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as an important factor closely related to the develop-
ment of malignant diseases, and its role in haemato-
logic malignancies has received extensive attention and 
research by scientists and has been confirmed in various 
experiments.

In 1982, Nusse and Varmus isolated the first Wnt gene 
in the mouse genome, and subsequent studies found 
that ectopic expression of Wnt induced mammary car-
cinogenesis in mice and defects in insect embryonic 
development [4]. In the 40 years since, the role of the 
Wnt signalling pathway in embryonic development and 
cancer development and progression has been gradu-
ally revealed. In particular, the canonical Wnt pathway, 
also known as the Wnt/β-catenin signalling pathway, is 
involved in the development and progression of a range 
of cancers. The role of the Wnt signalling pathway was 
first demonstrated in colorectal cancer. In 1997, Kris 
Vleminckx et al. proposed that the tumour suppressor 
gene APC, which is associated with β-catenin as part of 
the classical Wnt signalling pathway, plays an important 
role in carcinogenesis in familial adenomatous polypo-
sis [5]. In addition, new studies have found that MASTL 
induces colon cancer progression and chemoresistance 

Introduction
Common haematologic malignancies include various 
types of leukaemia, malignant lymphoma, and multiple 
myeloma. Physico-chemical, biological and genetic fac-
tors play an important role in the development of malig-
nant diseases of the haematological system. For example, 
people who are exposed to formaldehyde and radiation 
are 20 to 30 times more likely to develop leukaemia than 
the general population. Human T-lymphotropic virus 
type I causes T-cell leukaemia/lymphoma in adults, and 
more than 80% of patients with Burkitt’s lymphoma have 
significantly higher titres of EBV antibodies in their sera 
[1, 2].

With the continuous development of society, the 
occurrence of malignant neoplasms in the haematologi-
cal system has also increased each year. In addition to 
genetic factors [3], the Wnt/β-catenin pathway serves 
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Abstract
Leukaemia and lymphoma are common malignancies. The Wnt pathway is a complex network of proteins 
regulating cell proliferation and differentiation, as well as cancer development, and is divided into the Wnt/β-
catenin signalling pathway (the canonical Wnt signalling pathway) and the noncanonical Wnt signalling pathway. 
The Wnt/β-catenin signalling pathway is highly conserved evolutionarily, and activation or inhibition of either 
of the pathways may lead to cancer development and progression. The aim of this review is to analyse the 
mechanisms of action of related molecules in the Wnt/β-catenin pathway in haematologic malignancies and their 
feasibility as therapeutic targets.
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by promoting Wnt/β-catenin signalling [6]. In a recent 
liver cancer-related study, Fu et al. proposed that 
Linc00210 drives Wnt/β-catenin signalling activation 
and liver tumour progression in a CTNNBIP1-dependent 
manner [7]. In another study, Wantae Kim et al. found 
that Wnt/β-catenin signalling activation inhibited HCC 
formation by suppressing the positive feedback loop 
between YAP/TAZ and Notch signalling [8]. In breast 
cancer, cell surface GRP78 and dermcidin cooperate to 
regulate breast cancer cell migration via Wnt signalling 
[9]. LncRNA PKMYT1AR promotes cancer stem cell 
maintenance in non-small-cell lung cancer by activating 
the Wnt signalling pathway [10]. AXIN1-295aa, a newly 
identified protein encoded by circAXIN1, promotes gas-
tric cancer progression by activating the Wnt/β-catenin 
signalling pathway [11]. In melanoma, downregulation of 
RNF128 activates Wnt/β-catenin signalling to induce cel-
lular EMT and increase stemness via CD44 and Cortac-
tin ubiquitination [12].

Although exciting results about the Wnt classical sig-
nalling pathway have been obtained from studies of the 
aforementioned solid cancers, its roles are poorly under-
stood in haematologic malignancies, likely because most 
haematologic neoplasms are not solid cancers, which 
makes research difficult. This review summarizes and 
outlines recent advances in the understanding of the 
Wnt/β-catenin signalling pathway in haematologic malig-
nancies and explores potential therapeutic targets identi-
fied in recent years.

The wnt signalling pathway
The Wnt signalling pathway is critical for human devel-
opment. The Wnt family consists of at least 19 secreted 
glycoproteins with 22–24 conserved cysteine residues, 
and these proteins are associated with human develop-
ment and disease occurrence [13]. The Wnt signalling 
pathway is divided into the canonical Wnt signalling 
pathway, which is β-catenin dependent, and the nonca-
nonical Wnt signalling pathway, which is not dependent 
on β-catenin.

The noncanonical wnt signalling pathway
The noncanonical Wnt signalling pathway includes (1) 
the planar cell polarity pathway, which is involved in the 
activation of JNK and cytoskeletal rearrangement; (2) the 
Wnt/ Ca+ pathway, which activates PLC and PKC [14]; 
and (3) intracellular pathways that regulate spindle orien-
tation and asymmetric cell division.

