
Abstract. Background: Breast cancer cells frequently
metastasize to bone, where they up-regulate their expression
of the transcription factor GLI2 and the downstream osteolytic
factor parathyroid hormone-related protein (PTHrP). The
guanosine nucleotide 6-thioguanine (6-TG) inhibits PTHrP
expression and blocks osteolytic bone destruction in mice
inoculated with bone metastatic cells; however, the mechanism
by which 6-TG inhibits PTHrP remains unclear. We
hypothesized that 6-TG inhibition of PTHrP is mediated
through GLI2 signaling. Materials and Methods: Human
MDA-MB-231 breast cancer cells and RWGT2 squamous-cell
lung carcinoma cells were treated with 100 μM 6-TG and
examined for GLI2 mRNA expression and stability by Q-PCR,
promoter activity by luciferase assay, and protein expression
by Western blot. Results: 6-TG significantly blocked GLI2
mRNA and protein expression, but did not affect stability.
Additionally, 6-TG directly inhibited GLI2 promoter activity,
and when cells were transfected with constitutively expressed
GLI2, the inhibitory effect of 6-TG on PTHrP expression was
abolished. Conclusion: Taken together, these data indicate that
6-TG regulates PTHrP in part through GLI2 transcription,
and therefore the clinical use of 6-TG or other guanosine
nucleotides may be a viable therapeutic option in tumor types
expressing elevated levels of GLI proteins.

Breast cancer frequently metastasizes to bone, resulting in
bone pain, fracture and hypercalcemia. Although survival

rates remain high for breast cancer patients with localized
disease, almost 70% of all breast cancer patients who
succumb to their disease are found to have bone metastases
upon autopsy (1). Therefore, it is critical that therapeutic
options are identified to protect against breast cancer
metastasis to bone and the resulting tumor-induced osteolysis.

Upon establishment in bone, tumor cells may initiate
tumor-induced bone destruction (2), in which the tumor cells
up-regulate the expression of the Hedgehog (Hh) signaling
molecule, GLI2, and therefore enhance tumor cell secretion
of osteolytic factors, including parathyroid hormone-related
protein (PTHrP). The release of PTHrP into the tumor–bone
microenvironment contributes to increased osteoclastogenesis
and the excessive release of active transforming growth
factor-β (TGF-β) at the site of skeletal metastasis. We have
previously demonstrated that GLI2 overexpression in
osteolytic breast cancer cells increases osteolysis in vivo (3),
and that transfection with a GLI2 repressor (GLI2-Rep)
construct inhibits PTHrP mRNA expression in vitro (3, 4)
and in vivo (4). In addition, others have shown that PTHrP
inhibition by neutralizing antibody prevents tumor-induced
bone destruction in a murine model of breast cancer
metastasis to bone (5).

While the Hh ligands are thought to signal through binding
and activation of the transmembrane receptor Patched
(PTCH), which releases PTCH inhibition of the Smoothened
(SMO) receptor and leads to a downstream signaling cascade
resulting in translocation of the GLI proteins into the nucleus
(6), we have previously demonstrated that GLI2 is regulated
independently of Hedgehog signaling in osteolytic breast
cancer cells (4). However, GLI proteins have been
demonstrated to be up-regulated in a number of tumor types,
including medulloblastoma and those of the prostate,
pancreas, and lung (7), suggesting that GLI may play an
important role in tumorigenesis. Indeed, the mechanisms
resulting in GLI up-regulation can vary from inactivating
mutations of PTCH to activating mutations of SMO or
Suppressor of Fused (SUFU) (7).
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Guanosine metabolites have been clinically utilized with
varying degrees of success for many years in cancer patients,
primarily as the second or third line of treatment for acute
leukemia. These purine analogs compete with endogenous
purines for incorporation into DNA and disrupt DNA
replication and subsequent cellular proliferation (8), which
has a modest antitumor effect. 6-Thioguanine (6-TG) was
initially identified during a cell-based screen for low-
molecular weight compounds that inhibit PTHrP promoter
activation, and has been reported to elicit specific inhibitory
effects on PTHrP expression at low doses and with little
cytotoxicity (9). This same publication also reported that 
6-TG inhibits PTHrP activity in human breast cancer cells in
vitro and inhibits tumor burden and tumor-induced bone
destruction in vivo in a murine model of breast cancer
metastasis to bone (9); however, the mechanism through
which 6-TG inhibits PTHrP has not been identified.

