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Abstract
RGS (Regulator of G protein signaling) proteins have long captured the fascination of researchers due to their 
intricate involvement across a wide array of signaling pathways within cellular systems. Their diverse and nuanced 
functions have positioned them as continual subjects of scientific inquiry, especially given the implications of 
certain family members in various cancer types. Of particular note in this context is RGS20, whose clinical relevance 
and molecular significance in hepatocellular carcinoma we have recently investigated. These investigations have 
prompted questions into the prevalence of pathogenic mutations within the RGS20 gene and the intricate network 
of interacting proteins that could contribute to the complex landscape of cancer biology. In our study, we aim to 
unravel the mutations within the RGS20 gene and the multifaceted interplay between RGS20 and other proteins 
within the context of cancer. Expanding on this line of inquiry, our research is dedicated to uncovering the intricate 
mechanisms of RGS20 in various cancers. In particular, we have redirected our attention to examining the role of 
RGS20 within hematological malignancies, with a specific focus on multiple myeloma and follicular lymphoma. 
These hematological cancers hold significant promise for further investigation, as understanding the involvement 
of RGS20 in their pathogenesis could unveil novel therapeutic strategies and treatment avenues. Furthermore, our 
exploration has extended to encompass the latest discoveries concerning the potential involvement of RGS20 in 
diseases affecting the central nervous system, thereby broadening the scope of its implications beyond oncology 
to encompass neurobiology and related fields.
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Background
Numerous biomarkers for cancer have subsequently been 
discussed [1–4], and potential targeted therapies focus-
ing on important cancer associated genes have also long 
been on the rise [5–13]. In this list, RGS (Regulator of 
G protein signaling) proteins have recently attracted 
interest, especially RGS20. A number of studies have 
identified RGS20 in cancers such as oral squamous cell 
carcinoma [14], bladder cancer [15], kidney cancer [16], 
breast cancer [17], penile cancer [18], lung cancer [17, 
19] and so on. Considering this, two primary concerns 
have emerged: firstly, the genetic and molecular rel-
evance of RGS20 in cancer and its associated pathways 
warrants thorough examination. Secondly, it is crucial to 
understand how RGS20 is predominantly implicated in 
a wide array of solid cancers and hematological cancer 
types. The upcoming sections aim to address these con-
cerns by providing a comprehensive summary and con-
ducting an in-depth exploration of RGS20’s involvement 
in cancer. Through these, we will shed light on potential 
mechanisms underlying RGS20’s role in cancer initiation 
and progression, while also evaluating its potential as a 
diagnostic marker for various cancer types.

Potentially pathogenic mutations in RGS20
Mutations shape protein structure and function, impact-
ing both normal physiology and the development of dis-
eases like cancer [20, 21], which are key drivers of genetic 
diversity, introducing variations in the DNA sequence 
that can result in changes to the corresponding protein 
[22]. A single nucleotide mutation can alter amino acids, 
insertions, or deletions, significantly affecting the pro-
tein’s structure and function [23]. This structural change 
can impact how the protein interacts with other mol-
ecules, thereby affecting its function in cellular processes. 
Mutation in protein structure and function plays a dual 
role: driving genetic diversity in evolution and contribut-
ing to disease development [24]. A deep understanding of 
these molecular processes is pivotal for advancing both 
foundational biological research and the creation of tar-
geted therapies for genetic disorders and cancers.

The RGS20 gene was queried across 76,639 samples 
from 75,661 patients in 10 pan-cancer studies available 
on cBioPortal (https://www.cbioportal.org/). Overall, 
twenty mutations have been identified in RGS20. Among 
these, six mutations (A352V, E309Q, L359M, F284L, 
E309D, and S382L) were predicated as potential patho-
genic mutations. Specifically, three mutations (A352V, 
E309Q, and L359M) were predicted to be pathogenic 
by three software tools—SIFT, Polyphen-2, and Muta-
tion Assessor. These mutations are located in the highly 
conserved RGS domain of RGS20 (Fig.  1A). Addition-
ally, three mutations (F284L, E309D, and S382L) were 
predicated as pathogenic by two software tools and are 

also situated in highly conserved regions (Fig.  1A). The 
presence of these pathogenic mutations in the highly 
conserved region of the RGS20 gene may lead to severe 
pathological conditions. Pathogenic mutations play a 
critical role in driving the uncontrolled growth and sur-
vival of cells, thereby contributing significantly to the 
development and progression of cancer [20]. These muta-
tions may disrupt key cellular processes, leading to the 
loss of normal regulatory mechanisms and the initiation 
of oncogenic transformation. Several pathogenic muta-
tions in various cancers have been shown to exacerbate 
the disease. However, to date, there have been no studies 
reporting on the role of these mutations in cancer pro-
gression, necessitating further research.