The canonical wnt signalling pathway
Here, we focus on the canonical Wnt signalling path-
way [15]. β-Catenin, a component of calmodulin-based 
adhesion junctions [16], is an extremely important effec-
tor in the canonical pathway. A destruction complex 

exists in the cytoplasm, consisting mainly of AXIN, the 
tumour suppressor gene APC, GSK3β and CK1α [17]. In 
the absence of Wnt proteins, the so-called Wnt-off state, 
AXIN acts as a scaffolding protein that binds β-catenin, 
and AXIN also binds GSK3β, CK1α, and APC. CK1α and 
GSK3β can sequentially phosphorylate β-catenin [18], 
and APC then ensures that phosphorylated β-catenin 
is not dephosphorylated by PP2A and later phosphory-
lation of β-catenin [19]. Phosphorylation of β-catenin 
exposes a binding site for the E3 ubiquitin ligase β-TrCP, 
and β-catenin is thus ubiquitinated and degraded [20], as 
such, it is unable to enter the nucleus to initiate down-
stream gene transcription. When Wnt proteins are pres-
ent, the so-called Wnt-on state, the Wnt ligands bind 
to FZD and LRP5/6 on the cell membrane [21, 22]. The 
binding of Wnt to FZD exposes an intracellular binding 
site for DVL in FZD. The DEP and PDZ regions on DVL 
can thus interact with this site [23]. Meanwhile, the DIX 
region of DVL can form a dimer with the DAX region 
of AXIN[24], so the destruction complex is recruited to 
the FZD-Wnt-LRP5/6 complex on the membrane. Sub-
sequently, GSK3β and CK1α no longer phosphorylate 
β-catenin and instead phosphorylate the five phosphory-
latable groups on LRP5/6 [25]. When phosphorylated, 
any of these groups can become a binding site for AXIN 
[26, 27]. Then, LRP5/6 can recruit the destruction com-
plex and complete the phosphorylation of the other 
remaining groups [28], which initiates a positive feedback 
loop. All of these factors result in functional β-catenin 
accumulating in the cytoplasm and entering the nucleus 
with the assistance of relevant molecules. Thereafter, 
β-catenin regulates the transcription of transcriptional 
regulators such as TCF/LEF and genes that are ultimately 
targeted by Wnt [29] (Fig.  1). In addition, it has been 
shown that GSK3β and CK1α also phosphorylate AXIN 
and APC, leading to increased binding of AXIN and APC 
to β-catenin, thereby enhancing the phosphorylation of 
β-catenin [18, 30, 31].

The role of the Wnt/β-catenin signalling pathway in 
haematopoietic stem cell development and cancer 
stem cell formation
Haematopoietic stem cells are the stem cells of the adult 
blood system and have the functions of self-renewal and 
differentiation into various mature blood cells. During 
their differentiation, adverse intrinsic or extrinsic stimuli 
may lead to the development of malignant diseases of 
the blood system [32], and the canonical Wnt/β-catenin 
signalling pathway plays an important role in regulating 
the process of cell proliferation and differentiation. The 
Wnt/β-catenin pathway promotes early engraftment of 
foetal haematopoietic stem/progenitor cells [33]. The 
expression of structurally active β-catenin in lymphoid 
and myeloid cells can contribute to the formation of 
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immature cells with multiple differentiation potentials, 
which suggests a role for Wnt signalling in maintaining 
the undifferentiated state of haematopoietic stem cells 
[34]. Studies have shown that the self-renewal of hae-
matopoietic stem cells is hindered when Wnt signalling 
is inhibited by DKK1, which is an inhibitor of Wnt sig-
nalling. DKK1 binds to the Wnt coreceptor LRP5/6 and 
desensitizes cells to canonical Wnt ligand signalling [35]. 
Wnt signalling is required for normal haematopoietic cell 
function and can contribute to the differentiation of stem 
cells into a variety of different phenotypes [36, 37]. Defi-
ciency of Wnt3a restrains Wnt/β-catenin signalling, irre-
versibly impairing haematopoietic stem cell self-renewal 
and leading to defects in progenitor cell differentiation 
[38, 39]. The role of Wnt signalling in HSCs is related to 
its degree of activation. In a study by Luis et al., interme-
diate and higher levels of activation of the canonical path-
way impaired HSC proliferation capacity. Only mildly 
increased Wnt signalling levels enhanced HSC repopula-
tion capacity [40]. Wang’s study also showed that levels 
of Wnt signalling activity affect the sensitivity of HSCs to 
DNA damage-induced depletion in a mouse model [41].

In addition, CBP and P300 are essential for the self-
renewal and normal differentiation of haematopoietic 

stem cells, and mutations in P300 and CBP are found 
in many malignancies. In acute myeloid leukaemia, 
chromosomal translocations affecting CBP and, less 
commonly, P300 are found. Mouse models have also con-
firmed that P300 and CBP are inhibitors of haematologic 
neoplasm formation[42–44]. The apoptosis suppres-
sor gene survivin is tumour-specific, and transcription 
of the survivin gene is regulated by TCF, a downstream 
molecule of Wnt/β-catenin, in a CBP-dependent manner. 
When CBP is inhibited, the β-catenin/CBP interaction is 
disrupted. The expression of c-myc, another well-known 
TCF/β-catenin target, increases with the recruitment of 
P300 to the c-Myc promoter[42, 45]. Furthermore, oxida-
tive stress in cells can activate the Wnt/β-catenin/MYC/
Sox2 axis to enhance the oncogenicity and stemness of 
ALK-positive mesenchymal large-cellymphoma [46].