Based on these data, we hypothesized that the inhibitory
effects of 6-TG on PTHrP occur in a Gli2-dependent manner.
In this study, we treated human osteolytic breast cancer cells
and human squamous-cell lung carcinoma cells with 6-TG and
examined GLI2 mRNA transcription and stability by real-time
reverse transcriptase-polymerase chain reaction (RT-PCR). In
addition, we transfected osteolytic breast cancer cells with a
GLI2 promoter construct and examined the ability of 6-TG to
directly inhibit GLI2 promoter activity. Lastly, GLI2 was
constitutively expressed under the CMV promoter to block the
inhibitory effect of 6-TG on PTHrP mRNA expression.

Materials and Methods

Cells. The human osteolytic breast cancer cell line MDA-MB-231
was obtained from the American Type Culture Collection
(Manassas, VA, USA), and a bone metastatic variant generated in
our laboratory was used for all in vitro experiments, as previously
published (3, 5). The human osteolytic squamous-cell lung
carcinoma cell line RWGT2 was generated by the Mundy
Laboratory (San Antonio, TX, USA), as previously published (10).
MDA-MB-231 and RWGT2 cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM; Cellgro, Manassas, VA, USA)
with 10% fetal bovine serum (FBS; Hyclone Laboratories, Logan,
UT, USA) and 1% penicillin/streptomycin (P/S; Mediatech,
Manassas, VA, USA). The murine proliferating chondrocyte cell line
TMC23 was cultured in α-MEM (Cellgro) with 10% FBS and 1%
P/S. Cells were cultured at 37˚C with 5% CO2 and 95% O2.

6-TG treatment. Cells were plated at a density of 5.0×104 per well in
a 24-well plate, 7.2×105 per well in a 6-well plate, or 1.24×106 per
well in a T25 flask 16-24 hours prior to treatment. Cells were
washed once with serum-free DMEM, and 6-TG (Sigma-Aldrich, St.
Louis, MO, USA) was added to cells at 100 micromolar (μM) -1
millimolar (mM) in DMEM supplemented with 10% FBS and 1%
P/S and incubated for 2, 4, 8, or 24 h. 

Transfection of CMV-GLI2-GFP/pGL3/Gli2/PTHrP promoter. The
CMV-GLI2-GFP construct was kindly provided by Dr. Rune

Toftgard (11) (Karolinska Institute, Huddinge, Sweden). The GLI2
WT, mSmad and mTCF promoter constructs were kindly provided
by Dr. Sylvianne Dennler (12) (INSERM, Paris-Diderot University,
Paris, France). Cells were plated at a density of 5.0×104 per well in
a 24-well plate (pGL3/GLI2/PTHrP promoter constructs) or 1.8×106

in a T25 flask (CMV-GLI2-GFP) 16-24 hours prior to transfection.
Cells were transfected with 5 μg of construct. All transfections were
performed using LipofectAMINE Plus (Invitrogen, Carlsbad, CA,
USA) reagent per the manufacturer’s instruction. For the CMV-GLI2-
GFP studies, successfully transfected cells were selected by medium
containing 800 μg/ml geneticin (G418) 48 h post-transfection. For
promoter studies, cells were harvested for luciferase assay 24 h post-
transfection, per manufacturer’s instructions (see Luciferase assay).