SIFT (Sorting Intolerant From Tolerant) is an in silico 
tool used to analyze amino acid substitutions in pro-
tein sequences. It categorizes substitutions as either 
“tolerated” (unlikely to affect protein function) or “not 
tolerated” (potentially impacting protein function), con-
sidering amino acid features and homology to make pre-
dictions. PolyPhen-2 (Polymorphism Phenotyping v2) is 
another predictive tool that assesses the impact of amino 
acid substitutions on protein function using a structure-
based approach. Its performance is comparable to tools 
like Mutation Assessor, SIFT, and Condel. Mutation 
Assessor predicts the functional impact of amino acid 
substitutions, focusing on mutations found in cancer or 
missense polymorphisms. It evaluates the evolution-
ary conservation of affected amino acids across protein 
homologs to make assessments.

Structural and functional sites in RGS20 protein
Protein-protein interactome of RGS20
Protein-protein interactions (PPIs) play a fundamen-
tal role in coordinating cellular processes, regulating 
diverse biological functions. This intricate network of 
interactions is essential for signal transduction, enzy-
matic activity, structural support, and numerous other 
cellular activities [25]. The dysregulation of PPIs has been 
linked to various diseases, underscoring the importance 
of comprehending these interactions for advancing both 
basic biological understanding and therapeutic develop-
ment [26–28]. Aberrant PPIs have been implicated in 
the pathogenesis of various diseases, such as cancer and 
neurodegenerative disorders [27]. In cancer, for instance, 
disrupted interactions among oncogenic proteins or the 
absence of interactions involving tumor suppressors can 
lead to unchecked cell proliferation and the development 
of malignancy [29].

RGS20 interacts directly or indirectly with variety of 
molecules including FAF2, BOLA1, TXLNA, TTC7B, 
ARHGAP26, RGS14, RGS16, RGS17, RGS18, RGS19, 
RGS21, GNAI1, GNAI2, GNAI3, GNAT, STMN2, 
GNAO1, MTNR1B, GNAZ, and CATSPER1 (Fig.  1B 
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and supplementary Table 1). Molecules such as RGS14, 
RGS16, RGS17, RGS18, RGS19, and RGS21 are involved 
in regulating the G-protein coupled receptor signal-
ing cascade. GNAI1, GNAI2, and GNAI3 serve as 
modulators or transducers in various transmembrane 
signaling pathways. Other molecules are implicated in 
diverse functions such as endoplasmic reticulum-associ-
ated degradation and regulation of phosphatidylinositol 
4-phosphate. It is well-established that RGS20, similar to 
other members of the Regulators of G protein Signaling 
(RGS) family, functions as a GTPase-activating protein 
(GAP) for the alpha subunits of heterotrimeric G pro-
teins. Specifically, RGS proteins enhance the hydrolysis 
of GTP to GDP by Gα subunits, thereby facilitating the 
termination of G protein-mediated signaling. GNAI1, 
GNAI2, and GNAI3, belonging to the Gαi subfamily, 
participate in inhibitory signaling pathways. RGS pro-
teins, including RGS20, play a critical role in modulat-
ing the duration and strength of G protein signaling by 
accelerating the intrinsic GTPase activity of Gαsubunits. 
However, detailed information regarding the specific 
molecular functions of RGS20 in its interactions with 
FAF2, BOLA1, TXLNA, TTC7B, ARHGAP26, RGS14, 
RGS16, RGS17, RGS18, RGS19, RGS21, GNAI1, GNAI2, 
GNAI3, MTNR1B, GNAZ, and CATSPER1 is currently 
not extensively documented in the literature.

