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ABSTRACT

Background: The canonical Wnt signal transduction or the Wnt/B-catenin
pathway plays a crucial role in both carcinogenesis and development of
animals. Activation of the Gaq class of Ga proteins positively regulates
Wnt/B-catenin pathway, and expression of Gaq in HEK293T cells or Xenopus
oocytes leads to the inhibition of GSK-33 and cellular accumulation of -
catenin. This study investigated whether Gag-mediated cellular
accumulation of B-catenin could affect the transcriptional activity of this
protein.

Methods: HEK-293T and HT-29 cells were used for cell culture and
transfection. Protein localization and quantification were assessed by using
immunofluorescence microscopy, cell fractionation assay, and Western
blotting analysis. Gene expression at the transcription level was examined by
quantitative reverse transcriptase/real-time PCR method.

Results: Transcription of two cellular B-catenin target genes (c-MYC and
CCND1) and the B-catenin/TCF reporter luciferase gene (TopFlash plasmid)
significantly increased by Gaq activation. The Gag-mediated increase in the
expression level of the B-catenin-target genes was sensitive to the expression
of a minigene encoding a specific Gaq blocking peptide. The results of cell
fractionation and Western blotting experiments showed that activation of
Gagq signaling increased the intracellular B-catenin protein level, but it
blocked its membrane localization.

Conclusion: Our results reveal that the Gag-dependent cellular
accumulation of B-catenin can enhance B-catenin transcriptional activity.
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INTRODUCTION cross-talk between the components of two or more

signaling pathways. Both the heterotrimeric G protein

pecificity in signal transduction pathway is  and canonical Wnt/B-catenin signaling pathways play
mediated through many known and unknown essential roles in various cellular processes and
mechanisms. One of these mechanisms is the deregulation of these pathways leads to abnormalities in
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animal development, as well as many human diseases,
including cancerst*-3l,

Activation of the canonical Wnt signaling pathway
initiates by interacting the Wnt glycoproteins with the
Frizzle/LRP5 receptors. While the mechanism of this
pathway is still not well understood, its activation results
in the inhibition of GSK activity and stabilization of
cellular B-catenin protein™2, Translocation of B-catenin
into the nucleus and its interaction with the TCF/LEF
transcription factors leads to the transcriptional
regulation of the genes involving in diverse cellular
processes. In addition, p-catenin has an important role
in maintaining epithelial tissues by interacting with the
cadherin cell-cell adhesion proteins(*®l,

Given the structural similarity between GPCRs and
Frizzled receptors in terms of possessing a heptahelical
transmembrane domainll, the possibility of regulating
Whnt signaling by heterotrimeric G-proteins has been
investigated by several researchers who demonstrated
that heterotrimeric G-proteins regulate both canonical
and non-canonical Wnt signaling pathways!®11,
Formerly, we have also shown that activation of the Gaq
class of G proteins in two different cell systems
(Xenopus oocytes and HEK293T cells) leads to the
inhibition of GSK activity and accumulation of f-
catenin in the cell membranel*?3],

In this study, we have examined whether the Gag-
mediated increase in cellular B-catenin protein level
affects the pB-catenin-dependent gene transcription.
Consistent with our previous results, we herein showed
that Gaq signaling induces the transcription of the B-
catenin target genes. Moreover, we provided
preliminary results supporting that Goaq signaling
increases the intracellular B-catenin level, at least
partially, by inhibiting the membrane localization of this
protein.

MATERIALS AND METHODS

Cell culture and transfection

HEK293T and HT-29 cells were respectively grown
in DMEM and RPMI 1640 medium supplemented with
10% FBS and antibiotics (100 pg/ml of streptomycin
and 100 U/ml of penicillin) in 5% CO. at 37 °C.
HEK293T cells are responsive to the canonical Wnt
signaling and have therefore been used extensively by
the researchers in the field of Wnt signaling pathways.
At 60% confluency, the medium of HEK-293T cells was
replaced with the fresh medium, and then two hours
later, the cells were transfected with the expression
plasmids. The standard calcium phosphate protocol was
used for transfection™3]. Six hours post transfection, the
medium was changed, and 48 hours later, the cells were
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harvested. The cell pellets were used directly or stored
at -70 °C until use. Treatment of cells with carbachol
(100 puM) or thrombin (0.5 U/ml) was performed 3 and
10 hours before the cell harvest, respectively.

