (Miller 

et al., 1997; Shtutman et al, 2002 [62, 63]). This localization within the nucleus could reduce 

the accessibility of plakoglobin to the cytosolic degradation machinery. In addition, 

plakoglobin interacts with the APC protein, possibly elevating the β-catenin levels by 

interfering with its degradation (Miller et al, 1997 [62]). In addition to direct transcriptional 

activation, plakoglobin might compete with β-catenin for APC/axin binding and as a 

consequence lead to increased β-catenin-mediated transcription. Plakoglobin appears to be 

important in Wnt signaling induced by AML associated translocation products, since the 

colony-forming capacity of HSCs transduced with fusion proteins is abrogated upon 

plakoglobin inhibition (Zeng et al, 2004 [64]. Moreover plakoglobin overexpression in 

myeloid 32D cells enhanced proliferation and clonal growth and injecting plakoglobin-

expressing 32D cells into syngeneic mice significantly accelerated the development of 

leukemia [60]. Thus,β-catenin along with other molecules could be the key component in the 

pathogenesis in AML (Maqbool et al, 2016 [65]). 

CONCLUSION 

AML is often characterized by activation of Wnt signaling and downstream effectors. An 

important step forward will be to analyze the therapeutic potential of this pathway in AML. 

AML associated fusion proteins contribute to leukemogenesis by enhancing self-renewal and 

inducing plakoglobin expression, activating the Wnt signaling pathway. Also, the canonical 

Wnt pathway could be shown to be of major importance in the pathogenesis of AML. 

Therefore, inhibition of this pathway might be a promising therapeutic target for AML 

patients. 

REFERENCES: 

1. Orkin SH, Zon LI. Hematopoiesis: An evolving paradigm for stem cell biology. Cell2008; 132 : 631–644. 

2. Luis TC, Killmann NM, Staal FJ. Signal transduction pathways regulating hematopoietic stem cell biology: 

Introduction to a series of spotlight reviews. Leukemia2012; 26: 86–90.  

3. William L,Kendra C, Carlijn V, Marcie K, Tannishtha R. Wnt Signaling in Normal and Malignant 

Hematopoiesis.Cold Spring Harb Perspect Biol2013; 5(2) 

4. Staal FJ, Luis TC, Tiemessen MM. Wnt signalling in the immune system: Wnt is spreading its wings. Nat 

Rev Immunol2008; 8: 581–593. 

5. Staal FJ, Sen JM. The canonical Wnt signaling pathway plays an important role in lymphopoiesis and 

hematopoiesis. Eur J Immunol2008; 38: 1788–1794 

6. Valkenburg KC, Graveel CR, Zylstra-Diegel CR, Zhong Z, Williams BO. Wnt/β‑catenin signaling in normal 

and cancer stem cells. Cancers (Basel)2011; 3 (2): 2050–79. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lento%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23378582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lento%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23378582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voermans%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23378582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kritzik%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23378582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reya%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23378582
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3552513/


www.ijsrm.humanjournals.com 

Citation: Prabhudas S. Patel et al. Ijsrm.Human, 2019; Vol. 11 (3): 9-21. 

19 

7. Borah A, Raveendran S, Rochani A, Maekawa T, Kumar DS. Targeting self-renewal pathways in cancer stem 

cells: clinical implications for cancer therapy. Oncogenesis2015; 4: e177. 

8. Dahmani R, Just PA, Perret C. The Wnt/β-catenin pathway as a therapeutic target in human hepatocellular 

carcinoma. Clin Res Hepatol Gastroenterol 2011; 35 (11): 709–13. 

9. Luis TC, Ichii M, Brugman MH, Kincade P, Staal FJ. Wnt signaling strength regulates normal hematopoiesis 

and its deregulation is involved in leukemia development. Leukemia2012; 26: 414–421. 

10. Kumar CC. Genetic abnormalities and challenges in the treatment of acute myeloid leukemia. Genes & 

cancer 2011 Feb;2(2):95-107 

11. Licht JD. AML1 and the AML1-ETO fusion protein in the pathogenesis of t (8; 21) AML. Oncogene 2001 

Sep;20(40):5660. 