RGS20 structure with its domain and motifs
The importance of protein structure in disease cannot 
be overstated, as the three-dimensional arrangement of 
proteins profoundly influences their functions [30–32]. 
Any disturbance to this structure can result in pathologi-
cal conditions [32]. Proteins participate in numerous bio-
logical processes, including enzymatic reactions, signal 
transmission, and providing structural support. Diseases 
often originate from mutations or events that lead to the 
misfolding of crucial proteins, disrupting their intended 
functions [33]. Changes in enzyme structure may inter-
fere with essential metabolic pathways, while misfolded 
signaling proteins can disrupt normal cellular communi-
cation [34, 35]. Moreover, protein misfolding is a defin-
ing characteristic of neurodegenerative disorders such as 
Alzheimer’s and Parkinson’s diseases, where aggregates 
of misfolded proteins contribute to dysfunction in neu-
rons [34, 36, 37]. Understanding the connection between 
protein structure and disease is essential for developing 
targeted therapeutic approaches aimed at correcting or 
mitigating these structural defects, thereby restoring nor-
mal cellular function.

The structural analysis of RGS20 reveals a functional 
domain located at the C-terminal region spanning amino 
acids 262 to 378 (see Fig. 1C). Within this region, a total 
of seven mutations have been identified, with five muta-
tions—A352V, E309Q, L359M, F284L, and E309D—being 

Fig. 1 A) Potential pathogenic mutations for RGS20. B) Protein-protein interactions between RGS20 with other proteins. C) The three-dimensional struc-
ture of RGS20, featuring its functional domain and cysteine-rich region
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identified as potentially pathogenic. Mutations occur-
ring within functional domains of proteins can have 
significant adverse effects on cellular processes and are 
implicated in various diseases. These mutations have 
the potential to disrupt the precise structure and func-
tion of critical protein domains, resulting in either loss-
of-function or gain-of-function effects. For instance, 
mutations in the kinase domain of the epidermal growth 
factor receptor (EGFR) are known to contribute to 
uncontrolled cell proliferation in certain cancers [38]. 
Similarly, mutations in the DNA-binding domain of the 
tumor suppressor p53 disrupt its ability to regulate cell 
cycle progression and apoptosis, thereby contributing to 
cancer development [39]. Maintaining the integrity of 
functional domains is crucial, as mutations that disrupt 
these domains can significantly impair cellular function 
and contribute to the development of cancers.

RGS20 also contains a cysteine-rich domain span-
ning from amino acid 208 to amino acid 220 (Fig.  1C). 
Cysteine-rich domains are pivotal in diverse biological 
processes, contributing to the structural integrity and 
functional versatility of proteins [40]. Cysteine, with its 
unique thiol group, plays a crucial role in forming disul-
fide bonds that confer stability and maintain the three-
dimensional structure of proteins. Proteins containing 
cysteine-rich domains frequently engage in redox reac-
tions, detecting changes in the cellular environment and 
transmitting signals accordingly [41]. Moreover, cysteine-
rich domains are common in metal-binding proteins, 
where cysteine residues coordinate with metal ions, 
thereby influencing both catalytic activity and structural 

stability [42]. Examples encompass zinc finger domains 
crucial for transcriptional regulation and the metallothio-
nein family, pivotal in maintaining metal homeostasis. 
Cysteine-rich domains in proteins contribute signifi-
cantly to their overall functionality, enabling interactions 
with other molecules, involvement in signal transduction 
pathways, and serving as pivotal components in diverse 
physiological and pathological processes [43].

