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Purpose: Circ-SHPRH is a circular RNA that can regulate the expression of target genes by 
sponging microRNAs (miRNAs) or translating tumor suppressor proteins. Recent studies 
have suggested that circ-SHPRH may play a role in the development of tumors and cancers. 
Hence, this paper aimed to review the biological characteristics, molecular mechanisms, and 
potential clinical significance of circ-SHPRH in a variety of tumors and to evaluate its 
potential as a new diagnostic and prognostic biomarker.
Methods: Numerous experiments were performed regarding the abnormal expression of 
circ-SHPRH in a variety of tumors, including hepatocellular carcinoma, gastric carcinoma, 
non-small cell lung cancer, osteosarcoma, colorectal cancer, cholangiocarcinoma, pancreatic 
ductal adenocarcinoma, retinoblastoma, and glioblastoma.
Results: Upregulation of circ-SHPRH reportedly inhibits tumor cell proliferation, migration, 
and invasion, leading to the inhibition of tumor development. The clinicopathological 
parameters and the functional characteristics of circ-SHPRH in multiple human tumors and 
cancers were summarized. Circ-SHPRH functions as a tumor suppressor gene and has great 
potential as a diagnostic and prognostic biomarker for different types of cancer.
Keywords: biomarker, cancer, circ-SHPRH, SHPRH-146AA

Introduction
Cancer is a major problem affecting human survival.1 According to the World 
Health Organization, 19.3 million people were diagnosed with cancer and 
10 million died of cancer in 2020.2 At present, one in five people worldwide will 
suffer from cancer in their lifetime; moreover, the age of onset is decreasing, with 
atypical early symptoms and poor prognosis.2 Therefore, it is important to identify 
the effective diagnostic markers and potential therapeutic targets for cancer.

Currently, new therapeutic strategies,such as bacterial therapy, boron neutron 
capture therapy and targeted non-coding RNA (ncRNA) are under development and 
may be the treatment options for cancer in the future.3,4

In recent years, ncRNAs have become a popular topic in many researches.5 

They result from the pervasive transcription of the mammalian genome,6 as the 
name suggests, and do not code for proteins.7 NcRNAs comprises the vast majority 
of cellular RNA and more than 90% of human RNA.8 They were originally thought 
to regulate gene expression only at the post-transcriptional level.9 However, recent 
studies have shown that ncRNAs are as important as proteins and play important 
roles in multiple cellular processes, including cell proliferation, migration, apopto-
sis, angiogenesis, inflammatory reaction and immune responses.10,11 In addition, 
ncRNAs can affect metabolic enzymes, transcription factors, and signaling path-
ways, especially the 50-AMP-activated protein kinase and the phosphatidylinositol 
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3-kinase /AKT/Mammalian target of rapamycin (mTOR) 
pathways, which promote glycolysis and regulates glucose 
metabolism, thereby promoting tumor progression.12

Circular RNAs (circRNAs), a new class of ncRNAs, 
were first discovered in the 1970s.13 In the past, they were 
thought to be a byproduct of splicing errors, with no 
biological function.14 However, with the wide application 
of high-throughput sequencing technology and bioinfor-
matic methods, high levels of circRNA have been detected 
in tissues and cells of various eukaryotes, including 
Drosophila, melanogaster, nematodes, mice, monkeys, 
bovines, and humans.15–17,

CircRNA is generally generated by a precursor mes-
senger RNA (pre-mRNA) through typical splicing and 
post-head-tail splicing18 It is a covalently closed continu-
ous loop, without 3′ or 5′ free ends.19 CircRNAs perform 
four main functions. First, circRNA regulate 
transcription.20 In 2015, Li et al discovered exon-intron 
circRNAs, a class of circRNAs related to RNA polymer-
ase II in human cells, which can interact with U1 snRNP 
to promote the transcription of their parent genes. Second, 
circRNAs compete as endogenous RNA or microRNA 
(miRNA) sponges.21 In 2013, Hansen et al found that 
a circRNA that was highly expressed in human and 
mouse brains acted as a sponge for miR-7, and the testis- 
specific circRNA sex-determining region Y, acted as 
a sponge for miR-138, suggesting that the miRNA sponge 
effect realized by circRNA formation was a common phe-
nomenon. Third, protein translation of circRNAs;22 in 
2017, Pamudurti et al provided strong evidence that 
a subset of circRNAs were translated in vivo . Fourth, 
circRNAs interact with RNA-binding proteins (RBPs);23 