12. Grignani F, De Matteis S, Nervi C, Tomassoni L, Gelmetti V, Cioce M, Fanelli M, Ruthardt M, Ferrara FF, 

Zamir I, Seiser C. Fusion proteins of the retinoic acid receptor-α recruit histone deacetylase in promyelocytic 

leukaemia. Nature1998 Feb;391(6669):815. 

13. Steffen B, Mu¨ller-Tidow C, Schwa¨ble J, Berdel W, Serve H. The molecular pathogenesis of acute 

myeloid leukemia. Crit RevOncol/Haematol 2005; 56: 195–221. 

14. Mawad R, Lionberger JM, Pagel JM. Strategies to reduce relapse after allogeneic hematopoietic cell 

transplantation in acute myeloid leukemia. Current hematologic malignancy reports 2013 Jun 1;8(2):132-40. 

15. Gilliland DG, Jordan CT, Felix CA. The molecular basis of leukemia. Hematology 2004: 80–97. 

16. Lapidot T, Sirard C, Vormoor J.et al. A cell initiating human acute myeloid leukaemia after transplantation 

into SCID mice. Nature 1994; 367(6464): 645–648.  

17. Okuhashi T, Itoh M, Nara N, Tohda S. Effects of combination of notch inhibitor plus hedgehog inhibitor or 

Wnt inhibitor on growth of leukemia cells.  Anticancer Research 2011; 31(3): 893–896.  

18. Lane SW, Wang YJ, Celso CL. Differential niche and Wnt requirements during acute myeloid leukemia 

progression. Blood 2011; 11 (10): 2849–2856. 

19. Mochmann LH, Bock J, Ortiz-Tánchez J. Genome-wide screen reveals WNT11, a non-canonical WNT 

gene, as a direct target of ETS transcription factor ERG. Oncogene 2011; 30(17): 2044–2056. 

20. Swarup S, Verheyen EM. Wnt/wingless signaling in Drosophila. Cold Spring Harb Perspect Biol2012; 4 

(6): a007930 

21. Clevers H, Nusse R. Wnt/β-catenin signaling and disease. Cell2012; 149 (6): 1192–205 

22. Kim W, Kim M, Jho EH. Wnt/β-catenin signalling: from plasma membrane to nucleus. Biochem J2013; 

450 (1): 9–21. 

23.  Wang J, Sinha T, Wynshaw-Boris A. Wnt signaling in mammalian development: lessons from mouse 

genetics. Cold Spring Harb Perspect Biol 2012; 4 (5): a007963 

24. Rosso SB, Inestrosa NC. Wnt signaling in neuronal maturation and synaptogenesis. Front Cell 

Neurosci2013; 7: 103. 

25.  Verkaar F, Zaman GJ. A model for signaling specificity of Wnt/Frizzled combinations through co-re 

ceptor recruitment. FEBS Lett2010; 584 (18): 3850–4. 

26. Rao TP, Kühl M. An updated overview on Wnt signaling pathways: a prelude for more. Circulation 

Research 2010; 106(12): 1798–806 

27. De Lau WB, Snel B, Clevers HC. The R-spondin protein family. Genome Biol 2012; 13 (3): 242. 

28. Jin YR, Yoon JK. The R-spondin family of proteins: emerging regulators of WNT signaling. Int J Biochem 

Cell Biol2012; 44 (12): 2278–87. 

29. Curtin JC, Lorenzi MV. Drug discovery approaches to target Wnt signaling in cancer stem cells. 

Oncotarget2010; 1 (7): 563–6 

30. Takahashi-Yanaga F, Kahn M. Targeting Wnt signaling: can we safely eradicate cancer stem cells? Clin 

Cancer Res 2010; 16 (12): 3153–62 

31. Bordonaro M, Lazarova DL. CREB-binding protein, p300, butyrate, and Wnt signaling in colorectal 

cancer. World J Gastroenterol2015; 21 (27): 8238–48. 