RGS20 implicated in cancers
The mutation of RGS20 and its interaction with other 
proteins can lead to genetic and epigenetic alterations, 
potentially contributing to the onset and progression 
of various diseases, particularly cancer. Therefore, it is 
plausible to suggest that RGS20 may exert influence on 
the development and advancement of cancer. As a proof, 
we conducted a comprehensive analysis of RGS20 gene 
expression across a wide range of cancer types, includ-
ing ACC, BLCA, BRCA, CESC, CHOL, COAD, DLBC, 
ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML, LGG, 
LIHC, LUAD, LUSC, MESO, OV, PAAD, PCPG, PRAD, 
READ, SARC, SKCM, STAD, TGCT, THCA, THYM, 
UCEC, UCS, and UVM, using Timer 2 (https://timer.cis-
trome.org/) tool as shown in Fig. 2A. This tool facilitates 
the dynamic generation of high-quality figures for com-
prehensive exploration of tumor immunological, clinical, 
and genomic features [44]. The Gene_DE module within 
this tool is utilized to analyze the differential expression 
of any gene of interest between tumor and adjacent nor-
mal tissues across all TCGA (The Cancer Genome Atlas) 
cancers. Our analysis revealed that in 21 of the cancer 

Fig. 2 A) Expression of RGS20 in diverse cancers and associated normal samples. B) Gene expression patterns of upregulated and downregulated RGS20 
in various cancers. C) Timeline of RGS20 involvement in different cancer types
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types examined, for which both normal and tumor sam-
ples were available, RGS20 gene expression showed dis-
tinct patterns. Specifically, we observed upregulation of 
RGS20 in most cancers, including BLCA, CESC, CHOL, 
COAD, ESCA, KIRC, KIRP, LIHC, LUAD, LUSC, PCPG, 
PRAD, and STAD, compared to their respective normal 
samples (Fig. 2B). On the other hand, RGS20 was found 
to be downregulated in several tumor types, such as 
BRCA, GBM, HNSC, and THCA (Fig.  2B). Notably, we 
observed no significant change in RGS20 expression in 
KICH, PAAD, READ, and UCEC. These findings pro-
vide valuable insights into the diverse expression pat-
terns of RGS20 across different cancer types, suggesting 
its potential involvement in the development and pro-
gression of these cancers. Furthermore, an increasing 
number of publications have provided further support 
for RGS20’s involvement in various types of cancer. As 
illustrated in Fig. 2C, a growing body of literature under-
scores the importance of RGS20 across different types of 
cancer. To further explore its role in cancer, our focus on 
uncovering the underlying mechanisms through which 
RGS20 exerts its effects.

The putative mechanism of RGS20 in cancers: 
tumor related pathways and epigenetics
Understanding the mechanisms by which RGS20 oper-
ates in cancer will not only enhance our comprehension 
of its role in the disease but also offer valuable insights 
for identifying potential therapeutic targets for cancer 
patients. As illustrated in Figs. 3 and 4, we have compiled 

the potential mechanisms through which RGS20 influ-
ences cancers.

A recent study has revealed that RGS20 has the capabil-
ity to activate NF-κB signaling, which plays a pivotal role 
in mediating RGS20’s impact on the proliferation, migra-
tion, and tumorigenicity of bladder cancer cells [15]. 
Moreover, RGS20 might accelerate penile cancer progres-
sion by regulating PI3K/AKT signaling activation [18]. 
Similarly, in liver cancer, RGS20’s oncogenic role seems 
to be linked to the PI3K/AKT/mTOR signaling pathway 
[45]. The promotion of non-small cell lung carcinoma 
proliferation by RGS20 is attributed to its induction of 
autophagy and inhibition of the PKA-Hippo signaling 
pathway [19]. NF-κB signaling has been implicated in the 
progression and treatment of various cancers [46–50], 
and its activation is associated with all recognized cancer 
hallmarks [46]. Furthermore, PI3K/AKT signaling holds 
significance in cancer contexts [51–53]. Additionally, 
PKA/Hippo signaling is crucial for cancer, as it has been 
shown to affect cancer stem cells [54]. Hence, these three 
tumor-related signaling pathways likely contribute to the 
oncogenic effects of RGS20 in cancers.

