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ABSTRACT
◥

Despite recent advances in molecularly targeted therapies
and immunotherapies, the effective treatment of advanced-stage
cancers remains a largely unmet clinical need. Identifying driver
mechanisms of cancer aggressiveness can lay the groundwork
for the development of breakthrough therapeutic strategies.
Assembly factor for spindle microtubules (ASPM) was initially
identified as a centrosomal protein that regulates neurogenesis
and brain size. Mounting evidence has demonstrated the
pleiotropic roles of ASPM in mitosis, cell-cycle progression,
and DNA double-strand breaks (DSB) repair. Recently, the
exon 18–preserved isoform 1 of ASPM has emerged as a critical

regulator of cancer stemness and aggressiveness in various
malignant tumor types. Here, we describe the domain composi-
tions of ASPM and its transcript variants and overview their
expression patterns and prognostic significance in cancers. A
summary is provided of recent progress in the molecular
elucidation of ASPM as a regulatory hub of development- and
stemness-associated signaling pathways, such as the Wnt,
Hedgehog, and Notch pathways, and of DNA DSB repair in
cancer cells. The review emphasizes the potential utility of
ASPM as a cancer-agnostic and pathway-informed prognostic
biomarker and therapeutic target.

Introduction
Cancer cells in established tumors exploit andmodify pathways and

cellular programs, which benefit their growth, survival, spreading, and
ability to cope with stresses they encounter during malignant evolu-
tion (1). Cancer progression, especially for advanced-stage events such
as invasion and metastasis, may not rely on classical driver oncogenes
but on the rewired oncogenic network and “cancer fitness genes” that
are not responsible for initiating tumorigenesis (2). Cancer cells may
become addicted to the genes and pathways essential for sustaining
cancer progression and metastasis, whose targeting constitutes syn-
thetic lethality with the underlying tumor genotype. Thus, identifying
critical signaling nodes controlling cancer aggressiveness may unlock
novel opportunities for the successful treatment of advanced-stage
cancers.

Initially identified as a centrosomal protein that regulates neuro-
genesis and brain size (3), assembly factor for spindle microtubules
(ASPM) has recently emerged as a regulatory hub of diverse oncogenic
pathways critical for malignant progression. This review summarizes

the expression pattern of ASPM and its isoforms in cancers, their
binding partners, and the molecular mechanism of action (MOA)
underlying their biological functions in cancers.We emphasize the role
of the exon 18–preserved ASPM isoform 1 (ASPM-i1) in develop-
ment-associated pathways, such as Wnt, Hedgehog (Hh), and Notch,
and the cancer stem cell (CSC) phenotype. We consider ASPM as a
cancer fitness gene and a hub connecting signalingmodules critical for
cancer progression (4). We propose the clinical utility of ASPM as a
pathway-informed biomarker in human cancers and present feasible
molecular targeting and synthetic lethal strategies to exploit the
therapeutic opportunities associated with this novel oncoprotein.

ASPM in Neurogenesis and Germ Cell
Development

Loss-of-functionmutations ofASPM are themost common cause of
autosomal recessive primary microcephaly in humans (5). The Dro-
sophila ASPM orthologue, Asp, is involved in the organization of
microtubules during spindle formation and cytokinesis (6, 7). The
expression of mouse Aspm is restricted to embryonic days 11 to 17,
which is substantially reduced by postnatal day 0 when neurogenesis is
completed (5). Mutations in Asp arrest neuroblasts in metaphase, thus
reducing central nervous system (CNS) development (8). Asp also
regulates neuroepitheliummorphogenesis by controlling the polarized
distribution of myosin II along the apicobasal axis (9). Mammalian
ASPM is expressed in the ventricular zone and outer subventricular of
the embryonic forebrain, where it directs spindle alignment and
mitotic orientation in dividing neural progenitor cells (NPC;
refs. 5, 10–12). Loss of ASPM elicits premature differentiation and
delamination of NPCs (11–14). ASPM controls microtubule disas-
sembly at spindle poles by promoting the katanin-mediated severing of
dynamic microtubules (15), spindle positioning by recruiting citron
kinase (CITK), centriole biogenesis (16), ciliogenesis and the apical
polarity complex formation (14), and passage through the G1 restric-
tion point by enhancing the stability of cyclin E (13). In addition,
although the mutations or deletion of ASPM in mice were not
embryonically lethal, they caused amassive loss of germ cells, resulting
in testicular hypoplasia and a severe decrease in the number of
developing follicles and ovarian size (12, 17, 18). Notably, it has been
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shown that ASPM is also expressed in a wide variety of non-CNS fetal
tissues during development, such as the liver, heart, lung, and kid-
ney (3). Thus, it is still puzzling how the loss of ASPM leads to
microcephaly, not primordial dwarfism, with relatively normal
immune and digestive functions in humans (19).

