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Abstract
StarD13 is a tumor suppressor and a GTPase activating protein (GAP) for Rho GTPases. Thus, StarD13 regulates cell survival
pathways and induces apoptosis in a p53-dependent and independent manners. In tumors, StarD13 is either downregulated
or completely inhibited, depending on the tumor type. As such, and through the dysregulation of Rho GTPases, this affects
adhesion dynamics, actin dynamics, and leads to an increase or a decrease in tumor metastasis depending on the tumor grade
and type. Being a key regulatory protein, StarD13 is a potential promising candidate for therapeutic approaches. This paper
reviews the key characteristics of this protein and its role in tumor malignancies.
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Introduction
Steroidogenic acute regulatory (StAR)-related lipid transfer domain containing 13 protein, StarD13, also known
as deleted in liver cancer-2 (DLC2) is a tumor suppressor
encoded by the DLC2 gene and located at chromosome
13q12.3 [1]. Along with DLC1 and DLC3, StarD13 is part
of the Deleted in Liver Cancer family of proteins [1–3]. This
protein, first discovered by Ching et al. in 2003, is characterized by four main domains involved in different functions
[1]. StarD13 is a regulator of many cell events, including cell
proliferation, polarity, and migration, and hence, it plays a
role in embryogenesis and carcinogenesis [4, 5]. More specifically, StarD13 is a GTPase activating protein (GAP) for
the Rho GTPases, RhoA, and Cdc42 [1]. In tumors, StarD13
is commonly downregulated or completely inhibited [6–11].
This leads to the dysregulation of RhoA and Cdc42, which
activity is otherwise tightly regulated for normal functioning of the cell [4]. The lack of this regulation is one of the
tumorigenic hallmarks of cells [12–16]. StarD13 is involved
mainly in the third stage of carcinogenesis—considering that
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the three stages are initiation, promotion, and progression
[17–20]. This review focuses on the different domains of
StarD13, its tumor suppressor role and its regulation of cancer metastasis through Rho GTPases.

StarD13 domains
StarD13 has an array of functions and specifications that are
mainly attributed to its four domains, as shown in Fig. 1 [1,
4, 9, 21]. The domain located at the C-terminus is 202 amino
acid long steroidogenic acute regulatory (STAR)-related
lipid transfer (START) domain [1, 22]. The START domain
localizes the protein to the mitochondria that are proximal to
lipid droplets [1, 23]. These lipid droplets stock lipids used
for synthesis and maintenance of membranes in cells. This
might suggest that StarD13 regulates mitochondrial permeability and mitochondrial apoptotic pathways [9].
StarD13 also has a 149 amino acid long GAP domain
that is located towards the C-terminus between amino acids
677 and 826 [1]. The GAP domain of StarD13 allows it
to inactivate some members of the Rho family of GTPases
[9]. Rho GTPases are important regulators of many cellular
activities, like cell dynamics, cell growth, intracellular membrane trafficking, gene transcription, cell-cycle progression,
and apoptosis [24–26]. Rho GTPases are active when bound
to GTP. They hydrolyze the bound GTP into GDP to revert
to the inactive state. This GTP/GDP switch is established by
activators and inhibitors. GEFs (Guanine Exchange factors)
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Fig. 1  Representation of the four domains of STARD13 on the amino acid sequence of the protein

