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The role of G-proteins and G-protein-coupled  
receptors in human disease
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Abstract: 
In human diseases associated with G protein, changes in abnormal content and distribution of multiple signaling 
molecules and abnormal signaling pathways play critical roles in pathophysiological pathways. Abnormal information 
transmission and signaling pathways are common channels in the pathogenesis of G protein diseases. G protein-coupled 
receptors (GPCRs) are the largest group of membrane receptor proteins and represent the most common therapeutic 
targets for drugs. This paper uses liver injury, blood pressure regulation, Parkinson’s disease, and some cancers to 
illustrate the pathogenic mechanism and pathway-related treatment of G-protein and GPCR.

1.INTRODUCTION
G protein-coupled receptors (GPCRs) is the largest 
class of membrane protein receptor family in the human 
genome, including class A rhodopsin-like receptor, class 
B secretin receptor, class C metabotropic glutamate 
receptor, class D fungal mating pheromone receptor, class 
E cyclic adenylate receptor and class F curli receptors 
(Frizzled / Smoothened family) [1,2]. They account 
for about 2% of the total protein encoded in the human 
genome. Approximately 34% of approved drugs act 
through GPCR, either activating or inhibiting the signal 
transduction cascade [3] by regulating GPCR activity in 
the drug.
The GPCR is a structurally monomer protein with the 
amino terminus on the outer surface of the membrane and 
the carboxyl terminus medial to the membrane. Its peptide 
chain repeatedly crosses the cell membrane heptad, 
making it a heptapeptide transmembrane receptor [4,5]. 
Because the peptide chain repeatedly passes through the 
membrane, several ring structures form the lateral and 
medial sides of the membrane, responsible for stimulating 
exogenous signals (chemical and physical signals) 
and intracellular signals, respectively, and part of the 
intracellular receptor can be associated with trimeric G 
proteins.  
GPCRs are involved in several pathophysiological 
processes, activating and inactivating mutations of GPCR 
have implicated in various diseases such as malignancy 
[6]. Intervention with such receptors and their mediated 
signal transduction pathways may correct related diseases 
and cancers. This review provides an overview of the 
basic patterns of GPCR-mediated signal transduction 
pathway as well as different pathways for signaling. It also 
enumerates a portion of G protein-related human diseases 
and therapeutic pathways related to these pathways.

2 . S I G N A L I N G  P A T H W A Y 
M E D I AT E D  B Y G - P R O T E I N -
COUPLED RECEPTORS
2.1 G protein-coupled receptor-mediated signal 
transduction pathways have the same basic 
pattern
Different combinations of αβγ G protein can form 
signal transduction pathways with different downstream 
molecules. GPCR mediated signaling can produce various 
different effects through different pathways, but the basic 
pattern of signal transduction pathway is roughly the 
same and includs the following steps or stages: First, 
extracellular signaling molecules bind to receptors, 
activating the receptor through allosteric effects. The 
effector molecules of G proteins transmit signals 
downstream mainly by catalyzing the production of small 
molecule messengers, such as cAMP production via AC 
and PLC production for DAG and IP3. Some effector 
molecules can alter the distribution of intracellular calcium 
by regulating ion channels, similar to IP3. Protokinases 
activate various cellular responses by phosphorylating 
some metabolic enzymes, gene expression-related 
transcription factors, and proteins related to cell motility. 
The process involves ligand-activated receptor binds 
to the G protein, causing a conformational change that 
decreases the affinity of the α subunit to GDP, releasing 
GDP and binding to GTP. The α subunit then binds GTP 
, dissociates from the β y subunit, and becomes activated. 
The downstream molecules can activate the GTP enzyme 
activity of the α subunit, hydrolyze GTP into GDP and 
return to the quiescent state.