in 2018, Zang et al discussed in detail the relationship 
between circRNAs and RBPs, as well as their interactions, 
which deepened the understanding of the function of 
circRNAs. Because of their special closed-loop structure, 
circRNAs are resistant to exonucleases, making them 
highly stable.24 In addition, circRNAs are critical for eval-
uating various tissues, organs, and developmental stages in 
mammals.21 Furthermore, they are specifically expressed 
in body fluids,25–27 especially in the blood;27 therefore, it 
has the potential to serve as a powerful biomarker for 
cancers.28,29

In recent years,increasing evidence has confirmed the 
involvement of circRNAs in the occurrence and develop-
ment of many diseases, such as viral infection, diabetes, 
tumor (ovarian, thyroid, breast and stomach cancer). 30,31 

Moreover circRNAs are closely related to the clinico-
pathological characteristics and prognosis of tumors.32–37 

For example, higher Circ-HIPK3 expression is associated 
with epithelial ovarian cancer lymph node infiltration, high 
Federation International of Gynecology and Obstetrics 
staging, and poor disease free survival and overall 
survival.33 In gastric cancer, low levels of Circ-PVT1 are 
associated with advanced T (T4) tumors and nerve inva-
sion. When the expression of Circ-PVT1 is downregu-
lated, the proliferation of gastric cancer cells is 
inhibited.34 Overexpression of Circ-ITCH inhibits the pro-
liferation, migration, and invasion of breast cancer tissues 
and cells. Low Circ-ITCH expression is associated with 
higher incidence of lymph node metastasis and the forma-
tion of larger tumors, along with more advanced tumor 
node metastasis (TNM) stages in breast cancer.35

Circ-SHPRH is a circRNA that has been extensively 
studied recently. In this review, we focused on the biolo-
gical functions and mechanisms of action of circ-SHPRH 
(hsa_circ_0001649) in various tumors, and evaluated its 
potential as a new potential diagnostic and prognostic 
biomarker.

Formation and Function of 
Circ-SHPRH
Circ-SHPRH (circBase ID: hsa_circ_0001649, 
circ2TraitsID: hsa_circ_001599) is a transcriptional pro-
duct of the SNF2 histone linker PHD. The gene encoding 
RING helicase (SHPRH) is located at chr6: 146209155– 
146216113. Mature circ-SHPRH is derived from exons 
26–29 of SHPRH gene and contains only 440 nucleotides 
by intron shearing.38,39 A schematic diagram of the struc-
ture is shown in Figure 1.

Recent studies have shown that circ-SHPRH plays 
a critical role in many biological processes, including 
cell growth, migration, and invasion.38 In addition, it is 
a potential marker for many diseases and cancers,40 such 
as colorectal cancer (CRC),41 hepatocellular carcinoma 
(HCC),42 and non-small-cell-lung cancer (NSCLC).43 

According to the current research, circ-SHPRH mainly 
acts through the following two aspects: (1) as an miRNA 
sponge; and (2) through its protein-coding function.

Circ-SHPRH can regulate the expression of its target by 
acting as miRNA “ sponge”.44 For example, circ-SHPRH 
can inhibit the expression of Wnt3A and β-catenin by down-
regulating miR-20a, thereby inhibiting the proliferation, 
migration, and invasion of gastric cancer cells.45 In lung 
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cancer, circ-SHPRH plays an antitumor role by downregulat-
ing the expression of tumor-promoting miRNAs, miR-331- 
3p and miR-8-5p.45 The miRNAs that can be absorbed by 
circ-SHPRH are shown in Figure 2.