remove the GDP through competitive binding, allowing the
GTP to then bind to the Rho GTPase and activate it. GAPs
stimulate the GTPase activity of the Rho GTPase to hydrolyze its bound GTP, hence inactivating the protein. The Rho
GAP domain of StarD13 is accompanied by an ATP/GTPbinding site motif. This is a seven amino acids’ long motif,
located towards the N-terminus of StarD13 [1].
The third characteristic domain of StarD13 is the Sterile
Alpha Motif (SAM) domain [23]. This domain is located at
the N-terminus of the protein and consists of 59 amino acids
[1]. The SAM domain is a protein–ligand binding motif. It
has a hydrophobic cleft lined with aromatic residues that
offer a binding site for a unique class of ligands, including
proteins and lipids [4, 9]. StarD13 cannot bind nucleic acids,
however, for the lack of a positively charged surface [27].
According to Zhong et.al. SAM domains are usually characterized by five α-helices arranged in a globular manner.
However, StarD13 has a special SAM domain that is formed
of an anti-parallel 4 helix bundle. Consequently, there is no
structural homology between the SAM domain of StarD13
and other SAM domains [27, 28]. The SAM domain targets
StarD13 to the cell membrane and potentially contributes
to its tumor suppressor role. Cheng et.al. observed that xenografts grew faster in mice with SAM domain deletions.
Moreover, the deletion of the SAM domain inhibited the
increase in pro-apoptotic protein (Caspase-3 and Bax) levels normally observed upon the activation of StarD13 [29].
Based on variations in their SAM domains, four StarD13
isoforms have been identified, DLC2α, DLC2β, DLC2γ
(which lacks the SAM domain), and DLC2δ (which consists
of only an SAM domain) [4, 9].
A fourth 154 amino acid long domain can be found at the
N-terminus of StarD13 (318–472). This domain targets the
protein to focal adhesions. Focal adhesions are contractile
actin stress fibers that anchor the cell to the extracellular
matrix ECM [30]. Thus, the domain was termed the Focal
Adhesion Targeting (FAT) domain. It allows StarD13 to
bind to tensin2, a component of focal adhesions [31]. The
SIYDNV motif of the FAT domain allows it to bind to the
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SH2 domains of tensin2 and other proteins in a tyrosine
phosphorylation independent manner [29].

StarD13 underexpression in tumors
StarD13 is underexpressed in many tumor types such as
renal, colon, hepatic, uterine, rectal, gastric, breast, and
ovarian cancers [2, 7–9, 11, 32–34]. Lower StarD13 levels
were also detected in non-small cell lung cancer cells [23].
A clinicopathological study conducted on 131 breast cancer cases revealed a lower expression of StarD13 in tumor
cells when compared to adjacent normal tissues [32]. This
decrease significantly correlated with lower cell differentiation, poor prognosis, and metastasis to lymph nodes [32]. A
DLC2 gene deletion has been found in glioblastoma patients,
explaining the underexpression of StarD13 [35]. However,
Wang et al. detected a twofold decrease in the expression
of the StarD13 protein in lung squamous cell carcinoma,
lung adenocarcinoma, hepatocellular carcinoma, or breast
cancer that did not correlate with a loss in the copy number
of the DLC2 in a subset of patients [36]. This could be due
to epigenetic factors such as DNA methylation, histone posttranslational modifications, and non-coding RNA-mediated
pathways [37–39]. Indeed, in the case of StarD13, increased
promoter methylation at the CpG islands led to the repression of the StarD13 gene and, therefore, to the loss of the
relevant protein [2, 3, 40–42].

