Function of Rho GTPase Activating Protein 11A in Tumors
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To the Editor: Rho GTPase Activating Protein 11A (ArhGAP114) is
a member of the Rho GTPase-activating proteins (Rho GAPs) gene
family and is located on the long arm of 15 chromosome region 1
band 3 subband 2 (15q13.3). The full-length cDNA of ArhGAP11A4
is 24,806 bp with a single open-reading frame. ArhGAPI1I1A is
encoded by 13 exons and the encoded protein has three domains:
a RhoGAP domain near the N terminus (amino acids 46-246), and
two uncharacterized domains respectively located in the center
(387-516) and C terminus (590-997) of the protein.!) Kagawa et al.”?!
compared the expression of 4#hGAP11A4 in 74 colorectal cancer tissue
specimens and five noncancerous mucosal tissue specimens with
c¢DNA microarray-based comparative analyses. The results showed
that ArhGAPI11A expression was significantly higher in colorectal
cancer tissue than that in noncancerous tissue, indicating that the
upregulation of ArhGAP11A4 expression is beneficial to colorectal
cancer cells in vivo migration and invasion activity. Ciriello et al.l¥)
analyzed the RNA sequential data of 1201 patients with invasive
breast lobular cancer, but only a few of the 64 Rho GAPs were found
to be highly expressed in the basal-like breast cancer. Further study™!
showed that the expression of 4#hGAP114 in basal-like breast cancer
was generally higher than other types of breast cancer, and in vitro
experiments showed that A#hGAP11A overexpression could stimulate
normal breast cancer cell proliferation. 4rhGAP11A4 expression was
also found to be upregulated in glioblastoma, hepatocellular, and
pancreatic cancers. Based on these findings, the abnormal expression
of ArhGAP114 might be closely related to the occurrence and
development of tumors.

The cell cycle progression depends on the E2F transcription
factor family. The role of E2F1 is regulated by the Rb protein, as
dephosphorylated Rb protein is able to bind to E2F1 and inhibit the
binding of E2F1 to specific DNA sequences. After phosphorylation of
Rb protein by cyclin-dependent kinases (CDKSs), E2F1 is released from
the inhibitory complex of Rb/E2F1; it then binds to its dimerization
partner (DP), either DP1 or DP2. This forms a heterodimeric
E2F1/DP1 structure that combines with the target gene’s promoter
sequence (TTTSSCGCS, S=G or C) to initiate transcriptional activity
of the gene. Kagawa et al.”! found that the binding of Rb protein
to E2F1 hindered the transcriptional activity of the ArhGAPI1A
promoter, indicating that the Rb/E2F1 signaling pathway might be
related to the transcriptional activity of ArhGAP11A. These authors
suggested that the phosphorylation inactivation of tumor-inhibiting
factor Rb protein might lead to abnormal activity of E2Fs causing in
an increased ArhGAP11A expression. However, Lawson ef al.*! found
that when ArhGAP11A4 expression was inhibited, the expression of
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p27 and the CDKSs inhibitor CDKN2A/p27 was increased. This led to
the breakdown of the complex formed between CDKs and cyclin D1
and E and decreased phosphorylation inactivation of tumor suppressor
protein Rb1. Ultimately, this reduced the release of E2F inhibitor,
inhibited cells from the G1 phase to S phase transition, and eventually
caused cell cycle arrest. Both of these studies showed that Rb/E2F1
pathway can regulate 4rhGAP11A4 expression; however, the role of
E2Fs remains controversial. Therefore, the CDKN2A/p27/Rb/E2F1
pathway might be a molecular signaling pathway for ArhGAP11A
expression.

Several studies have shown that 4rhGAP114 can regulate the
biological activity of Rho A, which is involved in tumor cell invasion
and metastasis."?**! The GTP structure of Rho A can stimulate
the formation of focal adhesions and stress fibers by activating
Rho-associated protein kinase (ROCK) or mammalian diaphanous
protein. In vitro experiments showed that ROCK inhibitor could
inhibit Rho-mediated signal pathway and cause cell morphology
change similar to that of A4rhGAPI11A overexpression. A recent
study!® also showed that Skp1-Cull-F-box FBXL19 mediates Rho A
ubiquitination and degradation. Therefore, we believe that inhibiting
ArhGAPI114 expression might reduce Rho A ubiquitination and
degradation but increase its activity. This would continue to activate
ROCK as well as the phosphorylation of ROCK downstream
substrates, which is involved in the regulation of the cytoskeleton.
Phosphorylation of ROCK downstream substrates also promotes
the formation of tension fibers and focal adhesions, thus inhibiting
the invasion and metastasis of tumors. Although the biological
function of the Rho A pathway is obviously controversial and needs
further study, the ArhGAP11A/Rho A/ROCK pathway might be an
important signaling pathway for regulating the biological functions
of ArhGAP114 in tumor cell proliferation, invasion, and metastasis.

ArhGAPI114 is overexpressed in a variety of tumors; it plays an
important role in the proliferation, invasion, metastasis, and cell cycle
regulation of tumor cells. 4rhGAP11A expression is significantly
increased in highly aggressive tumors (e.g., glioblastoma
and pancreatic cancer), and inhibition of ArhGAPI11A4 could
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significantly reduce the possibility of tumor invasion and
metastasis. In summary, A47hGAP11A4 might be a new marker for
tumor diagnosis or as a new target for tumor therapy.

Financial support and sponsorship

This work was supported by grants from the Health Industry Scientific
Research Program of Gansu province (No. GSWSKY?2016-03), and
the Key Research and Development Program of Gansu province
(No. 17YF1FA127).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. XulJ,ZhouX, WangJ, LiZ, Kong X, Qian J, ef al. RhoGAPs attenuate
cell proliferation by direct interaction with p53 tetramerization
domain. Cell Rep 2013;3:1526-38. doi: 10.1016/j.celrep.2013.04.017.

2. KagawaY, Matsumoto S, Kamioka Y, Mimori K, Naito Y, Ishii T, et al.
Cell cycle-dependent Rho GTPase activity dynamically regulates
cancer cell motility and invasion in vivo. PLoS One 2013;8:¢83629.
doi: 10.1371/journal.pone.0083629.

3. Ciriello G, Gatza ML, Beck AH, Wilkerson MD, Rhie SK, Pastore A,
et al. Comprehensive molecular portraits of invasive lobular
breast cancer. Cell 2015;163:506-19. doi: 10.1016/j.cell.2015.
09.033.

4. Lawson CD, Fan C, Mitin N, Baker NM, George SD, Graham DM,
et al. Rho GTPase transcriptome analysis reveals oncogenic roles for
Rho GTPase-activating proteins in basal-like breast cancers. Cancer
Res 2016;76:3826-37. doi: 10.1158/0008-5472.CAN-15-2923.

5. Zanin E, Desai A, Poser I, Toyoda Y, Andree C, Moebius C, et al.
A conserved RhoGAP limits M phase contractility and coordinates
with microtubule asters to confine RhoA during cytokinesis. Dev Cell
2013;26:496-510. doi: 10.1016/j.devcel.2013.08.005.

6. Wei J, Mialki RK, Dong S, Khoo A, Mallampalli RK, Zhao Y,
et al. A new mechanism of RhoA ubiquitination and degradation:
Roles of SCF(FBXL19) E3 ligase and Erk2. Biochim Biophys Acta
2013;1833:2757-64. doi: 10.1016/j.bbamcr.2013.07.005.

Chinese Medical Journal | June 5,2018 | Volume 131 | Issue 11-