Cancer stem cells, by functional definition, are a small 
fraction of cancer cells with stem cell-like functions in 
neoplastic tissue that maintain neoplastic cell prolifera-
tion, invasion, and metastasis. Cancer stem cells make up 
a very small percentage of neoplastic cells and have their 
own unique and specific molecular markers. Compared 
with neoplastic cells, which are negative for specific 
molecular markers, cancer stem cells have a significantly 

Fig. 1  Regulation of the Wnt/β-catenin signalling pathway. (* As shown in the picture, Wnt signalling is divided into two states: on and off. In the off state, 
β-catenin in the cytoplasm is phosphorylated by the disruption complex with AXIN as the main scaffold and subsequently presented to the E3 ubiquitin 
ligase β-TrCP for ubiquitination and degradation. When Wnt ligands bind to FZD-LRP5/6 on the cell membrane, the disruption complex is recruited to the 
cell membrane. At this point, β-catenin cannot be phosphorylated and occupies the disruption complex, resulting in the accumulation of newly gener-
ated β-catenin in the cytoplasm, which then enters the nucleus to regulate TCF/LEF transcription by the action of related molecules)
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enhanced ability to invade and metastasize. For example, 
CD133 + hepatocellular carcinoma cells have higher clo-
nogenicity in vivo and tumorigenicity in vitro than their 
CD133- counterparts [47]. ALDH is widely used as a CSC 
marker in many types of cancer, including colon [48], 
breast [49], ovarian [50], bladder [51], and prostate can-
cer [52]. The initial discovery of cancer stem cells was in 
leukaemia, and the cells were first detected by John Dick 
et al. [53]. The conversion of normal haematopoietic stem 
cells into cancer stem cells is caused by various factors 
and is the main reason for the occurrence of malignant 
haematological disease as well as recurrence. For exam-
ple, the mixed-lineage leukaemia gene can be altered 
form fusion genes. The fusion genes Mll-af9, Hoxa9 
and meisla can induce the transformation of haemato-
poietic stem cells into leukaemic stem cells. In-depth 
studies have revealed that fusion genes can induce dif-
ferentiated progenitor cells to become LSCs by activating 
self-renewal signalling pathways, such as the β-catenin 
signalling pathway [54, 55]. The Wnt/β-catenin pathway 
plays an important role in the maintenance, proliferation, 
and differentiation of haematopoietic stem cells. It has 
been shown that Wnt/β-catenin signalling can be selec-
tively regulated by the RUNX1 promoter in leukaemic 
cells and human haematopoietic progenitor cells. The 
P1-RUNX1 distal promoter is a direct transcriptional tar-
get of Wnt/β-catenin signalling and may play an impor-
tant role in the transformation of normal haematopoietic 
cells or stem cells into malignant stem cells [56]. Bmi1, 
as a negative regulator of the canonical Wnt signalling 
pathway in haematopoietic stem and progenitor cells, 
can enhance HSC self-renewal, thereby improving the 
outcomes of HSC transplantation [57]. There is limited 
information on the role of these factors in the transfor-
mation of haematopoietic stem cells into cancer stem 
cells, but a study showed that the Wnt/β-catenin sig-
nalling pathway is required for the self-renewal of LSCs 
derived from either haematopoietic stem cells or more 
differentiated granulocyte-macrophage progenitors [55]. 
Research aimed at understanding the transformation of 
haematopoietic stem cells into malignant stem cells by 
activation of the Wnt canonical pathway is promising. 
Targeting Wnt/β-catenin to successfully inhibit the trans-
formation of haematopoietic stem cells would be appli-
cable across disciplines.

The role of the Wnt/β-catenin signalling pathway in 
leukaemia
Leukaemias are a group of malignant clonal diseases of 
haematopoietic stem and progenitor cells. Leukaemic 
cells have strong proliferative capacity that can inhibit 
normal haematopoietic function, but they stop devel-
oping at different stages because their proliferation is 
uncontrolled, they have impaired differentiation and 

impaired apoptosis, and they lack normal functions. 
Leukaemias are divided into two categories, acute and 
chronic, according to the degree of differentiation and 
maturation of the cells. Acute leukaemia is divided into 
acute lymphoblastic leukaemia and acute myeloid leukae-
mia. Chronic leukaemia is divided into chronic myeloid 
leukaemia, chronic lymphocytic leukaemia, and there are 
other rare types of leukaemia. Several mechanisms can 
lead to overactivation of the Wnt/β-catenin signalling 
pathway that causes leukaemia, such as abnormal expres-
sion of Wnt protein and dysfunction of the destruction 
complex (Table 1).

The Wnt/β-catenin pathway, like the PI3K-Akt path-
way, is very commonly mutated in malignant diseases. 

Table 1  Wnt/β-catenin-related molecular mechanisms in 
leukaemia
Factor Target 

(location)
Disease Effect

P13K/AKT GSK3β ALL decrease 
drug 
resistance 
of LSCs 
[58]

LY294002/P13K/AKT GSK3β T-ALL decrease 
the ef-
fects of 
P13K/AKT 
signalling 
[59]

MYCN/DKK3 β-catenin B-ALL promote 
the pro-
liferation 
of cancer 
cells [68]

FLT3 β-catenin AML induce 
the ex-
pression 
of c-Myc 
[70]

FLYWCH1 β-catenin 
(nucleus)

AML inhibit 
cell cycle 
progres-
sion at 
G0 [71]

DIXDC1 β-catenin 
(nucleus)

AML promote 
the pro-
liferation 
of cancer 
cells [72]

CEBPA/PLIN2 β-catenin CML promote 
the 
develop-
ment of 
CML [74]

RNA LOC101928834/FRAT2 GSK3β AML/MM promote 
the pro-
liferation 
of cancer 
cells [83]
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LSCs are the main component responsible for resis-
tance to leukaemia treatment. In ALL, Akt can activate 
β-catenin by inhibiting GSK3β. Reducing the immune 
resistance of LSCs by inhibiting Akt-activated β-catenin 
is a good strategy for cancer treatment and prevent-
ing immune evasion [58]. LY294002, a P13K inhibitor, 
reversed the action of the PI3K-Akt pathway by inhibit-
ing the formation of p-GSK3β [59].