2.2 Different G protein-coupled receptors can 
transmit signals through different pathways
Different extracellular signaling molecules bind to the 
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corresponding receptors and transmit signals through the 
G proteins, but the signals entering the cell are not the 
same due to different downstream signal transduction 
pathways formed by different G proteins. The three 
common pathways include: 
2.2.1 The cAMP-PKA pathway 

This pathway is characterized by altered intracellular 
cAMP concentration and PKA activation in the target 
cells. Glucagon, adrenaline, and corticotropin can activate 
this pathway. Upon activation, PKA phosphorylates 
various protein substrates on their serine/threonine 
residues, changing their active state.  There are three 
common roles for this pathway:
2.2.1.1 Regulation of metabolism
PKA can regulate different metabolic pathways by 
controlling the activity of key enzymes, such as 
activating glycogen phosphorylase b kinase, hormone-
sensitive lipase, cholesterol lipase, thereby promoting the 
catabolism of glycogen, fat and cholesterol. PKA can also 
inhibit acetyl CoA carboxylase and glycogen synthase, 
inhibiting the synthesis of fat and glycogen [8].
2.2.1.2 Regulation of gene expression
PKA can modify and activate transcriptional regulators, 
thereby regulating gene expression. For instance, after 
activation, PKA translocated into the nucleus and 
phosphorylate the cAMP response element-binding 
protein (CREB). Phosphorylated CREB can then bind to 
the cAMP reaction element (CRE) and the CREB-binding 
protein (CBP). CBP, upon binding to CREB, acts on 
universal transcription factors, including TFIB, to promote 
their binding to promoters and activate gene expression 
[9,10].
2.2.1.3 Regulation of cell polarity
PKA can also regulate cell polarity by activating ion 
channels through phosphorylation, thereby regulating the 
cell membrane potential.
2.2.2 The G proteins activated by IP 3 / DAG-PKC 
pathway through

IP3 promotes the rapid release of Ca2+ in the cellular 
calcium reservoir and increases the Ca2+ concentration 
in the cytoplasm.DAG, phosphatidylserine at the plasma 
membrane, and Ca2+ act together on the regulatory domain 
of PKC, which makes the PKC undergo allosteric changes 
and expose the active center.
Proteins modified by PKC phosphorylation include some 
plasma membrane receptors, membrane proteins, and 
various enzymes. Therefore, PKC can be related to the 
regulation of various physiological functions. In addition, 
PKC can phosphorylate the transcriptional regulator 
of immediate-early gene and accelerate the expression 

of the early response genes. Most of the immediate-
early genes are cellular proto-oncogenes, and their 
expression products are modified by phosphorylation to 
further activate the late response genes and promote cell 
proliferation[11].
2.2.3 The Ca2+/ calmodulin-dependent protein kinase 
pathways

GPCR can increase intracellular Ca2+ concentrations in at 
least three ways: certain G proteins can directly activate 
calcium channels at the cell plasma membrane, or activate 
the cell plasma membrane through PKA to promote Ca2+ 
influx into the cytoplasm, or promote Ca2+ release from 
the cytoplasmic calcium pool through IP3.
After an increase in Ca2+ concentration in the cytoplasm, 
the signal is transmitted by binding calmodulin. The 
downstream signal transduction molecules of Ca2+ / CaM 
complexes are some protein kinases, whose common 
feature is that they can be activated by Ca2+ / CaM 
complexes [12], so they are collectively referred to as 
calmodulin-dependent protein kinases. Calmodulin-
dependent kinases belong to protein serine/threonine 
kinases, such as phosphorylase kinase (PhK), calmodulin-
dependent kinase (Cal-PK) I, among others. These kinases 
can activate various effector proteins and participate in 
various physiological processes, including contraction 
and movement, substance metabolism, neurotransmitter 
synthesis, cell secretion and division. For example, CaMK 
can modify and activate synapsin I, tyrosine hydroxylase, 
tryptophan hydroxylase, skeletal muscle glycogen 
synthase [13], among others, participating in the synthesis 
and release of neurotransmitters [14], and regulating 
various cellular functions such as glucose metabolism.