ASPM Isoforms, Domains, and
Functions

The human ASPM gene is located at chromosome 1q31 and
contains a 10,434 base pair long-coding sequence with 28 exons (5).
Several putative splicing variants of the ASPM transcripts may exist
in human tissues (Fig. 1A; ref. 3). The largest variant, ASPM variant
1 (ASPM-v1), encodes ASPM-i1 (NCBI RefSeq: NP_060606.3)
and has an estimated molecular weight (M.W.) of 409 kDa.
The transcript variant 2 of ASPM (ASPM-v2) results from the
alternative splicing between exons 17 and 19 and encodes a shorter
isoform 2 (ASPM-i2; NCBI RefSeq: NP_001193775.1) with an

estimated M.W. of 250 kDa. Compared with ASPM-i1, ASPM-i2
lacks the 67 isoleucine and glutamine (IQ) motifs encoded by
exon 18 and thus has only 14 IQ motifs. The IQ motifs are 20 to
25 amino acids (a.a.) motifs with the core consensus sequence of
IQXXXRGXXXR originally discovered in myosins (20, 21). The IQ
motifs on ASPM vary from 14 to 38 a.a. in length and mediate the
interaction with calmodulin (3). Intriguingly, the number of IQ
motifs on ASPM undergoes rapid evolution and varies considerably
among species (5). The central part of the IQ motif region (IQs 4–
54) of ASPM displays a striking periodicity, predicting its possible
organization into a higher-order repeat structure (3). The other
putative ASPM isoforms, isoforms 3 and 4, lack the calponin-
homology (CH) domain and some IQ motifs (9). The CH domain
comprises approximately 100 a.a. and is involved in actin and
microtubule binding (22, 23). The amino (N)-terminal region of
ASPM contains the ASH (ASPM, SPD-2, Hydin) domain that has
roles in the cilia, flagella, centrosome, and Golgi complex (9, 24).
The carboxy (C)-terminal region of ASPM consists of HEAT/

Figure 1.

ASPM isoforms and their binding partners. A, The domain architectures of putative ASPM isoforms. ASH, ASPM, SPD-2, Hydin; CH, calponin-homology; ARM,
armadillo; IQ, isoleucine and glutamine. The protein segments encoded by exons 17, 18, and 19 of ASPM are indicated with brackets. B, Schematics representing the
protein segments or domains bywhich humanASPM interactswith its binding partners. The katanin-binding domain is predicted by aligning the sequences of human
and murine ASPM according to ref. 15.
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Armadillo-like repeats, which are repetitive amino acid sequences
also found in b-catenin (9, 15).

Fetal tissues predominantly express ASPM-v1 and ASPM-v2 (3).
Cancer cells also mainly express these two ASPM isoforms (25–27). In
pancreatic ductal adenocarcinoma (PDAC), gastric cancer, and small
cell lung cancer (SCLC), ASPM-i1 is prominently overexpressed in
cancer cells compared with normal cells, whereas the expression of
ASPM-i2 remains unchanged or evendecreases in cancer cells (25–27).
Another interesting difference betweenASPM-i1 andASPM-i2 is their
subcellular localizations in cancer cells. ASPM-i1 expression is local-
ized to the cytoplasm, especially the cortical region, of cancer cells,
whereas ASPM-i2 is predominantly nuclearly localized (25, 27). The
N-terminal region (a.a. 1–640) of ASPM is shared by all isoforms and
may mediate its functions in both normal and malignant cells. For
instance, ASPM regulates microtubule disassembly at spindle poles by
interacting with the microtubule-severing ATPase katanin via a small
domain located within the N-terminal region of ASPM (15). The N-
terminal region of ASPM binds to cyclin E to regulate its stability
(Supplementary Fig. S1A and S1B), thereby controlling the restriction
point progression in NPCs and cancer cells (13). Moreover, ASPM is
recruited to the DNA double-strand break (DSB) through its N-
terminal region to facilitate repair by homologous recombination (28).
Recent studies uncovered that the exon 18–encoded segment ofASPM,
which exists only in ASPM-i1, mediates its interaction with the critical
regulatory nodes in development-associated signaling pathways,
including Dishevelled (DVL) proteins in Wnt signaling, GLI family
zinc finger 1 (GLI1) in Hh signaling, and NOTCH1 intracellular
domain (NICD1) in Notch signaling (Fig. 1B; Supplementary Figs.
S2A and S3; refs. 26, 27). The differences in the domain architectures
and the binding partners of ASPM-i1 and ASPM-i2 may reflect the
different cellular processes and functions that they mediate in normal
and malignant cells.