Western blotting. Cells were harvested into a radio-
immunoprecipitation assay (RIPA) lysis buffer containing a cocktail
of protease inhibitors (Roche, Basel, Switzerland). Equal protein
concentrations were prepared for loading with Laemmli sample
buffer and run on sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) Mini-Protein II ready gels (Bio-Rad,
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Figure 1. Low-dose treatment of 6-TG does not alter viability of
osteolytic tumor cells. Osteolytic tumor cells were treated with 100
micromolar (μM) 6-TG for 24 hours. Treatment did alter tumor cell
viability via MTS assay of (A) MDA-MB-231 human osteolytic breast
cancer cells, nor of (B) RWGT2 human osteolytic squamous-cell lung
carcinoma cell line. Values are the mean±standard error (n=4). No
significant differences in data were detected using unpaired t-test.
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Figure 2. 6-TG reduces GLI2 and PTHrP expression at multiple time points in osteolytic tumor cells. Osteolytic tumor cells were treated with 
100 μM 6-TG for either 24 or 48 h and GLI2 and PTHrP mRNA expression was determined at each time point. A: MDA-MB-231 breast cancer cells,
RWGT2 squamous-cell lung carcinoma cells, and TMC23 proliferating chondrocytes exhibited reduced GLI2 expression at both 24 and 48 h after
treatment when compared to purine treatment. B: As a control, PTHrP expression was examined following 6-TG treatment and was found to be
down-regulated in MDA-MB-231 cells. C: MDA-MB-231 breast cancer cells were treated in a time-course experiment to determine the earliest time
point at which 6-TG has a significant effect on GLI2 and PTHrP mRNA expression. Values are the mean±standard error (n=3/column), and p-values
were determined using unpaired t-test. *p<0.05, **p<0.01, ***p<0.001. D: GLI2 protein expression was examined by Western blot following 24 h
treatment with 100 μM 6-TG. 



Hercules, CA, USA). Separated proteins were then transferred to
polyvinylidene fluoride (PVDF) in transfer buffer [25 millimolar
(mM) Tris, 192 mM glycine, 20% (v/v) methanol (pH8.3)] at 100
V at 4˚C for 1 h. Membranes were blocked with 1×TBS containing
1% bovine serum albumin (BSA) and 1% milk for 1 h at room
temperature and incubated with a 1:200 dilution of the GLI2
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) in
blocking buffer for 1 h at room temperature. The membrane was
washed with 1×TBS plus 1% Tween 20 (1×TBST) and signal was
detected using an enhanced chemiluminescence system (Amersham,
Piscataway, NJ, USA). Membrane was stripped using Restore
Western Blot Stripping Buffer (Thermo Scientific, Rockford, IL,
USA), washed with 1×TBST, and re-probed with a 1:5,000 dilution
of β-actin antibody (Sigma-Aldrich) as a loading control.

Quantitative real-time RT-PCR (Q-PCR). PTHrP, GLI2, and 18S
mRNA expression were measured by Q-PCR. After 48 h incubation,
RNA was extracted from cells using RNeasy Mini Kit (QIAgen,

Valencia, CA, USA), per manufacturer’s instructions. cDNA was
synthesized from 1-5 μg of total RNA using SuperScript III First-
Strand Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA,
USA) and random hexamers, per manufacturer’s instructions. cDNA
was serially diluted to create a standard curve, and for TMC-23
samples, was combined with SYBR Green PCR Master Mix (Applied
Biosystems, Carlsbad, CA, USA) and GLI2, PTHrP, or GAPDH
primers, as previously published (13). MDA-MB-231 and RWGT2
cDNA was combined with TaqMan Universal PCR Master Mix
(Applied Biosystems, Carlsbad, CA, USA), and primer: TaqMan
PTHLH (Hs00174969_m1), TaqMan GLI2 (Hs00257977_m1), or
TaqMan Euk 18S rRNA (4352930-0910024; Applied Biosystems).
Samples were loaded onto an optically clear 96-well plate (Applied
Biosystems) and the Q-PCR reaction was performed under the
following cycling conditions: 50˚C for 2 min, 95˚C for 10 min, (95˚C
for 15 s, 60˚C for 1 min) ×40 cycles on a 7300 Real-Time PCR
System (Applied Biosystems). Q-PCR reactions were quantified using
the 7300 Real-Time PCR Systems software (Applied Biosystems).
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Figure 3. 6-TG effects on GLI2 expression are independent of mRNA stability. Osteolytic tumor cells were first treated with 100 μM 6-TG or purine
control for 2 hours, then tumor cells were treated with 0.8 μM actinomycin D and harvested at various time points for RNA from MDA-MB-231 breast
cancer cells, (A) or RWGT2 squamous-cell lung carcinoma cells (B). Plot points indicate average mRNA expression normalized to 18S as a percentage
of the mean at zero hour, and regression lines indicate overall trend of mRNA expression. Regression equations for 6-TG and purine are represented on
the upper and lower half of each graph, respectively. Values are the mean±standard error (n=3/time point), and p-values were determined using unpaired
t-test. P-values indicate significant difference between purine and 6-TG treatment groups at individual time points. *p<0.05, **p<0.01, ***p<0.001.