Recently, some circRNAs have been found to play 
a role in protein translation.46,47 SHPRH-146AA is 
a tumor suppressor protein encoded by circ- 
SHPRH.39,48,49 Zhang et al combined deep RNA-seq 
with computational methods to predict potential coding 
circRNAs, and found that a circRNA was downregulated 
in glioma compared to normal brain tissue. This circRNA, 
which was designated as circ-SHPRH, has an open reading 
frame and an internal ribosomal entry site. The whole circ- 
SHPRH was translated into a suspected 146-amino acid 
(AA) protein (called “SHPRH-146AA”), and the protein 
level of SHPRH-146AA was increased after transfection 
with the circ-SPHRH vector.50 These results suggest that 
circ-SHPRH has a protein-coding function.

Circ-SHPRH in Various Human 
Tumors
In recent years, as further studies on circ-SHPRH have 
been conducted, abnormal expression of circ-SHPRH has 
been found to be associated with a variety of tumors, 
including HCC, gastric carcinoma (GC), NSCLC, osteo-
sarcoma (OS), cholangiocarcinoma (CCA), pancreatic 
ductal adenocarcinoma (PDCA), retinoblastoma (RB), 

and glioblastoma (GBM). In addition, decreased circ- 
SHPRH expression was associated with the formation of 
larger tumors, tumor thrombus, and tumor satellites, along 
with shorter survival time in patients with cancer. The 
correlation between clinicopathological parameters of dif-
ferent types of cancer and circ-SHPRH expression is 
shown in Table 1. Moreover, circ-SHPRH upregulation 
can result in the inhibition of tumor development by reg-
ulating the biological behavior of tumor cells; thereby, 
acting as a tumor suppressor gene. The specific mechan-
isms and functional characteristics of circ-SHPRH in dif-
ferent types of cancers are summarized in Table 2.

Hepatocellular Carcinoma
HCC ranks sixth in incidence and fourth in mortality 
among all cancers worldwide, with a poor prognosis and 
an estimated median survival time of less than 2 years.51,52 

In recent years, research on circRNAs in liver cancer has 
been carried out in full force to provide ideas for the early 
diagnosis of liver cancer, and to identify potential thera-
peutic target.53 Recently, circ-SHPRH has been found to 
play an antitumor role in liver cancer.42,54,55

Qin et al evaluated the clinical value of circ-SHPRH in 
liver cancer, and the results revealed that the expression of 
circ-SHPRH in HCC tissues is lower than that in adjacent 
non-cancerous HCC tissues. Moreover, circ-SHPRH 
expression is related to tumor size and the formation of 
tumor thrombus. The receiver operating characteristic 

GAAAACTGCTGAGAGAAGGGCAGCCATTCTACAAAA

440ntCirc-SHPRH

SHPRH
Exon29 Exon28 Exon27 Exon26

Splice junction

Figure 1 Schematic diagram depicting circ-SHPRH formation.
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(ROC) curve was plotted to evaluate whether circ-SHPRH 
expression can be used as a biomarker to distinguish 
cancerous tissues from adjacent non-cancerous liver tis-
sues, the area under the ROC curve was 0.63, and the 
sensitivity and specificity were 0.81, and 0.69, respec-
tively, suggesting that circ-SHPRH may be a new potential 
diagnostic biomarker for liver cancer.42 In HCC cells, 
siRNA-mediated circ-SHPRH knockdown significantly 
increased mRNA levels of several matrix metalloprotei-
nases (MMPs), such as MMP9, MMP10, and MMP13. 
MMP9, MMP10, and MMP13 degrade various compo-
nents of the basement membrane, and promote liver 
metastases.56–58 This further supported the earlier findings 
that low levels of circ-SHPRH were positively correlated 
with HCC metastasis.

Similary, another study also found lower expression of 
circ-SHPRH in liver cancer tissues than in normal liver 
tissues.Moreover, low expression of circ-SHPRH is asso-
ciated with poor overall survival patients with HCC, 

suggesting that circ-SHPRH can serve as a potential prog-
nostic biomarker in patients with HCC.54 Zhang et al 
studied the biological function and mechanism of circ- 
SHPRH in HCC cells and found that circ- SHPRH was 
downregulated in HCC cells and found that circ-SHPRH 
overexpression facilitates apoptosis and inhibits the prolif-
eration and migration of HCC cells.