ASPM Expression and Prognostic
Significance in Cancers

Aside from fetal tissues, ASPM is expressed in some normal adult
tissues, such as the testis, ovary, and spleen, and the stem/progenitor
cells in gastric and colonic mucosa (25, 29–31). ASPM has been
identified as an E2F transcription factor 1 (E2F1)-regulated gene
expressed explicitly by the scattered stem/progenitor cells located in
the isthmus zone of gastric oxyntic mucosa (30). ASPM is also
expressed by the stem-cell-like cells in the crypt base of normal colonic
mucosa (31). Perhaps related to its expression in stem/progenitor cells
and fetal tissue, ASPM is widely overexpressed in malignant tissues,
and its expression correlates with the poor prognosis for patients with
various types of cancer (Supplementary Table S1; refs. 3, 30–54).
Indeed, the interrogation into TheCancer GenomeAtlas (TCGA) data
sets revealed a marked increase in ASPM expression in most human
solid tumors and leukemia (Supplementary Fig. S4). Several recent
reports demonstrated that the expression of ASPM-i1 is specifically
upregulated in cancer cells and has poor prognostic significance
(Supplementary Table S1; refs. 25–27).

Cancer cells within the same tumor exhibit substantial pheno-
typic and genetic heterogeneity. IHC studies revealed the consid-
erable expressional heterogeneity of ASPM in solid human
tumors (25, 27, 40, 44). For instance, only 5% of prostate cancer
cells and 3.7% of hepatocellular carcinoma (HCC) cells display a
high staining intensity of ASPM, respectively (40, 44). Similarly,
only a small subset of cancer cells expresses a high level of ASPM-

i1 in human PDAC (1.8%), gastric cancer (5.3%), and SCLC
tissues (2.6%; refs. 25–27). Of note, ASPMhigh cancer cells were
found to express a variety of stemness markers, such as active
b-catenin and dishevelled 1 (DVL1) in HCC (44), LGR5 and
SOX2 in gastric cancer (25), and GLI1 in SCLC (26), reflecting its
role in the CSC phenotype as discussed below. Therefore, the
overall expression level of ASPM or ASPM-i1 in bulk tumor
tissues may not faithfully reflect its clinical and pathogenetic
significance. An “ASPM positive score” has been used to enu-
merate cancer cells displaying varying expression levels of ASPM.
The staining intensity of ASPM was quantified at the single-cell
level, encompassing multiple tissue sections. The percentage of
tumor cells exhibiting a moderate-to-high (≥2þ) staining inten-
sity of ASPM was considered the ASPM positive score. Thus, a
high ASPM positive score (>18%) predicted a poor prognosis for
patients with prostate cancer (40). Likewise, a high (≥1.5% in
PDAC; ≥10% in gastric cancer and SCLC) ASPM-i1 positive score
was associated with poor survival of patients with PDAC, gastric
cancer, or SCLC (25–27).

The Roles of ASPM in the Malignant
Phenotype and Stemness

Mounting data over recent years have indicated the critical
role of ASPM in the malignant phenotypes of cancer cells. Lose-
of-function studies reported that the genetic knockdown or knock-
out of ASPM would lead to reduced proliferation, migration,
and invasion of cancer cells in various cancers (Supplementary
Table S2; refs. 25–27, 33–37, 40, 43, 44, 47, 53, 55–59). Consistently,
downregulating ASPM or ASPM-v1 expression markedly attenuat-
ed the growth of xenograft tumors in multiple cancers (26, 37, 40,
47, 55, 56, 59). ASPM deficiency also reduces the ability of cancer
cells, such as colorectal cancer cells, to initiate distant metastasis
(Supplementary Table S2; ref. 58).

