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A Commentary on

ABLIM1, a novel ubiquitin E3 ligase, promotes growth and metastasis of
colorectal cancer through targeting IĸBa ubiquitination and activating
NF-ĸB signaling

ByHeY, ShiQ, LingY,GuoH, Fei Y,WuR,TangC,ZhangXandYaoL (2024)CellDeathDiffer. 31:203–
216 doi: 10.1038/s41418-024-01256-y
The Lin-11, Isl-1 and Mec-3 (LIM) domain, discovered in the late 1980s, is an

evolutionarily conserved, cysteine- and histidine-rich, Zinc finger domain that mediates

protein-protein interactions. LIM domain-containing proteins constitute a large family of

nuclear and cytosolic proteins (70 members in humans) that are divided into 4 groups

based on domain composition and arrangement, and the subcellular localization (1). The

LIM proteins display diverse cellular functions, including cytoskeleton organization, gene

regulation, and cell fate determination. Since LIM proteins have one or more Zn-finger

motifs like RING, they are proposed to have E3 ligase activity (2, 3). Indeed, Tanaka et al.

identified STAT-interacting LIM protein (SLIM), also called PDLIM2/Mystique, as the first

nuclear LIM domain-containing E3 ligase that targets STAT proteins and p65 for

ubiquitination-mediated proteasomal degradation and thereby inactivates the STAT and

NF-kB signaling (4–6). These findings suggest that LIM proteins might constitute a new

family of E3 ubiquitin ligases; however, only a handful have been verified to have E3 ligase

activity. Furthermore, the investigation into the role of LIM proteins as E3 ligases within

the realm of cancer remains underexplored.

Actin-binding LIM protein 1 (ABLIM1), a member of the ABLIM family of group-3

LIM proteins, consists of 4 LIM domains at the N-terminal, and a coiled-coil and HP

domain at the C-terminal region. ABLIM1 is initially characterized as a cytoskeleton

protein interacting with the actin filaments and regulating actin networks. A few studies

reveal low levels and a tumor suppressor role of ABLIM1 in melanoma, nasopharyngeal
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carcinoma, and glioblastoma; however, the underlying mechanisms

governing ABLIM-mediated tumorigenesis remain elusive.

In a recent study published in Cell Death and Differentiation, He

et al. unravelled an unknown role of ABLIM1 in CRC, shedding

light on its distinctive functions and elucidating the intricate

molecular mechanisms at play (7). The authors showed that

elevated ABLIM1 expression in CRC patients correlated with

shorter disease-free survival, suggesting its potential as a

prognostic biomarker for predicting disease relapse in CRC

patients. Furthermore, using in vitro and in vivo studies, the

authors showed that ABLIM1 functions as an oncogene to

promote the growth and liver metastasis of CRC cells, unlike its

previously reported tumor suppressive role in other cancer models.

An interesting and novel finding of this study is that ABLIM1

functions as an E3 ubiquitin ligase, which catalyses the

ubiquitination and degradation of IĸBa. Since IĸBa is a well-

known inhibitor of the NF-ĸB signaling pathway, ABLM1-

mediated degradation of IĸBa leads to the translocation of NF-ĸB

complex (p65/p50) to the nucleus, transcriptional activation of

oncogene CCL20. Overall, the study reveals that ABLIM1

functions as an E3 ligase to promote growth and liver metastasis

in CRC by activating the oncogenic NF-ĸB-CCL20 axis. This

finding underscores the potential of targeting ABLIM1-NF-ĸB-
Frontiers in Oncology 02
CCL20 oncogenic axis to prevent CRC progression and metastasis

(Figure 1).