Cell proliferation assay. To measure in vitro cell proliferation by 3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS) assay, 2,000 cells/well were
plated in 96-well plates and growth was measured at days indicated
using the CellTiter 96Aqueous Non-Radioactive Cell Proliferation
Assay (Promega, Madison, WI, USA) per manufacturer’s
instructions. 

mRNA stability. To determine if the effect of 6-TG is through
inhibiting transcription or reducing mRNA stability, confluent cells
were treated with either 6-TG or purine as a control (see 6-TG
treatment above). Actinomycin D [0.8 micromolar (μM)], a
transcription inhibitor, was added 2 h after 6-TG treatment. Total
RNA was extracted 0-10 h after treatment and mRNA quantitative
analyses were performed by Q-PCR as described above. 

Luciferase assay. Following successful transfection and 24 h 6-TG
treatment, cells were rinsed once with 1×PBS and directly lysed
with 100 μl 1×Passive Lysis Buffer (Promega, Madison, WI,
USA). Cells were subjected to at least one freeze–thaw cycle to
complete lysis. Relative luminescence of cell lysate was
determined using Luciferase Assay Reagent II (Promega) and Stop
and Glo Buffer (Promega), per manufacturer’s instructions, and
performed on a Synergy 2 plate reader and luminometer (BioTek,
Winooski, VT, USA). 

Statistical analyses. All assays were performed in triplicate, and
results were verified in subsequent experiments. All statistical
analyses were performed using InStat version 3.03 software
(GraphPad Software, Inc., La Jolla, CA, USA). Values are presented
as mean±standard error of the mean (SEM), and p-values
determined using unpaired t-test, where *p<0.05, **p<0.01,
***p<0.001 unless otherwise stated.

Results

Low doses of 6-TG do not inhibit cell proliferation. It has
previously been shown that low doses of 6-TG specifically
inhibit PTHrP in tumor cells, but do not alter tumor growth
in vivo (9). In order to more directly examine the effect of
low-dose 6-TG treatment on tumor cell growth, we
determined whether the general cytotoxic effects of 6-TG
were abolished at low-dose treatment in vitro. In order to
determine the effect of low dose 6-TG on cell proliferation,
MDA-MB-231 or RWGT2 cells were treated with 100
micromolar (μM) 6-TG and examined for changes in cellular
metabolism via MTS assay. We found that at low doses, 
6-TG does not inhibit tumor cell growth of MDA-MB-231
(Figure 1A) or RWGT2 cells (Figure 1B), indicating that the
effects of 6-TG on PTHrP are not due to changes in cell
proliferation. 

6-TG exhibits inhibitory effects on GLI2 mRNA and protein
expression. We have previously demonstrated that both
RWGT2 and MDA-MB-231 cells express detectable levels
of GLI2, and that TMC23 cells express GLI2 and the Hh
signaling receptors Patched and Smoothened (3). Since it is
well-established that GLI2 regulates PTHrP in some
osteolytic breast cancer cells (3, 4), we rationalized that 
6-TG may therefore inhibit PTHrP through GLI2 regulation.
To determine the effect of 6-TG on GLI2 and PTHrP mRNA
expression in tumor cells, we treated MDA-MB-231 human
breast cancer cells, RWGT2 human squamous-cell lung
carcinoma cells, and control TMC23 proliferating
chondrocytes with 100 μM 6-TG and harvested cells after 24
or 48 h for RNA, which was reverse transcribed for Q-PCR.
We found that 6-TG significantly inhibited expression of
GLI2 and PTHrP mRNA in MDA-MB-231 cells at both 24
and 48 h post-treatment, and modestly inhibited these in
RWGT2 and control TMC23 cells (Figure 2A and B), and
these effects were observed as early as 4 h post-treatment in
MDA-MB-231 cells (Figure 2C). To determine whether 
6-TG also has inhibitory effects at the protein level, we
analyzed MDA-MB-231 and RWGT2 cell lysates by Western
blot for GLI2 protein expression. We found that 6-TG
treatment reduced GLI2 protein expression (Figure 2D) in
both MDA-MB-231 and RWGT2 cells, indicating that 6-TG
functions at multiple levels to inhibit GLI2 expression.