Data accumulated over recent years indicate that ASPM is
preferentially expressed by CSCs in various solid tumors, such as
PDAC (37) and SCLC (26). In gastric cancer, the transcription
factor Forkhead box M1 (FOXM1), a well-known regulator of stem
cells and CSCs (60), was shown to enhance ASPM expression in
CSCs (25). The elevated expression of ASPM in stem and progen-
itor cells and CSCs prompts speculation about its role in regulating
cancer stemness (61–63). Indeed, ASPM contributes to the main-
tenance of CD44þCD133þ or CD44þCD24þ CSCs in PDAC
(37, 64, 65), aldehyde dehydrogenase 1 (ALDH1)þ CSCs in prostate
cancer (40), and Wnt-activityhighALDH1þEpCAMþ CSCs that
mediate HCC progression (44). In gastric cancer, ASPM augments
the Wnt pathway activity to maintain LGR5þ and ALDH1þ CSCs
(25). ASPM-i1 supports CD133þ or UPARþ CSCs by positively
controling the Hh pathway in SCLC (26). Corroborating the
role of ASPM in the CSC phenotype, its expression level positively
correlates with CSC markers, such as ALDH1 (27), active b-cate-
nin (25, 44), LGR5, SOX2, and FOXM1 in human cancer tis-
sues (25, 60). Consistently, the expressions of representative stem-
ness-associated genes, such as EZH2, KLF4, MYC, NANOG,
POU5F1, SMO, and SOX2, are markedly downregulated in
ASPM-deficient cancer cells (25, 40).

At the functional level, in vitro and in vivo studies have provided
compelling evidence supporting the importance of ASPM in the CSC
phenotypes. Downregulating ASPM or ASPM-v1 expression crippled
the ability of cancer cells to form tumorspheres or the growth of

Oncogenic ASPM and Developmental and Stemness Signaling

AACRJournals.org Cancer Res; 83(18) September 15, 2023 2995



xenograft tumors in immunodeficient mice (25, 26, 37, 40, 44). Of the
two major ASPM isoforms, ASPM-i1 may play a more crucial role
in regulating cancer stemness and CSCs due to its unique exon
18–preserved region and MOAs, as described below. The role of
ASPM in regulating the small population of CSCs in cancer provides
a plausible explanation for its cell-to-cell expressional heterogeneity as
described above (25–27, 40, 44).

Regulation of ASPM Expression in
Cancers

Despite thewealth of data showing the elevated expression of ASPM
in malignant tissues, the molecular underpinnings of its overexpres-
sion in cancers remain incompletely understood. At least in glioblas-
toma, ASPM overexpression is not due to changes in the methylation
level of its promoter or copy-number gain, and instead, its expression is
mediated by the mutant EGFR (EGFRvIII) signaling (35). In glioma
cells and CSCs in gastric cancer, the transcriptional factor FOXM1
regulatesASPM expression by directly binding to its promoter (25, 55).
Interestingly, reports have also shown that FOXM1 promotes the
nuclear translocation of b-catenin (66, 67), suggesting an interplay
between FOXM1, ASPM, and b-catenin that reinforces the Wnt
pathway activity (25).

The roles of ASPM in regulating chromosome stability, DNA DSB
repair, and the CSC phenotype raise the possibility that its upregulated
expression in cancer cells represents a cellular response to heightened
DNA damage/replication stress and oxidative stress during malignant
progression (1, 2). Additional screening strategies will be required to
identify the upstream signaling pathways that induce ASPM expres-
sion in stressed cancer cells.

Molecular Mechanisms Underlying the
Oncogenic Function of ASPM
Canonical Wnt signaling