The role of the Wnt/β-catenin signalling pathway in T-cell 
acute lymphoblastic leukaemia
In T-ALL, the PI3K/Akt/mTOR pathway increases 
HIF-1α activity in hypoxic cancer cells [60]. Moreover, 
β-catenin potentiates the activity of endogenous HIF-1α 
under hypoxic conditions [61]. However, HIF-1α can 
upregulate β-catenin activity and activate the PI3K/Akt/
mTOR pathway in hypoxic T-ALL cells [62, 63], creat-
ing a vicious cycle. Combined targeting with the CBP/β-
catenin transcriptional inhibitor ICG001 and the PI3K 
inhibitor ZSTK474 downregulated the proliferation, sur-
vival and clonogenic activity of T-ALL cells and induced 
apoptosis. This apoptosis induction was associated with 
downregulation of the Wnt/β-catenin and PI3K/Akt/
mTOR pathways [64]. The combination of these inhibi-
tors was more effective than either single agent. This 
result suggests that targeting both the Wnt/β-catenin 
signalling pathway and the P13K/AKT pathway is signifi-
cant for the treatment of leukaemia.

The role of the Wnt/β-catenin signalling pathway in B-cell 
acute lymphoblastic leukemia
MYCN belongs to a small gene family that also includes 
the c-myc and l-myc genes [65]. MYCN was found to 
negatively regulate DKK3 at the transcriptional level. 
DKK3 is an endogenous inhibitor of the canonical Wnt 
signalling pathway [66]. Downregulation of DKK3 has 
been correlated with β-catenin accumulation. However, 
the underlying molecular mechanisms remain to be fully 
understood [67]. After silencing MYCN expression, the 
level of DKK3 was restored, which inhibited Wnt/β-
catenin expression and thus reduced cell proliferation 
and increased apoptosis and G1 phase arrest [68].

The role of the Wnt/β-catenin signalling pathway in acute 
myeloid leukaemia
In AML, FLT3 mutations are often found. FLT3 is a 
type 3 receptor tyrosine kinase. It is the most commonly 
mutated gene in acute myeloid leukaemia [69]. Aber-
rant FLT3 signalling increases the nuclear localization 
and transcriptional activity of β-catenin, which induces 
the expression of the downstream gene c-myc and leads 
to the development of AML. The combination of che-
motherapy with a tyrosinase inhibitor and the β-catenin 
inhibitor C-82 significantly inhibited the expression of 

c-myc, which has positive implications for treatment 
[70]. In a study of AML by Amany Almars et al., a newly 
discovered protein, FLYWCH1, was identified as a nega-
tive regulator of the Wnt/β-catenin pathway; FLYWCH1 
was found to directly bind to nuclear β-catenin, and 
when it was highly expressed, it suppressed the expres-
sion of c-myc, CyclinD1 and c-Jun, downstream target 
genes of Wnt/β-catenin signalling, while blocking cells 
in G0 phase [71]. Xin et al. investigated the relationship 
between the DIXDC1 gene and the Wnt/β-catenin path-
way in AML. DIXDC1 is a protein containing both DIX 
and MTH structural domains. It is a positive regulator 
of the Wnt pathway. Dysregulation of DIXDC1 is closely 
associated with the development and progression of a 
variety of cancers and can activate the PI3K/AKT signal-
ling pathway as well as the Wnt signalling pathway, which 
regulates β-catenin entry into the nucleus [72]. In AML, 
DIXDC1 overexpression promotes the proliferation of 
AML cells, accelerates cell cycle progression and reduces 
apoptosis. DIXDC1 knockdown reduces the expression 
of Wnt/β-catenin target genes, including CyclinD1 and 
c-myc, while overexpression of DIXDC1 has the oppo-
site effect. Knockdown of the β-catenin gene reverses the 
oncogenic effect of DIXDC1 to some extent, suggesting 
that DIXDC1 may promote the growth of acute myeloid 
leukaemia cells through upregulation of the Wnt/β-
catenin signalling pathway. DIXDC1 may be a therapeu-
tic target for AML [73].

The role of the Wnt/β-catenin signalling pathway in 
chronic myelogenous leukaemia
CEBPA is a key regulator of myeloid differentiation and 
regulates many protein-coding genes. CEBPA upregu-
lates the expression of the lncRNA PLIN2, and PLIN2 
promotes the occurrence and development of CML by 
upregulating the expression of β-catenin, providing a the-
oretical basis for targeting the CEBPA/PLIN2 axis for the 
treatment of CML [74].

Experiments have confirmed that transferrin conju-
gated to doxorubicin has significantly increases cyto-
toxicity compared with the free drug. Transferrin has 
successfully been used as a carrier molecule to deliver 
doxorubicin to resistant leukaemia cells [75]. Sevo-
flurane, a volatile anaesthetic, negatively regulates 
CD34 + CML stem/progenitor cell biological properties. 
Sevoflurane effectively augments dasatinib efficacy in 
CML cell lines and stem/progenitor cells. These find-
ings reveal that β-catenin is the target of sevoflurane 
and that sevoflurane decreases β-catenin activity [76]. 
Anisomycin can inhibit CML cells of all developmental 
stages and is more effective in combination with conven-
tional chemotherapeutic agents, but as a monotherapy, 
it is less effective against the blast phase of CML [77]. It 
may have potential for CML treatment. In other studies, 
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β-catenin overexpression affected highly proliferating 
CD4 + CD8 + double-positive thymocytes and caused 
aberrant activation of c-myc, leading to the development 
of Notch-independent leukaemia [78].