In addition to genetic alterations, the role of epi-
genetics is increasingly recognized as pivotal in cancer 
development [55–57]. Investigating epigenetics in cancer 
offers valuable insights into disease mechanisms. Epi-
genetics encompasses heritable traits that are indepen-
dent of DNA sequence and involves three primary forms 
of regulation: DNA methylation, histone modification, 
and noncoding RNA activity [58]. The NEAT1/miR-365/

Fig. 3 An overview of the impact of RGS20 across various cancer types
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RGS20 axis has been identified as influential in cell pro-
liferation and invasion in oral squamous cell carcinoma 
(OSCC) by modulating the expression of key markers 
like E-cadherin, cyclin D1, N-cadherin, and Vimentin 
[14]. Notably, NEAT1 and miR-365 are implicated in 
OSCC [59–63]. In lung adenocarcinoma, RGS20 expres-
sion is regulated by hsa-miR-204, controlled by the long 
noncoding RNA (lncRNA) SFTAIP, and targeted by hsa-
miR-96 [64]. RGS20 is also linked with several lncRNAs 
(LINC00511, PVT1, MIR4435-2HG, BCYRN1, and 
MAPKAPK5-AS1) in hepatocellular carcinoma [45], with 
these lncRNAs already known to be involved in HCC 
[65–69]. Moreover, microRNA-204-5p exerts inhibitory 
effects on HCC proliferation, apoptosis, and migration/
invasion by targeting RGS20 [13], underscoring the intri-
cate regulatory network involving RGS20 and noncod-
ing RNAs in cancer. Furthermore, palmitoylation serves 
as a regulatory mechanism controlling RGS20 function, 
inhibiting Gαo signaling through cAMP signaling rather 
than GAP (GTPase accelerating protein) activity [70], 
thereby broadening the potential mechanisms through 
which RGS20 may impact cancer. In summary, the inter-
play between RGS20, epigenetics, and cancer, particularly 
involving noncoding RNAs, suggests a significant role for 
epigenetic regulation in RGS20-mediated oncogenesis.

The role of RGS20 as a prognostic factor for cancer 
patients
Prognostic factors play a crucial role in categorizing 
newly diagnosed cancer patients into high or low-risk 
groups, influencing treatment decisions and predict-
ing outcomes [71–73]. Many of these prognostic fac-
tors, including specific genes/proteins, have also been 

identified as potential therapeutic targets across various 
cancers [74–78], underscoring the importance of further-
ing our understanding of these factors in cancer patients.

As RGS20 plays a role in modifying the genetic and 
epigenetic landscape of cancer, it holds promise as a 
potential prognostic indicator for various malignancies. 
To substantiate this claim, we have gathered relevant 
publications focusing on RGS20 as a prognostic factor, 
as detailed below. RGS20 demonstrated elevated expres-
sion in tumor samples compared to normal samples, and 
it was associated with poor prognosis in lung adeno-
carcinoma [19, 64, 79]. The study further highlighted 
the application of RGS20 in subgroup analysis based on 
clinical features such as age, gender, and stage, further 
revealing a correlation between high RGS20 expression 
and lower survival rates in lung adenocarcinoma [64]. 
RGS20 expression is upregulated in bladder cancer com-
pared to control, both in clinical patients samples and 
cell lines, and high RGS20 expression is associated with 
worse 5-year overall survival [15]. A study combining 
WGCNA results from GEO datasets and experimen-
tal data from analyzing the sera of 10 HCC cases and 10 
NCs via human proteomics chip, identified RGS20 as one 
of the 11 TAAs (tumor-associated antigens) candidates 
for hepatocellular carcinoma (HCC) [80], indicating the 
potential prognostic ability of RGS20 for HCC patients. 
Furthermore, a recent study revealed that RGS20 exhib-
ited high expression in HCC compared to normal adja-
cent tissues and suggested its potential prognostic 
value for HCC [45]. RGS20 expression was found to be 
increased in renal cell carcinoma (RCC) samples and cell 
lines compared to relative controls, and its upregulation 
is associated with poor prognosis for RCC patients [16]. 

Fig. 4 Visualization outlining the relevant signaling pathways and epigenetic factors of RGS20 in cancer contexts
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A study focusing on breast cancer found that RGS20 
expression decreased in luminal breast cancer tissues, 
was upregulated in triple-negative breast cancer (TNBC) 
tissues, and showed no alteration in HER2-positive breast 
cancer tissues compared to normal tissues, with high 
RGS20 expression being associated with a poor progno-
sis in TNBC patients [81]. In penile cancer, a relatively 
uncommon cancer, the prognostic role of RGS20 has also 
been observed, with high expression levels in tumor sam-
ples compared to normal samples and a correlation with 
unfavorable clinical outcomes [18].