The earliest evidence suggesting ASPM as a positive Wnt regulator
was reported by a genome-wide small-interfering RNA (siRNA)
screening conducted in colorectal cancer cells (68). In a mouse
teratocarcinoma cell line, the knockdown ofASPM expression reduced
the Wnt reporter activity (69). The critical role of ASPM in Wnt
signalingwasaffirmedinsubsequentstudies(25,36,37,40,43,44,54,56).
Mechanistically, ASPM interacts with and stabilizes the upstream
Wnt-pathway regulator, dishevelled 2 (DVL2), to facilitate the relay
of Wnt signals to b-catenin in PDAC cells. Another DVL isoform,
dishevelled 3 (DVL3), is involved in the ASPM-regulated Wnt path-
way activity in prostate cancer cells (40). ASPM regulates different
DVL proteins among different types of cancers, such as DVL1 in HCC
cells (44) and DVL3 in gastric cancer cells (25). ASPM stabilizes DVL
proteins by competing with its specific E3 ubiquitin-ligase Cullin 3 and
the adaptor proteinKelch-like 12 (25, 44, 70). Notably, becauseASPM-
i1 interacts with DVL through its distinct exon 18–encoded segment
(Fig. 1B; Supplementary Fig. S3; ref. 26), the DVL proteins were found
to interact with ASPM-i1 but not ASPM-i2 (Supplementary Fig. S2A;
refs. 26, 27).

Hh and Notch signaling
Recently, a pathway reporter screening has extended the repertoires

of ASPM-regulated pathways to other development- and stemness-
associated signaling pathways, notably the Hh and Notch path-
ways (26). Like the MOA by which ASPM-i1 regulates the stability
of DVL proteins, it stabilizes the Hh pathway transcriptional factor

GLI1 by inhibiting its bindingwith the E3-ubiquitin ligaseb-TrCP and
Cullin 3, thus preventing it from proteasomal degradation. Interest-
ingly, ASPM-i1 also enhances the transcription of the membrane
regulator Smoothened (SMO) in Hh signaling indirectly through
augmenting the Wnt�DVL3�b-catenin axis, representing an inter-
section between Wnt and Hh signaling pathways in cancers (26).
Interestingly,ASPM-v1 deficiency also significantly reduced theNotch
pathway activity in SCLC cells (26). Indeed, our follow-on molecular
studies showed that ASPM-i1 contributes to the cellular responsive-
ness to Notch ligands by regulating the expression of NICD1 at the
protein level (Supplementary Fig. S5A, S5B and S5C), potentially by
inhibiting its specific E3-ubiquitin ligases (Fig. 2; ref. 71). Like the
interaction between ASPM-i1 and DVL, ASPM-i1 interacts with GLI1
and NICD1 specifically through its distinct exon 18–encoded segment
(Fig. 1B; Supplementary Fig. S3).

DNA damage repair and chromosome stability
ASPMplays a pleiotropic role inmediatingDNAdamage repair and

chromosome stability of normal and cancer cells (28, 72, 73). Down-
regulating ASPM expression inhibited DNADSB repair and enhanced
the sensitivity of cancer cells and fibroblasts to ionizing radiation (IR)
exposure and DNA-damaging agents (72). The role of ASPM in DNA
DSB repair has been ascribed to nonhomologous end-joining (NHEJ)
through the DNA-PK-dependent pathway, but the supportive evi-
dencewas indirect (72). Another study hasmore directly pointed to the
specific role of ASPM in BRCA1-dependent DNA DSB repair by
homologous recombination in 293T and HeLa cells (28). ASPM
interacts with and stabilizes BRCA1 by interfering with its binding
with the E3-ubiquitin ligase HERC2, thereby maintaining the chro-
mosome stability of cancer cells and promoting their survival following
X-ray irradiation. Downregulating ASPM expression increased the
sensitivity of cancer cells to IR exposure and exhibited synthetic
lethality with the PARP inhibitor olaparib, potentially yielding a
therapeutic opportunity. Notably, the ability of ASPM to regulate
BRCA1-dependent DNA DSB repair is unlikely ASPM-i1-specific
as ASPM interacts with BRCA1 through the N-terminal region and
the extreme C-terminus, which is shared by ASPM-i1 and ASPM-
i2 (28). In addition, ASPM was recently reported to bind to the
stalled replication forks during replication stress in a FAD17-
dependent manner. The fork-enriched ASPM promotes RAD9 and
TopBP1 loading to chromatin, facilitating ATR-CHK1 activation to
promote fort restart. ASPM also antagonizes MRE11 loading to
protect nascent DNA from degradation to maintain chromosome
stability (73).