This study holds significant importance from both a basic and

clinical perspective. This study discovers another LIM protein,

ABLIM1, functioning as an E3 ligase and strengthens the existing

hypothesis that the LIM protein family might constitute yet another

E3 ligase family. An intriguing revelation emerges as the research

unveils that the C-terminal region exhibits autoubiquitination in

vitro, suggesting that the E3 ligase activity is associated with the HP

domain. However, deletion of LIM domains significantly hinders

ABLIM1-mediated IĸBa polyubiquitination, indicating that the

LIM domain is essential for ABLIM1 catalytic activity. Other

studies show similar observations that deletion of LIM domains

of LIM proteins like PDLIM7 and Hic-5 significantly decreased

their E3 ligase activity (8, 9). Further investigation is crucial to

unravel the molecular mechanisms of ABLIM1 catalytic activity,

where the C-terminal region houses the E3 ligase activity, while the

N-terminal LIM domains play an essential role in maintaining

catalytic function. Understanding how these regions cooperate and

influence each other at the molecular level will provide valuable

insights into the regulation of E3 ligases. In particular, the role

of the ABLIM1 C-terminal coiled-coil domain warrants

detailed exploration. In TRIM family E3 ligases, coiled-coil
FIGURE 1

ABLIM1 functions as a novel E3 ubiquitin ligase to drive CRC growth and metastasis via ubiquitination-mediated degradation of IĸBa and activation
of NF-ĸB-CCL20 oncogenic signaling. The cartoon on the left shows a patient suffering from CRC. A colorectal cancer cell is zoomed in the right to
depict ABLIM1 overexpression and the underlying molecular mechanisms that drive growth and metastasis in CRC. IĸBa sequesters the NF-ĸB
complex (P50-P65/c-Rel) in the cytoplasm and thereby inactivates the NF-ĸB signaling. Overexpressed ABLIM1 interacts with and polyubiquitinates
IĸBa, leading to its degradation by the 26S proteasome. Thus, the freed NF-ĸB complex enters into the nucleus and transcriptionally activates the
expression of CCL20 and other cytokines which ultimately leads to CRC growth and metastasis.
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domains promote oligomerization that stabilizes the active E3

conformation and properly positions the E2~ubiquitin conjugate

for efficient ubiquitin transfer to substrates. It is plausible that

ABLIM1’s coiled-coil domain performs a similar function, being

critical for its E3 ligase activity and substrate ubiquitination (10).

Furthermore, the LIM domains might facilitate a favourable three-

dimensional conformation of ABLIM1, facilitating its E3 ligase

activity. High-resolution structural studies can shed light on the

conformational changes in ABLIM1 induced by the presence or

absence of LIM domains. Determining the 3D structures of both the

full-length ABLIM1 and its truncated forms can provide visual clues

on how these domains contribute to the protein’s overall

architecture and function. Studies have also shown that PDLIM2

E3 ligase, along with PDLIM7 LIM E3 ligase or MKRN2 RING E3

ligase, synergistically promotes polyubiquitination and proteasomal

degradation of p65 (8, 11). This suggests that the LIM domain

might interact with other proteins, enhancing the overall E3 ligase

activity of LIM proteins. Therefore, unravelling the specific

interactomes of LIM proteins by proteomic analysis will be

instrumental in delineating their E3 ligase activity. Notably, the

LIM domain of PDLIM2 can catalyse polyubiquitination of STAT3

in vitro, suggesting that the LIM domain might have catalytic

activity (6). Therefore, further in-depth study is required to

investigate which LIM proteins have E3 ligase activity.

The study is also significant from a clinical point of view. As E3

ligases are emerging as potential therapeutic targets in various

diseases, understanding the role of ABLIM1 and other LIM

proteins in ubiquitination processes may pave the way for

developing targeted interventions. Modulating the activity of

these proteins could offer novel strategies for therapeutic

interventions in conditions where ubiquitin-mediated processes

are implicated. Since ABLIM1 is upregulated in CRC, inhibiting

its expression through siRNAs might robustly reduce tumor growth

and metastatic burden in CRC patients. Structure-based drug

design or High-Throughput Screening (HTS) using compound

libraries could be employed to identify novel small molecule

inhibitors or molecular glues that modulate their activity or

degradation. In addition, PROTACs could be designed to recruit

an E3 ligase such as CRBN or VHL to ABLIM1, marking it for

degradation and effectively reducing its cellular levels. Furthermore,

ABLIM1 is the upstream regulator of the oncogenic NF-ĸB

signaling pathway, and NF-ĸB small molecule inhibitors are

approved or in clinical trials. Combination therapy targeting both

ABLIM1 and the NF-ĸB pathway might give better anti-cancer

therapeutic options.