Cell fractionation and Western blotting analysis
Isolation of cytoplasmic and membrane proteins from
HEK293T cells, as well as measurement of protein
concentration, were performed as described beforel3l,
Briefly, the cells were suspended in a buffer containing
50 mM of Tris-HCI (pH 7.8), 100 mM of NaCl, 2 mM
of EDTA, 1 mM of DTT, 0.5 mM of PMSF, 1.5 uM of
pepstatin A and lysed by passing them 25 times through
a 27-gauge needle. The lysates were centrifuged at
maximum speed in a refrigerated microfuge (15.339 xg)
for 15 min, and the supernatants containing the
cytoplasmic proteins were transferred to a new tube and
stored at -70 °C until use. The pellet containing
membrane proteins was rinsed using the above-
mentioned buffer and centrifuged, accordingly. The
washed pellet was dissolved in 120 pl of 50 mM of Tris-
HCI (pH 7.8), 100 mM of NaCl, 1 mM of EDTA, 1 mM
of DTT, 2% SDS, 100 mM of B-mecaptoethanol, 10%
glycerol, 0.5 mM of PMSF, and 1.5 uM of pepstatin A.
The suspension was heated in a 95 °C water bath for 4
min, vortexed and heated again at 95 °C for 3 min. The
suspension was centrifuged (15.339 xg) at RT for 30
min, and the supernatant was preserved as membrane
proteins. Protein concentration was measured using a
previously described method!*4l. To this end, 20 pug of
proteins from each fraction was separated by SDS-
PAGE (8%) and transferred to a nitrocellulose
membrane. Following electrical transfer, the gel was
stained with Coomassie blue overnight to verify transfer
efficiency. The membrane was washed using TBS (25
mM of Tris-HCI [pH 7.5], 137 mM of NaCl, and 2.7
mM of KCI) for 15 min and incubated in fat-free milk
5% (in TBS) at RT for 1 hour to block the nonspecific
binding. The blot was then incubated with a polyclonal
primary antibody against 3-catenin at a 1:1000 dilution
at RT for 1 hour. The blot was again washed four times
(1, 5, 10, and 15 min, respectively) with TBS and
incubated for another one hour with horseradish
peroxidase-labelled goat anti-rabbit 1gG (1:1000
dilution) at RT. The membrane was finally washed in
TBS for 15 min, and the antigen-antibody complex was
visualized using an ECL detection kit (Pierce, USA).

Indirect immunofluorescence

Indirect immunofluorescence experiments were
performed as described previously™. In summary,
HEK?293T cells grown on glass coverslips were washed
in PBS, fixed in 4% paraformaldehyde and
permeabilized in 0.2% Triton X-100 in PBS for three
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minutes. The coverslips were washed with PBS and then
incubated in blocking buffer (3% BSA) for 30 min
before being incubated in a 1:500 dilution of B-catenin
antibody at RT for 1 h. The coverslips were again rinsed
three times (10 min each) in PBS and then incubated
with FITC-conjugated secondary antibody (1:250) at
RT for 1 h. The coverslips were finally washed and
visualized by a fluorescence microscope (Zeiss,
Germany).

Quantitative reverse transcriptase and real-time
PCR experiments

HEK293T cells were harvested 48 hours post
transfection with Trypsin/EDTA (0.53 mM of EDTA
and 0.05% [w/v] Trypsin in PBS) and washed twice with
cold PBS. Total RNA was extracted from the cell pellets
using the RNX-Plus kit (CinnaGen, Tehran, Iran) as
described by the supplier. Next, 2 pug of RNA was
treated with 1 U of DNase I in a total volume of 10 pl at
37 °C for 30 min. The DNase enzyme was inactivated
in 2.5 mM of EDTA at 65 °C for 10 min, and then the
reaction was used for reverse transcription by adding
200 U of reverse transcriptase enzyme (Fermentase,
USA), 1x RT buffer, 20 U of RiboLock RNase
Inhibitor, 1 mM of dNTP mix, and 0.2 pg of random
hexamer primer in a total volume of 25 pul. PCR
amplification was performed on 1 pl of the reverse
transcription reaction using 30 pmol of each primer and
2.5 U of Tag polymerase in a total volume of 25 pl. The
amplification protocol included denaturating at 95 °C
for 60 s, annealing (GAPDH and c-MYC at 59 °C,
CCND1 at 57 °C, and luciferase at 62 °C) for 60 s, and