Mitotic progression
As described above, ASPM and the products of Drosophila asp and

mouse Aspm bind to the microtubule minus ends during cell division
and contribute to aster formation, spindle pole focusing and orien-
tation, chromosome segregation, and cytokinesis (15, 16, 74). ASPM
regulates mitotic processes in various types of cells, including neuro-
blasts, epithelial cells, phagocytes, and human cancer cell lines,
likely representing its conserved and essential function in cells. Molec-
ular studies demonstrated that ASPM interacts with the microtubule-
severing protein katanin through its N-terminal region shared by
ASPM-i1 and ASPM-i2 (Fig. 1B; Supplementary Fig. S2B; ref. 15),
reinforcing the notion that the effects of ASPM in cellular mitotic
processes are not restricted to stem/progenitor cells or CSCs. A
recent comprehensive review provides details of the role of ASPM
and its orthologs in mitotic processes (74). Whether or how the
mitosis-regulatory function of ASPM contributes to its pro-oncogenic
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and pro-stemness properties remains unclear and requires further
elucidation.

Cell-cycle progression
Another important molecular function of ASPM is regulating the

passage of cells through the G1 restriction point in the cell cycle,
which has been shown in NPCs and cancer cells (13, 36, 55, 57, 75).
Mechanistically, ASPM binds to cyclin E through its N-terminal
region to stabilize cyclin E by inhibiting its binding to the E3-
ubiquitin ligases FBXW7 and SKP2 (Figs. 1B and 2; ref. 13).
Although both ASPM-i1 and ASPM-i2 bind to cyclin E (Supple-
mentary Fig. S2B), ASPM-i2 has been shown to play a relatively
more important in cell-cycle regulation (27). However, because
cyclin D is a major Wnt target gene, ASPM-i1 may also regulate the
cell-cycle progression of cancer cells, especially CSCs, indirectly by
augmenting the Wnt pathway activity (44). In line with this
possibility, ASPM expression has been shown to contribute to the
expression of cyclin D1 and cyclin-dependent kinase 4 (CDK4) in
lung cancer cells (46). Whether or how the molecular function of
ASPM, especially ASPM-i1, in cell-cycle regulation contributes to

the self-renewal of CSCs and their stemness properties still awaits
further investigation.

Kif11
ASPMhas been recently reported to stabilize themicrotubulemotor

protein KIF11, a potential oncoprotein, by inhibiting its protein
ubiquitination and degradation in anaplastic thyroid cancer cells (59).
The ASPM-regulated KIF11 expression may be functionally impor-
tant, as the overexpression of KIF11 could partially rescue the ASPM-
deficient phenotype in cancer cells.

The MOA of ASPM-mediated protein stabilization
The ability of ASPM to compete with various E3-ubiquitin ligases to

inhibit the proteasome-dependent degradation of its binding partners
represents a recurring and unifying MOA behind its oncogenic
function (Fig. 2). Indeed, ubiquitin-dependent proteolysis is known
to regulate various biological processes (76). The ability of ASPM to
compete with different E3-ubiquitin ligases for substrate binding may
endow it with the ability to control multiple oncogenic pathways,
presumably in a context- and spatial-dependent manner. It is also

Figure 2.

Model depicting the pleiotropic pro-oncogenic functions of ASPM. ASPM isoform 1 competes with specific E3 ligases to bind to DVL, GLI1, and NICD1 to prevent their
ubiquitination and proteasome-dependent degradation, thereby procuring the Wnt, Hh, and Notch signaling activities in cancer cells, especially CSCs. Both ASPM
isoforms 1 and 2 bind to and stabilize cyclin E and BRCA1 to promote cell-cycle progression and DNA DSB repair. The protein structure of Saquinus labiatus ASPM
(predicted by AlphaFold; https://alphafold.ebi.ac.uk/), which has a high sequence similarity with the human paralog, is used in the diagram.
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noteworthy that ASPM interacts with its binding partners either
through the isoform-shared N-terminal region (BRCA1 and cyclin
E) or the ASPM-i1–specific exon 18–encoded segment (DVL, GLI1,
and NICD1; Fig. 1B). Therefore, the protein-stabilizing function of
ASPM may not rely on distinct domains but uncharacterized higher-
order protein conformations that still await further investigation.