32.  Lenz HJ, Kahn M. Safely targeting cancer stem cells via selective catenin coactivator antagonism. Cancer 

Sci2014; 105 (9): 1087–92. 



www.ijsrm.humanjournals.com 

Citation: Prabhudas S. Patel et al. Ijsrm.Human, 2019; Vol. 11 (3): 9-21. 

20 

33. Valencia A, Roman-Gomez J, Cervera J, Such E, Barragan E, Bolufer P, Moscardo F, Sanz GF, Sanz MA. 

Wnt signaling pathway is epigenetically regulated by methylation of Wnt antagonists in acute myeloid 

leukemia. Leukemia 2009; 23(9):1658 

34. Ghasemi A, Ghotaslou A, Mohammadi M. Methylation of the Wnt signaling antagonist, Wnt inhibitory 

factor 1 and Dickkopf-1 genes in acute myeloid leukemia at the time of diagnosis. Zahedan Journal of Research 

in Medical Sciences 2016;18(1). 

35. Liu P, Shen JK, Hornicek FJ, Liu F, Duan Z. Wnt inhibitory factor 1 (WIF1) methylation and its 

association with clinical prognosis in patients with chondrosarcoma. Scientific reports 2017;7(1):1580. 

36. Polakis P. Wnt signaling and cancer. Genes & development 2000;14(15):1837-51. 

37. Kazi MM, Trivedi TI, Kobawala TP, Ghosh NR. The Potential of Wnt signaling pathway in cancer: A 

focus on breast cancer. Cancer Translational Medicine 2016;2(2):55. 

38. Kazi MM, Vora HH, Kobawala TP, Gajjar KK, Trivedi TI, Ghosh NR. The Wnt Pathway Components are 

Upregulated in Different Molecular Subtypes of Invasive Ductal Carcinoma Patients of Breast. J Cancer Oncol 

2018, 2(3): 000129 

39. Dey N, Barwick BG, Moreno CS, Ordani-Kodani M, Chen Z, Oprea-Ilies G, Tang W, Catzavelos C, 

Kerstann KF, Sledge GW Jr., Abramovitz M, Bouzyk M, De P, Leyland-Jones BR. Wnt signaling in triple 

negative breast cancer is associated with metastasis. BMC Cancer 2013; 13: 537. 

40. Noguti J, De Moura CF, Hossaka TA, Franco M, Oshima CT, Dedivitis RA, Ribeiro DA. The role of 

canonical WNT signaling pathway in oral carcinogenesis: a comprehensive review. Anticancer research. 2012 

Mar 1;32(3):873-8. 

41. Lu W, Tinsley HN, Keeton A, Qu Z, Piazza GA, Li Y. Suppression of Wnt/β-catenin signaling inhibits 

prostate cancer cell proliferation. European journal of pharmacology. 2009 Jan 5;602(1):8-14. 

42. Chen W, Chen M, Barak LS. Development of small molecules targeting the Wnt pathway for the treatment 

of colon cancer: a high-throughput screening approach. American Journal of Physiology-Gastrointestinal and 

Liver Physiology 2010 May 27; 299(2):G293-300. 

43. Xueling GE, Wang X. Role of Wnt canonical pathway in hematological malignancies. Journal of 

hematology & oncology 2010 Dec;3(1):33. 

44. Wang YX, Zhang JH, Gu ZW. Wnt/beta-catenin signal pathway and malignant hematological disease--

review. Zhongguo shi yan xue ye xue za zhi2009 Feb;17(1):234-7. 

45. Staal F, Famili F, Garcia Perez L, Pike-Overzet K. Aberrant Wnt signaling in leukemia. Cancers 2016 Aug 

26;8(9):78. 

46. Pohl S, Brook N. Wnt signaling in triple-negative breast cancer.Oncogenesis 2017; 6:1-12 

47. Mikesch JH, Steffen B, Berdel WE, Serve H, Müller-Tidow C. The emerging role of Wnt signaling in the 

pathogenesis of acute myeloid leukemia. Leukemia 2007 Aug; 21(8):1638 

48. Simon M, Grandage VL, Linch DC. Constitutive activation of the Wnt/β-catenin signalling pathway in 

acute myeloid leukaemia. Oncogene 2005 Mar; 24(14):2410. 