6-TG does not affect mRNA stability at low dose. Since
previous reports show that 6-TG inhibits steady-state PTHrP
mRNA expression at later time points of incubation (9) and
our data suggest that 6-TG inhibits GLI2 mRNA expression,
we also determined its effects on mRNA stability. MDA-MB-
231 and RWGT2 cells were treated with the transcriptional
inhibitor actinomycin D as previously described (14) two
hours post-6-TG treatment and cells were harvested every two
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Figure 4. 6-TG directly inhibits GLI2 promoter activation. MDA-MB-
231 cells were transfected with GLI2 wild-type (WT), SBE mutant (mS),
or TBE mutant (mT) promoter constructs and treated with 1 millimolar
(mM) 6-TG or purine for 24 hours. Control cells were transfected with
pGL3 and also treated with 1 mM 6-TG. Values are the mean±standard
error (n=3/column), and p-values were determined using unpaired t-
test. *p<0.05, **p<0.01, ***p<0.001.



hours for RNA and subsequent reverse transcription for real-
time PCR. We found that 6-TG treatment had no effect on
GLI2 or PTHrP mRNA degradation in either MDA-MB-231
breast cancer cells (Figure 3A) or RWGT2 squamous-cell
lung carcinoma cells (Figure 3B). Indeed, the data indicated
that there may in fact be a slight trend towards enhanced
PTHrP and GLI2 mRNA stabilization in the presence of 6-
TG. Although the effects of actinomycin D in blocking
transcription are not specific for GLI2, these data exclude the
possibility that 6-TG blocks expression of GLI2 and PTHrP
through a post-transcriptional effect, and strongly suggest that
the specific inhibitory effect of 6-TG on GLI2 and PTHrP
indeed occurs at the transcriptional level.

6-TG directly reduces GLI2 promoter activity. Since our
work has demonstrated that 6-TG inhibits GLI2 expression
and leads to PTHrP inhibition, we determined whether 6-TG
directly regulates GLI2 promoter activity using a GLI2
promoter construct (12). MDA-MB-231 cells were
transiently transfected with the GLI2 promoter construct and
harvested for luciferase assay 24 hours following 6-TG
treatment (1 mM). We found that 6-TG significantly
inhibited GLI2 promoter activity when compared to MDA-
MB-231 cells expressing a control vector pGL3 (Figure 4).
Recent reports have indicated that the GLI2 promoter

contains a SMAD-binding element (SBE) and T-cell factor
(TCF)-binding element (TBE), indicative of both TGF-β and
β-catenin signaling regulation of GLI2 transcription (12).
Interestingly, 6-TG inhibited the GLI2 promoter even when
the SBE or TBE was mutated (Figure 4), suggesting that
these elements are not essential for 6-TG regulation of GLI2. 

Circumventing the GLI2 promoter abrogates 6-TG inhibitory
effect on PTHrP transcription. In order to determine whether
GLI2 acts upstream of PTHrP to elicit 6-TG inhibitory effects
on transcription, we reasoned that the blockade of the GLI2
promoter should prevent 6-TG inhibition of PTHrP mRNA
expression. We therefore transfected MDA-MB-231 cells with
a GLI2 construct constitutively expressed under the CMV
promoter. Since we have shown that 6-TG regulates GLI2
expression at the mRNA level, 6-TG treatment should affect
endogenous GLI2, but will be unable to inhibit GLI2
expressed under a constitutive promoter such as CMV (Figure
5A). Therefore, constitutive expression of GLI2 should
prevent the inhibitory effects of 6-TG on PTHrP expression
that work through stimulation of the GLI2 promoter.
Following transfection with CMV-GLI2 and 6-TG treatment,
we found that PTHrP mRNA expression was no longer
affected by 6-TG in the MDA-MB-231 cells overexpressing
GLI2 under control of the CMV promoter (Figure 5B). 
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Figure 5. Endogenous GLI2 promoter is required for 6-TG inhibitory effects on PTHrP expression. A: Diagram indicating MDA-MB-231 cells were
transfected with a GLI2 expression vector under control of a constitutively active CMV promoter or an empty vector as a control. B: PTHrP mRNA
expression in MDA-MB-231 cells when GLI2 was constitutively expressed under the CMV promoter. Cells were treated with 100 μM 6-TG or purine
as a control. Values are the mean±standard error (n=3/column). No significant differences in data were detected using unpaired t-test.



