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Abstract 

In the early 1990’s a group of unrelated genes were identified from the sites of recurring translocations in B-cell 
lymphomas. Despite sharing the nomenclature ‘Bcl’, and an association with blood-borne cancer, these genes have 
unrelated functions. Of these genes, BCL2 is best known as a key cancer target involved in the regulation of caspases 
and other cell viability mechanisms. BCL3 on the other hand was originally identified as a non-canonical regulator 
of NF-kB transcription factor pathways – a signaling mechanism associated with important cell outcomes includ-
ing many of the hallmarks of cancer. Most of the early investigations into BCL3 function have since focused on its role 
in NF-kB mediated cell proliferation, inflammation/immunity and cancer. However, recent evidence is coming to light 
that this protein directly interacts with and modulates a number of other signaling pathways including DNA damage 
repair, WNT/β-catenin, AKT, TGFβ/SMAD3 and STAT3 – all of which have key roles in cancer development, metastatic 
progression and treatment of solid tumours. Here we review the direct evidence demonstrating BCL3’s central role 
in a transcriptional network of signaling pathways that modulate cancer biology and treatment response in a range 
of solid tumour types and propose common mechanisms of action of BCL3 which may be exploited in the future 
to target its oncogenic effects for patient benefit.
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Background
 BCL3 was originally identified as the site of a recurring 
translocation at chromosome 19;q13.32 in patients with 
chronic lymphocytic leukemia (CLL) [1] and was subse-
quently shown to be associated with overexpression of 
the BCL3 gene in a range of B-cell malignancies [1–3]. 
The nomenclature ‘Bcl-33’ is often used interchangeably 
in the literature for this proto-oncogene, but strictly the 
BCL3 gene locus was identified a year previously as the 

site of a c-Myc translocation rearrangement on chromo-
some 17q:22 in a patient with a Bcl2 associated aggres-
sive prolymphocytic leukemia [4] also identified in a 
number of follicular lymphomas [5]. Thus, for clarity and 
consistency with the family of genes identified in CLL, 
alongside the apoptosis regulator BCL2, we propose 
that the nomenclature BCL3 is most appropriate for this 
proto-oncogene.

Sequence analysis of the BCL3 locus identified a tran-
script containing a seven tandem (Ankyrin) repeat motif 
present in yeast cell cycle control genes [3] and homology 
to the IkB family of NF-kB transcription factor regulators 
[6]. Subsequent elucidation of BCL3’s role in regulating 
NF-kB subunits [6–9] accompanied a period of intense 
research activity around the regulation and function 
of NF-kB in normal and pathological contexts includ-
ing structural characterization of the BCL3 ANKYRIN 
repeat motif essential for its function [10]. Perhaps not 
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unsurprisingly, it wasn’t until two decades later that alter-
native mechanisms of action of BCL3, involving direct 
interaction and regulation of NFkB-independent signal-
ing proteins were identified. These alternative pathways 
included c-Myc, WNT, AKT, STAT3 and SMAD3 [11–15]; 
all of which have important roles in tumourigenesis and 
cancer progression (Fig. 1). These more recent studies con-
firm that BCL3 plays a central role in modulating a net-
work of cancer related transcription factors (Fig.  2) and 
other key oncogenic signals that enable hallmarks of can-
cer [16] and modulate cancer progression [17].

In this review we will focus on the evidence that dem-
onstrate the direct effect of BCL3 on these oncogenic 
pathways, highlighting commonality in the mechanism 
underpinning their regulation and demonstrating the 
cancer modifying role that BCL3 plays in a variety of 
solid tumour types. We have restricted our discussion 
to events occurring in cancer cells, for further informa-
tion on BCL3 regulation, signaling and the BCL3 interac-
tome in other contexts we refer you to previous excellent 
reviews ([16–18].

BCL3 and NF‑kB signaling
The NF-κB family represents a highly conserved group 
of transcription factors, that contribute towards con-
text-dependent cellular responses to a variety of extra-
cellular stimuli, such as tumour necrosis factor-alpha 
(TNF-α), receptor activator of nuclear factor kappa-B 
ligand (RANKL) and B-cell activating factor (BAFF). 
The dimeric transcription factors mediate a multitude 
of biological processes associated with the hallmarks of 
cancer; including the regulation of the immune response, 

inflammation, apoptosis/cell survival, cell motility and 
cell proliferation. Consequently, aberrant NF-κB signal-
ing is associated with pro-oncogenic mechanisms involv-
ing tumour initiation and progression to metastasis and 
therapy resistance [19, 20].

The mammalian NF-κB protein family consists of five 
structurally similar REL proteins (RelA, RelB, c-Rel, 
NFkB1 and NFkB2 genes), each possessing a REL homol-
ogy domain (RHD) to allow the dimerisation of subunits 
and the interaction of the dimers with target sites on 
DNA [21]. Additionally, RelA, RelB and c-Rel also pos-
sess a transactivation domain, responsible for the trans-
activation of target genes; this domain is not present on 
NF-κB1 (p105) and NF-κB2 (p100), or the mature pep-
tides produced post-modification (p50 and p52, respec-
tively). As a result, the presence of different heterodimer 
and homodimer combinations within the NF-κB sign-
aling cascade can result in an extensive variation in 
target gene expression, contributing towards the context-
dependency of the pathway. As p50 and p52 homodimers 
lack transactivation domains, they cannot induce tran-
scription of target genes alone, and require the presence 
of BCL3 to initiate gene transcription [22].

BCL3 mediates its modulatory role on NF-kB signals 
through direct protein-protein interactions with the 
subunits p50 and p52 via its structurally well-defined 
ANKYRIN repeat [23, 24]. Predicting the consequences 
of this complex formation on downstream transcrip-
tional target genes can be challenging however, as both 
gene activation and gene suppression roles have been 
attributed to BCL3 in different studies involving different 
experimental models [25, 26]. The more widely reported 

Fig. 1 Discovery timeline of BCL3 and its role in cancer-related signaling. Since its initial identification and early discovery as an NF-kB co-factor, 
BCL3 has only relatively recently been shown to directly modulate additional transcription factors and cell-signaling pathways associated 
with cancer hallmarks
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BCL3 responses involve transactivation, whereby BCL3 
binding either provides the transactivating domain 
required to recruit transcription co-factors and drive 
target gene transcription [22–24, 27], or sequesters the 
inhibitory subunits from gene promoters allowing trans-
activating dimers to bind in their place [28]. In contrast, 
BCL3 mediated downregulation of NF-kB responsive 
genes occurs either through stabilisation of inhibitory 
subunits or recruitment of HDACs at gene promoters 
[29, 30]. Which mechanisms predominate in a particu-
lar context is unclear, but likely depends on both the tar-
get promoter sequence and additional post-translational 
regulation of this highly phosphorylated and ubiqui-
tinated protein [31–33]. It is not uncommon for both 
upregulated and downregulated genes to be identified 
in the same experimental model when BCL3 activity is 

altered. For example, p52/BCL3 complexes upregulate 
G/C centric promoter sites via direct recruitment of the 
acetyltransferase Tip60 while A/C centric promoters are 
downregulated in the same cells through HDAC3 recruit-
ment [32]. Notwithstanding these differences, the ability 
of BCL3 to bind to its cognate NF-kB protein partners 
via its ANKYRIN domain is a pre-requisite for its further 
post-translational modification and ability to modulate 
NF-kB signaling [33].

As both p50 and p52 subunits are direct interactive 
partners of BCL3, both canonical and non-canonical 
NF-kB pathways are modified by BCL3 regulation, yet 
complete loss of BCL3 activity does not abrogate all 
NF-kB signaling. This is best illustrated in BCL3 knock-
out mice which, apart from deficiencies in humoral 
immune responses, are viable [34, 35] which contrasts 

Fig. 2 BCL3: a master modulator of gene transcription networks. BCL3 has been reported to directly impact on five transcription factor pathways 
(NF-kB, WNT/β-cateinin, c-Myc, JAK/STAT3 and SMAD3) in cancer cells. The mechanism by which BCL3 mediates its effects varies for each 
pathway and depends on the cancer cell context. This includes BCL3’s direct protein:protein interaction with, or indirect protein modification 
(acetylation, phosphorylation or ubiquitination) of, the target transcription factors or their co-regulators; or via binding of nuclear BCL3 complexes 
to the transcription factor gene promoter. The outcome of BCL3’s modulation of these transcription factors on cancer cell phenotypes depends 
on the transcription factor pathways themselves, as indicated. We have restricted this summary to mode of transcription factor regulation directly 
illustrated in cancer cells and further information on the BCL3 interactome in other contexts can be obtained in [16]
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with more severe phenotypes observed in knockouts of 
the NF-kB transcription factor subunits [36].

In summary, BCL3 provides for the subtle modulation 
of NF-kB pathways through direct protein interactions 
with a subset of NF-kB subunits leading to both up-regu-
lation and down-regulation of target genes.

BCL3 and c‑Myc
The first alternative target of BCL3 that was independent 
of NF-kB signaling to be identified was the proliferative 
transcription factor c-Myc. C-Myc is a canonical prolif-
eration-related transcription factor that plays a signifi-
cant role in cell cycle progression, apoptosis, and cellular 
transformation by directly controlling gene expression 
through binding to E-box motifs in cell cycle related tar-
get gene promoters including (but not restricted to) cdc2, 
Cdc25A, cyclinD1 and cyclin A. C-Myc regulates tran-
scription through several mechanisms, and is estimated 
to target as many as 15% of all genes [37]. C-Myc pro-
tein levels are tightly regulated, with a half-life of about 
20–30 min due to quick turnover through the ubiquitin–
proteasome system [38]. GSK3-β and ERK1/2 differen-
tially regulate c-Myc through phosphorylation events at 
Threonine 58 (Thr58) and at Serine 62 (Ser62), respec-
tively, events that are required for the E3 ubiquitin ligase 
Fbw7 to regulate c-Myc stability [39]. In colorectal can-
cer cells BCL3 promotes phosphorylation of c-Myc via 
ERK1/2, extending the half-life of c-Myc and reducing 
levels of ubiquitinated protein ensuring c-Myc prolonged 
presence and consequently its sustained transcriptional 
activity. Thus, the combined overexpression of BCL3 and 
c-Myc in certain cancers may lead to a synergistic onco-
genic effect. By contrast, the same authors showed no 
change in AKT/GSK3-β signaling in response to BCL3 
manipulation, suggesting the c-Myc effects were specific 
to the Serine 62 phosphorylation site [11].

Alternatively, BCL3 may transcriptionally regulate 
c-Myc gene expression. This has been reported in MDA-
MB-468 triple negative breast cancer cells following 
BCL3-shRNA mediated suppression but the underlying 
transcriptional mechanism and c-Myc promoter binding 
sites responsible for this regulation have not been eluci-
dated [40]. Strategies that inhibit BCL3 therefore could 
lead to reduced c-Myc expression via one or more mech-
anisms, potentially providing a therapeutic effect in can-
cers where this interaction is pivotal.

BCL3 and the JAK/STAT3 axis
The JAK/STAT pathway is a canonical signaling cascade 
triggered by a range of cytokines and growth factors. 
When ligands bind to their respective receptors, they 
cause receptor dimerization, activating associated JAKs. 
These JAKs then phosphorylate the receptor, providing 

docking sites for STAT proteins. Once bound, STATs are 
phosphorylated by JAKs, leading them to dimerize, trans-
locate to the nucleus, and initiate transcription of tar-
get genes. STAT3 is one of the seven mammalian STAT 
proteins and plays a pivotal role in mediating responses 
to many cytokines and growth factors. STAT3 shares a 
similar relationship with cancer as NF-kB, being stimu-
lated by similar cancer-related pro-inflammatory signals 
and impacting a number of overlapping cancer hallmarks 
including proliferation, migration and cancer immunity 
[41]. BCL3 has been recognized for some time to be a 
direct transcriptional target of STAT3 in a cancer context 
[42–44] yet the reciprocal relationship was not described 
until relatively recently [15, 45, 46].