Role of StarD13 in cell proliferation
StarD13 controls various proteins involved in different
signaling pathways that affect the cell function, such as cell
adhesion, polarity, migration, and cell division. The major
effectors of StarD13 are RhoA and Cdc42, but not Rac1
[1, 4, 9]. The function of RhoA in cells has been strictly
discussed in the context of stress fiber formation and focal
adhesion formation, as well as cancer cell invasion [43, 44].
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This alone, however, does not take into account the indirect
effect of such molecular switches on other pathways, due to
cross-talk [10, 26]. Indeed, RhoA has been shown to mediate
the activation of the mitogen-activated protein kinase kinase
(MAPKK) Raf-1 (the Rapidly Accelerated Fibrosarcoma) by
the small GTPase Ras, leading to cell proliferation (Fig. 2)
[45, 46]. Potentially, StarD13 inhibits cell division through
the inhibition of RhoA and the downregulation of the RasRaf-1 complex formation [47].
Leung et al. showed that StarD13 inhibits cell growth by
blocking the cell cycle at the G1 phase rather than by inducing apoptosis [47]. However, StarD13 3′Untranslated Region
(3′UTR) positively regulates apoptosis in hepatocellular carcinomas [48]. The 3′UTR of StarD13 contains necessary elements for the regulation of the gene expression [49]. More
specifically, StarD13 3′UTR induces the Bcl-2 modifying
factor (BMF) (Fig. 2). BMF releases Blc2 allowing Bax to
induce the release of cytochrome c from mitochondria, leading to programmed cell death in solid tumors [50].
Another mechanism through which StarD13 regulates the
cell cycle is through the inhibition of RhoA, which leads to
the accumulation of the cell-cycle inhibitors, p 27kip1 and
p21waf/cip1 (otherwise degraded by active RhoA), leading
to cell-cycle arrest [51–53]. In addition, the SAM domain
of StarD13 interacts with the Tap73alpha protein through
its SAM domain [54]. Tap73alpha and Tap73beta are the
products of alternative promotors or alternative splicing of
p73, a protein that belongs to the p53 family [55]. While
p73 is a tumor suppressor, Tap73alpha is highly expressed
in small cell lung carcinoma, where it inhibits induced apoptosis by death stimuli (chemotherapy) [54]. A downside of

systemic therapies is being unspecific, affecting all types
of cells of a cancer patient, that is why, a new approach
to eliminating tumors is targeted therapies [56–64]. In a
recent study in glioblastoma, scientists found that StarD13
targets Tap73alpha to degradation by ubiquitination through
its SAM domain, leading to p53-dependent cell apoptosis
(Fig. 2) [29].
StarD13 is also a Rho GAP for the small GTPase Cdc42
[24]. Cdc42 plays a major role in epithelial tissue formation
and homeostasis. The tight regulation of Cdc42 is important
for tight and adherent junction formation and maintenance,
as well as for mitotic spindle positioning and chromosome
attachment during cell division [65–67]. StarD13 also acts
upstream from mDia3, a downstream effector of Cdc42
that regulates the organization of microtubules and actin.
Along with the new mitotic kinesin Kif1B, it regulates a
pathway that controls the cross-talk between the cortical
actin cytoskeleton and astral microtubules that are necessary for epithelial integrity, mitotic progression, and spindle
positioning [66].
In summary, StarD13 plays a role in cell-cycle regulation by regulating RhoA, thus controlling the G1/S phase
progression, and by regulating Cdc42, thereby regulating
metaphase/anaphase progression.

Role of StarD13 in cancer metastasis
Metastasis is the spread of cancer cells from their original
site to other parts of the organism. It is a complex process
that is regulated by many factors. Metastasis starts with the