The role of noncoding RNAs associated with Wnt/β-catenin 
signalling in leukaemia
Noncoding RNAs, including miRNAs and lncRNAs, 
have been popular research topics for many years and 
have been found to play an important role in leukaemia 
in recent studies. For example, the miR-29b/Sp1/FUT4 
regulatory axis may promote the progression of acute 
myeloid leukaemia through fucosylation and CD44-
mediated Wnt/β-catenin signalling. Glycosylation is a 
very common form of posttranslational protein modi-
fication, and fucosylation is one of the most important 
types of glycosylation in cancer. Aberrant fucosylation 
of proteins is a well-known hallmark of cancer [79, 80]. 
In AML, hsa_circ_0121582, as a sponge of miR-224, can 
reduce the inhibition of GSK3β induced by miR-224. 
Thus, it can decrease the accumulation of β-catenin in 
blasts and inhibit the proliferation of leukaemia cells [81].

The long noncoding RNA LOC101928834 is linked 
to the Wnt/β-catenin signalling pathway via FRAT2. 
FRAT2, a weak Wnt signalling activator, binds to GSK3β 
and promotes the activation of Wnt signalling, leading 
to the expression of a series of downstream genes [82]. 
FRAT2 promotes cell proliferation and cell cycle progres-
sion in vitro, leading to the development of myelodys-
plastic syndromes and AML [83]. The lncRNA HOTAIR 
was found to inhibit the immune rejection of mouse leu-
kaemia L1210 cells by activating the Wnt/β-catenin sig-
nalling pathway in a mouse model of leukaemia [84]. The 
exact molecular mechanism remains unclear. However, it 
has been shown that HOTAIR inhibits the expression of 
WIF-1, an inhibitor of the Wnt/β-catenin signalling path-
way, and activates the Wnt signalling pathway [85].

In conclusion, by targeting various factors related to 
the Wnt/β-catenin pathway, these newly discovered mol-
ecules affect the proliferation and/or apoptosis of leu-
kaemic cells in different ways. Strategies targeting these 
molecules to treat leukaemia are worthy of further study, 
and some of them have shown promising therapeutic 
effects in clinical trials.

The role of the Wnt/β-catenin signalling pathway in 
lymphoma
Lymphomas are malignant neoplasms of the blood sys-
tem that originate in lymph nodes and extranodal lym-
phoid tissue. They are histopathologically classified into 
Hodgkin’s lymphoma and non-Hodgkin’s lymphoma. 
Lymphoma is a large group, and its pathogenesis varies. 
Physicochemical factors, immune factors, and genetic 
factors all play an important role in lymphoma morbidity. 

Despite the wide variety of lymphomas, studies of the 
Wnt/β-catenin signalling pathway in relation to lym-
phoma have focused on diffuse large B-cell lymphomas 
(Table 2).

Research has found that the long noncoding RNA 
Smad5-AS1 can act as a competitive RNA for miR-
135B-5p to upregulate APC expression and inhibit the 
proliferation of diffuse large B cell lymphoma cells [86, 
87]. CircRNA-APC also targets APC. CircRNA-APC 
is a circular RNA that originates from the reverse splic-
ing of APC exon 7 to exon 14. CircRNA-APC inhibits 
Wnt/β-catenin signalling by interacting with TET-1 and 
miR-888, thereby suppressing the proliferation of diffuse 
large B-cell lymphoma cells. CircRNA-APC expression 
is downregulated in DLBCL cells. In a gain-of-func-
tion study, high expression of CircRNA-APC inhibited 
DLBCL cell proliferation in vitro and neoplasm growth 
in vivo. Cytoplasmic circRNA-APC acts as a sponge for 
miR-888, attenuating the repressive effect of miR-888 on 
APC and upregulating APC after transcription; APC thus 
can form the destruction complex to phosphorylate and 
degrade β-catenin in the cytoplasm [88]. Epstein‒Barr 
virus is a common herpesvirus. Most people worldwide 
have been infected with it, and infections are usually 
asymptomatic. However, an increasing number of studies 
have shown that Epstein‒Barr virus infection is closely 
related to the occurrence of lymphoma [89]. Mechanistic 
analysis showed that circEAF2 specifically targets EBV-
encoded miR-BART19-3p, upregulates APC, suppresses 
downstream β-catenin expression, and counteracts 
EBV + DLBCL progression [90].