In Multiple Myeloma (MM), but not hepatocellular 
carcinoma, ChIP and Luciferase gene reporter assays 
demonstrated IL-6 to regulate BCL3 expression via 
the binding of STAT3 to the HS4 BCL3 gene enhancer. 
Knockdown of STAT3 via siRNA decreased BCL3 pro-
tein expression in MM cell lines. The authors also dem-
onstrated that BCL3 can negatively regulate its own 
transcription, via simultaneous binding with p50 to the 
HS3 gene enhancer, which could be attributed to main-
taining basal cellular levels of BCL3 [42].

BCL3 has been shown to enhance STAT3 transcription 
in certain contexts. BCL3 regulation of STAT3 expression 
has been described in cervical [45], and glioblastoma cell 
lines [15], where shRNA knockdown of BCL3 resulted in 
decreased STAT3 and in the latter, pSTAT3 protein lev-
els, while overexpression of BCL3 promoted the increase 
in STAT3 protein levels in both cell types. However, no 
studies to date have identified precisely how BCL3 regu-
lates STAT3 protein levels. Due to the reciprocal nature 
of this BCL3/STAT3 axis, in cancers where both BCL3 
and JAK/STAT3 signaling are upregulated, combination 
therapies targeting both might be beneficial.

BCL3 and SMAD3
SMAD3 is a member of the SMAD family of proteins, 
which are central to the transforming growth factor-beta 
(TGF-β) signaling pathway. TGF-β signaling is known 
to have dual roles in cancer: it can suppress tumor for-
mation in early stages, but promote tumor progression 
and metastasis in established tumors. BCL3 is impli-
cated in transforming growth factor-β (TGF-β) signaling 
through its direct interaction with the transcription fac-
tor SMAD3. TGF-β binds to transmembrane receptors, 
initiating phosphorylation and translocation of SMAD3 
complexes to the nucleus, where they bind to DNA to 
regulate target genes [47]. shRNA knockdown of BCL3 in 
breast cancer cells with concomitant TGF-β stimulation, 
revealed decreased SMAD3 phosphorylation, decreased 
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SMAD3 protein levels and attenuated TGF-β reporter 
luciferase assay activity [14]. SMAD3 protein levels were 
rescued in BCL3 knockdown cells by proteasome inhibi-
tor MG132 treatment, implicating BCL3 in SMAD3 deg-
radation. The authors showed co-localisation of SMAD3 
and BCL3 in the nucleus upon TGF-β stimulation, and a 
direct interaction between the MH2 domain of SMAD3 
and BCL3 via co-immunoprecipitation, suggesting that 
protein binding sequesters SMAD3 from proteasomal 
degradation, independent of phosphorylation signals. 
Interestingly, the rescue experiment, of depleting the E3 
ubiquitin ligases that bind the MH2 domain of SMAD3 
failed to restore SMAD3 protein levels in BCL3 knock-
down cells, suggesting some alternative mechanism of 
BCL3-mediated stabilisation. Additional evidence for 
binding of BCL3 to stabilise SMAD3 is limited to a study 
of vascular smooth muscle cells whereby suppression of 
BCL3 was shown to enhance apoptosis and suppress pro-
liferation in a model of abdominal aortic aneurisms [48]. 
It is worth noting however that a reciprocal relationship 
may also exist in some cancer cell types, as p-SMAD3 has 
been shown to bind to the BCL3 promoter, upregulating 
BCL3 in response to TGF-β [49].

BCL3 and AKT signaling
The AKT pathway is a critical regulator of various cellular 
processes, including cell proliferation, survival, growth, 
and metabolism. Activation of AKT signaling often 
begins with growth factors binding to receptor tyrosine 
kinases (RTKs), leading to the activation of phospho-
inositide 3-kinase (PI3K). PI3K then produces phosphati-
dylinositol-3,4,5-triphosphate (PIP3), facilitating AKT 
activation. In cancer, the PI3K/AKT pathway is one of 
the most frequently over-activated intracellular path-
ways, acting on different downstream target proteins, to 
contribute to proliferation, invasion, and metastasis of 
tumour cells [50]. A number of studies have investigated 
a link between BCL3 and AKT. In colorectal carcinoma 
cells overexpression of BCL3 promoted both Ser473 and 
Thr308 phosphorylation of AKT and downstream target 
FOXO1/3a and GSK3β [12], while siRNA knockdown of 
BCL3 decreased phospho-AKT and downstream targets, 
in response to hypoxia. AKT Ser473 phosphorylation did 
not occur on overexpression of an NF-kB binding mutant 
version of BCL3 suggesting that AKT phosphorylation 
was dependent on the BCL3:NF-kB axis. This relation-
ship was supported by a study of ApoE-deficient psoriatic 
mice that demonstrated protein expression of phospho-
AKT (p-AKT) and p-GSK3β was decreased by silencing 
of BCL3 [51].

There is also evidence of reciprocity observed in mac-
rophages whereby AKT directly phosphorylates Ser33 
on BCL3 and GSK3-β phosphorylates Ser394 and Ser398 

leading to poly-ubiquitination on Lysine residues K13 
and K26 of BCL3 to promote its nuclear localization and 
degradation respectively [29, 52]. It remains to be deter-
mined if this reciprocal relationship exists in cancer cells, 
but it seems likely from the evidence to date that aberrant 
AKT signaling in cancer cells is impacted both by and on 
BCL3 activity.

BCL3 and WNT signaling
The precise regulation of the WNT signaling cascade 
promotes the development and maintenance of healthy 
tissue, through the mediation of cellular processes 
including cell proliferation, cell migration and apoptosis 
[53]. Hence, aberrant WNT signaling is widely associ-
ated with tumorigenesis and maintenance, and contrib-
utes towards the tumour-specific treatment response and 
stem-like properties within the tumour population asso-
ciated with a plethora of malignant conditions [54].

Recent evidence demonstrates that BCL3 can modu-
late β-catenin/TCF-mediated transcription. Complex 
immunoprecipitation (Co-IP) studies within mouse 
embryonic stem cells (mESCs) ([55] and later in CRC 
cell lines [13, 56]) revealed a direct interaction between 
BCL3 and β-catenin; various BCL3 mutant constructs 
were used to identify a region immediately 5′ of the 
ANK-repeat region of BCL3 (between amino acids 31 
and 125) which were required for β-catenin complex for-
mation [56]. β-Catenin/TCF reporter activity was dem-
onstrated to correlate with overexpression or targeted 
suppression of BCL3, and was dependent on WNT path-
way mutation status [13]. The effect of BCL3 suppression 
on a selection of canonical and stem-cell specific WNT 
target genes demonstrated the downregulation of LGR5 
and ASCL2 expression, whereas the canonical WNT 
targets remained unaffected [13] suggesting that BCL3 
acts as a context dependent modulator of β-catenin/
TCF-mediated transcription, potentially restricted to 
stem-like tumour cells. BCL3 suppression also impeded 
stem-like properties both in vitro [13] and in vivo [56], 
further validating this theory.

Additionally, BCL3 is demonstrated to promote WNT 
activity by influencing the post-translational modifica-
tion of β-catenin. BCL3 suppression in both HCT116 
and SW620 cell lines resulted in a decrease in ac-K49 
β-catenin protein expression, as determined by western 
blot and immunofluorescence (IF) analysis [56]. This 
decrease was rescued via the addition of HDAC inhibi-
tors, and accompanied by an increase in β-catenin/TCF 
reporter activity. Further investigation via Co-IP stud-
ies, demonstrated an increased interaction of β-catenin 
and HDAC-1, but not HDAC-6, within BCL3 suppressed 
HCT116 cells; an increase in HDAC-1 protein expres-
sion was also observed [56]. It was therefore concluded 
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that BCL3 mediates both HDAC-1 protein expression, 
as well as interrupting the interaction of HDAC-1 with 
β-catenin, resulting in aberrant acetylation of β-catenin 
and the consequent activation of β-catenin/TCF-medi-
ated transcription, within CRC cells.

Indirect effects of BCL3 on mechanisms impacting on 
WNT/APC signaling pathways have also been reported. 
One study identified a novel regulator of WNT-medi-
ated transcription, CtBP1 [57], that was stabilised when 
bound to the carboxy terminal region of BCL3, resulting 
in the suppression of apoptosis [58]. BCL3 has also been 
suggested to be a key determinant in the COX-2-medi-
ated response to inflammatory cytokines in colorectal 
tumour cells, promoting PGE2-driven tumorigenesis [59] 
– a pathway known to be involved in several hallmarks of 
cancer and associated with WNT signaling [60].

WNT-mediated regulation of BCL3 has also been 
described, however the relationship appears to be com-
plex. Expression of BCL3 and β-catenin was inversely 
correlated in colorectal cancer cell lines and targeted 
knockdown of β-catenin promoted BCL3 expression [13], 
while stimulation of the pathway by exogenous Wnt3a 
administration also led to an increase in BCL3 expression 
in the same cell lines [56]. Further studies are required to 
understand the mechanisms underpinning the control of 
BCL3 expression by the WNT pathway.

BCL3 and Cancer
BCL3 is an established oncogene in hematologic malig-
nancies, having been originally identified at a recur-
ring translocation site in patients with B-cell chronic 
lymphoma and subsequently identified to be elevated in 
patients with anaplastic large cell lymphoma. The t(14;19)
(q32;q13) is a balanced translocation found in less than 1% 
of lymphoid neoplasms where Bcl3 is involved in regula-
tion of cell proliferation, differentiation, and survival of 
B and T-cells. Bcl-3 mutations in lymphocytes give rise 
to overexpression of IκB protein and uncontrolled cell 
proliferation, which lead to B-cell chronic lymphocytic 
leukemia [1, 61]. The t(14;19) and BCL3-rearrangement 
(BCL3-R) have been identified in a broad spectrum of dif-
ferent tumor subtypes [62–66] and whilst BCL3 was origi-
nally identified in CLL, in a cytogenetic analysis of 4487 
tumors diagnosed as lymphoproliferative disorder, the 
t14;19)q32;q13 was found in six cases [2], suggesting the 
translocation is quite rare. t(14;19) and BCL3-R have been 
identified in diffuse large B-cell lymphomas (DLBCL), 
marginal zone lymphomas (MZL), splenic small B-cell 
lymphomas, and tumors diagnosed as B-cell non-Hodg-
kin lymphomas [65, 66]. A study by Carbó-Meix and 
colleagues in 2023 sought to clarify the genomic con-
figuration of BCL3-R in B-cell neoplasms via integrative 

whole-genome sequence, transcriptomic, and DNA meth-
ylation analysis of 13 lymphoid neoplasms and correlate 
the biological significance with patient clinical and path-
ological characteristics. The authors found upstream or 
downstream breakpoints of BCL3-R are mainly associated 
with two subtypes of lymphoid neoplasms with different 
(epi)genomic, expression, and clinicopathological fea-
tures resembling atypical CLL and MZL, respectively [67]. 
BCL3 expression has an important function in classical 
Hodgkins Lymphoma (cHL) and peripheral T-cell non-
Hodgkin lymphoma (T-NHL), in particular ALCL [68].

Since its initial identification in 1990, it wasn’t until the 
early 2000’s that BCL3’s potential role in solid tumours 
was recognized (Table  1). BCL3 is now known to be 
upregulated in solid tumours from at least 16 different 
tissue origins (Fig. 3), of which 14 are solid tumour sites, 
and has been shown to be an independent prognostic 
indicator of overall survival or metastatic free survival 
in a large proportion of these, suggesting a key role as a 
driver in disease progression (Table 1).

Despite these numerous associations with poor prog-
nosis, the demonstration of a direct role for BCL3 as an 
oncogenic driver or disease modifier has only been dem-
onstrated by experimentation in a handful of cancer types 
to date. While it may only be a matter of time before cau-
sality is confirmed in the majority of other solid tumour 
types, for the purpose of this review we will restrict our 
discussion to the evidence demonstrating the pro- and 
anti-oncogenic effects associated with the experimen-
tal intervention (increase or decrease) of BCL3 activity 
distinguishing these from where correlative associations 
with BCL3 expression are implied.