Fig. 2  Downstream effectors from StarD13 involved in cancer survival proliferation and metastasis
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detachment of the cell from its original locus, surviving in
circulation, adhering to a distant site, invading new tissues,
and, finally, proliferating to form a new tumor [68–71].
In melanoma and prostate cancer cells, where StarD13
is highly expressed, the formation of actin stress fibers is
significantly inhibited [72]. Actin stress fiber formation,
actomyosin complex assembly, and contractive processes
are all events downstream from RhoA and its effector, the
RhoA-associated coiled-coil forming protein kinase (ROCK)
[73, 74]. These structures indeed play a crucial role in cell
migration, invasion, and metastasis [75, 76]. RhoA also regulates cell migration through positively regulating members
of the formin family of actin nucleators [49]. In addition to
RhoA, Cdc42 plays a crucial role in cancer metastasis [77,
78]. Cdc42 leads to the activation of the N-WASP and ARP
complexes, leading the induction of actin nucleation and
the subsequent assembly of invadopodia [79]. In addition,
Cdc42 promotes the activation and production of metalloproteinases that degrade the extracellular matrix components
facilitating the process of invasion [80]. Given its role in the
regulation of RhoA and Cdc42, StarD13 is directly involved
in cancer cell migration and metastasis, as was reported in
several tumor models (Fig. 2) [2, 7, 8, 81].
Downregulation of StarD13 is a typical characteristic of
metastatic tumors [2, 7–9, 11, 32–34]. Many studies support
the hypothesis that StarD13 is a metastasis suppressor in
solid tumors. A study conducted by Yang et al. on the role
of StarD13 in breast cancer cell lines showed that knocking
down StarD13 enhances cell migration and invasion in a
transwell membrane, through Rho GTPases [32]. This was
confirmed in another study where miR-125b microRNA was
found to target StarD13 directly, silencing its expression
(being complementary to StarD13’s 3′UTR) and improving the migration profile of breast cancer cell lines [82].
In addition, the physiologically expressed miR-125b leads
to an increase in the metastatic ability of gastric cancer
[82, 83]. This emphasizes the negative effect of StarD13
on migration of tumor cells. Furthermore, a recent study
shows that StarD13 and its competing endogenous RNA,
ceRNAs-3′UTRs inhibit breast cancer metastasis by inhibiting epithelial to mesenchymal transition (EMT) [84–86].
StarD13 knock out mice showed enhanced angiogenesis in
response vascular endothelial growth factors, which further
proves the metastatic inhibitory effect of StarD13 [81, 87,
88]. A homozygote or heterozygote loss of StarD13 in mammary tumors linked to ErbB2 (tyrosine phosphate—receptor), resulted in increased lung metastasis in in vivo models
[74]. Also, according to Hu et al., ectopic expression of
CCR2 3′UTR leads to a significant upregulation of StarD13
expression in breast cancer cell lines, which in turn leads to
the decrease in the formation of stress fibers and a reduction
in metastasis in xenograft models, further demonstrating that
StarD13 is an invasion and metastasis suppressor [89].
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However, other studies showed that StarD13 is essential
for metastasis in solid tumors. A study conducted by Hanna
et al. in breast cancer cell lines showed that the depletion of
StarD13 by siRNA decreased cellular motility. Breast cancer cells exhibited a dramatic loss in their migration due
to their inability to detach their tails to propel forward [8].
This was due to the constitutive activation of RhoA, downstream from StarD13 [8]. Indeed, RhoA goes through cycles
of activity and inactivity, which enables the cells to attach
and detach to the extracellular matrix during the cell motility cycle [7]. These results indicate that the knockdown of
StarD13 suppresses cellular motility, meaning that StarD13
is a cell motility regulator in breast cancer, at least in part
through the regulation of RhoA activity [8]. Moreover, a
study conducted on DLC1, a homologous of DLC2, concluded that DLC1 is a motility inducer. Deleted in Liver
Cancer 1 was established as a tumor suppressor in many
studies [3, 8, 90]. Through its GAP activity, DLC1 downregulates RhoA, upregulating cellular motility [8, 28, 91].
This ambiguity between the role as tumor suppressor and
the role as metastasis inducer of DLC1 was explained by the
interaction between the protein and tensins [8, 92]. These
findings together support an earlier study done by El Sitt
et al. showing an upregulation in the levels of StarD13 in
grade III solid breast tumors [8, 11]. In fact, grade III tumors
are cancerous cells who metastasized to new sites [11]. Consequently, StarD13 was needed for this metastatic characteristic of the tumor [8]. As such, this can be reconciled by
hypothesizing that StarD13 is a tumor suppressor that can
have pro-metastatic roles in advanced grades of tumors.
In conclusion, StarD13 exerts its anti-tumor activity
through its GAP and SAM domains. StarD13 downregulates Rho GTPases promoting cell adhesion and apoptosis
through several pathways, preventing the progression of
cancer. StarD13 may be metastatic and invasion suppressor
or inducer, perhaps depending of the tumor grade and type.
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