Furthermore, Su et al demonstrated that circ- SHPRH 
expression is significantly lower in liver cancer cell lines 
and tumor tissues than in normal liver tissues, and the low 
expression of circ-SHPRH was related to the degree of 
tumor differentiation and tumor satellites. Both in vivo and 
in vitro experiments have shown that circ-SHPRH over-
expression inhibits the proliferation and migration of HCC 
cells. The regulation of circ-SHPRH in HCC cells was 
achieved by targeting SHPRH, and the results indicate 
that there is a positive correlation between circ-SHPRH 
and SHPRH in HCC samples.55 Further studies showed 
that circ-SHPRH acted as a competitive endogenous RNA 

CDK4,CDK6
Apaf1,Caspase3,Caspase-9
STAT3,STAT5

Circ-SHPRH

miR-20a

miR-331-3p

miR-8-5p

miR-127-5p

miR-612

miR-4688

miR-338-5p

miR-647

miR-942

Wnt3a,β-catenin,ERK

Caspase-3,Caspase-9
Bcl-2, Bax
P-Akt,P-mTOR

MMP9,
MMP10,
MMP13

Caspase-3,
Caspase-9MMP-9

caspase-3,caspase-9
Bcl-2,Bax
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E-cadherin,
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Figure 2 MicroRNAs that can be sponged by circ-SHPRH or genes and proteins associated with circ-SHPRH, according to published reports on human cancer. Trapezium 
represents microRNAs that can be sponged by circ-SHPRH.Square represents genes and proteins associated with circ-SHPRH.
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sponge for miR-127-5p, miR-612, and miR-4688, thereby 
activating SHPRH.

Gastric Carcinoma
Gastric cancer is the fifth most common cancer and the 
third most common cause of cancer-related deaths.59 Most 
patients with atypical early symptoms were diagnosed 
with advanced gastric cancer at admission, with high 
malignancy and poor prognosis.60,61 A growing number 
of studies have shown that circRNAs play an important 
role in the progression of gastric cancer and exhibit great 
potential as useful marker and therapeutic targets.62–64 

Circ-SHPRH has recently been associated with the occur-
rence and development of gastric cancer, and its specific 
roles and mechanisms are as follows.

Sun et al enrolled 25 patients to study the role and 
mechanism of circ-SHPRH in gastric cancer tissues and 
cells and found that the level of circ-SHPRH is significantly 
lower than that in adjacent normal tissues. Cell counting Kit- 
8 (CCK-8) assay and flow cytometry showed that circ- 
SHPRH upregulation significantly inhibits cell proliferation 
and promotes apoptosis . Transwell migration assay revealed 
that the circ-SHPRH upregulation inhibits cell migration and 
invasion.65 MiR-20a is highly expressed in GC,66 it inhibits 
autophagy and promote tumor cell proliferation67,68 

Therefore, it could be a diagnostic and prognostic marker 
of GC.  The authors further aimed to clarify the correlation 
between the function of circ-SHPRH in GC and miR-20a. 

Circ-SHPRH upregulation was shown to significantly reduce 
the expression of miR-20a, indicating that miR-20a is nega-
tively regulated by circ-SHPRH. Further studies showed that 
upregulation of circ-SHPRH restrained the ERK and Wnt/β- 
catenin pathways by downregulating miR-20a.

