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Abstract

The Hedgehog signaling pathway regulates normal cell growth and differentiation. When
deregulated, the Hedgehog pathway leads to tumorigenesis and supports more aggressive
phenotypes of human cancers, such as progression, metastasis, and therapeutic resistance. The
glioma-associated oncogene homolog 1 (GLI1) family of zinc finger transcription factors is the
nuclear mediator of the Hedgehog pathway that regulates genes essential for various stages of
tumor development and progression. Consequently, several components of the Hedgehog pathway
are major targets of cancer therapy, including GLI1 and smoothened. Although the GLI1 gene was
initially identified as an amplified gene in glioblastoma, its amplification was found to be
relatively rare. No somatic mutations have been reported in the GLI1 gene. Notably, two decades
after the discovery of the GLI1 gene, the GLI1 transcript was recently found to undergo
alternative splicing forming two shorter isoforms, an N-terminal deletion variant (GLILAN) and a
truncated GLI1 (tGLI1). These variants appear to have different patterns of tissue expression and
functions. Most notably, the tGLI1 isoform behaves as a gain-of-function GLI1 that can induce
expression of genes not regulated by GLI1 and promotes more aggressive cancer phenotypes.
Therefore, this review will focus on the structural and functional differences between these
isoforms, and also on their contributions to important cancer cell characteristics, including
proliferation, matility, invasion, and angiogenesis.

Introduction

The Hedgehog signaling pathway is critical to advanced forms of life as it is conserved in
both vertebrates and invertebrates and involved in many biological processes (Dahmane and
Ruiz | Altaba, 1999; Dahmane et al., 2001; Echelard et al., 1993; Roelink et al., 1994). The
mammalian Hedgehog pathway is initiated by Sonic hedgehog (Shh), Indian hedgehog
(Ihh), and Desert hedgehog (Dhh) with Shh being the most potent of the three (Pathi ez al.,
2001) and more widely expressed (Ingham and McMahon, 2001). The Shh pathway plays a
significant role in human cancer and is implicated in cancers that account for up to 25% of
all human cancer deaths (Lum and Beachy, 2004). The main effectors of mammalian Shh
signaling are the GLI transcription factors GLI1, GLI2, and GLI3 (Zhu and Lo, 2010). Shh
addition to cells induces GLI protein translocation to the nucleus to affect gene transcription.
Due to the importance of this pathway to human cancer, attempts to develop inhibitors have
been extensive with a notable new small molecule inhibitor that acts upstream of the GLI11
proteins, Vismodegib/GDC-0449, and it is currently being evaluated in clinical trials
(LoRusso et al., 2008; Rudin et al., 2009; Von Hoff et al., 2009).
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The GLI1 gene is a unique member of the Shh pathway as it has no reported somatic
mutations whereas several other Shh members do have mutations, including Shh, Patched
(PTCH), Smoothened (SMO), Suppressor of Fused (SUFU), GLI2, and GLI3 (Kang et al.,
1997; Radhakrishna et al., 1997; Raffel et al., 1997; Roessler et al., 1996; Xie et al., 1998).
However, recent evidence indicates that the GLI1 transcript can undergo alternative splicing
leading to the synthesis of an N-terminal deletion variant (GLIZAN) (Shimokawa et al.,
2008) and truncated GLI1 variant (tGLI1) discovered in our laboratory (Lo et a/., 2009).
Efforts are ongoing to determine the relative importance of these splice variants to the full-
length GLI1. To date, the GLIZAN variant appears to act on similar genes as GLI1, although
with weaker activation, and is expressed in normal and cancerous tissues similar to GLI1
(Shimokawa et al., 2008). The tGLI1 variant, however, appears to only be expressed in
tumor cells and tissues, but undetectable in normal tissues (Cao et a/., 2012; Lo et al., 2009).
Also, we have found that tGLI1 had gained the ability to regulate genes that are targeted by
GLI1. tGLI1 but not GLI1 directly binds to and activates transcription of the CD24 gene in
glioblastoma cells (Lo ef al., 2009) and breast cancer cells (Cao et al., 2012), leading to
increased cell motility and invasiveness. Most recently, we further reported that tGLI1
associates with the VEGF-A gene promoter leading to its activation (Cao et al., 2012).
Consistent with the ability to enhance VEGF-A gene expression, tGLI1 expression
stimulates the proliferation of vascular endothelial cells (Cao et al., 2012). These data
strongly suggest that tGLI1 could be a more potent transcriptional regulator than GLI1 or
GLIZ1AN. In light of these new insights, this review will summarize the structures and
properties of the three GLI1 isoforms, their regulation by canonical and non-canonical cell
signaling, and their differential impacts on tumor behaviors.