The findings from this study pose a series of interesting and

exciting questions. The first question revolves around the dual

nature of ABLIM1 in cancer- how does this protein serve both

tumor-suppressive and promoting functions, and what molecular

mechanisms underlie this duality? In CRC, activation of the Wnt/b-
catenin pathway and mutations in KRAS and TP53 may elevate the

basal NF-kB signaling tone, thereby amplifying the effect of
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ABLIM1-mediated IkBa degradation (12, 13). It is possible that

ABLIM1 binds different substrates or partners in different cancer

types. Cancers like melanoma, nasopharyngeal carcinoma, and

glioblastoma may lack specific cofactors required for IkBa
ubiquitination, limiting ABLIM1’s E3 ligase function. In contrast,

in CRC, the availability of such cofactors may redirect ABLIM1

activity toward NF-kB activation and tumor progression. Moreover,

upstream kinases such as IKK might be overexpressed in CRC,

phosphorylate IkBa, and promote ABLIM1 activity in a

phosphorylation-dependent manner. Further, investigating the

mutational status of ABLIM1 in CRC could help to identify

genetic alterations that underlie its cancer-specific regulatory

mechanisms. What is the correlation between ABLIM1, NF-ĸB,

and CCL20 in CRC patients? The observed ubiquitination of NF-ĸB

pathway members by various LIM E3 ligases, including PDLIM1,

PDLIM2, PDLIM7, and ABLIM1, raises the intriguing question of

functional conservation. PDLIM1 inhibits NF-kB–mediated

inflammatory signaling by sequestering the p65 subunit of NF-kB
in the cytoplasm (14). PDLIM2, a nuclear LIM E3 ligase, sequesters

and promotes p65 degradation to restrain NF-kB signaling induced

by TLR stimulation (5). In addition, HSP70 (heat shock protein 70)

facilitates PDLIM2-mediated p65 degradation, thereby inhibiting

NF-kB signaling (15). PDLIM7, in cooperation with PDLIM2

and p62/SQSTM1, also promotes p65 turnover to attenuate

inflammatory responses (8). ABLIM1 expands this repertoire by

targeting IkBa rather than p65, highlighting node specificity within

the NF-kB pathway (IkBa vs. p65). A comprehensive

understanding of whether these LIM E3 ligases share common

regulatory mechanisms or exhibit unique roles within the NF-ĸB

signaling pathway is essential for deciphering their collective

impact. Furthermore, unravelling the stimulus or signaling

pathways that regulate ABLIM1-mediated IĸBa degradation

is crucial for understanding its precise role in the NF-ĸB

pathway. It remains to be explored whether this regulation is

phosphorylation-dependent and whether kinases, particularly

IKKs, play a role in the regulation of ABLIM1-mediated NF-ĸB

regulation. Further, whether and how ABLIM1 regulates the

ubiquitination of other NF-ĸB members and thereby regulation of

non-canonical NF-ĸB signaling pathway remains elusive. Beyond

ABLIM1, an investigation into the E3 ligase activity of other ABLIM

proteins (ABLIM2, ABLIM3, ABLIM4) is warranted to uncover

potential functional conservation or divergence within the ABLIM

family. The investigation can extend to LIM-domain-only (LMO)

proteins, known for pivotal roles in cancer (16). ABLIM1, just like

most of the LIM proteins, is localized in both the cytoplasm and the

nucleus, whereas some are confined to the nucleus only. It would be

interesting to explore how the localization affects the E3 ligase

activity of these LIM proteins and what their substrate proteins are.

Despite lacking additional functional domains, could LMO proteins

possess E3 ligase activity? Unravelling their potential contribution

to cellular processes and their involvement in cancer biology could

present novel insights into the regulatory landscape of
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LIM proteins. Addressing these questions will enhance our

understanding of LIM proteins in general and ABLIM1 in

particular in normal physiology and cancer biology, providing

valuable insights for future research and guiding precision

medicine approaches for cancer treatment that ultimately

improve patient outcomes.
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