Similarly, Li et al also found that the expression of circ- 
SHPRH is lower in gastric cancer tissues than that in para-
cancerous tissues. In addition, preoperative and postopera-
tive whole blood samples of 20 patients were collected to 
detect the expression of circ-SHPRH, and the results 
revealed that circ-SHPRH was upregulated in postoperative 
serum samples of patients. Thus, circ-SHPRH may be con-
sidered as a panel for the early detection of GC.69 Analysis of 
circ-SHPRH levels and clinicopathological data revealed that 
the expression of circ-SHPRH is associated with pathologi-
cal differentiation, but not with other clinicopathological 
factors, including age, sex, TNM stage, lymphatic metastasis, 
CEA, CA19-9, and CA-724 levels. Additionally, satisfactory 
results were obtained by ROC analysis. Sensitivity and spe-
cificity were 0.711 and 0.816, respectively, and the area 
under the curve was 0.834, suggesting that circ-SHPRH 
may be used as a new diagnostic biomarker for GC with 
high accuracy, specificity, and sensitivity.

Lung Cancer
Worldwide, lung cancer cases and deaths are increasing.70 

According to a global survey, lung cancer is estimated to 
have accounted for 2.2 million new cases and 1.79 million 

Table 1 Clinicopathological Parameters of Circ-SHPRH in Human Tumors

Cancer Types Samples Size 
(Normal:Tumor)

Expression Clinicopathologic Features Clinical Importance References

HCC (89:89) Downregulated Tumor size and tumor embolus Diagnosis Biomarker [42]

HCC (77:77) Downregulated Overall Surxixal Prognostic Biomarker [54]

HCC (84:84) Downregulated Grade of differentiation and tumor satellite – [55]

GC (76:76) Downregulated Pathological differentiation Diagnosis Biomarker [69]

NSCLC (53:53) Downregulated TNM stage and lymph nodes Prognostic Biomarker [43]

CRC (64:64) Downregulated Pathological differentiation Diagnosis Biomarker [41]

CCA (76:76) Downregulated Tumor size and differentiation grade – [84]

PDAC (58:58) Downregulated Tumor stage and grade of differentiation 

Overall Surxixal

Prognostic Biomarker [87]

RB (6:60) Downregulated Tumor size and IIRC stage 

Overall Surxixal

Prognostic Biomarker [91]

GBM (64:64) Downregulated Tumor size and WHO grade Prognostic Biomarker [97]
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deaths in 2020,71 which was a significant increase from 
2018,51 thereby making it the most common cause of 
death.51,71 NSCLC accounts for approximately 85% of all 
lung cancer cases.72 Therefore, there is an urgent need to 
identify new biomarkers, and develop molecularly targeted 
treatments for NSCLC.

Liu et al measured the relative expression of circ-SHPRH 
in 53 paired NSCLC tissues and their matched normal tissues 
by quantitative real-time polymerase chain reaction (qRT- 
PCR). The results showed that circ-SHPRH expression is 
lower in tumor tissue specimens than in normal tissue speci-
mens and is correlated with advanced TNM stage and posi-
tive lymph nodes. In addition, multivariate Cox regression 
analysis confirmed that circ-SHPRH can serve as an inde-
pendent prognostic biomarker in patients with NSCLC. In 
both in vivo and in vitro experiments, the upregulation of 
circ-SHPRH was found to inhibit the proliferation, migra-
tion, and invasion of tumor cells.43 Bioinformatics analysis 
was further used to predict circ-SHPRH targets, and miR- 
140-3p, miR-203, miR-223, miR-331-3p, miR-338-5p, and 
miR-488 were identified as potential targets. However, circ- 
SHPRH overexpression was found to only inhibit the expres-
sions of miR-331-3p and miR-338-5p . The correlation 
between circ-SHPRH and these two miRNAs was further 
verified by luciferase reporter assay. The results confirmed 
that miR-331-3p and miR-338-5p are miRNA targets of circ- 
SHPRH. Further research showed that miR-331-3p and miR- 
338-5p upregulation could partially reverse the tumor inhibi-
tion effect of circ-SHPRH, suggesting that circ-SHPRH 
plays a role in NSCLC by sponging miR-331-3p and miR- 
338-5p. The role and mechanism of circ-SHPRH in small 
-cell lung cancer have not been reported, and further explora-
tion is needed.