3. G PROTEIN WITH THE HUMAN 
DISEASE
3.1 liver injury 
TGR5 is a G-protein coupled receptor that responds to 
different nonconjuaged and conjugated bile acids [6]. 
TGR5 mRNA is ubiquitously expressed in both human 
and mouse tissues, including the liver, gallbladder, and 
intestine [15,16]. Activation of TGR5 mediates choleretic, 
proliferative and antiapoptotic effects, suggesting a 
potential role in cholangiocyte function.[21]
TGR5 is maining activated by chenodeoxycholic acid, 
followed by deoxycholic acid, cholic acid, and lithocholic 
acid [22]. Studies have shown that TGR5 signals main 
through increasing intracellular cAMP levels, leading 
to the rapid phosphorylation of AMP-activated protein 
kinase, which is involved in anti-inflammatory responses 
and energy metabolism TGR5 can also directly regulate 
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bile acid and glucose and lipid metabolism to prevent liver 
steatosis [23,24,25].
Meanwhile, TGR5 also plays a crucial role in the treatment 
of liver injury. TGR5 can regulate liver microcirculation, 
inflammation, tissue regeneration, bile secretion, and 
gallbladder filling [26]. Studies have shown that TGR5-
null mice are more prone to develop inflammatory liver 
injury, cholestatic liver injury, and liver fibrosis. Studies 
have shown that TGR 5-null mice are more prone to 
develop inflammatory liver injury, cholestatic liver injury, 
and liver fibrosis. In bile duct epithelial cells of patients 
with primary sclerosing cholangitis, reduced TGR5 
levels may promote the development of a reactive biliary 
epithelial cell phenotype and aggravate biliary injury 
[27]. TGR 5 agonists can ameliorate inflammatory liver 
injury, cholestatic liver injury, non-alcoholic fatty liver 
disease, and improve extrahepatic complications of liver 
disease, such as cholestatic pruritus [26]. TGR5 inhibitors 
can delay the progression of polycystic liver disease and 
cholangiocarcinoma [26].

3.2 nervous system disease 
3.2.1 Role and possible mechanisms of GRKs in nervous 
system disease 

Alzheimer’s disease (AD) and Parkinson’s disease (PD) 
are typical neurodegenerative diseases of the nigrostriatal 
pathwayIn recent years, G protein-coupled receptor 
kinases (GRKs) have been increasingly studies in relation 
to PD. GRKs are a class of important soluble proteins that 
mediate receptor desensitization.
After sustained stimulation, GRKs phosphorylate the 
receptor, and arrestins binds to the phospho-receptor, 
causing desensitization of dopamine (DA) receptors. 
Upon binding to the receptor, arrestins inhibit signaling 
via the G protein and leads to receptor internalization. 
The binding and redistribution of GRKs and arrestins to 
signaling molecules in subcellular structures affect not 
only the strength but also the direction and timing of 
signal transduction [28]. Histological experiments have 
shown that GRK6 mRNA is higher than other GRKs in 
many parts of the brain. Immunohistochemical tests also 
found that GRK6 is expressed in dorsoventral striatum, 
indicating that GRK6 may be the main receptor kinase 
involved [29].
3.2.2 Role and possible mechanisms of GRK6 in nervous 
system disease 

Evidence gathered over the last two decades suggests that 
GRK 6 is mainly expressed in the neurons of the D1 and 
D2 receptors, indicating that this kinase is involved in the 
regulation of DA receptor signaling [28-31].
Ahmed et al [33] found that virus-mediated overexpression 