extension at 72 °C for 60 s. The 30 cycles of PCR were
followed by a final extension at 72 °C for 10 min. PCR
products were separated on a 1% agarose gel and
visualized by ethidium bromide. The results of RT-PCR
experiments were quantified by the Image J software.
Real time-PCR experiments were performed using the
QuantiFast™ SYBR Green PCR Master Mix kit
(Qiagen, Germany) under the following programs:
initial denaturation at 95 °C for 5 min, followed by 40
cycles of denaturation at 95 °C for 15 s, annealing at 60
°C for 25 s, and extension at 72 °C for 25 s. For each 10
ul reaction, 1 pl of complementary DNA (100 ng) was
used with 1 pl of each primer (1.0 uM) plus 5 pl of
SYBR Green | Master Mix on a real-time thermo cycler
Rotor Gene 6000 (Qiagen). Analysis was performed
using Corbett rotor-gene 6000 software based on the
comparative Ct method. The relative amount of the
target gene expression was quantified relative to the
reference gene (GAPDH) expression. The primers are
listed in Table 1.

Statistical analysis

All the experiments were repeated at least three times.
The data were expressed as means + SE. Statistical data
analysis was performed using SPSS 16.0 and Prism 8
software. Unpaired student t-test and one-way ANOVA
were used for comparing the groups. To compare
differences in gene expression between the groups,
nonparametric Kruskal-Wallis H and Mann-Whitney U
tests were applied. p values < 0.05 was considered
statistically significant.

Table 1. Oligonucleotide primers used for RT-PCR and real-time PCR experiments

Gene Primers

F: 5’ CCA GGT GGT CTC CTC TGA CTT CAA CAG 3’
R: 5 AGG GTC TCT CTC TTC TTC CTC TTG TGC TGC 3’
GAPDH F: 5" AAG GTG AAG GTC GGA GTC AAC 3’

R: 5’ GGG GTC ATT GAT GGC AAC AATA 3’

15 TTC CTC TCC AAAATG CCAG 3’

E
R:5° AGA GAT GGA AGG GGG AAAGA ¥
F: 5 GAG GGT TGT GCT ACA GAT GA 3’

R: 5> CGC CTC CTT TGT GTT AAT GC 3’

: 5" CACCAA CAGGAACTATGACC 3
15 CGC AGA TGA AACTCT GGTTC 3’
:5"GGC TCC TGG CAAAAGGTCA Y

15" AGT TGT GCT GAT GTG TGG AGA 3°

F:5° CTC ATA GAA CTG CCT GCG TG 3’

CCND1
F
R
c-MYC F
R
luciferase

R: 5’ GGC GAA GAA GGA GAA TAG GG 3°

F, forward primer; R, reverse primer. When two pairs of primers were designed for
gene amplification, the underlined primers were used specifically for real-time PCR

experiments.
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RESULTS

Activation of Gaq signaling increases the expression
of p-catenin target genes

To evaluate B-catenin transcriptional activities, we
selected two native cellular genes, CCND1 (the cyclin
D1-encoding gene) and c-MYC plus the reporter
luciferase gene cloned into the TopFlash plasmid!*®l,
Although it has been shown that the mentioned genes
are responsive to the B-catenin/TCF complex[*>18l we
measured their transcription in the presence and absence
of exogenous B-catenin to further verify that the
expression of the chosen genes can be induced by f-
catenin (Fig. 1A). We have previously shown that the
expression of Gaq or activation of the endogenous Gaq
increases intracellular B-catenin protein level'213],
Therefore, we initially used quantitative reverse
transcriptase PCR to test whether Goq expression
affects the transcription of the B-catenin target genes or
not. As shown in Figure 1B, the expression of Gaq
increased the transcription of the target genes (luciferase
[p = 0.014], c-myc [p = 0.037], and CCND1 [p = 0.1])
by about two-fold. This increase was blocked by the
expression of a Gaq minigene, which encodes a short
peptide corresponding to the C-terminal 11 amino acids
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of Gagq. The specificity of this peptide in blocking Gaq
has previously been verified[1319201, We then examined
if endogenous Goq activation could induce B-catenin
target gene expression. In this regard, we treated
HEK293T cells with thrombin or carbachol. Thrombin
is a known agonist for PAR1, a GPCR that preferentially
couples to Gq[?4. Carbachol is a cholinergic agonist that
activates M1/3 muscarinic acetyl choline receptors, the
GPCRs that also couple to Gql??. We have previously
shown that treatment of HEK293T cells with these two
agonists leads to more than two-fold increase in the
cellular protein level of B-catenin®3l. Treatment of
HEK?293T cells with these agonists (0.5 U/ml thrombin
or 100 uM carbachol) did not significantly change the
expression of the B-catenin target genes (Fig. 2A).
Expression of the reporter luciferase gene was also not
affected by the treatment of these cells with carbachol
(data not shown). Although there are reports that
HEK?293T cells endogenously express both PAR1 and
muscarinic receptorsf?3241, the expression levels may not
be sufficient to induce Gag-mediated B-catenin
transcriptional activity. To verify this assumption, we
used HT-29 colon cancer cells, which express higher
levels of several Gg-coupled GPCRs including PAR1,
as compared to the corresponding normal cells?®l, As