Table 2  Wnt/β-catenin-related molecular mechanisms in 
lymphoma
Factor Target Disease Effect
Smad5-AS1/miR-135B-5p APC DLBCL restrain the 

proliferation 
of cancer cells 
[86, 87]

CircRNA-APC/miR-888 APC DLBCL restrain the 
proliferation of 
cancer cells [88]

MYC/FIRRE nuclear 
transloca-
tion of 
β-catenin

DLBCL promote the 
generation of 
cancer cells [91]

FOXM1/lncRNAOR3A4 nuclear 
transloca-
tion of 
β-catenin

DLBCL promote the 
proliferation and 
generation of 
cancer cells [92]

TIMD4 nuclear 
transloca-
tion of 
β-catenin

DLBCL promote 
proliferation and 
restrain apopto-
sis [93]

Foxp1/CBP β-catenin DLBCL promote 
transcription of 
β-catenin [94]
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By regulating the nuclear translocation of β-catenin, 
long noncoding RNAs play a substantial role in the devel-
opment of lymphoma. MYC expression is upregulated in 
DLBCL cells and positively regulates the lncRNA func-
tional intergenic repeat RNA elements (FIRRE). When 
FIRRE is activated, it promotes diffuse large B-cell lym-
phoma by inducing nuclear translocation of β-catenin. 
When the FIRRE gene is knocked down, cell prolifera-
tion is reduced, and apoptosis is increased [91]. FOXM1, 
a transcription factor, has been reported to promote 
the transcription of a variety of lncRNAs. In one study, 
FOXM1 was found to induce upregulation of lncRNA-
OR3A4. OR3A4 can lead to the development and pro-
gression of diffuse large B-cell lymphoma by promoting 
nuclear translocation of β-catenin [92].

Other molecular pathways also regulate nuclear trans-
location. T-cell immunoglobulin and mucin-containing 
structural domain 4 is an important factor in various 
malignant diseases. TIMD4 exerts its function by pro-
moting the nuclear translocation of β-catenin [93]. The 
results of experiments in DLBCL showed that TIMD4 
was overexpressed in DLBCL tissues, and increased 
TIMD4 expression was significantly associated with poor 
prognosis of DLBCL patients. Knockdown of TIMD4 
blocked cell growth and accelerated apoptosis, while 
upregulation of TIMD4 promoted cell proliferation and 
inhibited apoptosis.

In DLBCL, the transcription factor Foxp1 promotes 
acetylation of β-catenin by CBP, which increases the 
transcription of β-catenin/TCF7L2 target genes. Thus, 
Foxp1 is an active enhancer of the Wnt/β-catenin signal-
ling pathway, but the exact mechanism by which Foxp1 
recruits CBP is unclear [94]. By differentially expressed 
gene screening and bioinformatics analysis, a pair of 
highly related HUB genes, FBN1 and TIMP1, were iden-
tified in DLBCL. The FBN1/TIMP1 interaction promotes 
DLBCL cell migration and regulates the Wnt signalling 
pathway [95].

Moreover, some new discoveries have built on previ-
ous findings. GPNMB is a transmembrane glycoprotein 
that is highly expressed in a melanoma cell line and has 
low metastatic properties [96]. It has been confirmed to 
be related to the pathogenesis of tumours. In DLBCL, 
GPNMB activates the Wnt/β-catenin signalling path-
way by targeting YAP1. This finding emphasizes the 
key role of GPNMB in the tumorigenesis of DLBCL, 
which may provide a new strategy for DLBCL therapy 
[97]. In another study, miR-361-3p was found to inhibit 
Wnt/β-catenin protein signalling by targeting Wnt-10A. 
Wnt-10A is an important factor in the suppression of 
lymphoma development. The miR-361-3p/Wnt10A axis 
may be a target for lymphoma treatment [98].

The role of the Wnt/β-catenin signalling pathway in 
multiple myeloma
Multiple myeloma is a malignant proliferative disease of 
plasma cells. Abnormal proliferation of clonal plasma 
cells in the bone marrow and secretion of monoclonal 
immunoglobulins or their fragment M proteins results in 
damage to organs or tissues. The natural course of MM is 
highly heterogeneous, with a median survival of approxi-
mately 3–4 years, and few patients survive for more than 
10 years. Numerous factors affect the prognosis of MM 
patients, and the Wnt/β-catenin pathway plays a substan-
tial role in the development of multiple myeloma. The 
utility of targeting this pathway to treat MM has been 
validated in various trials [3, 99] (Table 3).

SOX12 is closely associated with many types of human 
cancers, such as osteosarcoma [100] and gastric can-
cer [101]. In MM, SOX12 has been found to promote 
the growth of MM cells by increasing the expression of 
functional β-catenin in the cytoplasm and upregulating 
the Wnt/β-catenin signalling pathway [102]. miR-744-5p 
directly regulates SOX12 by binding to the 3’-UTR of 
SOX12. SOX12 gene silencing by miR-744-5p signifi-
cantly decreased the expression of β-catenin, increased 
the apoptosis rate of MM cells and inhibited the prolif-
eration of MM cells [103].

MiR-135b was found to play a facilitating role in MM. 
Overexpression of miR-135b increased the expression of 
β-catenin, Wnt-3a and cyclin D1, while the expression 
of GSK3β and CK1α was decreased. Versican protein, 

Table 3  Wnt/β-catenin-related molecular mechanisms in 
multiple myeloma
Factor Target Disease Effect
miR-744-5p/SOX12 β-catenin MM promote apoptosis 

and inhibit prolifera-
tion [102, 103]

miR-30-5P/BCL9 Wnt MM restrain the prolifera-
tion and migration 
of cancer cells [106]

miR-128-3p/PLAGL2 β-catenin MM restrain the prolifera-
tion and migration 
of cancer cells [108]

RRM2 GSK3β MM induce apoptosis 
[110]

PCDH10/AKT GSK3β MM promote prolif-
eration and restrain 
apoptosis [111]

Lycorine β-catenin MM restrain MMSCs [112]

DHA β-catenin MM induce autophagy 
[113]

resveratrol nuclear 
transloca-
tion of 
β-catenin

MM restrain the prolifera-
tion and migration 
of cancer cells [114]