Early studies of the oncogenic role of BCL3 naturally 
focused on NF-kB mediated pathways in cancer, most 
notably the transcriptional control of cyclin D1 and p53 
to regulate cell cycle [98–103], and cell viability (includ-
ing p53 mediated apoptosis) [58, 104–106]. More recently, 
as other regulatory mechanisms have come to light, it has 
become clear that BCL3 impacts several of the ‘acquired 
capabilities’ and ‘enabling characteristics’ outlined as the 
key Hallmarks of Cancer [107]. Thus, in additional to its 
role in tumour cell cycle and cell survival it plays a disease 
modifying role in solid tumours by promoting tumour 
cell invasion, cancer stemness and the tumour protective 
microenvironment; while also impacting on therapeutic 
resistance and DNA damage repair pathways. Below, we 
summarise the evidence demonstrating causative roles for 
BCL3 in each of these cancer related hallmarks.

BCL3 and tumour cell proliferation and survival
Each of the five transcription factor pathways regulated 
by BCL3 identified to date (Fig.  2) are canonical cell 
cycle related pathways in cancer. Cell cycle related genes 
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common to these pathways and shown to be regulated by 
BCL3 include (but are not restricted to) Cdc2, cyclinD1 
and CyclinE. While there is direct evidence for BCL3 as 
a transactivator of cell cycle genes [102], the direct evi-
dence for BCL3 mediated regulation of cell cycle genes in 
tumour cells has focussed on NF-kB mediated regulation 
of cyclinD1 in NSCLC, melanoma, hepatocellular carci-
noma and osteocarcinoma cell lines [81, 99, 108]; CDK1 
in glioblastoma [109]; p27 and c-Myc in triple negative 
breast cancer cells [40]; STAT3 mediated upregulation of 
cyclinD1 in glioma cells [15] and c-jun transcription fac-
tor (which regulates cyclinD1 transcription) in colorectal 
cell lines [56].

Other examples of a direct involvement of BCL3 on 
cell proliferation and tumour growth, but where the 
specific mechanism of cell cycle regulation was not 
defined, include a study of cervical cancer cell lines which 

demonstrated a STAT3 dependent regulation of G1/S 
progression and a reduction in xenograft tumour growth 
following shRNA targeting BCL3 [45].

Similarly, there are several studies demonstrating a 
direct role for BCL3 in promoting tumour cell survival, 
which impacts on tumour growth and viability, yet often 
the precise mechanism of action of BCL3 remains elu-
sive. For example, suppression of BCL3 in HeLa cells 
subjected to UVB radiation exhibited increases in the 
expression of the apoptotic regulator, tBid along with 
elevated caspase cleavage and a decrease in the anti-
apoptotic protein BCL2 [110]. BCL3 promoted tumour 
growth in mouse xenografts of colorectal cancer was 
directly linked to an AKT-mediated suppression of apop-
tosis which was dependent upon BCL3’s interaction with 
p50 or p52 homodimers [12]. These authors rescued 
the pro-apoptotic effect of siRNA-BCL3 by expressing 

Table 1 BCL3 is linked to multiple tumour types. A summary of the publications demonstrating that BCL3 expression is elevated 
in tumour versus normal tissue and/or correlation between BCL3 expression and poor prognosis (overall survival or metastasis free 
survival), listed by tumour type

Tumour type Elevated expression
cancer vs normal

Prognostic Biomarker

Nasopharyngeal/oral Andrews, 2000 [69]
Thornburg, 2003 [70]
Mishra, 2006 [71]
Chung, 2013 [72]

Non-Hodgkin Lymphomas Canoz, 2004 [62]

Hodgkin Lymphomas Rassidakis, 2003 [73]
Canoz, 2004 [62]

AML Niu, 2019 [74]

Myeloma Brenne, 2009 [75] Brenne, 2009 [75]

Breast Pratt, 2003 [76]
Huo, 2018 [40]
Chen, 2016 [14]
Schulten, 2017 [77]

Huo, 2018 [40]
Chen 2016 [14]
Czapiewski, 2022 [78]

Endometrial Pallares, 2004 [79]

Hepatocellular O’Neil, 2007 [80]
Tu, 2016 [81]

Tu, 2016 [81]

Melanoma Uffort, 2009 [82] Diaz-Ramon, 2023 [83]

Ovarian Zou, 2018 [84]

Prostate Ahlqvist, 2013 [85]

Renal cell carcinoma de Souza Braga, 2014 [86]
Dai, 2016 [87]

Colorectal Saamarthy 2015 [88]
Tao, 2018 [89]

Tao, 2018 [89]
Zhang, 2020 [90]

Cervical Zhao, 2016 [45] Zhao 2016 [45]

Gioblastoma Wu,2016 [15]
Fan, 2022 [91]

Wu, 2016 [15]
Wu, 2018 [92]
Fan, 2022 [91]

Oesophageal Puccio, 2018 [93]
Soares-Lima, 2021 [94]

SC- Lung carcinoma Dimitrakopoulos, 2015 [95]

NSC – lung carcinoma Dimitrakopoulos, 2019 [96]

Thyroid Xiao, 2022 [97]
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constitutively active AKT in HCT116 cells yet the mech-
anistic link between the NF-kB complexes and the PI3K/
AKT pathway was not determined. In contrast, the 
mechanism of action of BCL3 in controlling apoptosis in 
glioma cells was defined as a STAT3 mediated regulation 
of BCL2 and Mcl1 while suppression of BCL3 reduced 
xenograft tumour growth.

In both breast and prostate cancer, the current evidence 
points to BCL3 having more pronounced effects on cell 
survival mechanisms and promoting tumour progression 
(see metastasis section below) than cell cycle regulation. 
Thus, growth of ErbB2 mammary tumours exhibited a 
non-significant reduction in constitutive BCL3 knock-
out mice compared to controls expressing normal lev-
els of BCL3, with no significant changes in cyclinD1 or 
caspase3 levels within the mammary tumours. Instead, a 
significant decrease in cell turnover was observed at the 
metastatic sites, suggesting that primary tumour growth 
was less affected by BCL3 loss than at distal lesions [15]. 
Pharmacological suppression of BCL3 in adult mice how-
ever led to a significant reduction in tumour volume in 
two xenograft models of breast cancer. This was accom-
panied by significant increases in cleaved caspase 3-posi-
tive cells but no significant difference in phospho-histone 
H3 within the tumours, suggesting that the primary effect 
of targeting BCL3 in breast tumours was an increase in 
apoptosis rather than a reduction in cell proliferation 
[111]. Similarly, enforced suppression of BCL3 by shRNA 
in DU145 prostate cancer xenografts resulted in a signifi-
cant reduction in tumour growth which correlated with 

an increase in the number of cleaved caspase-3 positive 
cells within the treated tumours but no change in mitotic 
index [85]. Moreover the direct effect of BCL3 on the sta-
bility and protein levels of the apoptosis associated pro-
tein CtBP1 was demonstrated in the MCF7 breast cancer 
cell line and further supported by correlative expression 
in primary breast cancer tissues [58], implying an indi-
rect effect on WNT/APC mediated survival pathways 
[57] in cell survival of breast cancer cells. These findings 
highlight the importance of considering the context of 
BCL3 intervention on the tumour phenotype. Thus, sup-
pression of BCL3 in adult tissues (more akin to a clinical 
intervention context) appears to be more efficacious than 
when BCL3 is deleted from birth.

BCL3 and tumour invasion/metastasis
In contrast to the modest effects of BCL3 on breast 
tumour growth kinetics, spontaneous metastasis of 
BCL3-null tumours was found to be dramatically 
reduced compared to their BCL3 controls. Metastatic 
ErbB2 (HER2) tumour burden was reduced by 75% in 
BCL3-null mice and this was recapitulated in allografts 
of BCL3-null tumour cells into wild-type recipient mice, 
confirming the tumour cell autonomous effects of BCL3 
on the metastatic process [44]. This finding was subse-
quently confirmed in independent studies which dem-
onstrated the potent anti-metastatic effects of inhibiting 
BCL3 by shRNA in human breast cancer xenografts [14] 
and a direct correlation between BCL3 expression and 
metastatic potential in vivo [112].

Fig. 3 Cancer tissue types associated with elevated BCL3. Graphical representation of the studies listed in Table 1, showing the tissue-of-origin 
tumours where BCL3 has been shown to be aberrantly expressed and/or linked to poor outcome
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A direct role for BCL3 in tumour cell migration/inva-
sion has also been demonstrated in melanoma and gastric 
carcinoma cell lines [108, 113] whereby siRNA mediated 
knockdown of BCL3 expression resulted in a reduction in 
cell migration in in vitro (scratch) assays of cell motility, 
which in melanoma cells was accompanied by the loss of 
N-cadherin [108], attributed to the recruitment of BCL3 
to an NF-kB binding site in the N-cadherin promoter.

Direct regulation of N-cadherin might suggest a role 
for BCL3 in epithelial to mesenchymal transition (EMT), 
and this is supported by demonstration of BCL3’s effects 
in mesenchymal differentiation and the regulation of 
EMT-related genes in A172 glioma cells [92], yet the 
weight of evidence in other tumour cell types suggests 
that while BCL3 may be regulated during EMT-MET 
flux, its influence is limited to the regulation of a sub-
set of EMT and migration related genes and may not of 
itself induce EMT [108, 112]. Notwithstanding its inabil-
ity to drive EMT, BCL3’s impact as a permissive regula-
tor of cell migration encompasses a spectrum of motility 
phenotypes whereby suppression of BCL3 results in the 
inhibition of both constitutive and EMT-acquired cell 
motility, restricting all forms of cancer cell motility in a 
non-redundant manner [112]. Mechanisms underpin-
ning the effects of BCL3 on breast cancer cell migration 
include NF-kB/BCL3 mediated transcriptional regulation 
of N-cadherin and cdc42 [112] and protein stabilization 
of SMAD3 induced by TGF-β [14] while in a mesenchy-
mal subset of glioblastoma this TGF-β / SMAD3 axis 
drives BCL3 transcription – suggesting that in some 
cancer contexts a positive feedback exists between BCL3 
and SMAD3 to drive disease progression, mediated ulti-
mately through upregulation of BCL3.

BCL3 and genome integrity
Early indications of a role for BCL3 in genome integrity 
were posited when BCL3 was shown to suppress p53 via 
upregulation of Hdm2 in response to UVB induced DNA 
damage of breast cancer cells [105] and when shRNA 
suppression of BCL3 was shown to induce aneuploidy 
in HeLa cells with accompanying increases in phospho-
ATM, gamma-H2Ax and a concomitant decrease in 
phospho-CHK1 [114]. These observations were fur-
ther supported by studies demonstrating a relative loss 
of DNA integrity when BCL3 was suppressed following 
human T cell leukemia virus Type 1 (HTLV1) challenge 
in T-cells [115] and a role in DNA break repair proposed 
after profound suppression of the double-strand DNA 
break repair protein DNA-PK in HeLa cells was observed 
when BCL3 was suppressed both before and after UVB 
irradiation [110].

More recently the link between BCL3 and double-
strand break repair was reinforced in models of colorectal 

cancer in which suppression of BCL3 was shown to sensi-
tize to DNA damage-inducing chemotherapy and gamma 
irradiation [116]. This study initially used siRNA and 
CRISPR knockdown of BCL3 in human colorectal cancer 
cell lines to demonstrate sensitization to gamma irradia-
tion via increased double stranded breaks, as indicated by 
increased phospho-Chk2 and gamma-H2Ax staining foci 
and a reduction in homologous recombination resulting 
in reduced RAD51 foci and increased sensitivity to PARP 
inhibition. This was supported by in  vivo studies using 
BCL3-knockout mice subjected to gamma irradiation 
or the DNA damage inducing agent cisplatin to dem-
onstrate that intestinal crypts also exhibited increased 
γH2AX foci and increased cleaved-caspase 3 (CC3) and 
an increased sensitivity of transgenic CRC mice to chem-
otherapy in the absence of BCL3. In light of the well char-
acterized increases in BCL3 expression in CRC patient 
tumours [88, 89] this study provides a rationale for a role 
of BCL3 in driving resistance to DNA damaging agents 
in CRC and for the inclusion of BCL3 inhibitors as an 
adjunct to existing standard of care for CRC patients in 
the future.