In summary, numerous studies provide accumulat-
ing evidence supporting the prognostic significance of 
RGS20 across a spectrum of cancers, including lung ade-
nocarcinoma, bladder cancer, hepatocellular carcinoma, 
renal cell carcinoma, triple-negative breast cancer, and 
penile cancer (as summarized in Table 1). These studies 
consistently report elevated levels of RGS20 expression in 
tumor tissues and cell lines compared to normal counter-
parts. Furthermore, high RGS20 expression consistently 
correlates with poor prognosis in these cancer types, sug-
gesting its potential role as an oncogene. These findings 
underscore the importance of RGS20 as a potential bio-
marker for predicting disease prognosis and highlight its 
potential as a therapeutic target for intervention in vari-
ous cancers.

RGS20 plays a pivotal role in influencing the 
growth, survival, and metastasis of cancers
Various cellular processes can be targeted to impede the 
growth of cancer cells. Considering RGS20 as a potential 
prognostic candidate for cancers, we outline its impact 
on cancer cells. RGS20 has been demonstrated to has-
ten the proliferation and invasion of oral squamous cell 
carcinoma (OSCC) cell lines, affecting cell cycle pro-
gression [14]. In bladder cancer, RGS20 overexpression 
fosters cell proliferation and migration in vitro, while 
also augmenting tumorigenicity in vivo [15]. Knock-
down of RGS20 in renal cell carcinoma (RCC) cells 
results in diminished proliferation, migration, and inva-
sion, coupled with cell cycle arrest and increased apop-
tosis [16]. Modifying RGS20 expression in penile cancer 
cells through knockdown and overexpression techniques 
impacts their proliferation, migration, and invasion 

abilities, with specific targeting of RGS20 through knock-
down leading to decreased tumor growth in vivo [18]. 
Furthermore, studies indicate that manipulating RGS20 
expression in cervical cancer, breast adenocarcinoma, 
and non-small cell lung carcinoma cells influences cell 
mobility and adhesive properties, suggesting a potential 
role in promoting metastasis [17]. RGS20 enhances the 
proliferation of non-small cell lung carcinoma by activat-
ing autophagy [19]. Targeting RGS20 has been implicated 
in the regulation of critical cellular processes, including 
cell proliferation, apoptosis, migration, and invasion in 
HCC [13]. Taken together, these findings underscore the 
multifaceted role of RGS20 in governing key cellular pro-
cesses and support its oncogenic role in cancer as shown 
in Table 2.

RGS20 holds promise for potential involvement in 
hematological malignancies
Numerous studies have documented the involvement 
of various RGS proteins in several hematological malig-
nancies, including myeloma [82], leukemia [83, 84], and 
lymphoma [85]. Therefore, the RGS protein family plays 
a critical role in hematological malignancies. Given 
the potential involvement of RGS20 in various cancers 
and the limited information on its role in hematologi-
cal malignancies, investigating RGS20 in this context is 
crucial. To address this, we conducted a bioinformatic 
analysis to predict its potential role in different hema-
tological malignancies, including AML (acute myeloid 
leukemia), ALL (acute lymphoblastic leukaemia), CLL 
(chronic lymphocytic leukemia), DLBCL (diffuse large 
B cell lymphoma), BL (burkitt lymphoma), FL (follicular 

Table 1 The prognostic significance of RGS20 in a variety of 
cancer types
Cancer types Prognostic
Lung adenocarcinoma Poor
Bladder cancer Poor
Hepatocellular carcinoma Poor
Renal cell carcinoma Poor
Triple-negative breast cancer Poor
Penile cancer Poor

Table 2 RGS20 significantly impacts the development and 
progression of various cancers
Cancer types Potential mechanisms
Oral squamous cell 
carcinoma

proliferation, inva-
sion and cell cycle

NEAT1/miR-365/RGS20 axis

Bladder cancer proliferation, mi-
gration and 
tumorigenicity

NF-κB signaling

Renal cell carcinoma proliferation, migra-
tion, invasion, cell 
cycle and apoptosis