Concluding Remarks
During the past two decades, ASPM and its orthologs have been

extensively studied for their roles in microtubule organization, mitotic
spindle alignment, and neurogenesis (3, 5–8, 12). Althoughmany clinical
correlative studies have reportedASPMoverexpressionand its prognostic
significance in human cancers, the molecular mechanisms underlying its
oncogenic properties have not been rigorously studied until the identi-
fication of its role in Wnt signaling and the CSC phenotype (25, 37, 40).
Emerging evidence suggests that ASPM may be the regulatory hub of
multiple development- and stemness-associated signaling pathways
beyond Wnt signaling (Fig. 2; refs. 25–27). From the systems biology
perspective, ASPMmaymeet the definition of the conceptual “date hub,”
which serves as the node connecting multiple modules to maintain the
integrity of the interactome inside a cell (4). The pleiotropic pro-
oncogenic functions of ASPM provide a plausible explanation for its
ubiquitous overexpression in cancers (3). Of note, although the current
review emphasizes the role of ASPM-i1 in regulating development- and
stemness-associated pathways, ASPM-i2 may also participate in malig-
nant progression as it governs the essential functions of cancer cells,
including cell-cycle progression and DNA damage repair (13, 28).

The prognostic importance of ASPM in various cancers opens a
window of opportunity for further developing a pathway-informed
and “cancer-agnostic” prognostic biomarker. Potential assays that can
be used to detect andmeasure ASPM orASPM-i1 expression in cancer
tissues include IHC staining, in situ hybridization, and proximal
ligation assays. It is crucial to consider the cell-to-cell variation in
ASPM expression while developing these assays. Similar issues have
been resolved in other biomarkers exhibiting a heterogeneous expres-
sion in cancer, such as EGFR and programmed death ligand 1 (PDL1).
The development of clinically useful ASPM-related biomarkers can be
facilitated by whole-tissue single-cell profiling using high-resolution
digital pathology platforms assisted with automated image analysis.
On the other hand, given that overexpression or mutations in genes
can lead to alteration in the tumor microenvironment, including the
composition of immune cells (77), it would also be interesting to study
the potential link betweenASPMand the tumormicroenvironment. In
support of this possibility, a recent report demonstrated that ASPM
upregulation in cancer cells might contribute to the infiltration of
immune cells to tumors, such as B and T cells (78).

Cancer fitness genes have been implicated in late-stage tumor
progression as they provide survival advantages to tumor cells (2).
One distinguishing feature of cancer fitness genes from classical
oncogenes is that they do not have the transforming ability per se
and are not essential for normal tissue cells. We consider ASPM,
specifically ASPM-i1, a candidate cancer fitness gene since (i) its
expression is low or negligible in normal tissues, (ii) it is expressed

by CSCs to promote tumor stemness, and (iii) themutations or genetic
knockout ofASPM are not embryonically lethal and does not affect the
development of normal organs or tissues in mice or higher mam-
mals (12, 17). Complementing these findings, ASPM is not classified as
an essential gene of cells according to the Cancer Dependency Map
(https://depmap.org/portal/; ref. 79). Conceptually, cancer fitness
genes may serve as more attractive and feasible therapeutic targets
than driver oncogenes as they play cardinal roles in late-stage cancer
progression andmetastasis and are associated with a larger therapeutic
window (2). Substantiating this notion, a regulatory hub in the
signaling networks and the interactome of cancer cells, such as ASPM,
can represent a targetable vulnerability in cancers (4). We envision the
therapeutics capable of inhibiting ASPM-i1 expression or disabling its
interaction with DVL, GLI1, NICD1, and/or other binding partners
may have clinical utility in treating advanced-stage cancers. Because
the selective silencing of ASPM-v1 can be achieved by targeting exon
18 of the ASPM gene (25–27), the genetic targeting of ASPM-v1 using
antisense oligonucleotide, siRNA, or gene-editing strategies may
become promising cancer therapeutics that have minimal effects on
the essential functions of normal cells. Such a strategy may also unlock
an unprecedented opportunity to simultaneously block the Wnt, Hh,
and Notch pathways in cancer cells and possibly enhances the tumoral
responsiveness to cytotoxic agents in light of the role of cancer
stemness in treatment resistance (80). Moreover, therapeutics disrupt-
ing the interaction of ASPM with BRCA1 may also provide a new
avenue for improving the antitumor efficacy of radiation, DNA-
damaging agents, and PARP inhibitors in cancers. In this approach,
destabilizing BRCA1 by inhibiting ASPM may constitute synthetic
lethality to broaden the clinical indication of PARP inhibitors (81).
Whether these potential ASPM-targeting strategies can be successfully
developed to become breakthrough cancer therapies remains to be
seen in the coming decade.
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