Structures and Properties of the GLI1 Isoforms

The human GLI1 gene was discovered in 1987 upon investigation into gene amplification in
a human glioblastoma cell line (Kinzler et al., 1987). Investigators found a region of
chromosome 12 to be amplified; however, this region did not correspond to any known
oncogenes. The gene was termed GLI1 for the glioma tumor in which it was found (Kinzler
et al., 1987) and was later mapped to a specific region of chromosome 12 at 12q13.3-14.1
(Arheden et al., 1989). This newly discovered GLI1 gene contained 3,318 base pairs giving
rise to a 1,106-residue protein (Kinzler et al., 1988) that separates on a polyacrylamide gel to
150-kDa (Kinzler and VVogelstein, 1990). As shown in Figure 1, the GLI1 protein was found
to contain five successive zinc finger DNA-binding motifs and belonged in the Kruppel
family of zinc finger proteins (Kinzler et al., 1988). GLI1 was later found to bind to the 9-bp
DNA sequence 5'-GACCACCCA-3" (Kinzler and Vogelstein, 1990), in which only zinc
fingers 2-5 were found to bind to the major groove of DNA (Pavletich and Pabo, 1993).

In 2008, the first splice variant of GLI1 was discovered in which 128 amino acids were
deleted from the N-terminus, and thus was termed GLI1AN (Shimokawa et al., 2008). As
shown in Figure 1, the deletion of this region primarily affects the N-terminal SUFU-
binding site and the N-terminal degron degradation signal of GLI11. The SUFU protein
interacts with GLI1, and consequently sequesters GLI1 in the cytoplasm and prevents GLI1
from regulating gene transcription (Kogerman et a/., 1999). However, GLI1AN variant
displays a weakened ability to translocate to the nucleus and induce transcription of GLI1
target genes (Shimokawa et al., 2008). The GLI1AN variant can be detected in both normal
and cancer cell lines (Shimokawa et a/., 2008). However, we were unable to detect this
variant in primary glioblastoma specimens (Lo et a/., 2009).

In 2009, our laboratory discovered the novel tGLI1 isoform in which 41 amino acids are
deleted, corresponding to alternative splicing of the entire exon 3 and part of exon 4 of the
GLI1 gene (Lo et al.,, 2009). As shown in Figure 1, we found that tGLI1 retained all
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functional domains known to be present in GLI1 and preserved the ability to translocate to
the nucleus, activate GLI1 target genes (e.g., PTCH1), and respond to Shh stimulation (Lo ef
al., 2009). Expression of tGLI1 was found to be tumor-specific as its presence was only
detected in cell lines and primary specimens derived from human glioblastoma (Lo et a/,
2009) and breast cancer (Cao et al., 2012), but not in normal brain tissues and other normal
tissues. This distinctive pattern of tGLI1 differs from GLI1 and GLI1AN as both of these
isoforms are expressed in both normal and cancer cells (Cao et al., 2012; Lo et al., 2009;
Shimokawa et al., 2008). Detection of tGLI1 in the presence of GLI1 has proven difficult
because of the following reasons. (1) There is a difference of only about 4.5 kD between the
two proteins of large molecular weights (145-kD for tGLI1 versus 150-kD for GLI1),
causing them to co-migrate in SDS-PAGE. To address this, our recent study has optimized
an electrophoresis condition to resolve the two proteins (Cao et al., 2012). (2) Commercially
available antibodies recognize both proteins (Cao et al., 2012; Lo et al., 2009) while
antibodies specific to tGLI1 or GLI1 are not yet available. These technical difficulties could
possibly have contributed to tGLI1 being discovered greater than 20 years after the
discovery of GLI1. This also raises the question whether many functions attributed to GLI11
are, in fact, due to tGLI1. Therefore, the remainder of this review will be dedicated to
describing the function of GLI1 and tGLI1 and their potential roles in the development of
malignant cancer cell phenotypes.