-

Penile cancer cells proliferation, migra-
tion, invasion and 
tumor growth

PI3K/AKT signaling

Cervical cancer metastasis -
Breast 
adenocarcinoma

metastasis -

Lung carcinoma metastasis, prolif-
eration, autophagy

PKA/Hippo signaling, hsa-
miR-96 and hsa-miR-204

Hepatocellular 
carcinoma

proliferation, apop-
tosis, migration and 
invasion

PI3K/Akt/mTOR signaling, 
LINC00511, PVT1, MIR4435-
2HG, BCYRN1, MAPKAPK5-
AS1 and miRNA-204-5p
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lymphoma), T-lymphoma, and MM (multiple myeloma). 
We utilized datasets such as GSE4475 (burkitt lym-
phoma), GSE16131 (follicular lymphoma), GSE22762 
(chronic lymphocytic leukemia), GSE24080 (multiple 
myeloma), GSE28703 (acute lymphoblastic leukemia), 
GSE31312 (diffuse large B-cell lymphoma), GSE37642 
(acute myeloid leukemia), and GSE58445 (T-cell lym-
phoma), obtained from the GEO database (https://www.
ncbi.nlm.nih.gov/geo/). Data processing followed previ-
ously described methods [86]. Additionally, functional 
gene enrichment pathways were derived from the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) process, 
selected based on their significant P values (P < 0.05). 
Given RGS20’s prognostic capabilities in cancer and its 
influence on cancer via the NF-κB, PI3K/AKT and PKA/
Hippo pathways, we employed KEGG pathway analysis 
(top 10 enriched pathways) to assess RGS20-correlated 
pathways in hematological malignancies. Our analysis 
revealed a correlation between RGS20 and the PI3K/
AKT pathway in multiple myeloma (MM) and follicular 
lymphoma (FL). However, we found no direct associa-
tion of RGS20 with the PKA/Hippo or NF-κB pathways 
in hematological malignancy, as shown in supplemen-
tary Fig.  1. The PI3K/AKT signaling pathway has been 
documented to potentially activate in follicular lym-
phoma [87], and suppressing this pathway has been dem-
onstrated to modify the immune microenvironment of 
follicular lymphoma [88]. Furthermore, the PI3K/AKT 
signaling pathway has been identified as a pivotal signal-
ing cascade in myeloma [89, 90].

AKT protein, a key component of the PI3K/AKT path-
way, has been demonstrated to be significant in multiple 
myeloma (MM) [91–94] and follicular lymphoma (FL) 
[87, 95]. We applied molecular docking analysis to eval-
uated the potential interaction of RGS20 protein with 
AKT proteins (AKT1, AKT2 and AKT3). We utilized 
ZDOCK 3.0.21 to predict the binding modes of RGS20 
with AKT1-3 proteins, respectively. Prior to docking, we 
obtained the structural files of AKT3 and RGS20 proteins 
from the AlphaFold database, while the crystal struc-
tures of AKT1 and AKT2 were downloaded from the 
PDB database with PDB IDs 7NH5 for AKT1 and 8Q61 
for AKT2. Subsequently, we processed them using PyMol 
2.5.32, including the removal of inaccurately predicted 
structural regions. For docking, we employed the default 
settings of ZDOCK 3.0.2 and performed global rigid 
docking. Following docking, energy minimization was 

conducted using AMBER18 under the ff14SB force field. 
Finally, the conformation of the protein complexes after 
energy minimization was evaluated for binding affinity 
using the online tool prodigy3 (https://wenmr.science.
uu.nl/prodigy/) and visualized using PyMOL 2.5.3 for 
further analysis.

Table  3 illustrates the binding affinity of protein-pro-
tein complexes based on docking scores. Negative values 
indicate potential binding capability, with smaller values 
indicating stronger binding. Notably, the binding ener-
gies for RGS20-AKT1, RGS20-AKT2, and RGS20-AKT3 
were − 10.5, -8.9, and − 15.2 kcal/mol, respectively, indi-
cating favorable binding effects. Further analysis of their 
binding modes and forces was conducted, as depicted 
in Fig. 5B-C. During the formation of the AKT1-RGS20 
complex, hydrogen bonds and salt bridges were observed 
between specific residues on both proteins. Similar inter-
actions were observed in the AKT2-RGS20 and AKT3-
RGS20 complexes. These interactions constitute the main 
mode of interaction between AKT proteins and RGS20, 
indicating strong binding affinity in all complexes. These 
results strengthen the potential association between 
RGS20 and the PI3K/AKT pathway. Indeed, it’s impera-
tive to recognize that other pivotal proteins within the 
PI3K/AKT pathway may also establish significant con-
nections with the RGS20 protein. These interactions 
warrant attention and should not be overlooked. Further 
analysis or experiments are necessary to substantiate 
these connections.