Gaq Gaqg/mq

4
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O vector
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CCND1

Luciferase

Fig. 1. (A) HEK293T cells were transfected with empty vector (V) or the B-catenin-encoding plasmid and used for RT-PCR
experiments to amplify the c-MYC, CCND1, luciferase, and GAPDH genes. The Topflash plasmid, carrying several B-catenin/TCF target
elements, was employed to measure the expression of the reporter luciferase genel#l. The top panel (W) is the result of a Western blot
experiment, showing the expression of exogenous f-catenin; (B) Expression of two native -catenin target genes (CCND1 and c-MYC)
and the B-catenin-responsive luciferase gene in HEK293T cells transfected with the nonrecombinant (v), Gag, and mq plasmids. Fourty
eight hours post transfection, RT-PCR assay was performed. Gag and mq represent the plasmids encoding Gaq and the Gaq blocking
peptide, respectively. The chart shows the average of three independent experiments (" p < 0.05 and ™ p < 0.1). The result of one of the
RT-PCR gels is shown above the chart. VV; nonrecombinant vector
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Fig. 2. HEK293T (A) or HT-29 (B) cells were treated with 0.5 U/ml of thrombin (10 h) or 100 uM of carbachol (3 h) and used for
real time-PCR experiments to measure the expression of the c-MYC and CCND1 genes. The charts represent an average of three

*kK

independent experiments (

shown in Figure 2B, while treatment of HT-29 cells with
carbachol slightly increased CCND1 and c-MYC gene
transcription, the thrombin treatment led to about 2- to
2.5-fold increase in the expression of these two genes
(Fig. 2B).

Activation of Gaq signaling appears to block
B-catenin cell membrane localization

As shown in Figure 3, in HEK293T cells, p-catenin is
mainly present in the cell membrane and the expression
of Gogq in these cells has no effect on the membrane-
localized p-catenin. However, it was interesting to
examine the membrane localization of B-catenin when
this protein was co-expressed with Gog. Therefore, we
took advantage of an available B-catenin expression
construct producing a Myc-tagged version of the
protein. The tagged B-catenin protein had a molecular
weight of about 110 kDa, 22 kDa larger than that of the
wild type native B-catenin (88 kDa) and, therefore, the
two forms of the protein could be observed on the blot.
The results of cell fractionation and Western blotting
experiments showed that when the Myc-tagged p-
catenin was expressed in the cells, most of the proteins
were localized in the cytoplasm. The protein was also
well-localized to the plasma membrane, showing that
the 22 kDa Myc tag peptide does not inhibit the
membrane localization of B-catenin (Fig. 4A). When
Gogq was co-expressed with the Myc-tagged p-catenin,
although the total amount of the tagged p-catenin
increased in the cell (Fig. 4B), the membrane level of
this exogenous p-catenin clearly decreased (Fig. 4C).

DISCUSSION
We have previously reported that activation of the
Gag class of Ga proteins inhibits GSK activity, which
in turn increases the intracellular level of B-catenin

proteinl*314, However, it has not before been examined

Iran. Biomed. J. 27 (4): 183-190

p < 0.001 for thrombin vs. non-treated cells [NT]).

whether the Gag-mediated increase in the B-catenin
protein level affects the p-catenin-mediated gene
transcription. Therefore, in this study, we attempted to
find the answer to this question. For gene expression
experiments, two native cellular p-catenin target genes
(c-MYC and CCND1) plus the reporter luciferase gene
(under control of the TCF/LEF-binding elements,
pTopflash) were selected™]. As we intended to assess
B-catenin transcriptional activity, RT-PCR (quantitative
and real-time PCR) experiments were used to measure
the luciferase gene transcription. Altogether, our results
clearly showed that the Gag signaling activation
induced B-catenin transcriptional activity.