Regulation of GLI1 Isoforms by the Hedgehog Signals

Canonical activation of GLI1 by Hedgehog signaling is initiated by Shh ligand binding to
the receptor PTCH (Figure 2). Shh binding to PTCH releases PTCH-mediated constitutive
suppression of the receptor SMO. Shh-mediated activation of SMO ultimately releases GLI1
from cytoplasmic sequestration by SUFU, allowing GLI1 to move to the nucleus and induce
gene transcription (Kogerman et al.,, 1999). Mutations in some of the genes involved in the
Shh-GLI1 pathway, such as SMO, PTCH, and SUFU, have been reported and these
mutations are associated with the formation of cancer (Taylor et a/., 2002; Villavicencio et
al., 2000). No mutations have been reported for the GLI1 gene in normal or tumor tissue.
Both splice variants tGLI1 and GLIZAN have been shown to be induced by Shh
administration (Lo et al,, 2009; Shimokawa et a/., 2008). Thus, these alternatively spliced
proteins are also controlled by the canonical Shh-GLI signaling pathway. It has yet to be
investigated whether tGLI1 or GLILAN interacts with components of the Shh pathway (e.g.,
direct SUFU cytoplasmic sequestration) similar to GLI1.

Regulation of GLI1 Isoforms by Non-hedgehog Signals

In addition to regulation by the canonical Shh signaling, recent evidence indicates that GLI1
can be regulated by several non-hedgehog signaling pathways (Figure 2). The Ras signaling
pathway appears to regulate GLI1 as K-Ras expression induces GLI1-induced transcription
(Seto et al., 2009) and suppression of GLI1 reduces the ability of K-Ras to induce cell
transformation (Ji ef a/., 2007). This interaction appears to remain intact /7 vivo as mice
overexpressing K-Ras form pancreatic adenocarcinoma that displays enhanced GLI1
expression despite deletion of the SMO gene (Nolan-Stevaux ef a/., 2009). In addition to
Ras, GLI1 interacts with the tumor suppressor p53. Induction of p53 with oxaliplatin
decreased cell proliferation, which was rescued by expression of GLI1 (Stecca and Ruiz |
Altaba, 2009). To complement these results, expression of a dominant negative form of p53
induced tumor formation in frog embryos, which was reversed upon suppression of GLI1
(Stecca and Ruiz | Altaba, 2009). These and supporting experiments ultimately showed that
p53 can inhibit the activity, localization to the nucleus, and protein levels of GLI1 while
GLI1 was capable of repressing p53 protein expression (Stecca and Ruiz | Altaba, 2009).
Lastly, GLI1 can interact with the TGF- signaling pathway. TGF-p can induce expression
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of GLI1 despite inhibition of SMO (Dennler et al., 2007). This study also found that Smad3
or Smad4 knockdown prevented TGF-f induction of GLI1 (Dennler et al., 2007). Consistent
with this, pancreatic adenocarcinoma cells that express GLI1 but are resistant to the SMO
inhibitor cyclopamine are sensitive to TGF-p inhibition (Dennler et al., 2007). There is also
some evidence that GLI1 can interact with other signaling pathways such as PI3K-AKT
signaling (Stecca et al., 2007), protein kinase A (PKA) (Sheng et al., 2006), protein kinase C
(PKC) (Cai et al., 2009), Notch (Schreck et al., 2010), and estrogen receptor-a. (Xu et al.,
2010).

While abundant evidence exists for non-canonical signaling pathway regulation of GLI1,
investigations to determine the role of non-canonical signaling on levels and function of
tGLI1 and GLI1AN have yet to be done. Regulation of these splice variants by signaling
pathways may be due to regulation of the GLI1 parental gene. Conversely, tGLI1 and
GLI1AN could have another layer of regulation by induction of splicing machinery. For
example, inhibition of PKCx, a mediator of K-Ras-induced cell transformation suppresses
RNA processing machinery (Guo et al., 2009). This possibly indicates that K-Ras-induced
PKCn expression promotes activation of RNA processing machinery that could enhance the
likelihood of splicing. In addition, loss of p53 is associated with increased presence of
aberrant splicing (Moyret-Lalle et al., 2001; Turpin et al., 1999). Thus, the regulation of
tGLI1 expression, which is only present in tumor tissue, is likely to be more complex than
GLI1 with additional regulation of splicing machinery. The precise splicing molecules and
conditions required for production of tGLI1 versus GLI1 have yet to be identified but will
likely provide insight into the tumor-specific expression of tGLI1.