49. Ashihara E, Takada T, Maekawa T. Targeting the canonical Wnt/β-catenin pathway in hematological 

malignancies. Cancer science 2015 Jun;106(6):665-71 

50. Beghini A, Corlazzoli F, Del Giacco L, Re M, Lazzaroni F, Brioschi M, Valentini G, Ferrazzi F, Ghilardi 

A, Righi M, Turrini M. Regeneration-associated WNT signaling is activated in long-term reconstituting 

AC133bright acute myeloid leukemia cells. Neoplasia 2012 Dec 1;14(12):IN44-5. 

51. Tickenbrock L, Hehn S, Sargin B, Choudhary C, Bäumer N, Buerger H, Schulte B, Müller O, Berdel WE, 

Müller-Tidow C, Serve H. Activation of Wnt signalling in acute myeloid leukemia by induction of Frizzled-4. 

International journal of oncology 2008 Dec 1; 33(6):1215-21. 

52. Chung EJ, Hwang SG, Nguyen P. Regulation Of Leukemic Cell Adhesion, Proliferation, And Survival By 

Beta-Catenin. Blood 2002; 100: 982–90 

53. Ysebaert L, Chicanne G, Demur C. Expression Of Beta-Catenin By Acute Myeloid Leukemia Cells 

Predicts Enhanced Clonogenic Capacities And Poor Prognosis. Leukemia 2006; 20: 1211–6 

54. Wang YX, Zhang JH, Gu ZW. Beta-catenin and cyclin D1 mRNA levels in newly diagnosed patients with 

acute myeloid leukemia and their significance. Zhongguo shi yan xue ye xue za zhi 2009 Apr; 17(2):304-8. 

55. Fu Y, Zhu H, Wu W, Xu J, Chen T, Xu B, Qian S, Li J, Liu P. Clinical significance of lymphoid enhancer-

binding factor 1 expression in acute myeloid leukemia. Leukemia & lymphoma 2014 Feb 1; 55(2):371-7. 



www.ijsrm.humanjournals.com 

Citation: Prabhudas S. Patel et al. Ijsrm.Human, 2019; Vol. 11 (3): 9-21. 

21 

56. Metzeler KH, Heilmeier B, Edmaier KE, Rawat VP, Dufour A, Döhner K, Feuring-Buske M, Braess J, 

Spiekermann K, Büchner T, Sauerland MC. High expression of lymphoid enhancer-binding factor-1 (LEF1) is a 

novel favorable prognostic factor in cytogenetically normal acute myeloid leukemia. Blood 2012;120(10):2118-

26 

57. Ohanian M, Rozovski U, Kantarjian HM, Loghavi S, Abruzzo L, Zuo Z, Huh Y, Garcia-Manero G, 

Ravandi F, Andreeff M, Kornblau SM. MYC protein expression as prognostic in acute myeloid 

leukemia.Journal of Clinical Oncology 2016; 34(15):7019 

58. Griffiths EA, Gore SD, Hooker C, McDevitt MA, Karp JE, Smith BD, Mohammad HP, Ye Y, Herman JG, 

Carraway HE. Acute myeloid leukemia is characterized by Wnt pathway inhibitor promoter hypermethylation. 

Leukemia & lymphoma 2010 Sep 1; 51(9):1711-9. 

59. Zhurinsky J, Shtutman M, Ben-Ze’ev A. Plakoglobin and betacatenin: protein interactions, regulation and 

biological roles. J Cell Sci 2000; 113: 3127–3139 

60. Mu¨ller-Tidow C, Steffen B, Cuavet T, Tickenbrock L, Ji P, Diederichs S et al. Translocation products in 

acute myeloid leukemia activate the Wnt signaling pathway in haematopoietic cells. Mol Cell Biol 2004;24(7): 

2890-2904 

61. RennollS,  Yochum G. Regulation of MYC gene expression by aberrant Wnt/β-catenin signaling in 

colorectal cancer.World J Biol Chem 2015.  26; 6(4): 290–300 

62. Miller JR, Moon RT. Analysis of the signaling activities of localization mutants of β-catenin during axis 

specification in Xenopus. The Journal of cell biology 1997 Oct 6; 139(1):229-43. 