The mechanism by which BCL3 regulated DNA dam-
age repair remains to be elucidated, but most likely 
involves its protein binding partners within the nucleus, 
for example the BCL3 binding protein, B3BP, which con-
tains a potential DNA repair motif and exhibits nicking 
endonuclease activity [117].

BCL3 and therapy resistance
In addition to its recently proposed role in promoting 
DNA damage resistance in CRC discussed above [116], 
BCL3 has been reported to confer resistance to a range 
of other therapeutic interventions in different tumour 
contexts. Most of these studies align with the well-estab-
lished drug-protective effects of NF-kB signaling, yet it 
should be noted that both WNT and STAT3 signaling 
pathways are also implicated in cancer drug resistance 
suggesting a potentially multi-faceted role for BCL3 in 
driving drug resistance in different tumour contexts 
[118–120]. We have summarised the studies showing a 
direct effect of BCL3 on therapy resistance in Table 2.

Thus the first published evidence supporting a direct 
role for BCL3 in drug resistance was in 2013 when a 
study describing elevated expression of BCL3 in prostate 
cancer (PC) demonstrated enhanced PC cell responses 
to the chemotherapeutic agents staurosporine, etoposide 
and paclitaxel when BCL3 was suppressed [85]. This was 
shown to be, at least partly, through the recruitment of 
BCL3 to NF-kB binding sites within the promoters of the 
Helix-Loop-Helix Id proteins, Id1 and Id2. Since then 
NF-kB/BCL3 signaling has been reported to be respon-
sible for glioma resistance to temozolomide through 
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upregulation of the extrinsic apoptosis inhibitory decoy 
receptor DcR1 which blocks apoptotic responses via Fas/
TRAIL [121], and BCL3-dependent upregulation of the 
carbonic anhydrase II (CAII) gene via a temozolomide 
mediated switch between p50/BCL3 and p52/BCL3 com-
plexes at the CAII promoter [92]. The tumour microenvi-
ronment likely plays a key role in Bcl3-mediated therapy 
resistance, for example hypoxia drives BCL3 mediated 
resistance to oxaliplatin, 5-fluorouracil and irinotecan 
in gastric cancer cells [113] while interferon gamma, 
which is often upregulated by chemotherapy [122–124] 
has been shown in ovarian cancer cells to increase the 
expression of BCL3 [84] via the Jak/Stat pathway [125]. 
However, there is a dearth of evidence to date to suggest 
that BCL3 is upregulated by chemotherapeutic challenge, 
although a recent study found BCL3 to be a prognostic 
marker of temozolomide (but not radiotherapy) resist-
ance raising the intriguing question of Bcl3’s role in de 
novo treatment resistance [92].

BCL3’s effects on chemosensitivity in breast cancer 
cells has not been explored in depth, yet in contrast to 
the studies demonstrating BCL3 as a biomarker of poor 
prognosis in breast cancer (see Table  1), one study has 
demonstrated a chemo-sensitizing role for BCL3 in a 
single cell line (MDA-MB-468) representing the BL1 sub-
type of triple-negative breast cancer. In contrast to all 
other TNBC subtypes where BCL3 predicts poor overall 
survival, this subtype alone is associated with improved 
outcomes [40] and increased resistance to paclitaxel 
when BCL3 was suppressed. The underlying mechanism 
for this effect was not elaborated but was associated with 
increased BCL2 levels.

BCL3 and immune evasion in cancer
The re-activation of the immune compartment within 
the tumour microenvironment to promote cell-mediated 

tumour cell killing shows great promise as a therapeu-
tic strategy and there is intense activity in the pre-clin-
ical and clinical settings to determine ways to enhance 
tumour surveillance and to further promote immune 
therapy approaches [126].

One area of interest is in suppressing the inhibitory 
checkpoints expressed by tumour cells to prevent the 
activation of cytotoxic T-cells within the tumour micro-
environment. One such checkpoint protein, PDL-1, has 
recently been shown to be under the transcriptional con-
trol of BCL3 in ovarian cancer cells [84, 127], suggesting 
that inhibition of BCL3 may promote immune responses 
in this cancer type. The mechanism of action was identi-
fied in OVCAR3 and SKOV3 cells as a BCL3 mediated 
recruitment of lys314/315 acetylated p65 NFkB to the 
PD-L1 promoter.

An additional strategy to enhance immune responses 
in the tumour microenvironment is to promote the 
recruitment of immune cells to the tumour site, turning 
so-called ‘cold’ tumours into immune ‘hot’ tumours that 
would then have the potential to initiate an activated 
immune response to the tumour cells.

The induction of IL8 by BCL3 in ovarian cancer cells 
[125] highlights one presumptive mechanism of BCL3-
cytokine driven immune evasion in solid tumours via 
the recruitment of tumour-associated neutrophils [128]. 
Moreover, in describing a novel BCL3 inhibitor with 
anti-cancer properties in models of breast cancer [111], 
we have reported on the transcriptional responses of a 
panel of key NFkB-responsive genes to BCL3 inhibition 
mediated both by siRNA and pharmacologically. These 
genes included a number of cytokines that have critical 
roles in the recruitment and activation of immune cells 
within the tumour microenvironment (Fig. 4). Suppres-
sion of BCL3 led to the upregulation of TNF-alpha and 
IL-6 and the downregulation of IL-10 in MDA-MB-231 
triple-negative breast cancer cells [111], all of which 

Table 2 Summary of evidence demonstrating direct effects of BCL3 on cancer therapeutic resistance

Cancer Type Therapy intervention Bcl3 expression Ref

CRC cells DNA damage eg. (Radiotherapy) ↓ Bcl3 expression sensitises to DNA damage Parker C 2022 [116]

Prostate cancer cells Staurosporine
Etoposide
Paclitaxel

↓ Bcl3 expression sensitised apoptosis and cell death Ahlqvist 2013 [85]

Prostate cancer cells IL-6 ↑ Bcl3 expression protected cells against apoptosis Ahlqvist 2013 [85]

Glioma Temozolomide ↑ expression of DcR1 decoy receptor via Bcl3 attenuates TMZ 
mediated apoptosis

Mansour 2015 [121]

Glioma Temozolomide ↑ CAII expression via Bcl3 attenuates TMZ mediated apoptosis Wu 201 8[92]

Gastric Carcinoma cells Oxoplatin
5-FU
Irinotecan

Hypoxia ↑ Bcl3 expression
↓ Bcl3 expression induced sensitivity to chemotherapeutics

Hu 2020 [113]

Breast Cancer cell line Paclitaxel ↓ Bcl3 expression increased resistance to Paclitaxel Huo 2018 [40]
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would theoretically stimulate the recruitment and acti-
vation of immune cells within the tumour microenvi-
ronment [129]. Moreover BCL3 has been implicated 
in TNF-alpha mediated signaling via stabilisation of 
RIP1 through CYLD ubiquitination in non-cancer 
cells suggesting that it may also have a role in TNF-
alpha responses in the local microenvironment [130]. 
Together with the potential suppression of PD-L1, this 
raises the possibility of a dual effector role for BCL3 
inhibition in an appropriate tumour microenviron-
ment. Future studies will elucidate the potential for this 
immune axis in specific tumour contexts.

BCL3 and cancer stemness
The concept of cancer stemness is based on the experi-
mental evidence that only a small subset of cells within 
a tumour has capacity at any given time to generate new 
tumours and that the bulk of the tumour cell population 
has limited potency. The consequence of this so-called 
“cancer stem cell hypothesis” for cancer therapy is that it 
is only a small subset of malignant cells that are respon-
sible for metastatic seeding and disease relapse following 
therapy and it is this sub-population (which exhibits drug 
resistance properties) that should be targeted to improve 
patient outcomes [131, 132].

Intervention on cancer stem cells impacts on a num-
ber of the characteristic hallmarks already outlined above 
and thus evidence of BCL3’s role in driving stemness in 
cancers likely also overlaps with key properties of metas-
tasis, drug resistance and cell survival.

Clonogenicity, here defined as the ability for single can-
cer cells to generate a new colony of cells in  vitro (e.g. 
colony formation assay) has been shown to be inhibited 
following suppression of BCL3 in a number of tumour 
types, including gastric, colorectal, breast, cervical and 
ovarian [13, 45, 113, 116]. Whilst a useful measure of 
multipotentiality of tumour cells in vitro, more rigorous 
assays for cancer ‘stemness’ include the tumoursphere 
assay (eg. clonal expansion of suspension organoids in 
serum deprived media) and the ‘gold-standard’ transplan-
tation of limiting dilutions of tumour cells into recipient 
mice often used alongside surrogate cell surface markers 
of stemness. Studies of BCL3 using one or more of these 
cancer stem cell assays are less common, nonetheless two 
studies using models of CRC have demonstrated a role 
for BCL3 in promoting stemness in tumour cells [13, 56]. 
WNT signaling plays a predominant role in CRC and is 
a known key signaling pathway in cancer stem cell self-
renewal. Unsurprisingly then, when BCL3 was shown in 
2019 to enhance β-catenin signaling in a panel of CRC 
cell lines, that suppression of BCL3 was found to reduce 

Fig. 4 Transcription responses to BCL3 suppression predict alterations to the tumour microenvironment. BCL3 simultaneously promotes 
and represses different BCL3-responsive genes in a cell-context manner, as illustrated by the co-regulation of a subset of BCL3-responsive gene 
changes following BCL3 targeted siRNA in the breast cancer cell line MDA-MB-231 (left panel; adapted from [111]). These transcriptional signatures 
predict changes to the tumour microenvironment, for example that might impact on tumour surveillance, supported by independent observations 
on the effect of BCL3 on checkpoint-control (right panel [84, 127];). Created with BioRender.com
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cancer stem cell activity within the tumour populations, 
as demonstrated by tumoursphere assay and stem cell 
markers Lgr-5 and Bmi expression [13]. Subsequently 
this was confirmed in an independent study which pro-
vided further in  vivo evidence of stemness in a limiting 
dilution xenograft experiment using CRC cell lines, addi-
tional surrogate markers (CD133/CD44/SOX2) and fur-
thermore demonstrating the mechanism of action of this 
effect mediated through the acetylation of β-catenin at 
lysine 49 [56].

Based on the definition of CSCs role in tissue of origin 
and clonal expansion of solid tumours and their role in 
colonization of tumour cells during metastasis, the thera-
peutic effect of BCL3 inhibition on cancer stemness has 
also been described in breast cancer models [111, 133]). 
Thus, using a stochastic carcinogen-induced mammary 
tumour model in BCL3-knockout mice, BCL3 was shown 
to promote the formation of mammary adenocarcino-
mas through elevated NF-κB leading to the maturation of 
luminal progenitors [133]. Furthermore, pharmacologi-
cal suppression of BCL3 systemically in mice inhibited 
both the experimental metastatic seeding of human tri-
ple negative breast cancer (MDA-MB-231) cells and the 
spontaneous metastasis of syngeneic mammary 4 T1.2 
cells in vivo [111].

The likelihood that BCL3 plays a more universal role 
in regulating cancer cell stemness in other tumour types 
is supported by the evidence that BCL3 is also permis-
sive for stemness in the non-tumour setting. BCL3 has 
been demonstrated to link LIF-STAT3 with Oct4 in naive 
pluripotent stem cells and has been shown to be required 
for embryonic stem cell renewal through downregulation 
of Nanog [55, 134]. However, one report describes an 
inverse relationship between BCL3 and cancer stemness, 
in which BCL3 appears to reduce the CSC compartment 
within pancreatic tumours [135], which highlights the 
heterogeneous nature of CSCs originating from differ-
ent tissues. Future studies are likely to determine the full 
extent of BCL3’s role in cancer stemness across different 
tumour types.