Expression Pattern of the GLI1 Isoforms and Their Effects on Proliferation

GLI1 has been reported to be overexpressed in normal tissues and several cancer tissues
including glioblastoma (Cui et al., 2010; Lo et al., 2009), breast cancer (Cao et al., 2012; ten
Haaf et al., 2009), and pancreatic adenocarcinoma (Nolan-Stevaux et a/., 2009) among
several others. GLIZAN has expression in both normal and cancer tissues (Shimokawa et al.,
2008) whereas tGLI1 expression has only been detected in cancer tissues, glioblastoma and
breast cancer, to date (Cao et al., 2012; Lo et al., 2009). Thus, these GLI1 forms may play a
role in cancer development and progression.

Cancer can be defined as a disease of uncontrolled cellular proliferation. The GLI1 isoforms
have been shown to be involved in proliferation of cells. For example, ectopic GLI1
expression in embryonic mouse brains leads to neural tissue outgrowth (Hynes et al., 1997;
Stecca and Ruiz | Altaba, 2009). Inhibition of Shh-GLI1 signaling by cyclopamine or
SiRNA targeting of GLI1 reduces cell proliferation and tumor size (Clement et a/., 2007;
Wang et al., 2010). Epithelial expression of GLI1 leads to increases in proliferation as well
as anchorage-independent proliferation (Kimura et al., 2005; Li et al., 2006; Yoon et al.,
2002). GLI1 expression in mammary glands leads to hyperplasia and tumor formation
(Fiaschi et al., 2009) whereas knockdown of GLI1 decreases proliferation and enhances
apoptosis in inflammatory metastatic breast cancer cells (Thomas ez a/., 2011). However, the
effects of tGLI1, relative to GLI1, on tumor proliferation remain largely unknown. Our
recent study indicated that breast cancer cells expressing tGLI1 had a higher rate of
proliferation compared to cells with GLI1 (Cao et al., 2012). Our unpublished data in
glioblastoma xenografts are in support of the notion that tGLI1 promotes tumor growth to a
greater extent than GLI1.

GLI1 Isoforms and Tumor Migration and Invasion

The progression of cancer is characterized by cells acquiring an enhanced ability to migrate
to and invade adjacent tissues, both of which can precede metastasis. The SMO inhibitor
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cyclopamine can decrease melanoma cells’ ability to form lung metastases (Stecca et al.,
2007) and reduce invasiveness of prostate cancer cells (Sheng et al,, 2004). GLI1 expression
is positively correlated with tumor grade and lymph node status (Stein et a/., 1999; ten Haaf
et al., 2009; Wang et al., 2010), indicating a role for GLI1 in metastasis. Our laboratory
showed that tGLI1 had a stronger propensity than GLI1 to promote glioblastoma and breast
cancer cell migration and invasion /n vitro (Cao et al., 2012; Lo et al., 2009). Using
glioblastoma xenograft mouse model, we further showed that tumor cells expressing tGLI1
were significantly more infiltrative than those with GLI1 (Lo et a/., 2009). Subsequently,
DNA microarray analysis and biochemical validations have led us to discover CD24 as a
novel target of tGLI1 but not GLI1 and that CD24 is required for the enhanced migration
and invasion of tGLI1-expressing cells (Lo et al., 2009). Thus, the evidence to date suggests
tGLI1 to be a stronger promoter of tumor migration and invasion compared to GLI1 in two
tumor types examined to date, glioblastoma and breast cancer. It remains unknown whether
these observations can be extended to other types of human cancers.

GLI1 Isoforms and Epithelial-Mesenchymal Transition (EMT)

Another cell characteristic of epithelial-derived cancer cells is EMT, a de-differentiation
program characterized by the loss of E-cadherin (epithelial marker) and the gain of vimentin
and fibronectin (mesenchymal markers) (Yang et al., 2004). E-cadherin expression
downregulation is typically mediated by transcriptional repressors, Slug, Snail, and TWIST
(Lo et al., 2007). Different studies reported different effects of GLI1 on E-cadherin as some
indicated that GLI1 represses E-cadherin by induction of Snail (Li et a/., 2006; Louro et al.,
2002) while others showed that GLI1 promotes E-cadherin expression and redistribution
toward the cell membrane (Liao et al., 2009; Neill et al., 2008). However, reports are
consistent with GLI1 induction of other EMT markers such as Snail (Li et a/., 2006; Liao et
al., 2009; Louro et al., 2002). There has been no investigation on whether tGLI1 can affect
EMT. However, the discrepancies between studies on the role of GLI1 in EMT may be due
to unknown tGLI1 expression in some studies leading to an apparent difference in results
concerning the role of GLI1 in EMT.