CGK012 β-catenin MM restrain the prolifera-
tion of cancer cells 
[115]
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mainly found in the extracellular matrix, is a large chon-
droitin sulfate proteoglycan that plays an important role 
in cell adhesion, migration, proliferation and differentia-
tion. Wnt/β-catenin signalling regulates versican expres-
sion by acting on the upstream promoter of the versican 
gene [104]. Versican was found to be upregulated in MM, 
and silencing Versican reversed the effects of activating 
the miR-135b-mediated Wnt/β-catenin signalling path-
way on the proliferation, migration, invasion and apopto-
sis of MM cells [105]. In addition, miR-30-5P inhibits the 
proliferation and migration of MM cells by targeting the 
3’UTR of BCL9, a key coactivator of the Wnt/β-catenin 
signalling pathway, and downregulating the transcrip-
tional activity of BCL9 and Wnt [106]. Cyclic RNA pro-
tein tyrosine kinase 2 promotes the proliferation and 
migration and inhibits the apoptosis of multiple myeloma 
cells through activation of the microRNA-638-medi-
ated MEK/ERK and Wnt/β-catenin signalling pathways 
[107]. The pleomorphic adenoma gene LIK2 enhances 
β-catenin expression and nuclear translocation by 
decreasing β-catenin phosphorylation and upregulates 
CyclinD-1 expression to promote MM [108]. In addition, 
miR-128-3p specifically silences PLAGL2 and inhibits 
neoplastic cell proliferation and migration. Interestingly, 
the long noncoding RNA HCP5 was found to be able to 
sponge miR-128-3p, leading to PLAGL2 overexpression 
that activated the classical Wnt pathway [109].

MM development can be disrupted by modulating 
GSK3β, an important phosphatase in the Wnt/β-catenin 
pathway, to promote or inhibit Wnt signalling. A study 
showed that RRM2 knockdown activated the phosphory-
lation of GSK-3β, decreased the expression of β-catenin, 
and significantly downregulated the expression levels of 
c-myc and cyclin D1, thereby inducing apoptosis [110]. 
PCDH10 also promotes GSK3β expression by inhibiting 
AKT, thus inhibiting β-catenin activation. PCDH10 is 
generally deficient in MM. Restoration of PCDH10 inhib-
ited the nuclear localization of β-catenin, the activity of 
LEF/TCF, and the expression of BCL9 and AKT while 
upregulating the expression of GSK3β [111].

Several botanical preparations have shown promising 
effects in MM. The lycoris bulb extract lycorine inhib-
its the Wnt/β-catenin pathway by decreasing β-catenin 
protein levels, thereby reducing the number of bone 
marrow mesenchymal stem cells. In addition, lycorine 
reduces the increase in the proportion of ALDH1 + cells 
induced by bortezomib. BZM in combination with lyco-
rine has a synergistic effect against myeloma cells. It was 
also found that lycorine has a similar inhibitory effect on 
the MMSC properties of BZM-resistant MM cells and 
primary CD138 + plasma cells [112]. Recent studies have 
shown that dihydroartemisinin can induce autophagy 
in MM cells by inhibiting β-catenin, which has guid-
ing implications for the application of artemisinin in 

the treatment of MM [113]. In addition, the phytophar-
maceutical agent resveratrol inhibits the proliferation, 
migration and invasion of MM cells by suppressing the 
Wnt/β-catenin signalling pathway and the unfolded pro-
tein response. Experimental application of resveratrol 
increased β-catenin expression in the cytoplasm and 
decreased it in the nucleus, suggesting that it may act 
in a way that regulates β-catenin nuclear translocation 
[114]. The pyranocoumarin compound CGK012 inhibits 
the activation of WNT3a-CM-mediated transcription of 
β-catenin. CGK012 induces β-catenin phosphorylation at 
Ser33/Ser37/Thr41, leading to proteasomal degradation 
and reducing intracellular β-catenin levels [115].

Therapies targeting the Wnt/β-catenin signalling 
pathway in haematological malignancies
The main traditional methods for treating cancers are 
radiotherapy and chemotherapy; however, they are not 
very effective, and they have obvious side effects, such as 
bone marrow suppression and gastrointestinal reactions. 
Therefore, it is necessary to find new, more effective and 
safe methods for the treatment of malignant haematolog-
ical diseases. A large number of experiments have proven 
that it is feasible to treat malignant haematopoietic dis-
eases by targeting the Wnt/β-catenin pathway. Some 
experiments have reported the effects of relevant drugs 
in animal models and clinical trials (Table 4).

Several clinical studies of strategies targeting the 
Wnt/β-catenin pathway for leukaemia treatment are 
underway.

CWP232291 is a small-molecule inhibitor of Wnt sig-
nalling that causes degradation of β-catenin via apop-
tosis induction through endoplasmic reticulum stress 
activation. In AML, CWP232291 has no apparent organ 
toxicity, and its mechanism of action does not rely on 
nonspecific myelosuppression, which makes it possible 
to use CWP232291 in combination with other drugs, 

Table 4  Therapy targeting the Wnt/β-catenin signalling 
pathway in haematological malignancies
Factor Target Disease Clinical Trials
CWP232291 β-catenin AML NCT01398462 

[116]

PRI-724 CBP/β-catenin AML/CML NCT01606579 
[117]

Lawsone FZD ALL [118]

WNT974 β-catenin lymphoma [119, 120]

PRMT5 Wnt/β-catenin and 
AKT/GSK3β

lymphoma [121]

AV-65 β-catenin MM [122]

DAC/BZM β-catenin/GSK3β MM [123]

BC2059 β-catenin MM [124]

panobinostat/
Tegavivint

β-catenin MM [125]
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including those that exhibit such toxicity [116]. There is 
one phase 1 clinical trial of CWP232291 (NCT01398462).