Discussion

While previous studies have shown that low doses of 6-TG
specifically inhibit PTHrP (9), the detailed mechanism by
which this occurs was previously unknown. We have shown
that in osteolytic breast tumor cells, PTHrP promoter
activation and secretion is mediated at least in part through
the Hedgehog signaling molecule GLI2 (3). We therefore
reasoned that the specific effects of 6-TG on PTHrP may be
due to regulatory effects on GLI2 expression in tumor cells. 

Since our data and that of others suggests that low doses of
6-TG do not elicit significant cytotoxic effects on osteolytic
tumor cells, we examined the effects of 6-TG on GLI2
expression, and, more importantly, determined the direct effect
of low dose 6-TG on GLI2 promoter activation. Our data
indicate that 6-TG not only inhibits GLI2 expression and
promoter activity, but is unable to inhibit PTHrP expression
when GLI2 is constitutively expressed. This holds clinical
implications, since the GLI proteins are often found to be up-
regulated in tumors of different origins (7).

While we have demonstrated that 6-TG targets GLI2
mRNA and protein expression, it remains unclear whether 6-
TG directly targets GLI2, or if the effects of 6-TG on GLI2
are driven by signaling upstream of GLI2. An essential role of
GLI2 is regulating PTHrP expression and subsequent
osteolysis by tumor cells, which underlines the importance of
finding the mechanism through which GLI2 transcription is
activated. For example, our group and others have previously
published that TGF-β signaling plays a key regulatory role in
GLI2 transactivation (4, 12, 15). Our data presented in Figure
4 are in serum-free conditions, and do not contain excess
human TGF-β1, which elevates GLI2 promoter activity above
basal levels; however, when we repeated this experiment in the
presence of recombinant human TGF-β1, we saw similar
results (data not shown), suggesting that there are TGF-β
independent pathways regulating GLI2 and downstream
PTHrP. Indeed, it is likely that there are mechanisms that
regulate 6-TG effects on PTHrP other than via GLI2 alone.

Interestingly, previous work by our group indicated that 6-
TG affects steady-state PTHrP mRNA expression (9);
however, the data presented here suggest that GLI2 and
PTHrP mRNA are not in fact de-stabilized in the presence of
6-TG, but rather that 6-TG treatment may cause a modest
increase in GLI2 and mRNA stability in MDA-MB-231 cells.
Despite this effect, PTHrP and GLI2 mRNA expression levels
are down-regulated in the presence of 6-TG, suggesting that
6-TG overcomes mRNA stabilization to dramatically inhibit
transcription. These data were surprising considering our
previously published data with 6-TG and PTHrP mRNA
stability (9), but we believe these differences stem from the
techniques used in determining mRNA stability, namely the
measurement of steady-state mRNA expression (9) versus
that on actinomycin D treatment. Differences may also be

attributed to variance in time points, since our group
previously focused on later time points (48 h) for steady-state
mRNA expression (9). 

Given the clinical success of 6-TG treatment in cancer such
as leukemia, and that 6-TG appears to specifically inhibit GLI2
upstream of PTHrP, the use of 6-TG against tumor types in
which GLI2 is up-regulated may be a potential therapeutic
option. GLI proteins have been demonstrated to be up-regulated
in a number of tumor types, including medulloblastoma and
those of the prostate, pancreas, and lung, suggesting that GLI2
may play an important role in tumorigenesis (7). However, due
to the cytotoxic and off-target effects of 6-TG in the clinical
setting, other groups are investigating alternative guanidine-
related compounds (16). Similar to 6-TG, these drugs are
effective inhibitors of PTHrP, but the mechanism has not been
investigated. It is likely that these drugs work in part through
GLI2 inhibition, similar to 6-TG. However, in vitro they appear
more potent and possibly more specific to PTHrP (16).

Taken together, our data indicate that low-dose 6-TG effects
on PTHrP are driven at least in part though GLI2 inhibition,
and are independent of tumor cell growth. Therefore, GLI2
inhibition by low-dose 6-TG may be a novel therapy in cancer
patients expressing elevated levels of GLI proteins.
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