of striatal GRK6 improved the rotation behavior of 
PD rats and alleviated abnormal apathy by promoting 
D1 receptor internalization and signal transduction. In 
contrast, GRK6 knockdown aggravated the rotation 
behavior and caused dyskinesia. In the monkey model, 
increased GRK6 inhibited dyskinesia but did not affect 
the anti-PD effect of levodopa, or even prolonged the anti-
PD effect of low-dose levodopa. Therefore, GRK6 plays 
an important role in neurological diseases and may be a 
potential therapeutic target for treating PD.
There are countless treatments for G protein-related 
neurological diseases, and the therapeutic role of β 
-arrestin in CNS diseases is mainly described here. 
Initially, β-arrestins were considered as negative 
regulators of GPCRs, combining with GRK to cause 
receptor desensitization of GPCRs and terminate the 
signal transduction caused by agonists. In Alzheimer’s 
disease, GPCRs recruited by β -arrestin2 interact through 
APH-1 and γ -secretase complex, which then transversely 
moves to the lipid raft, activating γ -secretase. β -secretase 
catalyzes APP, which is then hydrolyzed by γ-secretase 
to generate β-amyloid and β-amyloid precursor protein 
intracellular domain (APP intracellular domain, AICD). 
β amyloid can lead to the aggregation of extracellular β 
amyloid [34]. This provides a new idea for the treatment 
of Alzheimer’s disease.
In the treatment of Parkinson’s disease, Wu et al [35] 
developed a rat 6-hydroxydopamine (6-OH-DA) model 
and detected decreased expression of β-arrestin1 in the 
striatal region of PD rats using immunoblotting. However, 
the expression of β-arrestin1 in PD rats with concurrent 
dyskinesia was further decreased. After treatment with 
MK-801, an antagonist of the NMDA (N-methyl-
D-aspartate) receptor, the expression of β-arrestin1 
increased, indicating that the decrease of β-arrestin1 
during the development of PD may cause the latter to be 
in a hypersensitive state. This may be one of the bases of 
dyactiopathy. Increasing the expression of β-arrestin1 may 
provide a new treatment for Parkinson’s disease.

3.3 blood pressure regulation 
The G protein family is an important molecule necessary for 
cardiovascular cell signaling and physiological activities. 
GPCRs mediate many neurotransmitter and hormone 
biological functions in the body, and have important 
regulatory roles for vasoconstriction, cardiac output and 
blood flow. The regulator of G protein signaling protein-2 
(RGS2) is a selective and efficient inhibitor that acts on 
the q subunit of G protein, mediating the contraction and 
relaxation of in blood vessels, especially resistance vessels. 
RGS2-knockout mice exhibit a refractory hypertensive 
phenotype and persistent resistance vasoconstriction [36]. 
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Studies have shown that some missense mutations in 
the RGS2 gene alter protein function, thereby affecting 
blood pressure levels in experimental animals [37]. 
Ethnic-specific missense mutation sites have been found 
in different populations around the world, and some of 
them have been shown to be associated with hypertension 
phenotype in animal experiments.
One of the most important causes of imbalanced blood 
pressure regulation (hypertension) and atherosclerosis 
is vascular calcification. Studies have shown that 
there are numerous GPCRs associated with vascular 
calcification. The harm of vascular calcification is that 
it may cause blood vessels to become brittle and hard, 
which often leads to imbalanced blood pressure regulation 
(hypertension) and atherosclerosis. 
In the experiments on the mechanism of Intermedin₁-s₃ 
(IMD ₁-s₃), it was found that IMD₁-s significantly 
down-regulated ER stress inducer Chitlamamycin 
(Tm) or dithiothreitol (DTT)-induced VSMCs ERS-
response protein glucose-regulated protein 78 (GRP78), 
GRP94, and the activated transcription factor 4 (ATF4). 
IMD1-s₃ significantly downregulated the expression of 
the calcification early and late ERS response protein 
molecules GRP78, GRP94, and ATF4, and its inhibition 
was blocked by the IMD receptor antagonist IMD₁₇ -47 
and the PKA inhibitor H89. 
Hoechst staining showed calcified VSMCs apoptosis. 
The expression of CCAAT/enhancer binding protein 
homology (CCAAT/CHOP) and cleaved active caspase-12 
protein was increased 1.69 and 1.56 times, respectively, 
compared to the control group. IMD pretreatment 
significantly inhibited calcification VSMCs apoptosis 
and ERS apoptosis overexpression. Meanwhile, IMD₁-s₃ 
upregulated the expression of the calcified VSMCs 
contraction phenotype marker molecules α-actin, and 
SM22α -actin, and downregulated the protein expression 
of the osteoblast-like cell marker molecules OPN and 
osteocalcin. The calcified VSMCs alkaline phosphatase 
activity and calcium content in the IMD₁-s₃ treatment 
group were decreased by 39.7% and 52.8%, respectively, 
compared to the calcified group alone. Alizarin red 
staining showed a significant reduction in calcified 
nodules in the IMD₁-s₃ -treated group. 
In conclusion, IMD₁-s₃ regulates ERS and its induced 
cell apoptosis by activating its receptor and cAMP/PKA 
signaling pathway, thus inhibiting VSMCs calcification 
[38,39].

