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Is the best cancer offense a good defense?

Although the unique DiRas (Distinct subgroup of the Ras family) family of small GTPases shares
homology with the pro-oncogenic Ras GTPases, it has tumor-suppressive actions. DiRas1 (also
known as Di-Rasl or Rig) has been reported to be a tumor suppressor in brain and esophageal
cancers. DiRasl is closely related to its family members DiRas2 (also known as Di-Ras2) and
DiRas3 (also known as ARHI or Noey2). DiRas2 appears to be predominantly expressed in the
brain, while DiRas3 is a tumor suppressor in breast, ovarian cancers, and other cancers. The
mechanisms by which DiRas1 inhibits tumor growth are not fully characterized. Learning more
about the ways in which this Ras-family GTPase exerts tumor suppressing signals may allow these
pathways to be used to antagonize cancer promoting signaling in tumors where expression of
DiRas proteins is lost.
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Fig. 1. Proposed model of DiRas1-mediated tumor suppressive actions. A, In non-cancerous
tissues where DiRasl1 is expressed, it can non-productively bind and sequester SmgGDS and
diminish SmgGDS interactions with other small GTPases, promoting balanced oncogenic small
GTPase activity. B, In cancerous tissues when DiRas1 expression is lost or decreased, more
SmgGDS protein is available to interact with and activate oncogenic small GTPases, resulting in
increased pro-oncogenic small GTPase signaling.

DiRas1 may function via nonproductive associations with downstream mediators of pro-oncogenic
small GTPases, such as the small GTPase K-Ras. One previous study found that DiRas1 could
bind to the effector domain of the Ras effector C-RAF, but another study examining direct protein
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interactions detected no association between DiRasl1 and the Ras effectors C-RAF or B-RAF. We
hypothesized that rather than sequestering effectors for pro-oncogenic small GTPases, DiRas1
may act as a tumor suppressor by binding and sequestering proteins that promote activation of the
oncogenic small GTPases, such as guanine nucleotide exchange factors (GEFs). GEFs activate
small GTPases by ultimately promoting the binding of GTP to the small GTPases. One such
protein that promotes small GTPase activation is SmgGDS (also known as Rap1GDS1), a protein
that enhances the pro-oncogenic function of several Ras and Rho family small GTPases, both by
acting as a GEF for some GTPases and also by promoting the addition of lipid groups—known as
prenylation—to many small GTPases. Prenylation promotes small GTPase activation by localizing
the small GTPases to the plasma membrane where they signal. SmgGDS also promotes NF-kB
transcriptional activity in a number of cancer types, which is critical to cancer cell growth and
proliferation.

Here, we identified DiRas1 as a direct binding partner for SmgGDS. In silico docking analysis
predicted that DiRas1 can compete with other small GTPases, such as RhoA and K-Ras, for
SmgGDS binding. Consistent with this prediction, DiRas1 potently inhibited interactions of
SmgGDS with a broad range of pro-oncogenic small GTPases, including RhoA, K-Ras, and Rap1.
Binding studies showed that SmgGDS bound to DiRas1 much more strongly than it bound to
RhoA, which helps to explain why only a small amount of DiRas1 could greatly decrease the
association of SmgGDS with RhoA and other pro-oncogenic small GTPases. In addition, DiRas1
inhibited NF-kB activity in a number of cell lines, including brain cancer and breast cancer cells.
Taken together, these findings identify a novel way in which the tumor suppressive small GTPase
DiRasl1 represses signals mediated by several pro-oncogenic Ras and Rho family GTPases (Fig.
1). The actions of DiRas1 thus appear, at least in part, to be due to binding to SmgGDS and
essentially sequestering it to prevent interactions of pro-oncogenic small GTPases with SmgGDS.
This is similar to how dominant negative small GTPases inhibit GTPase-mediated signaling in cells.
This study suggests that, in some cancers, the best offense may be a good defense.
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