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In this article of EBioMedicine, Zhang and colleagues [1] showed
that microtubule associated protein 9 (MAP9), a gene critical for spin-
dle assembly and cytokinesis, was frequently downregulated in
patients with hepatocellular carcinoma (HCC), and associated with
poorer survival of patients. Mechanistically, they found that loss of
MAP9 expression in HCC may lead to chromosomal instability (CIN)
via regulation of nucleotide repair (NER) pathway.

HCC is one of the deadliest diseases, being the 6th most com-
monly diagnosed cancer and the 4th leading cause of cancer mortal-
ity in the world [2]. Hepatitis B and C viruses, alcohol abuse and
diabetes are the major risk factors for HCC development [3]. Continu-
ous destruction and repair process results in liver cirrhosis, which
subsequently progresses to dysplastic nodules and ultimately HCC.
CIN is the common feature of dysplastic nodules and HCC, which
impedes prognosis and therapy. There are number of factors contrib-
uting to occurrence of CIN, among which elevated formation of inap-
propriate chromosome spindle attachment caused by abnormal
spindle microtubule dynamics and/or spindle geometry defects
attracts increasing attention [4]. Gene expression profiling analyses
have recently shown that microtubule-related cellular assembly and
organization is the most critical event in HCC development [5], sug-
gesting microtubules to be an important target for therapeutic inter-
vention in HCC. Despite the importance of spindle microtubule
induced CIN to liver tumorigenesis is established, its underlying
mechanisms that drive CIN and its precise roles in cancer initiation
and progression remain poorly understood.

MAP9 belongs to MAP family, which regulates microtubule dynam-
ics [6]. Thus far, few reports have shown a role for MAP9 in CIN, and its
clinical relevance and functional role in HCC are largely unknown. In
this study, Zhang and colleagues first found that MAP9 was frequently
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downregulated in HCC at both mRNA and protein levels due to pro-
moter hypermethylation. MAP9 downregulation or promoter hyper-
methylation is an independent prognostic factor of tumor recurrence
and poor survival in HCC patients. Through various in vitro functional
assays, they found that ectopic introduction of MAP9 suppressed HCC
cell proliferation and invasiveness through inducing cell cycle arrest
and apoptosis. The role of MAP9 as tumor-suppressor was further con-
firmed in vivo in a liver-specific MAP9 knockout mice. MAP92/2hep
mice exhibited spontaneous liver hyperplastic nodule and accelerated
diethylnitrosamine (DEN)-induced HCC formation. By comparing the
gene expression profiles of livers between MAP9 knockout and WT
mice, they have identified NER pathway to be most significantly
altered in which excision repair cross-complementation group 3
(ERCC3), a nucleotide excision repair gene, was found to be most
downregulated. In vitro and in vivo functional analyses demonstrated
that ERCC3 counteracted the tumor suppressive effects of MAP9 in
HCC cells. Clinically, ERCC3 was significantly upregulated in HCC, and
may potentially be an independent prognostic marker for HCC
patients. Collectively, they have identified NER pathway as the critical
effector mediating the functions of MAP9 in HCC.

Although ERCC3 related NER pathway was identified as the down-
stream effector of MAP9, some questions remain unanswered. As a
core player in NER pathway, ERCC3 may regulate the aggressive phe-
notypes of HCC cells upon DNA damage. However, this study did not
provide any evidence showing how MAP9 regulates nucleotide repair
during the process of DNA damage. In addition, although MAP9 was
found to play role in the control of microtubule dynamics, there is no
conclusive data demonstrating the direct functional role of MAP9 in
regulation of CIN in this study. Having said that, Wang et al. from the
same group have provided some clues in this area of research. They
found that loss of MAP9 caused shortened spindles in metaphase that
were extremely unstable, leading to CIN in colorectal cancer [7]. Fur-
ther, they found that MAP9 loss caused CIN especially in MAP9?/
2p532/* mice [7]. Consistent to this finding, Basbous et al. reported
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that MAP9 directly interacts and stabilizes p53 by regulating NER
pathway [8]. The interaction between ERCC3 and p53 was further
confirmed in hepatitis C virus infected cells [9]. Based on these find-
ings, MAP9 may regulate ERCC3 in NER pathway through stabilizing
p53. Further functional analyses are needed to confirm how MAP9
regulates CIN via ERCC3 regulation.

CIN contributes to HCC development and a potential therapeutic
target for intervention [10]. However, the underlying mechanisms
are not well characterized. The findings presented in this article pro-
vide a mechanistic insight of how CIN contributes to liver carcinogen-
esis. Zhang and colleagues have demonstrated that MAP9 loss may
contribute to CIN possibly through inhibition of ERCC3. Strikingly,
they have demonstrated an unprecedented tumor suppressive role of
MAP9 in HCC. The findings can also be translated to clinical applica-
tion. Methylated MAP9 may serve as a new biomarker for the prog-
nosis of HCC patients. All in all, targeting MAP/ERCC3 signaling
cascade may be a potential therapeutic strategy for treatment of
advanced HCC patients.
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