63. Shtutman M, Zhurinsky J, Oren M, Levina E, Ben-Ze’ev A. PML is a target gene of β-catenin and 

plakoglobin, and coactivates β-catenin-mediated transcription. Cancer research 2002 Oct 15; 62(20):5947-54 

64. Zheng X, Beissert T, Kukoc-Zivojnov N, Puccetti E, Altschmied J, Strolz C et al. Gamma-catenin 

contributes to leukemogenesis induced by AML-associated translocation products by increasing the self-

renewal of very primitive progenitor cells. Blood 2004; 103: 3534–3543 

65. Maqbool M,  Iqbal S, Sharma A. Analysis of WNT signaling gene expression and potential role in acute 

myeloid leukemia (AML). Journal of clinical oncology 2016; 7023-7023. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rennoll%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26629312
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yochum%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26629312
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4657124/
http://ascopubs.org/author/Maqbool%2C+Mohsin
http://ascopubs.org/author/Iqbal%2C+Sobuhi
http://ascopubs.org/author/Sharma%2C+Atul

	34. Ghasemi A, Ghotaslou A, Mohammadi M. Methylation of the Wnt signaling antagonist, Wnt inhibitory factor 1 and Dickkopf-1 genes in acute myeloid leukemia at the time of diagnosis. Zahedan Journal of Research in Medical Sciences 2016;18(1).
	35. Liu P, Shen JK, Hornicek FJ, Liu F, Duan Z. Wnt inhibitory factor 1 (WIF1) methylation and its association with clinical prognosis in patients with chondrosarcoma. Scientific reports 2017;7(1):1580.
	39. Dey N, Barwick BG, Moreno CS, Ordani-Kodani M, Chen Z, Oprea-Ilies G, Tang W, Catzavelos C, Kerstann KF, Sledge GW Jr., Abramovitz M, Bouzyk M, De P, Leyland-Jones BR. Wnt signaling in triple negative breast cancer is associated with metastasis. B...
	50. Beghini A, Corlazzoli F, Del Giacco L, Re M, Lazzaroni F, Brioschi M, Valentini G, Ferrazzi F, Ghilardi A, Righi M, Turrini M. Regeneration-associated WNT signaling is activated in long-term reconstituting AC133bright acute myeloid leukemia cells....
	52. Chung EJ, Hwang SG, Nguyen P. Regulation Of Leukemic Cell Adhesion, Proliferation, And Survival By Beta-Catenin. Blood 2002; 100: 982–90
	54. Wang YX, Zhang JH, Gu ZW. Beta-catenin and cyclin D1 mRNA levels in newly diagnosed patients with acute myeloid leukemia and their significance. Zhongguo shi yan xue ye xue za zhi 2009 Apr; 17(2):304-8.
	55. Fu Y, Zhu H, Wu W, Xu J, Chen T, Xu B, Qian S, Li J, Liu P. Clinical significance of lymphoid enhancer-binding factor 1 expression in acute myeloid leukemia. Leukemia & lymphoma 2014 Feb 1; 55(2):371-7.
	56. Metzeler KH, Heilmeier B, Edmaier KE, Rawat VP, Dufour A, Döhner K, Feuring-Buske M, Braess J, Spiekermann K, Büchner T, Sauerland MC. High expression of lymphoid enhancer-binding factor-1 (LEF1) is a novel favorable prognostic factor in cytogenet...
	58. Griffiths EA, Gore SD, Hooker C, McDevitt MA, Karp JE, Smith BD, Mohammad HP, Ye Y, Herman JG, Carraway HE. Acute myeloid leukemia is characterized by Wnt pathway inhibitor promoter hypermethylation. Leukemia & lymphoma 2010 Sep 1; 51(9):1711-9.
	65. Maqbool M,  Iqbal S, Sharma A. Analysis of WNT signaling gene expression and potential role in acute myeloid leukemia (AML). Journal of clinical oncology 2016; 7023-7023.