Opposing roles of BCL3 in cancer
Despite the overwhelming evidence supporting BCL3’s 
role as an oncogene and driver of disease progression, 
there have been two reports describing a protective role 
for BCL3 in specific cancer contexts [40, 135]. One study 
reported BCL3 as prognostic for improved survival in a 
specific subtype of triple negative breast cancer patients 
and in a representative cell line, where BCL3 was shown 
to improve responses to paclitaxel, while still display-
ing its conventional oncogenic role in promoting pro-
liferation. In the other study BCL3 was shown to have a 
tumour suppressive role in pancreatic cancer, reducing 

the cancer stem cell compartment in these tumours 
[135]. These studies emphasise the importance of patient 
stratification and tumour context when considering the 
therapeutic potential of new cancer targets.

Additionally, in a mouse model of colitis-associated 
colorectal cancer whereby tumours are initiated through 
the addition of azoxymethane/dextran-sodium sulphate, 
BCL3 was shown to have a protective effect [136]. Condi-
tional knockdown of BCL3 in this mouse model resulted 
in significantly more polyp formation than wild type 
controls. The combined knockdown of BCL3 and TNFα 
blocked this increase, suggesting the ‘tumour initiating 
phenotype” of suppressed BCL3 was mediated by TNFα.

Targeting BCL3 in cancer
The weight of evidence determines that BCL3 is a multi-
faceted regulator of key cancer pathways associated with 
many of the hallmarks of cancer. Recent evidence in the 
past 10 years now indicates that beyond its canonical role 
as a co-factor for NFkB signaling, the BCL3 protein mod-
ulates cancer progression and therapy resistance through 
distinct and novel mechanisms involving protein modifi-
cations and interactions with alternative oncogenic pro-
tagonists including c-Myc, WNT/β-catenin and STAT3.

This places BCL3 as a peripheral modifier of a network 
of transcription factor pathways that influence onco-
genesis and transition to metastasis in different tissue 
contexts and identifies BCL3 as a potential therapeutic 
target. Here, we summarise the attributes of BCL3 that 
support its candidacy as a promising therapeutic target.

BCL3 loss is well tolerated
BCL3 knockout mice are viable with relatively mild 
defects in antigen-specific B- and T-cell responses com-
pared to comparable knockouts of the NF-kB subunits 
[34, 36, 137]. Thus, targeting BCL3 in adult tissues would 
be predicted to have modest side effects while impacting 
on aberrant pathways in cancer, as evidenced by the stud-
ies described above where BCL3 suppression impacts on 
cancer outcomes. We propose therefore that suppression 
of BCL3 limits and modifies the related oncogenic path-
ways to an extent that suppresses malignancy but is oth-
erwise tolerated.

BCL3 modulates multiple pathways
Targeting a protein that has a role in a very specific path-
way has the advantage of specificity but potentially lacks 
the ability to influence compensatory mechanisms and 
redundancy that leads to evasion of treatment. As BCL3 
modifies multiple signaling pathways, yet is well toler-
ated, it has the potential to disrupt both the oncogenic 
drivers, and evading mechanisms inherent in cancer 
treatment responses.
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BCL3 promotes both primary tumour growth 
and secondary metastasis
With evidenced roles in promoting primary tumour 
growth in a number of tumour types, while also driving 
metastatic spread (the primary cause of cancer patient 
deaths), suppressing BCL3 would seem to have dual ben-
efits in providing clinically measurable beneficial out-
comes on primary tumour growth while also potentially 
providing significant benefits for long term survival. It is 
recognized that a clinically relevant anti-metastatic agent 
would have appreciable impact on patient outcomes, 
yet the current clinical trials landscape does not accom-
modate ‘pure’ anti-metastatics [138]. BCL3 meets the 
requirements of a therapeutic target that addresses both 
primary tumour growth and metastasis.

Lowering BCL3 levels is sufficient to impact on cancer 
progression
This review has focused on the studies demonstrating 
direct effects of suppressing BCL3 activity on cancer pro-
gression and the majority of these have used BCL3-gene 
knockdown or knockout as the modality of BCL3 inhi-
bition. With the advent of new RNA delivery modalities 
and recent successes of RNA-based anti-virals, RNA-
based therapeutics for cancer, including miRNAs, have 
garnered renewed interest [139]. BCL3 would be an 
attractive candidate for such an approach as the body of 
evidence (above) shows that a reduction in BCL3 expres-
sion has anti-cancer properties in a variety of contexts. 
This is supported by studies reporting specific micro-
RNAs that target BCL3 to ameliorate cancer hallmarks. 
These include mir125b in ovarian cancer [140], mir627-
5p in hepatocellular carcinoma [141, 142], mir216a-3p in 
choliangiocarcinoma [143] and miR1343-3p in non-small 
cell lung cancer [144].

Targeting BCL3 protein complexes
BCL3 mediates its effects through protein:protein inter-
actions and disruption of these protein complexes have 
been shown to exhibit anti-cancer properties [27, 111]. 
The best-defined molecular interface on BCL3 is its 
ankyrin repeat domain, as this was identified as the 
region required for p50/p52 interaction [23, 24]. Model-
ling of this interface identified a unique pocket in the car-
boxy-terminal region of the ankyrin repeat that could be 
suitable for drug-like molecules binding, and subsequent 
in silico screening in this region identified a novel small-
molecule capable of inhibiting BCL3:p50 binding [111]. 
This small-molecule inhibitor exhibited marked anti-
tumour and anti-metastatic properties in mouse models 
of breast cancer [111]. The BCL3 domains required for 
other protein interactions are less well defined. The use of 
deletion mutations of BCL3 suggest that the interaction 

with β-catenin requires the P-rich amino-terminal 
region of BCL3 bordering the ankyrin domain, however 
it remains to be determined whether disruption of the 
ankyrin repeat itself impacts on β-catenin binding [56]. 
What is clear is that recruitment of BCL3 either modu-
lates the acetylation status of the bound proteins (for 
example NF-kB (p50/p52) and β-catenin) and recruit-
ment of histone deacetylases to these complexes [22, 56, 
99, 145] or it regulates ubiquitination and degradation of 
the binding partners (for example SMAD3 and c-Myc) 
[11, 14, 58] to regulate their activity which impacts on 
oncogenicity.

An alternative approach to the disruption of BCL3 
protein complexes is to target the interacting protein 
directly. One reported example of this is the description 
of a small molecule inhibitor of PIRIN, which disrupts 
Pirin:BCL3 binding, which leads to the inhibition of mel-
anoma cell line migration [27].

These initial proof of concept studies for the use of 
small molecule protein:protein inhibitors (PPIs) of BCL3 
indicates the significant potential for these novel classes 
of BCL3 inhibitor as anti-cancer agents. Our improved 
understanding of these protein complexes and the down-
stream consequences of their disruption will further con-
tribute to the appropriate application of these inhibitors 
in the clinical setting.

Post‑translational modification of BCL3
BCL3 is a heavily modified protein which regulates its 
stability, subcellular localisation and activity and impacts 
on its oncogenicity [29, 31, 52, 100, 146, 147]. Whether 
these modifications which include phosphorylation and 
ubiquitination (reviewed by [16, 17]) could be harnessed 
directly or through targeting of BCL3 upstream modifi-
ers, as suggested for the cancer related deubiquitination 
enzyme CYLD [148], remains to be determined. Cur-
rently no specific BCL3 protein modification modalities 
have been described, and any upstream targets such as 
CYLD are likely to exhibit effects on other signaling pro-
teins raising the potential for off-target toxicities.

Summary
BCL3 has been implicated in most of the hallmarks of 
cancer and as a modifier of disease progression and drug 
resistance impacts directly on key areas of clinical unmet 
need.

Targeting BCL3 is challenging, not least because of the 
multiplicity of its actions on transcriptional pathways and 
contradictory roles in some tumour models. Yet its direct 
role as an independent risk factor in some major cancer 
subtypes, such as colorectal and breast, and the evidence 
that it is well tolerated when inhibited in animal models 
highlights it as a promising therapeutic target in these 
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clinical settings. Targeting the BCL3 interactome directly 
already demonstrates great promise as a therapeutic 
strategy [111]. With well evidenced roles in both primary 
tumour viability and progression to metastasis targeting 
BCL3 has potential to impact on long-term survival of 
patients in a number of cancer sub-types.
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C-Myc  myelocytomatosis
TGFb  transforming growth factor beta
CYLD  cylindromatosis

Acknowledgements
We are grateful to Robert Evans for additional editorial comments.

Authors’ contributions
GS, HS, RC contributed equally to drafting of the manuscript. AW, AB contrib-
uted substantially to revision of the manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
RC, AW and AB are co-inventors on patents relating to a novel class of BCL3 
inhibitors (WO2015/014972 and WO2016/016728). RC, AW and AB are non-
executive scientific advisors for TNA Therapeutics Ltd., which has exclusively 
licenced this BCL3 inhibitor intellectual property.

Received: 27 October 2023   Accepted: 20 December 2023

References
 1. McKeithan TW, Takimoto GS, Ohno H, Bjorling VS, Morgan R, Hecht BK, 

et al. BCL3 rearrangements and t(14;19) in chronic lymphocytic leuke-
mia and other B-cell malignancies: a molecular and cytogenetic study. 
Genes Chromosomes Cancer. 1997;20:64–72.

 2. Michaux L, Dierlamm J, Wlodarska I, Bours V, Van den Berghe H, 
Hagemeijer A. T(14;19)/BCL3 rearrangements in lymphoproliferative 
disorders: a review of 23 cases. Cancer Genet Cytogenet. 1997;94:36–43.

 3. Ohno H, Takimoto G, McKeithan TW. The candidate proto-oncogene 
bcl-3 is related to genes implicated in cell lineage determination and 
cell cycle control. Cell. 1990;60:991–7.

 4. Gauwerky CE, Huebner K, Isobe M, Nowell PC, Croce CM. Activation of 
MYC in a masked t(8;17) translocation results in an aggressive B-cell 
leukemia. Proc Natl Acad Sci U S A. 1989;86:8867–71.

 5. Yano T, Sander CA, Andrade RE, Gauwerky CE, Croce CM, Longo DL, 
et al. Molecular analysis of the BCL-3 locus at chromosome 17q22 in 
B-cell neoplasms. Blood. 1993;82:1813–9.

 6. Franzoso G, Bours V, Park S, Tomita-Yamaguchi M, Kelly K, Siebenlist U. 
The candidate oncoprotein Bcl-3 is an antagonist of p50/NF-kappa 
B-mediated inhibition. Nature. 1992;359:339–42.

 7. Wulczyn FG, Naumann M, Scheidereit C. Candidate proto-oncogene 
bcl-3 encodes a subunit-specific inhibitor of transcription factor NF-
kappa B. Nature. 1992;358:597–9.

 8. Kerr LD, Duckett CS, Wamsley P, Zhang Q, Chiao P, Nabel G, et al. The 
proto-oncogene bcl-3 encodes an I kappa B protein. Genes Dev. 
1992;6:2352–63.

 9. Nolan GP, Fujita T, Bhatia K, Huppi C, Liou HC, Scott ML, et al. The bcl-3 
proto-oncogene encodes a nuclear I kappa B-like molecule that pref-
erentially interacts with NF-kappa B p50 and p52 in a phosphorylation-
dependent manner. Mol Cell Biol. 1993;13:3557–66.

 10. Michel F, Soler-Lopez M, Petosa C, Cramer P, Siebenlist U, Müller CW. 
Crystal structure of the ankyrin repeat domain of Bcl-3: a unique mem-
ber of the IkappaB protein family. EMBO J. 2001;20:6180–90.

 11. Liu Z, Jiang Y, Hou Y, Hu Y, Cao X, Tao Y, et al. The IκB family member 
Bcl-3 stabilizes c-Myc in colorectal cancer. J Mol Cell Biol. 2013;5:280–2.