In this study, we also found that the Gaq activation
could inhibit B-catenin membrane localization (Fig. 4).
This is a very interesting preliminary observation, which
definitely needs further investigation. Upregulation of

Vector

Fig. 3. HEK-239T cells transfected with empty vector or Gag-
encoding plasmid and used for immunofluorescence microscopy
experiment using f-catenin antibody.
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Fig. 4. HEK293T cells transfected with a Myc-tagged p-catenin-encoding plasmid (A) with or without the Gag-encoding plasmid
(B). Fourty eight hours post transfection, the cells were collected, fractionated and used for Western blotting experiments. (C) HEK293T
cells were transfected with B-catenin-encoding plasmid alone or together with the Gag-encoding plasmid. Total cellular proteins were
extracted 48 h post transfection and used for Western blotting analysis. Exo, exogenous; endo, endogenous

[B-catenin through Gag signaling has also been reported
by other researchers. In this regard, it has been shown
that Frizzledl-mediated differentiation of F9
teratocarcinoma cells (a process that requires -
catenin/TCF-LEF pathway) is dependent on Gaq
signaling. Furthermore, it has been reported that
treatment of F9 teratocarcinoma cells with Wnt-3a
activates a  Gag-mediated  phosphatidylinositol
signaling, which results in generating inositol
polyphosphates such as IP5[1°, Evidence has suggested
that transient accumulation of IP5 inhibits GSK-3p and,
therefore, leads to the accumulation of B-catenin and
TCF/LEF-dependent transcription®. Moreover, Gog
signaling is required for the Wnt-mediated disruption of
AXxin/GSK-3p interaction, which may result in B-catenin
cellular stabilizationl®. B-catenin is a known proto-
oncoprotein, which its upregulation is involved in
tumorigenesis of several human cancers including
colorectal cancer. It is believed that this protein is a
highly potential target for cancer prevention and
therapy[®6-28l, In addition to the Gq class of
heterotrimeric G-proteins, the involvement of other
classes of G-proteins in the regulation of B-catenin
expression and function has been reported?, GPCRs
are the most diverse class of proteins in mammals
involved in many critical cellular processes. Around 900
different GPCRs are encoded by human genomel3%,
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which are the target of more than 30% of the approved
therapeutic drugsf®°3%, Regulation of p-catenin by
heterotrimeric G-proteins raises an interesting question:
would it be possible to target G-protein signaling
pathways in order to control the expression and function
of B-catenin in human cancers? The answer to this
guestion definitely needs much further investigation.
Fortunately, the data on the deregulation of G protein
signaling pathways in human cancers is growing, and
several excellent review articles have already been
published, supporting that these important classes of
proteins can be considered as potential targets for cancer
therapeutics(®2%-331,

In conclusion, the activation of Gagq signaling not only
increases the intracellular B-catenin protein level but
also results in the regulation of B-catenin nuclear
activity. The present study clearly shows that the
expression of the wild-type Gogq or activation
of the endogenous Goq causes transcriptional
upregulation of two known B-catenin cellular target
genes (c-MYC and CCNDL1) and a B-catenin-responsive
reporter gene. Since p-catenin deregulation is associated
with many human cancers, our results further support
this hypothesis that trimeric G-proteins and their
receptors are among the potential targets for cancer
therapy.

Iran. Biomed. J. 27 (4): 183-190

Total


http://dx.doi.org/10.61186/ibj.3890
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.4.4.8
http://ibj.pasteur.ac.ir/article-1-3890-en.html

[ Downloaded from ibj.pasteur.ac.ir on 2025-11-02 ]

[ DOR: 20.1001.1.1028852.2023.27.4.4.8 ]

[ DOI: 10.61186/ibj.3890 ]

Ansari et al.

Goag Upregulates B-Catenin Nuclear Function

DECLARATIONS

Ethical statement

Not applicable.

Data availability
Data supporting this article are included within the
article and supplementary file.