RGS20 implicated in brain disorders
Besides RGS20 in cancers, recently the increasing evi-
dence showed that RGS20 might be involved in brain 
correlated diseases. A study focused on sporadic early-
onset Alzheimer’s disease (EOAD), autosomal dominant 
Alzheimer’s disease (ADAD), sporadic frontotemporal 
dementia (sFTD) and genetic frontotemporal dementia 
(gFTD) were published recently which six common dif-
ferentially expressed genes (DEG) for all the patients’ 
groups compared with controls: RGS20, WIF1, HSPB1, 
EMP3, S100A11 and GFAP [96]. In addition, seven SNPs 
in SNX31, RORA, CDH23, RGS20, LRRC4C, MAP-
K6PS1, LOC105378355 were found potential associated 
with CSF BACE activity, a potential diagnostic biomarker 
for Alzheimer disease [97]. Furthermore, RGS20 is a 
novel potential target for the treatment of depression 
[98, 99]. Thus, the role of RGS20 in brain diseases cannot 
be overlooked. Since a study demonstrated the crosstalk 
across cancer and neurodegeneration [100], it is reason-
able to highlight the RGS20 in brain diseases  (See Fig. 
6) even it looks a potential candidate for cancers. How-
ever, the current investigations lack the potential mecha-
nism of RGS20 in brain disease. So further explorations 

Table 3 The binding affinity of the RGS20 protein with AKT 
proteins
Complex Predicted binding affinity (kcal/mol)
RGS20-AKT1 -10.5
RGS20-AKT2 -8.9
RGS20-AKT3 -15.2

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://wenmr.science.uu.nl/prodigy/
https://wenmr.science.uu.nl/prodigy/
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are needed to demonstrate its potential mechanism of 
RGS20 in brain diseases.

Conclusion
In this study, we’ve discerned potential mutations in 
RGS20 and its interactions with other proteins, suggest-
ing disturbances in typical molecular pathways. These 
altered molecular processes in cancer cells may con-
tribute to their development and proliferation. Further-
more, both epigenetic and genetic mechanisms have 
been implicated in RGS20’s role in fostering the growth 
and metastasis of cancer cells. There is accumulating evi-
dence indicating that RGS20 possesses prognostic capa-
bilities across a spectrum of cancers and may function 

as a potential oncogene. Particularly noteworthy is its 
impact on hematological malignancies, such as multiple 
myeloma (MM) and follicular lymphoma (FL), indicating 
promising avenues for further investigation. Nonetheless, 
additional research is imperative to elucidate the spe-
cific roles of RGS20 in various subtypes of hematological 
malignancies. Furthermore, the exploration of RGS20’s 
involvement in brain diseases presents a compelling 
opportunity for further inquiry, potentially yielding valu-
able insights into its broader physiological significance. 
Our study significantly contributes to the burgeon-
ing body of evidence supporting RGS20 as a potential 
molecular biomarker for prognostic stratification and as 
a novel therapeutic target across diverse disease contexts. 

Fig. 6 RGS20 is implicated in various brain disorders, including Alzheimer’s disease, frontotemporal dementia, depression, and neurodegeneration

 

Fig. 5 (A) KEGG analysis on multiple myeloma and follicular lymphoma. The binding modes and binding forces between RGS20 protein and AKTs pro-
teins: RGS20-AKT1 (B), RGS20-AKT3 (C) and RGS20-AKT2 (D)
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Continued research efforts in this domain hold the 
potential to deepen our understanding of RGS20’s mul-
tifaceted roles in disease pathogenesis and inform the 
development of targeted interventions.
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