GLI1 Isoforms and Tumor Angiogenesis

Progression of cancer turns on the angiogenic switch whereby tumor cells tip the balance
toward pro-angiogenic environment, via production of pro-angiogenic factors (e.g., VEGF),
which enhances tumor growth as angiogenesis is required for tumor growth beyond 2 mm in
diameter (Bergers and Benjamin, 2003). The GLI1 pathways also appear to play a role in
tumor angiogenesis as cyclopamine can reduce angiogenesis and production of pro-
angiogenic factors from pancreatic adenocarcinoma (Nakamura ef a/., 2010). Specific
knockdown of GLI1 can reduce VEGF production by glioma stem cells reducing their
ability to promote angiogenesis /n vitro (Hsieh et al., 2011). Notably, tGLI1 appears to be a
stronger inducer of angiogenesis as medium from tGLI1-expressing cells promotes a
stronger /n vitro angiogenesis response compared to GLI1-expressing cells (Cao ef al.,
2012). Further analysis revealed VEGF-A as a novel and direct target of tGLI1 but not GLI1
(Cao et al., 2012). Thus, data showing that GLI1 promotes angiogenesis by VEGF (Hsieh ef
al., 2011; Nakamura et al., 2010) may actually be due to unknown tGLI1 expression. As
mentioned above, the difference in molecular weight between GLI1 and tGLI1 is
approximately 4.5 kD and very difficult to detect. Studies assessing the role of GLI1 have
not assessed any concurrent tGLI1 expression and, thus, possibly attributing the role of
tGLI1 to GLI1. Overall, these data reinforce our initial conclusions that tGLI1 promotes an
advanced and aggressive cancer cell phenotype characterized by enhanced proliferation,
migration, invasion, and angiogenesis.
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GLI1 Isoforms and Cancer Stem Cells

The role of tGLI1 in cancer stemness is still unknown. GLI1 has been shown to be involved
in maintenance of cancer stem cells by promoting the expression of stem cell markers (e.qg.,
NANOG) in gliomaspheres and have enriched expression in mammospheres (Liu ef a.,
2006; Stecca and Ruiz | Altaba, 2009; Zbinden et al., 2010). The role of tGLI1 in the cancer
stem cell phenotype has yet to be elucidated but tGLI1 does directly induce CD24
expression, which has been shown to be necessary for both pancreatic cancer stem cells (Li
et al., 2006) and gastric cancer stem cells (Song et al., 2011) possibly indicating further roles
of tGLI1 that may have been attributed to GLI1.

GLI1 Isoforms and Therapeutic Resistance

GLI1 may be involved in promoting cancer cell resistance to chemotherapy, which is a
characteristic of aggressive cancer cells and often leads to poor patient prognosis. Glioma
patients have a positive correlation between recurrence of tumors and GLI1 expression (Cui
et al., 2010). Furthermore, addition of SMO-GLI1 pathway antagonist cyclopamine to
chemotherapy enhanced cell death and apoptosis of cancer cells compared to chemotherapy
alone (Cui et al., 2010). Clearly, the GLI1 pathway can enhance therapeutic resistance in
this setting. The effect of tGLI1 on cancer cell resistance to therapy has not been initiated.
However, considering that tGLI1 tends to promote an aggressive cancer cell phenotype, it
would be worthwhile to investigate the role of tGLI1 in cellular resistance to therapy to fully
understand the breadth of effects tGLI1 has on cancer cell behavior.

Conclusions and Future Directions

The need for reassessment of the GLI1 gene is necessary considering that recent data has
altered the paradigm for this gene. Most notably, two alternatively spliced variants have
been discovered in the GLIZAN and tGLI1 forms. The GLILAN variant has 128 amino
acids deleted at the N-terminus (Shimokawa et a/., 2008) while the tGLI1 form has only 41
amino acids deleted near the N-terminus (Lo et a/., 2009). While the GLIZAN isoform does
not yet appear to have drastically different expression pattern or gene targets compared to
GLI1 (Shimokawa et al., 2008), the tGLI1 isoform is exclusively expressed in tumor tissue
and has multiple direct transcriptional targets different from GLI1 (Cao et al., 2012; Lo et
al., 2009). These novel direct targets of tGLI1 include CD24, VEGF-A, MMP-2, and
MMP-9. All of these genes can contribute to an aggressive cell phenotype that leads to
increased tumor size, increased cell motility, increased tumor invasiveness, and increased
tumor angiogenesis with tGLI1 expression (Cao et al., 2012; Lo et al., 2009). Thus, future
directions to study the GLI1 gene and its different splice variant isoforms will require
investigation into the relative importance of these isoforms for different functions of cancer
cells and their potential clinical impact.