 12. Urban BC, Collard TJ, Eagle CJ, Southern SL, Greenhough A, Hamdollah-
Zadeh M, et al. BCL-3 expression promotes colorectal tumorigenesis 
through activation of AKT signaling. Gut. 2016;65:1151–64.

 13. Legge DN, Shephard AP, Collard TJ, Greenhough A, Chambers AC, 
Clarkson RW, et al. BCL-3 promotes a cancer stem cell phenotype by 
enhancing β-catenin signaling in colorectal tumour cells. Dis Model 
Mech. 2019;12

 14. Chen X, Cao X, Sun X, Lei R, Chen P, Zhao Y, et al. Bcl-3 regulates TGFβ 
signaling by stabilizing Smad3 during breast cancer pulmonary metas-
tasis. Cell Death Dis. 2016;7:e2508.

 15. Wu J, Li L, Jiang G, Zhan H, Wang N. B-cell CLL/lymphoma 3 promotes 
glioma cell proliferation and inhibits apoptosis through the oncogenic 
STAT3 pathway. Int J Oncol. 2016;49:2471–9.

 16. Legge DN, Chambers AC, Parker CT, Timms P, Collard TJ, Williams AC. 
The role of B-cell Lymphoma-3 (BCL-3) in enabling the hallmarks of 
cancer: implications for the treatment of colorectal carcinogenesis. 
Carcinogenesis. 2020;41:249–56.

 17. Maldonado V, Melendez-Zajgla J. Role of Bcl-3 in solid tumors. Mol 
Cancer. 2011;10:152.

 18. Liu H, Zeng L, Yang Y, Guo C, Wang H. Bcl-3: a double-edged sword in 
immune cells and inflammation. Front Immunol. 2022;13:847699.

 19. Mirzaei S, Saghari S, Bassiri F, Raesi R, Zarrabi A, Hushmandi K, et al. 
NF-κB as a regulator of cancer metastasis and therapy response: a focus 
on epithelial-mesenchymal transition. J Cell Physiol. 2022;237:2770–95.

 20. Inoue J, Gohda J, Akiyama T, Semba K. NF-kappaB activation in develop-
ment and progression of cancer. Cancer Sci. 2007;98:268–74.

 21. Zhang Q, Lenardo MJ, Baltimore D. 30 years of NF-κB: a blossoming of 
relevance to human pathobiology. Cell. 2017;168:37–57.

 22. Dechend R, Hirano F, Lehmann K, Heissmeyer V, Ansieau S, Wulczyn 
FG, et al. The Bcl-3 oncoprotein acts as a bridging factor between NF-
kappaB/Rel and nuclear co-regulators. Oncogene. 1999;18:3316–23.

 23. Bours V, Franzoso G, Azarenko V, Park S, Kanno T, Brown K, et al. The 
oncoprotein Bcl-3 directly transactivates through kappa B motifs via 
association with DNA-binding p50B homodimers. Cell. 1993;72:729–39.

 24. Fujita T, Nolan GP, Liou HC, Scott ML, Baltimore D. The candidate proto-
oncogene bcl-3 encodes a transcriptional coactivator that activates 
through NF-kappa B p50 homodimers. Genes Dev. 1993;7:1354–63.

 25. Inoue J, Takahara T, Akizawa T, Hino O. Bcl-3, a member of the I kappa 
B proteins, has distinct specificity towards the Rel family of proteins. 
Oncogene. 1993;8:2067–73.

 26. Franzoso G, Bours V, Azarenko V, Park S, Tomita-Yamaguchi M, Kanno T, 
et al. The oncoprotein Bcl-3 can facilitate NF-kappa B-mediated transac-
tivation by removing inhibiting p50 homodimers from select kappa B 
sites. EMBO J. 1993;12:3893–901.

 27. Miyazaki I, Simizu S, Okumura H, Takagi S, Osada H. A small-molecule 
inhibitor shows that pirin regulates migration of melanoma cells. Nat 
Chem Biol. 2010;6:667–73.

 28. Zhang Q, Didonato JA, Karin M, McKeithan TW. BCL3 encodes a nuclear 
protein which can alter the subcellular location of NF-kappa B proteins. 
Mol Cell Biol. 1994;14:3915–26.

 29. Viatour P, Dejardin E, Warnier M, Lair F, Claudio E, Bureau F, et al. GSK3-
mediated BCL-3 phosphorylation modulates its degradation and its 
oncogenicity. Mol Cell. 2004;16:35–45.



Page 15 of 17Seaton et al. Molecular Cancer            (2024) 23:7  

 30. Carmody RJ, Ruan Q, Palmer S, Hilliard B, Chen YH. Negative regula-
tion of toll-like receptor signaling by NF-kappaB p50 ubiquitination 
blockade. Science. 2007;317:675–8.

 31. Viatour P, Merville MP, Bours V, Chariot A. Protein phosphorylation 
as a key mechanism for the regulation of BCL-3 activity. Cell Cycle. 
2004;3:1498–501.

 32. Wang VY, Huang W, Asagiri M, Spann N, Hoffmann A, Glass C, et al. 
The transcriptional specificity of NF-κB dimers is coded within the κB 
DNA response elements. Cell Rep. 2012;2:824–39.

 33. Keutgens A, Zhang X, Shostak K, Robert I, Olivier S, Vanderplasschen 
A, et al. BCL-3 degradation involves its polyubiquitination through 
a FBW7-independent pathway and its binding to the proteasome 
subunit PSMB1. J Biol Chem. 2010;285:25831–40.

 34. Schwarz EM, Krimpenfort P, Berns A, Verma IM. Immunological 
defects in mice with a targeted disruption in Bcl-3. Genes Dev. 
1997;11:187–97.

 35. Franzoso G, Carlson L, Scharton-Kersten T, Shores EW, Epstein S, Grin-
berg A, et al. Critical roles for the Bcl-3 oncoprotein in T cell-mediated 
immunity, splenic microarchitecture, and germinal center reactions. 
Immunity. 1997;6:479–90.

 36. Gerondakis S, Grossmann M, Nakamura Y, Pohl T, Grumont R. Genetic 
approaches in mice to understand Rel/NF-kappaB and IkappaB func-
tion: transgenics and knockouts. Oncogene. 1999;18:6888–95.

 37. Dang CV, O’Donnell KA, Zeller KI, Nguyen T, Osthus RC, Li F. The c-Myc 
target gene network. Semin Cancer Biol. 2006;16:253–64.

 38. Dang CV. C-Myc target genes involved in cell growth, apoptosis, and 
metabolism. Mol Cell Biol. 1999;19:1–11.

 39. Yada M, Hatakeyama S, Kamura T, Nishiyama M, Tsunematsu R, Imaki 
H, et al. Phosphorylation-dependent degradation of c-Myc is medi-
ated by the F-box protein Fbw7. EMBO J. 2004;23:2116–25.

 40. Huo J, Chen X, Zhang H, Hu Y, Jiang Y, Liu S, et al. Bcl-3 promotes 
proliferation and chemosensitivity in BL1 subtype of TNBC cells. Acta 
Biochim Biophys Sin Shanghai. 2018;50:1141–9.

 41. Hashimoto S, Hashimoto A, Muromoto R, Kitai Y, Oritani K, Matsuda T. 
Central roles of STAT3-mediated signals in onset and development of 
cancers: tumorigenesis and Immunosurveillance. Cells. 2022;11

 42. Brocke-Heidrich K, Ge B, Cvijic H, Pfeifer G, Löffler D, Henze C, et al. 
BCL3 is induced by IL-6 via Stat3 binding to intronic enhancer HS4 
and represses its own transcription. Oncogene. 2006;25:7297–304.

 43. Maldonado V, Espinosa M, Pruefer F, Patiño N, Ceballos-Canciono G, 
Urzua U, et al. Gene regulation by BCL3 in a cervical cancer cell line. 
Folia Biol (Praha). 2010;56:183–93.

 44. Wakefield A, Soukupova J, Montagne A, Ranger J, French R, Muller WJ, 
et al. Bcl3 selectively promotes metastasis of ERBB2-driven mammary 
tumors. Cancer Res. 2013;73:745–55.

 45. Zhao H, Wang W, Zhao Q, Hu G, Deng K, Liu Y. BCL3 exerts an onco-
genic function by regulating STAT3 in human cervical cancer. Onco 
Targets Ther. 2016;9:6619–29.

 46. Yun S, Yun CW, Lee JH, Kim S, Lee SH. Cripto enhances proliferation 
and survival of mesenchymal stem cells by up-regulating JAK2/
STAT3 pathway in a GRP78-dependent manner. Biomol Ther (Seoul). 
2018;26:464–73.

 47. Derynck R, Zhang YE. Smad-dependent and Smad-independent 
pathways in TGF-beta family signaling. Nature. 2003;425:577–84.

 48. Li K, Cui M, Zhang K, Wang G, Zhai S. LncRNA CRNDE affects the 
proliferation and apoptosis of vascular smooth muscle cells in 
abdominal aortic aneurysms by regulating the expression of Smad3 
by Bcl-3. Cell Cycle. 2020;19:1036–47.

 49. Zhao K, Cui X, Wang Q, Fang C, Tan Y, Wang Y, et al. RUNX1 con-
tributes to the mesenchymal subtype of glioblastoma in a TGFβ 
pathway-dependent manner. Cell Death Dis. 2019;10:877.

 50. Noorolyai S, Shajari N, Baghbani E, Sadreddini S, Baradaran B. The 
relation between PI3K/AKT signaling pathway and cancer. Gene. 
2019;698:120–8.

 51. Li W, Yang W, Yang C. Knockdown of Bcl-3 alleviates psoriasis and 
dyslipidemia comorbidity by regulating Akt pathway. Allergol Immu-
nopathol (Madr). 2022;50:115–21.

 52. Wang VY, Li Y, Kim D, Zhong X, Du Q, Ghassemian M, et al. Bcl3 
phosphorylation by Akt, Erk2, and IKK is required for its transcriptional 
activity. Mol Cell. 2017;67:484–497.e485.

 53. Anastas JN, Moon RT. WNT signaling pathways as therapeutic targets in 
cancer. Nat Rev Cancer. 2013;13:11–26.

 54. Reya T, Clevers H. Wnt signaling in stem cells and cancer. Nature. 
2005;434:843–50.

 55. Chen CY, Lee DS, Yan YT, Shen CN, Hwang SM, Lee ST, et al. Bcl3 bridges 
LIF-STAT3 to Oct4 signaling in the maintenance of Naïve pluripotency. 
Stem Cells. 2015;33:3468–80.

 56. Chen X, Wang C, Jiang Y, Wang Q, Tao Y, Zhang H, et al. Bcl-3 promotes 
Wnt signaling by maintaining the acetylation of β-catenin at lysine 49 
in colorectal cancer. Signal Transduct Target Ther. 2020;5:52.

 57. Valenta T, Lukas J, Korinek V. HMG box transcription factor TCF-4’s 
interaction with CtBP1 controls the expression of the Wnt target 
Axin2/Conductin in human embryonic kidney cells. Nucleic Acids Res. 
2003;31:2369–80.

 58. Choi HJ, Lee JM, Kim H, Nam HJ, Shin HJ, Kim D, et al. Bcl3-dependent 
stabilization of CtBP1 is crucial for the inhibition of apoptosis and 
tumor progression in breast cancer. Biochem Biophys Res Commun. 
2010;400:396–402.

 59. Collard TJ, Fallatah HM, Greenhough A, Paraskeva C, Williams AC. BCL-3 
promotes cyclooxygenase-2/prostaglandin E2 signaling in colorectal 
cancer. Int J Oncol. 2020;56:1304–13.

 60. Tong D, Liu Q, Wang LA, Xie Q, Pang J, Huang Y, et al. The roles of the 
COX2/PGE2/EP axis in therapeutic resistance. Cancer Metastasis Rev. 
2018;37:355–68.