4. G PROTEIN WITH CANCER
4.1 mammary cancer 
Breast cancer (BC) is the most common cancer in women 

and a leading cause of cancer-related death among women. 
GPR116 is a member of the GPCR family. Tang [40] et al. 
found that GPR116 could regulate the metastasis of breast 
cancer. In addition, interfering with GPR116 was shown 
in breast cancer to produce a large number of neutrophils, 
and the upregulated MMP 8 led to the initial growth block 
of breast cancer cells by blocking the TGF-B signaling 
pathway. Finally, it was concluded that GPR116 affects 
the growth of breast cancer by regulating neutrophil 
polarity through the MMP 8 signaling pathway. 
The somatostatin receptor (SSTR) belongs to an important 
member of the GPCR family, and has five different 
subtypes, namely SSTR 1-5. Different isoforms of SSTR 
can form heterologous dimers with each other, and the 
same isoform can form homodimers by themselves, all of 
which can affect the downstream signaling and regulate 
the entire signaling pathway. SSTR is expressed in normal 
tissues to varying degrees and in various tumors, including 
breast cancer. Finally, it was concluded that SSTR is 
mainly located in the cytoplasm and cell membrane of 
breast cancer, and both SSTR 1-5 is expressed in breast 
cancer, in which SSTR 1 and SSTR 4 are inversely 
correlated with the degree of breast cancer differentiation.

4.2 renal carcinoma 
Renal cell carcinoma (RCC), also known as renal 
carcinoma, accounts for about 90% of all  renal 
malignancies, and is the most mortality tumor [42] among 
genitourinary tumors. The early diagnosis of renal cell 
carcinoma is difficult, the prognosis of advanced patients 
is poor, and the incidence and mortality rates of renal cell 
carcinoma are still increasing year by year worldwide.
IL-6 is one of the most well-studied cytokines to date, 
and it has also been extensively studied in kidney cancer. 
Elevated levels of multiple inflammatory cytokines 
were detected in the blood at diagnosis, suggesting 
that metastatic [45,46] of RCC may have occurred. 
The most powerful indicator is the expression of IL-6 
that accurately positions the metastatic status [46] at 
diagnosis. It has been suggested that IL-6 and IL-27 may 
play a role in RCC biology, and IL-6 together with IL-
27 can predict survival and recurrence in RCC patients. 
Immunohistochemistry showed that IL-6 and its receptors 
are highly expressed in tumor cells and blood vessels of 
renal cancer patients and patients with high IL-6 levels 
have a poor prognosis. Currently, targeting IL-6 therapy 
has become a new therapeutic strategy for metastatic renal 
cell carcinoma.
Recently, the tumor-promoting role of IL-11 has been 
discovered. IL-11 stimulates tumor cell proliferation 
and invasion in colorectal adenocarcinoma through its 
downstream signaling cascade, and it also promotes the 
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migration of glioma cells and tumor-associated brain 
endothelial cells. Studies by Onnis et al [47] have shown 
that IL-11 increases anchorage-independent growth 
of renal cancer RCC4, prostate cancer PC3, and colon 
cancer HCT116 cells by activating oncogenic signaling 
pathways through STAT1 and STAT3. This suggests that 
IL-11 is a negative prognostic factor for renal cancer and 
incorporating IL-11 into the current prognostic system 
could improve risk stratification and clinical management 
of patients with ccRCC.