Author contributions
SA, SK, SS, and MSJ: contributed to experimental

design and also performed experiments;

SMAN:

contributed to experimental design, supervised the project,
and wrote the manuscript.

Conflict of interest

None declared.

Funding/support

This work was supported in part by a grant from Iran
National Science Foundation, INSF (93004354) to
S Mahmoud A Najafi and also by the University of
Tehran Research Department, Tehran, Iran.

10.

REFERENCES

Moon RT, Kohn AD, De Ferrari GV, Kaykas A. WNT
and B-catenin signalling: diseases and therapies. Nature
reviews genetics 2004; 5(9): 691-701.

Clevers H. Wnt/p-catenin signaling in development and
disease. Cell 2006; 127(3): 469-480.

Dorsam RT, Gutkind JS. G-protein-coupled receptors
and cancer. Nature reviews cancer 2007; 7(2): 79-94.
McCrea PD, Turck CW, Gumbiner B. A homolog of the
armadillo protein in Drosophila (plakoglobin) associated
with E-cadherin. Science 1991; 254(5036): 1359-1361.
Peifer M, Pai LM, Casey M. Phosphorylation of the
Drosophila adherens junction protein Armadillo: roles for
wingless signal and zeste-white 3 kinase. Developmental
Biology 1994; 166(2): 543-556.

Slusarski DC, Corces VG, Moon RT. Interaction of Wnt
and a Frizzled homologue triggers G-protein-linked
phosphatidylinositol signalling. Nature 1997; 390(6658):
410-413.

Liu T, DeCostanzo AJ, Liu X, Wang H y, Hallagan S,
Moon RT, Malbon CC. G protein signaling from
activated rat frizzled-1 to the B-catenin-lef-Tcf pathway.
Science 2001; 292(5522):1718-1722.

Liu X, Rubin JS, Kimmel AR. Rapid, Wnt-induced
changes in GSK3p associations that regulate B-catenin
stabilization are mediated by Ga proteins. Current
biology 2005; 15(22):1989-1997.

Katanaev VL, Ponzielli R, Sémériva M, Tomlinson A.
Trimeric G protein-dependent frizzled signaling in
Drosophila. Cell 2005; 120(1): 111-122.

Gao Y, Wang H y. Inositol pentakisphosphate mediates
Wnt/B-catenin signaling. The journal of biological

Iran. Biomed. J. 27 (4): 183-190

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

chemistry 2007; 282(36): 26490-26502.

Koval A, Katanaev VL. Wnt3a stimulation elicits G-
protein-coupled receptor properties of mammalian
Frizzled proteins. Biochemical journal 2011; 433(3):
435-440.

Najafi SMA. Activators of G proteins inhibit GSK-3p
and stabilize B-catenin in Xenopus oocytes. Biochemical
and biophysical research communications 2009; 382(2):
365-369.

Salmanian S, Najafi SMA, Rafipour M, Arjomand MR,
Shahheydari H, Ansari S, Kashkooli L, Rasouli SJ,
Saghaeian Jazi M, Minaei T. Regulation of GSK-3p and
B-catenin by Gaq in HEK293T cells. Biochemical and
biophysical research communications. 2010; 395(4):
577-582.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the folin phenol reagent. The journal
of biological chemistry 1951; 193(1): 265-275.

Morin PJ, Sparks AB, Korinek V, Barker N, Clevers H,
Vogelstein B, Kinzler KW. Activation of B-catenin-Tcf
signaling in colon cancer by mutations in p-catenin or
APC. Science 1997; 275(5307): 1787-1790.

Tetsu O, McCormick F. B-Catenin regulates expression
of cyclin D1 in colon carcinoma cells. Nature 1999;
398(6726): 422-426.

He T C, Sparks AB, Rago C, Hermeking H, Zawel L, Da
Costa LT, Morin PJ, Vogelstein B, Kinzler KW.
Identification of c-MYC as a target of the APC pathway.
Science 1998; 281(5382): 1509-1512.

Chamorro MN, Schwartz DR, Vonica A, Brivanlou AH,
Cho KR, Varmus HE. FGF-20 and DKK1 are
transcriptional targets of B-catenin and FGF-20 is
implicated in cancer and development. The EMBO
journal 2005; 24(1): 73-84.

Gilchrist A, Blinemann M, Li A, Hosey MM, Hamm HE.
A dominant-negative strategy for studying roles of G
proteins in vivo. The journal of biological chemistry
1999; 274(10): 6610-6616.