 61. McKeithan TW, Ohno H, Diaz MO. Identification of a transcriptional 
unit adjacent to the breakpoint in the 14;19 translocation of chronic 
lymphocytic leukemia. Genes Chromosomes Cancer. 1990;1:247–55.

 62. Canoz O, Rassidakis GZ, Admirand JH, Medeiros LJ. Immunohistochemi-
cal detection of BCL-3 in lymphoid neoplasms: a survey of 353 cases. 
Mod Pathol. 2004;17:911–7.

 63. Rossi D, Deambrogi C, Monti S, Cresta S, De Paoli L, Fangazio M, et al. 
BCL3 translocation in CLL with typical phenotype: assessment of 
frequency, association with cytogenetic subgroups, and prognostic 
significance. Br J Haematol. 2010;150:702–4.

 64. Soma LA, Gollin SM, Remstein ED, Ketterling RP, Flynn HC, Rajasenan KK, 
et al. Splenic small B-cell lymphoma with IGH/BCL3 translocation. Hum 
Pathol. 2006;37:218–30.

 65. Ohno H, Nishikori M, Maesako Y, Haga H. Reappraisal of BCL3 as a 
molecular marker of anaplastic large cell lymphoma. Int J Hematol. 
2005;82:397–405.

 66. Martin-Subero JI, Wlodarska I, Bastard C, Picquenot JM, Höppner J, Gief-
ing M, et al. Chromosomal rearrangements involving the BCL3 locus are 
recurrent in classical Hodgkin and peripheral T-cell lymphoma. Blood. 
2006;108:401–2. author reply 402-403

 67. Carbo-Meix A, Guijarro F, Wang L, Grau M, Royo R, Frigola G, et al. BCL3-
rearrangements in B-cell lymphoid neoplasms occur in two breakpoint 
clusters associated with different diseases. Haematologica. 2023; 
https:// doi. org/ 10. 3324/ haema tol. 2023. 283209.

 68. Mathas S, Jöhrens K, Joos S, Lietz A, Hummel F, Janz M, et al. Elevated 
NF-kappaB p50 complex formation and Bcl-3 expression in classical 
Hodgkin, anaplastic large-cell, and other peripheral T-cell lymphomas. 
Blood. 2005;106:4287–93.

 69. Andrews N, Helliwell T, Walker C, Jones AS. Differing expression of bax 
and bcl-3 may influence the different cure rates in mouth and orophay-
rngeal cancer. Clin Otolaryngol Allied Sci. 2000;25:570–6.

 70. Thornburg NJ, Pathmanathan R, Raab-Traub N. Activation of nuclear 
factor-kappaB p50 homodimer/Bcl-3 complexes in nasopharyngeal 
carcinoma. Cancer Res. 2003;63:8293–301.

 71. Mishra A, Bharti AC, Varghese P, Saluja D, Das BC. Differential expression 
and activation of NF-kappaB family proteins during oral carcinogen-
esis: role of high risk human papillomavirus infection. Int J Cancer. 
2006;119:2840–50.

 72. Chung GT, Lou WP, Chow C, To KF, Choy KW, Leung AW, et al. Constitu-
tive activation of distinct NF-κB signals in EBV-associated nasopharyn-
geal carcinoma. J Pathol. 2013;231:311–22.

 73. Rassidakis GZ, Oyarzo MP, Medeiros LJ. BCL-3 overexpression in anaplas-
tic lymphoma kinase-positive anaplastic large cell lymphoma. Blood. 
2003;102:1146–7.

 74. Niu Y, Yang X, Chen Y, Zhang L, Jin X, Tang Y, et al. BCL3 expression is a 
potential prognostic and predictive biomarker in acute myeloid leuke-
mia of FAB subtype M2. Pathol Oncol Res. 2019;25:541–8.

https://doi.org/10.3324/haematol.2023.283209


Page 16 of 17Seaton et al. Molecular Cancer            (2024) 23:7 

 75. Brenne AT, Fagerli UM, Shaughnessy JD Jr, Våtsveen TK, Rø TB, Hella H, 
et al. High expression of BCL3 in human myeloma cells is associated 
with increased proliferation and inferior prognosis. Eur J Haematol. 
2009;82:354–63.

 76. Pratt MA, Bishop TE, White D, Yasvinski G, Ménard M, Niu MY, et al. 
Estrogen withdrawal-induced NF-kappaB activity and bcl-3 expression 
in breast cancer cells: roles in growth and hormone independence. Mol 
Cell Biol. 2003;23:6887–900.

 77. Schulten HJ, Bangash M, Karim S, Dallol A, Hussein D, Merdad A, et al. 
Comprehensive molecular biomarker identification in breast cancer 
brain metastases. J Transl Med. 2017;15:269.

 78. Czapiewski P, Cornelius M, Hartig R, Kalinski T, Haybaeck J, Dittmer A, 
et al. BCL3 expression is strongly associated with the occurrence of 
breast cancer relapse under tamoxifen treatment in a retrospective 
cohort study. Virchows Arch. 2022;480:529–41.

 79. Pallares J, Martínez-Guitarte JL, Dolcet X, Llobet D, Rue M, Palacios J, 
et al. Abnormalities in the NF-kappaB family and related proteins in 
endometrial carcinoma. J Pathol. 2004;204:569–77.

 80. O’Neil BH, Bůzková P, Farrah H, Kashatus D, Sanoff H, Goldberg RM, et al. 
Expression of nuclear factor-kappaB family proteins in hepatocellular 
carcinomas. Oncology. 2007;72:97–104.

 81. Tu K, Liu Z, Yao B, Xue Y, Xu M, Dou C, et al. BCL-3 promotes the tumor 
growth of hepatocellular carcinoma by regulating cell proliferation and 
the cell cycle through cyclin D1. Oncol Rep. 2016;35:2382–90.

 82. Uffort DG, Grimm EA, Ellerhorst JA. NF-kappaB mediates mitogen-acti-
vated protein kinase pathway-dependent iNOS expression in human 
melanoma. J Invest Dermatol. 2009;129:148–54.

 83. Diaz-Ramón JL, Gardeazabal J, Izu RM, Garrote E, Rasero J, Apraiz A, et al. 
Melanoma clinical decision support system: an artificial intelligence-
based tool to diagnose and predict disease outcome in early-stage 
melanoma patients. Cancers (Basel). 2023;15

 84. Zou Y, Uddin MM, Padmanabhan S, Zhu Y, Bu P, Vancura A, et al. The 
proto-oncogene Bcl3 induces immune checkpoint PD-L1 expres-
sion, mediating proliferation of ovarian cancer cells. J Biol Chem. 
2018;293:15483–96.

 85. Ahlqvist K, Saamarthy K, Syed Khaja AS, Bjartell A, Massoumi R. Expres-
sion of id proteins is regulated by the Bcl-3 proto-oncogene in prostate 
cancer. Oncogene. 2013;32:1601–8.

 86. de Souza Braga M, da Silva Paiva KB, Foguer K, Barbosa Chaves KC, de Sá 
Lima L, Scavone C, et al. Involvement of the NF-кB/p50/Bcl-3 complex 
in response to antiangiogenic therapy in a mouse model of metastatic 
renal cell carcinoma. Biomed Pharmacother. 2014;68:873–9.

 87. Dai J, Lu Y, Wang J, Yang L, Han Y, Wang Y, et al. A four-gene signa-
ture predicts survival in clear-cell renal-cell carcinoma. Oncotarget. 
2016;7:82712–26.

 88. Saamarthy K, Björner S, Johansson M, Landberg G, Massoumi R, Jirström 
K, et al. Early diagnostic value of Bcl-3 localization in colorectal cancer. 
BMC Cancer. 2015;15:341.

 89. Tao Y, Liu Z, Hou Y, Wang S, Liu S, Jiang Y, et al. Alternative NF-κB 
signaling promotes colorectal tumorigenesis through transcriptionally 
upregulating Bcl-3. Oncogene. 2018;37:5887–900.

 90. Zhang S, Yin C. BCL-3 and β-catenin signaling and tumor staging in 
colorectal cancer. Cell Mol Biol (Noisy-le-grand). 2020;66:87–91.

 91. Fan S, Wu N, Chang S, Chen L, Sun X. The immune regulation of BCL3 in 
glioblastoma with mutated IDH1. Aging (Albany NY). 2022;14:3856–73.

 92. Wu L, Bernal GM, Cahill KE, Pytel P, Fitzpatrick CA, Mashek H, et al. BCL3 
expression promotes resistance to alkylating chemotherapy in gliomas. 
Sci Transl Med. 2018;10

 93. Puccio I, Khan S, Butt A, Graham D, Sehgal V, Patel D, et al. Immunohis-
tochemical assessment of Survivin and Bcl3 expression as potential 
biomarkers for NF-κB activation in the Barrett metaplasia-dysplasia-
adenocarcinoma sequence. Int J Exp Pathol. 2018;99:10–4.

 94. Soares-Lima SC, Gonzaga IM, Camuzi D, Nicolau-Neto P, Vieira da Silva 
R, Guaraldi S, et al. IL6 and BCL3 expression are potential biomarkers in 
esophageal squamous cell carcinoma. Front Oncol. 2021;11:722417.

 95. Dimitrakopoulos FI, Antonacopoulou AG, Kottorou A, Marousi S, Kouk-
ourikou I, Kalofonou M, et al. Variant of BCL3 gene is strongly associated 
with five-year survival of non-small-cell lung cancer patients. Lung 
Cancer. 2015;89:311–9.

 96. Dimitrakopoulos FD, Antonacopoulou AG, Kottorou AE, Panago-
poulos N, Kalofonou F, Sampsonas F, et al. Expression of intracellular 

components of the NF-κB alternative pathway (NF-κB2, RelB, NIK and 
Bcl3) is associated with clinical outcome of NSCLC patients. Sci Rep. 
2019;9:14299.

 97. Xiao Z, Zhao H. Ferroptosis-related APOE, BCL3 and ALOX5AP gene 
polymorphisms are associated with the risk of thyroid Cancer. 
Pharmgenomics Pers Med. 2022;15:157–65.

 98. Westerheide SD, Mayo MW, Anest V, Hanson JL, Baldwin AS Jr. The puta-
tive oncoprotein Bcl-3 induces cyclin D1 to stimulate G(1) transition. 
Mol Cell Biol. 2001;21:8428–36.

 99. Rocha S, Martin AM, Meek DW, Perkins ND. p53 represses cyclin D1 
transcription through down regulation of Bcl-3 and inducing increased 
association of the p52 NF-kappaB subunit with histone deacetylase 1. 
Mol Cell Biol. 2003;23:4713–27.

 100. Massoumi R, Chmielarska K, Hennecke K, Pfeifer A, Fässler R. Cyld inhib-
its tumor cell proliferation by blocking Bcl-3-dependent NF-kappaB 
signaling. Cell. 2006;125:665–77.

 101. Bauer A, Villunger A, Labi V, Fischer SF, Strasser A, Wagner H, et al. 
The NF-kappaB regulator Bcl-3 and the BH3-only proteins Bim and 
Puma control the death of activated T cells. Proc Natl Acad Sci U S A. 
2006;103:10979–84.

 102. Park SG, Chung C, Kang H, Kim JY, Jung G. Up-regulation of cyclin D1 by 
HBx is mediated by NF-kappaB2/BCL3 complex through kappaB site of 
cyclin D1 promoter. J Biol Chem. 2006;281:31770–7.

 103. Mitsui T, Ishida M, Izawa M, Kagami Y, Arita J. Inhibition of Bcl3 gene 
expression mediates the anti-proliferative action of estrogen in pituitary 
lactotrophs in primary culture. Mol Cell Endocrinol. 2011;345:68–78.

 104. Mitchell TC, Thompson BS, Trent JO, Casella CR. A short domain within 
Bcl-3 is responsible for its lymphocyte survival activity. Ann N Y Acad 
Sci. 2002;975:132–47.