4.3 carcinoma of colon 
Colon cancer is a common malignant tumor occurring in 
the colon, which accounts for the third highest number of 
gastrointestinal tumors. The most common types of colon 
cancer are adenocarcinoma, mucinous adenocarcinoma, 
and undifferentiated carcinoma. The G protein receptors 
linked with colon cancer are as follows:
4.3.1 GPR126 with carcinoma of colon 

Recently reports have ddemonstrated that GPR126 was 
highly expressed in malignant colon cancer tissues and 
colon cancer cells. Many of the GPCRs highly expressed 
in tumor cells, when activated by ligands, regulate the 
growth of tumor cells. For example, protease-activated 
receptors (PARs), chemokine receptors (CXCRs), and 
bioactive lipid receptors have all been confirmed to be 
involved in the regulation of abnormal proliferation, 
angiogenesis, and tumor invasion of tumor cells [49]. 
Experimental result suggests a novel GPCR, GPR126, 
abnormally expressed in colon cancer tissues and regulates 
tumor proliferation, thereby enriching our understanding 
of the important role of GPCR in tumorigenesis and 
development. Previous reports have shown that GPR126 
is induced by LPS that promotes the inflammatory 
response. Connecting the results, as a GPCR expressed in 
a specific cell population in the small intestine, GPR126 
may be involved in the intestinal inflammatory response, 
and thus play a promoting role in the process of malignant 
intestinal lesions.
4.3.2 RGS19 with carcinoma of colon 

RGS19 expression is an independent risk factor for poor 
prognosis in colon cancer patients. Sakaguchi et al [50] 
also reported similar findings in their study of sunitinib-
resistant renal clear cell carcinoma. Patients with high 
RGS19 expression had lower overall survival time 
and recurrence-free survival time than those with low 
expression. RGS19 was identified as an independent risk 
factor for renal clear cell carcinoma using Cox analysis. 
It is well known that the factors affecting the prognosis of 
colon cancer include rapid tumor proliferation, invasion 
and metastasis. Patients with high expression of RGS19 

have early distant metastasis, shorter survival time and 
poor prognosis. Therefore, detecting the expression level 
of RGS19 has certain clinical value in determining the 
invasion, metastasis and prognosis of colon cancer. The 
mechanism by which RGS19 promotes tumor invasion 
and metastasis has not been clearly defined. Wang et al. 
[51] found that RGS19 can bind the GIPC protein and 
activate the PI3K/Akt pathway. This pathway is a common 
signaling pathway mediating cell proliferation, survival 
and migration. furthermore, Akt phosphorylation transfers 
MDM2 from cytoplasm to nucleus, which inactivates p53 
nucleus and further enhances the invasion and metastasis 
of tumor cells. It is here speculated that RGS19 may have 
a similar mechanism of action in colon cancer. These 
studies suggest that the upregulation of RGS19 in colon 
cancer may participate in the occurrence and metastasis of 
colon cancer and can become a potential indicator for the 
prognosis of colon cancer. Further studies at the molecular 
level, cellular level and clinical level are necessary to 
confirm this.