The precise function of tGLI1 compared to GLI1 will be an important avenue of
investigation. The difference between tGLI1 and GLI1 is 41 amino acids, which translates to
approximately 4.5 kD on a resolving gel. This minute difference in size, combined with the
fact that most commercially available antibodies detect both isoforms, indicates the
possibility that some previous functions attributed to GLI1 may have been due to tGLI1. For
example, some studies indicate that GLI1 promotes the loss of E-cadherin (Louro ef a/.,
2002) in epithelial cells promoting EMT whereas other studies indicate GLI1 may induce E-
cadherin expression (Li et al., 2006). This discrepancy could be due to unknown tGLI1
presence in one of these studies. Therefore, determining levels of tGLI1 and GLI1 is
important to fully understand the implications of similar experiments. We have optimized
both RT-PCR and SDS-PAGE conditions to effectively determine the levels of RNA
transcripts and protein, respectively. While these methods are effective, an antibody to
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specifically detect tGLI1 without GLI1 detection, and vice-versa, will further be important
to identifying levels of these two proteins in different tissues. Thus, more specific detection
strategies will be necessary to advance the understanding the role of tGLI1 and GLI1 in
cancer.

These findings are indeed exciting and suggest several other potential avenues of
investigation. First, it will be important to determine what regulates tGLI1 expression levels
and whether other members of the Shh pathway are required for its expression. Second, it
will be important to determine if any of the non-canonical pathways that lead to GLI1
expression also regulate tGLI1 levels, potentially linking several signaling pathways to a
novel mechanism for tumor progression. Third, to further understand what regulates tGLI1
levels, the precise splicing mechanisms will be important to understand as the expression of
this splicing machinery will likely regulate the expression of tGLI1 levels. Fourth, the
mechanism by which tGLI1 activates target genes will be important in identifying novel
targets of tGLI1 that potentially contribute to the aggressive phenotype of tGLI1-expressing
cells. Lastly, it will be important to measure the relative expression of GLIL/tGLI1 to
determine if patients have altered prognosis with different expression profiles and whether
these profiles have a correlation with effectiveness of broad chemotherapies as well as Shh
pathway-targeted therapies. Together this information could potentially lead to effective
patient stratification ultimately leading to more effective treatments and enhanced longevity.
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Figure 1.

Structures of the human GLI1 gene and the encoded full-length GLI11, GLI1AN, and tGLI1
isoforms. The full-length GLI1 gene is comprised of 12 exons, including the 5”-untranslated
exon 1. The GLI1 coding region spans nt +79 to +3399 with the initiating methionine codon,
ATG, at +79 in exon 2 (arrows). Exons are indicated as gray boxes while introns are shown
by lines. The known functional domains of full-length GLI1 include the degron degradation
signals (Dn and Dc; aa 77-116; 464-469), SUFU-binding domains (SU; aa 111-125 and C-
terminus) (Dunaeva et al., 2003), zinc finger domains (ZF; aa 235-387), the nuclear
localization signal (NLS; aa 380-420), and the transactivation domain (aa 1020-1091).
Alternative splicing of GLI1 RNA can lead to the deletion of exons 1-3 totaling 128 amino
acids in the N-terminus, forming the GLILAN variant. The deletion of the entire exon 3 and
part of exon 4 totaling 41 amino acids yields the tGLI1 isoform. Notably, tGLI1 retains all
the known functional domains of the full-length GLI1.
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Figure2.

GLI1 Isoforms and cancer characteristics. GLI1 is induced by Shh, Ras, TGF-$, and P13-K,
leading to induction of PTCH, NANOG, Snail, and other genes. Conversely, GLI1 is
negatively regulated by PKA and p53. GLI1 expression is linked to proliferation, EMT,
cancer stemness, and tumorigenesis. Shh can induce tGLI1 activity; however, it is unknown
whether non-shh pathways can regulate tGLI1. Like GLI1, tGLI1 induces PTCH expression.
Importantly, tGLI1 has gained the ability to transcriptionally upregulate expression of
CD24, VEGF-A, MMP-2, and MMP-9 genes, and thereby promotes migration, invasion,
and angiogenesis.
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