Gilchrist A, Vanhauwe JF, Li A, Thomas TO, Voyno
Yasenetskaya T, Hamm HE. Ga minigenes expressing C-
terminal peptides serve as specific inhibitors of thrombin-
mediated endothelial activation. The journal of biological
chemistry 2001; 276(28): 25672-25679.

Macfarlane SR, Seatter MJ, Kanke T, Hunter GD, Plevin
R. Proteinase-activated receptors. Pharmacological
reviews 2001; 53(2): 245-282.

Haraguchi K, Rodbell M. Carbachol-activated
muscarinic (M1 and M3) receptors transfected into
Chinese hamster ovary cells inhibit trafficking of
endosomes. Proceedings of the national academy of
sciences of the United States of America 1991; 88(14):
5964-5968.

Grishina Z, Ostrowska E, Halangk W, Sahin T6th M,
Reiser G. Activity of recombinant trypsin isoforms on
human proteinase-activated receptors (PAR):
mesotrypsin cannot activate epithelial PAR-1,-2, but
weakly activates brain PAR-1. The British journal of
pharmacology 2005; 146(7): 990-999.

Hussmann GP, Yasuda RP, Xiao Y, Wolfe BB, Kellar
KJ. Endogenously expressed muscarinic receptors in

189


http://dx.doi.org/10.61186/ibj.3890
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.4.4.8
http://ibj.pasteur.ac.ir/article-1-3890-en.html

[ Downloaded from ibj.pasteur.ac.ir on 2025-11-02 ]

[ DOR: 20.1001.1.1028852.2023.27.4.4.8 ]

[ DOI: 10.61186/ibj.3890 ]

Gaq Upregulates B-Catenin Nuclear Function

Ansari et al.

25.

26.

27.

28.

29.

HEK293 cells augment up-regulation of stably expressed
a4B2 nicotinic receptors. The Journal of biological
chemistry 2011; 286(46): 39726-39737.

Darmoul D, Gratio V, Devaud H, Lehy T, Laburthe M.
Aberrant expression and activation of the thrombin
receptor protease-activated receptor-1 induces cell
proliferation and motility in human colon cancer cells.
The American journal of pathology 2003; 162(5): 1503-
1513.

Clevers H, Nusse R. Wnt/B-catenin signaling and disease.
Cell 2012; 149(6): 1192-1205.

Nusse R, Clevers H. Wnt/B-catenin signaling, disease,
and emerging therapeutic modalities. Cell 2017; 169(6):
985-999.

Najafi SMA. Canonical wnt signaling (Wnt/B-Catenin
Pathway): A potential target for cancer prevention and
therapy. Iranian biomedical journal 2020; 24(5): 264-
275.

Shevtsov SP, Haq S, Force T. Activation of B-catenin
signaling pathways by classical G-protein-coupled

190

30.

31.

32.

33.

receptors: mechanisms and consequences in cycling and
non-cycling cells. Cell cycle 2006; 5(20): 2295-2300.
Bar Shavit R, Maoz M, Kancharla A, Nag JK,
Agranovich D, Grisaru-Granovsky S, Uziely B. G
protein-coupled receptors in cancer. International
journal of molecular sciences 2016; 17(8): 1320.

Insel PA, Sriram K, Wiley Sz, Wilderman A, Katakia T,
McCann T, Yokouchi H, Zhang L, Corriden R, Liu D,
Feigen ME, French RP, Lowy AM, Murray F.
GPCRomics: GPCR expression in cancer cells and
tumors identifies new, potential biomarkers and
therapeutic targets. Frontiers in pharmacolog 2018; 9:
431.

Lappano R, Maggiolini M. GPCRs and cancer. Acta
pharmacologica sinica 2012; 33(3): 351-362.

O'hayre M, Vazquez Prado J, Kufareva I, Stawiski EW,
Handel TM, Seshagiri S, Gutkind JS. The emerging
mutational landscape of G- proteins and G-protein-
coupled receptors in cancer. Nature reviews cancer 2013;
13(6): 412-424.

Iran. Biomed. J. 27 (4): 183-190


http://dx.doi.org/10.61186/ibj.3890
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.4.4.8
http://ibj.pasteur.ac.ir/article-1-3890-en.html
http://www.tcpdf.org