5. G PROTEIN-RELATED TUMOR 
THERAPY
Tumor occurrence is not only the result of the activation of 
oncogenes and the inactivation or loss of tumor suppressor 
genes, but also related to the change of the activity of a 
series of factors in the cell cycle regulation, resulting in 
the formation of uncontrolled cycle operation. In most 
tissue cells, the transformation or malignant evolution of 
tumors leads to the cycle of uncontrolled operation, which 
shorten the cell cycle and accelerated the proliferation. 
Currently, the regulation of tumor cells to inhibit their 
unrestricted proliferation has become a new direction for 
clinical tumor treatment and research. Cell cycle turnover, 
growth, and differentiation are regulated by various 
intracellular signaling systems. Among them, the cAMP 
cell signaling system is the most well-established model 
for cell signaling today, which is considered to play a 
negative role on the proliferation cycle of cells.
After tumor initiation, cAMP concentrations in tumor 
tissues and peripheral blood tend to be lower than normal 
conditions. The results of many anti-tumor drugs have 
shown that the concentration of cAMP in the tumor 
tissue and in the blood of patients is significantly higher 
than before medication [52]. Exogenous cAMP and 
its numerous derivatives, such as 8-chloroadenosine 
and 8-bromine-cyclic nucleotide, have been shown to 
inhibit the proliferation of tumor cells and induce their 
differentiation [53].
Soybean isoflavones are a class of plant-derived active 
substances, which have been shown to have inhibitory 
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effects on a variety of tumors, such as breast, colon, and 
prostate cancer. The effects of daidzein and genistein 
on the proliferation of SHZ-88 rat breast cancer cells 
in vitro have been investigated [54]. Both compounds 
were found to significantly inhibit the growth of cancer 
cells, with dose and time-depensent effects, although 
genistein was more potent than daidzein. This may be 
because the hydroxyl group is the active group for their 
function, and daidzeone (4’, 7-dihydroxoflavone) is one 
less hydroxyl than genistein (4’,5,7-trishydroxoflavone), 
thus reducing its inhibition potency. A more detailed 
mechanism needs to be further investigated. Experimental 
results show that both substances can activate the cAMP/
PKA signaling pathway by transiently increasing the 
intracellular cAMP concentration by inhibiting the activity 
of phosphodiesterase in cancer cells.
The main effect of cAMP signaling is the activation 
of target enzymes and gene expression, which cAMP 
achieves through the activation of the major receptor 
protein PKA mediating its effects. The activation of 
target enzyme is a rapid response process of target cells 
to cAMP signal, which can show the biological effect 
of cAMP signal in a short time, after PKA activation, 
enzymes involved in the regulation of sugar, protein and 
fat metabolism affect cell cycle, and some cyclin kinases 
such as cyclin dependent kinase 2 (CDK2) are involved in 
the regulation of cell cycle through phosphorylation, thus 
exerting the influence of cell cycle progression. The effect 
on gene expression is a slow response process. After PKA 
activation, it phosphorylates certain phosphoption factors, 
which then bind to specific regulatory sequences of genes 
regulated by cAMP, thereby regulating the expression of 
these genes. CREB has been the most intensively studied 
among these transcription factors.
Ahn et al [55] found that the effect of NGF induced 
differentiation of PC12 cells could be blocked by the 
CREB repressor - A-CREB, and its mechanism of action 
was to prevent the binding of CREB to DNA and inhibit 
CREB-mediated gene transcription. This indicates that 
CREB is able to regulate the gene expression of some 
factors that induce cell differentiation, thus promoting 
the production of corresponding proteins to induce 
differentiation. As a downstream factor of the cAMP/
PKA signaling pathway, CREB regulates numerous 
target genes, including its own genes. The increase in 
CREB mRNA expression in the experiment may be due 
to the increased content of phosphorylated CREB in the 
nucleus after elevated PKA activity, which enhancing 
the transcription of its own genes. The increase of CREB 
mRNA expression may increase the intracellular CREB 
content, and play a role in regulating the cell growth, 
differentiation and cell cycle progression for a long time. 

However, these are only speculation. The mechanism 
of PKA and CREB regulating the changes in cyclin, its 
kinases and some cell differentiation factors, and then 
inhibiting tumor cell proliferation has not been clarified, 
and it remains to be further studied.

6. CONCLUSION AND OUTLOOK
Since the 20th centry, G protein and GPCRs have been a 
research direction for the treatment of acute and chronic 
diseases, as well as cancer. In clinical aspects, the 
treatment related to G protein-related diseases have been 
developed, but the involvement of many related cells, 
cellular factors and other complex regulation mechanism 
and signaling pathway have made the research difficult. 
However, with the discovery of various G protein 
receptors and pathways, the idea of incurable diseases 
and cancers is gradually abandoned. With the progress 
of research and clinical trials, it is believed that humans 
will be able to overcome the problem of G protein-related 
diseases and bring good news to patients.
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