PRI-724, an isomer of ICG-001, is a potent, specific 
inhibitor of the canonical Wnt signalling pathway in 
cancer stem cells with potential antineoplastic activity. 
PRI-724, like ICG-001, can inhibit the CBP/β-catenin 
interaction, thereby inhibiting the activity of the Wnt/β-
catenin pathway in AML and CML [117]. There is one 
related phase 2 clinical trial (NCT01606579).

Overcoming drug resistance is important for cancer 
treatment. Cancer cells are less sensitive to traditional 
therapeutic drugs, resulting in difficulty in killing cancer 
cells as well as a significantly high recurrence rate. Pgp is 
a glycoprotein that is closely related to drug resistance in 
cancer and is a downstream target gene of Wnt signal-
ling. In a study on ALL, Lawsone derivatives were found 
to target the Wnt/β-catenin signalling pathway in resis-
tant leukaemia cells, increasing drug sensitivity in these 
resistant cells. The ability of Lawsone derivatives to bind 
to the CRD structural domains of FZD7 and FZD8 may 
stimulate internalization and degradation of Frizzled, 
blocking Wnt signalling transduction to the intracellular 
compartment and thus inhibiting Pgp expression [118].

Regarding therapies targeting the Wnt/β-catenin path-
way in lymphoma and MM, there are currently no reg-
istered clinical trials. However, several new preclinical 
studies may reveal promising strategies for treatment.

WNT974, an inhibitor of the canonical Wnt pathway, 
is effective in the treatment of lymphoma because it post-
translationally induces defective endo-acylation of Wnt 
protein to block Wnt/β-catenin signalling, thus inhibiting 
cell proliferation, inducing apoptosis, and enhancing sen-
sitivity to doxorubicin. These results suggest the potential 
of WNT974 as a therapeutic agent for lymphoma [119, 
120].

Researchers have investigated the relationship between 
PRMT5 and Wnt/β-catenin signalling as well as AKT/
GSK3β proliferative signalling in three different types 
of NHL cell lines, clinical samples, and mouse primary 
lymphoma cells. Chung et al. found that PRMT5 governs 
the expression of prosurvival genes by promoting Wnt/
β-catenin and AKT/GSK3β proliferative signalling, and 
inhibition of PRMT5 induces lymphoma cell death; this 
strategy warrants further clinical evaluation [121].

In MM, the new Wnt canonical pathway inhibitor 
AV-65 has been shown to enhance ubiquitination and 
subsequent proteasomal degradation of β-catenin. The 
promoter activity of β-catenin/TCF target genes was also 
reduced. AV-65 successfully suppressed the progression 
of multiple myeloma in a mouse model [122].

The classical demethylating drug DAC combined with 
the protease inhibitor BZM has synergistic efficacy in the 
treatment of multiple myeloma via effects on proteins in 
the Wnt/β-catenin pathway. DAC reduced BZM-induced 

GSK3β (Ser9) phosphorylation and β-catenin accumula-
tion in the nucleus, enhanced BZM-induced apoptosis, 
and promoted BZM-induced cell cycle arrest [123]. Fur-
ther studies may optimize therapeutic regimens for MM.

BC2059 is a novel Wnt/beta-catenin pathway inhibi-
tor. It can disrupt the binding of β-catenin to TBL1 and 
its related protein TBLR1, facilitating its destruction. 
BC2059 was confirmed to decrease β-catenin protein 
levels and the expression of downstream target genes. 
Furthermore, BC2059 was shown to synergize with low 
doses of the proteasomal inhibitor BZM in killing MM 
cells and was effective in a murine xenograft model of 
human MM, thus providing a rationale for further evalu-
ation of the drug in the treatment of MM [124].

Panobinostat was approved by the FDA in 2015 for 
patients with relapsed MM. A recent study indicated that 
panobinostat and the β-catenin inhibitor Tegavivint had a 
favourable toxicity profile both in vitro and in vivo. Given 
the significant anti-MM effect of this novel combination, 
the strategy warrants further evaluation as a treatment 
for MM patients with relapsed and refractory MM [125].

Conclusion
In conclusion, the role of the canonical Wnt signal-
ling pathway in malignant haematologic diseases is 
unquestionable. There are various ways to modulate this 
pathway. Abnormal expression of Wnt ligands; loss of 
function due to mutations in factors that make up the 
destruction complex, such as APC and AXIN; and abnor-
malities in the activation and nuclear translocation of 
β-catenin can all contribute to cancer occurrence. Thera-
peutic approaches targeting Wnt/β-catenin are effective, 
and many treatment options have been mentioned in 
this article. However, these treatments have a variety of 
adverse effects. For example, CWP232291 treatment has 
been found to result in gastrointestinal symptoms (nau-
sea, vomiting and diarrhoea), infusion-related reactions, 
and myalgia [126]. BC2059 also kills normal cells inevita-
bly while killing MM cells. The combination of panobino-
stat and Tegavivint has been shown to have low toxicity, 
but even low toxicity can be harmful. It is still necessary 
to find new methods that are more efficacious and have 
fewer side effects.
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