 105. Kashatus D, Cogswell P, Baldwin AS. Expression of the Bcl-3 proto-
oncogene suppresses p53 activation. Genes Dev. 2006;20:225–35.

 106. Bourteele S, Oesterle K, Weinzierl AO, Paxian S, Riemann M, Schmid 
RM, et al. Alteration of NF-kappaB activity leads to mitochondrial 
apoptosis after infection with pathological prion protein. Cell Microbiol. 
2007;9:2202–17.

 107. Hanahan D. Hallmarks of Cancer: new dimensions. Cancer Discov. 
2022;12:31–46.

 108. Massoumi R, Kuphal S, Hellerbrand C, Haas B, Wild P, Spruss T, et al. 
Down-regulation of CYLD expression by snail promotes tumor progres-
sion in malignant melanoma. J Exp Med. 2009;206:221–32.

 109. Voce DJ, Bernal GM, Cahill KE, Wu L, Mansour N, Crawley CD, et al. CDK1 
is up-regulated by temozolomide in an NF-κB dependent manner in 
glioblastoma. Sci Rep. 2021;11:5665.

 110. García I, Cosío G, Lizárraga F, Martínez-Ruiz G, Meléndez-Zajgla J, 
Ceballos G, et al. Bcl-3 regulates UVB-induced apoptosis. Hum Cell. 
2013;26:47–55.

 111. Soukupová J, Bordoni C, Turnham DJ, Yang WW, Seaton G, Gruca A, et al. 
The discovery of a novel Antimetastatic Bcl3 inhibitor. Mol Cancer Ther. 
2021;20:775–86.

 112. Turnham DJ, Yang WW, Davies J, Varnava A, Ridley AJ, Conlan RS, et al. 
Bcl-3 promotes multi-modal tumour cell migration via NF-κB1 medi-
ated regulation of Cdc42. Carcinogenesis. 2020;41:1432–43.

 113. Hu L, Bai Z, Ma X, Bai N, Zhang Z. The influence of Bcl-3 expression 
on cell migration and Chemosensitivity of gastric Cancer cells via 
regulating hypoxia-induced protective autophagy. J Gastric Cancer. 
2020;20:95–105.

 114. Zamora R, Espinosa M, Ceballos-Cancino G, Segura B, Maldonado 
V, Melendez-Zajgla J. Depletion of the oncoprotein Bcl-3 induces 
centrosome amplification and aneuploidy in cancer cells. Mol Cancer. 
2010;9:223.

 115. Gao C, Wang X, Chen L, Wang JH, Gao ZT, Wang H. Knockdown of Bcl-3 
inhibits cell growth and induces DNA damage in HTLV-1-infected cells. 
Asian Pac J Cancer Prev. 2013;14:405–8.

 116. Parker C, Chambers AC, Flanagan DJ, Ho JWY, Collard TJ, Ngo G, et al. 
BCL-3 loss sensitises colorectal cancer cells to DNA damage by target-
ing homologous recombination. DNA Repair (Amst). 2022;115:103331.

 117. Watanabe N, Wachi S, Fujita T. Identification and characterization of 
BCL-3-binding protein: implications for transcription and DNA repair or 
recombination. J Biol Chem. 2003;278:26102–10.



Page 17 of 17Seaton et al. Molecular Cancer            (2024) 23:7  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 118. Wu D, Tian S, Zhu W. Modulating multidrug resistance to drug-based 
antitumor therapies through NF-κB signaling pathway: mechanisms 
and perspectives. Expert Opin Ther Targets. 2023;27:503–15.

 119. Zhang X, Dong N, Hu X. Wnt/β-catenin signaling inhibitors. Curr Top 
Med Chem. 2023;23:880–96.

 120. Singh S, Gomez HJ, Thakkar S, Singh SP, Parihar AS. Overcoming 
acquired drug resistance to Cancer therapies through targeted STAT3 
inhibition. Int J Mol Sci. 2023;24

 121. Mansour NM, Bernal GM, Wu L, Crawley CD, Cahill KE, Voce DJ, et al. 
Decoy receptor DcR1 is induced in a p50/Bcl3-dependent manner and 
attenuates the efficacy of Temozolomide. Cancer Res. 2015;75:2039–48.

 122. Ladoire S, Mignot G, Dabakuyo S, Arnould L, Apetoh L, Rébé C, et al. 
In situ immune response after neoadjuvant chemotherapy for breast 
cancer predicts survival. J Pathol. 2011;224:389–400.

 123. Liakou CI, Kamat A, Tang DN, Chen H, Sun J, Troncoso P, et al. CTLA-4 
blockade increases IFNgamma-producing CD4+ICOShi cells to shift the 
ratio of effector to regulatory T cells in cancer patients. Proc Natl Acad 
Sci U S A. 2008;105:14987–92.

 124. Peng W, Liu C, Xu C, Lou Y, Chen J, Yang Y, et al. PD-1 blockade enhances 
T-cell migration to tumors by elevating IFN-γ inducible chemokines. 
Cancer Res. 2012;72:5209–18.

 125. Gaire B, Padmanabhan S, Zou Y, Uddin MM, Reddy SU, Vancurova I. 
IFNγ induces Bcl3 expression by JAK1/STAT1/p65 signaling, resulting 
in increased IL-8 expression in ovarian cancer cells. FEBS Open Bio. 
2023;13:1495–506.

 126. Cilibrasi C, Papanastasopoulos P, Samuels M, Giamas G. Reconstituting 
immune surveillance in breast Cancer: molecular pathophysiology and 
current immunotherapy strategies. Int J Mol Sci. 2021;22(21):12015.

 127. Padmanabhan S, Zou Y, Vancurova I. Immunoblotting analysis of intra-
cellular PD-L1 levels in interferon-γ-treated ovarian Cancer cells stably 
transfected with Bcl3 shRNA. Methods Mol Biol. 2020;2108:211–20.

 128. Yang M, Zhang G, Wang Y, He M, Xu Q, Lu J, et al. Tumour-associated 
neutrophils orchestrate intratumoural IL-8-driven immune eva-
sion through Jagged2 activation in ovarian cancer. Br J Cancer. 
2020;123:1404–16.

 129. Xiao Y, Yu D. Tumor microenvironment as a therapeutic target in cancer. 
Pharmacol Ther. 2021;221:107753.

 130. Hu Y, Zhang H, Xie N, Liu D, Jiang Y, Liu Z, et al. Bcl-3 promotes TNF-
induced hepatocyte apoptosis by regulating the deubiquitination of 
RIP1. Cell Death Differ. 2022;29:1176–86.

 131. Smalley M, Piggott L, Clarkson R. Breast cancer stem cells: obstacles to 
therapy. Cancer Lett. 2013;338:57–62.

 132. Nairuz T, Mahmud Z, Manik RK, Kabir Y. Cancer stem cells: an insight into 
the development of metastatic tumors and therapy resistance. Stem 
Cell Rev Rep. 2023;19:1577–95.

 133. Carr D, Zein A, Coulombe J, Jiang T, Cabrita MA, Ward G, et al. Multiple 
roles for Bcl-3 in mammary gland branching, stromal collagen invasion, 
involution and tumor pathology. Breast Cancer Res. 2022;24:40.

 134. Kang S, Yun J, Kim DY, Jung SY, Kim YJ, Park JH, et al. Adequate concen-
tration of B cell leukemia/lymphoma 3 (Bcl3) is required for pluripo-
tency and self-renewal of mouse embryonic stem cells via downregula-
tion of Nanog transcription. BMB Rep. 2018;51:92–7.

 135. Ai J, Wörmann SM, Görgülü K, Vallespinos M, Zagorac S, Alcala S, et al. 
Bcl3 couples Cancer stem cell enrichment with pancreatic Cancer 
molecular subtypes. Gastroenterology. 2021;161:318–332.e319.

 136. Tang W, Wang H, Ha HL, Tassi I, Bhardwaj R, Claudio E, et al. The B-cell 
tumor promoter Bcl-3 suppresses inflammation-associated colon 
tumorigenesis in epithelial cells. Oncogene. 2016;35:6203–11.

 137. Franzoso G, Carlson L, Xing L, Poljak L, Shores EW, Brown KD, et al. 
Requirement for NF-kappaB in osteoclast and B-cell development. 
Genes Dev. 1997;11:3482–96.

 138. Anderson RL, Balasas T, Callaghan J, Coombes RC, Evans J, Hall JA, et al. 
A framework for the development of effective anti-metastatic agents. 
Nat Rev Clin Oncol. 2019;16:185–204.

 139. Han Y, Shin SH, Lim CG, Heo YH, Choi IY, Kim HH. Synthetic RNA thera-
peutics in Cancer. J Pharmacol Exp Ther. 2023;386:212–23.

 140. Guan Y, Yao H, Zheng Z, Qiu G, Sun K. MiR-125b targets BCL3 and sup-
presses ovarian cancer proliferation. Int J Cancer. 2011;128:2274–83.

 141. Wang J, Chen T, Wang L, Yao B, Sun L, Chen S, et al. MicroRNA-
627-5p inhibits the proliferation of hepatocellular carcinoma cells by 

targeting BCL3 transcription coactivator. Clin Exp Pharmacol Physiol. 
2020;47:485–94.

 142. Wang J, Liu R, Wang Y, Mo H, Niu Y, Xu Q, et al. Repression of the 
miR-627-5p by histone deacetylase 3 contributes to hypoxia-induced 
hepatocellular carcinoma progression. J Cancer. 2021;12:5320–30.

 143. Sun D, Zhao Y, Wang W, Guan C, Hu Z, Liu L, et al. PCAT1 induced by 
transcription factor YY1 promotes cholangiocarcinoma proliferation, 
migration and invasion by sponging miR-216a-3p to up-regulate onco-
gene BCL3. Biol Chem. 2021;402:207–19.

 144. Ge P, Chen X, Liu J, Jing R, Zhang X, Li H. Hsa_circ_0088036 promotes 
nonsmall cell lung cancer progression by regulating miR-1343-3p/
Bcl-3 axis through TGFβ/Smad3/EMT signaling. Mol Carcinog. 
2023;62:1073–85.

 145. Jamaluddin M, Choudhary S, Wang S, Casola A, Huda R, Garofalo RP, 
et al. Respiratory syncytial virus-inducible BCL-3 expression antago-
nizes the STAT/IRF and NF-kappaB signaling pathways by inducing 
histone deacetylase 1 recruitment to the interleukin-8 promoter. J Virol. 
2005;79:15302–13.

 146. Zhao Y, Ramakrishnan A, Kim KE, Rabson AB. Regulation of Bcl-3 
through interaction with the Lck tyrosine kinase. Biochem Biophys Res 
Commun. 2005;335:865–73.

 147. Bundy DL, McKeithan TW. Diverse effects of BCL3 phosphorylation on 
its modulation of NF-kappaB p52 homodimer binding to DNA. J Biol 
Chem. 1997;272:33132–9.

 148. Massoumi R. CYLD: a deubiquitination enzyme with multiple roles in 
cancer. Future Oncol. 2011;7:285–97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Multifaceted roles for BCL3 in cancer: a proto-oncogene comes of age
	Abstract 
	Background
	BCL3 and NF-kB signaling
	BCL3 and c-Myc
	BCL3 and the JAKSTAT3 axis
	BCL3 and SMAD3
	BCL3 and AKT signaling
	BCL3 and WNT signaling

	BCL3 and Cancer
	BCL3 and tumour cell proliferation and survival
	BCL3 and tumour invasionmetastasis
	BCL3 and genome integrity
	BCL3 and therapy resistance
	BCL3 and immune evasion in cancer
	BCL3 and cancer stemness
	Opposing roles of BCL3 in cancer

	Targeting BCL3 in cancer
	BCL3 loss is well tolerated
	BCL3 modulates multiple pathways
	BCL3 promotes both primary tumour growth and secondary metastasis
	Lowering BCL3 levels is sufficient to impact on cancer progression
	Targeting BCL3 protein complexes
	Post-translational modification of BCL3

	Summary
	Acknowledgements
	References