Osteosarcoma
OS is the most common primary malignant bone tumor in 
children and young adults, with a 5-year event-free survi-
val rate of approximately 70% and an overall survival rate 
of less than 20% in patients with metastatic or recurrent 
OS.73 For decades, the prognosis of patients with overall 
survival has not improved.73,74 Therefore, in the future 
considerable efforts should be directed at the identification 
of new biomarkers and new OS recognition targets.

Sun et al evaluated the expression of circ-SHPRH in 26 
pairs of OS tissues and their corresponding normal adja-
cent non-tumor tissues. The expression of circ-SHPRH in 
OS was lower than that in normal tissues. In addition, circ- 

SHPRH overexpression inhibites the growth of OS cells 
and promoted apoptosis. Furthermore, co-transfection with 
miR-338-5p,miR-647, and miR-942 mimics significantly 
restores the viability and significantly reduces the apopto-
sis of circ-SHPRH-overexpression cells, suggesting that 
the biological function of circ-SHPRH depends on its 
ability to sponge these miRNAs.75 These miRNAs may 
regulate cell proliferation and survival by regulating 
autophagy pathways.76

The signal transducer and activator of transcription 
(STAT) signaling pathway is involved in tumor cell recog-
nition and tumor-driven immune escape and plays an 
important role in tumorigenesis and cancer 
development.77 STAT3 and STAT5 are the major interme-
diaries of the STAT signaling pathway, which is involved 
in tumor initiation and progression.77,78 Sun et al further 
investigated the effect of circ-SHPRH on the STAT signal-
ing pathway, and western blotting revealed that circ- 
SHPRH upregulation significantly decreases the levels of 
STAT3 and STAT5, whereas, their levels were significantly 
increased after co-transfection with miR-338-5p, miR-647, 
and miR-942 mimics. These results suggest that circ- 
SHPRH inhibited the STAT pathway by sponging miR- 
338-5p, miR-647, and miR-942.75

Colorectal Cancer
CRC is the fourth most deadly cancer worldwide, with 
nearly 900,000 deaths per year;The global burden of CRC 
is expected to increase by 60%, accounting for an esti-
mated 2.2 million new cases and 1.1 million deaths by 
2030.79,80 Therefore, a full understanding of the occur-
rence and development of CRC is beneficial to the devel-
opment of clinical work in the future.

Ji et al evaluated 64 pairs of tumor tissues and their 
matched paracancerous tissues. The results showed that 
circ-SHPRH expression in CRC was significantly lower 
than that in the corresponding non-tumor tissues and circ- 
SHPRH expression is closely correlated with pathological 
differentiation. To evaluate the diagnostic value of circ- 
SHPRH in CRC, a ROC curve was generated. The area 
under the ROC curve was 0.857, the sensitivity was 0.828, 
and the specificity was 0.781, indicating high sensitivity 
and specificity. In addition, circ-SHPRH expression is 
upregulated after surgery compared with that before sur-
gery. These results suggest that circ-SHPRH plays a tumor 
suppressor role in CRC and can be used as a new diag-
nostic biomarker for CRC.41
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Cholangiocarcinoma
Although CCA is a relatively rare tumor, its early clinical 
presentation is atypical, it is highly invasive and it has 
a poor prognosis.81,82 Intra-and inter-tumor heterogeneity 
and chemotherapy resistance make it more difficult to 
treat.83 Therefore, it is important to elucidate the patho-
genesis of this tumor in order to develop more effective 
treatments.

Recent studies have shown that circ-SHPRH expres-
sion is lower in bile duct carcinoma tissues and cells than 
in normal bile duct tissue and epithelial cells.84 Fisher’s 
exact tests revealed that circ-SHPRH downregulation is 
closely associated with larger tumor size and lower differ-
entiation grade in CCA. Through in vivo and in vitro 
experiments, Xu et al evaluated the biological function of 
circ-SHPRH and confirmed that the overexpression of 
circ-SHPRH inhibits cell proliferation and tumor occur-
rence. Moreover, the migration and invasion abilities of 
tumor cells are disrupted and apoptosis is induced.84

Pancreatic Ductal Adenocarcinoma
Although the time to progression of PDAC is estimated to 
be more than 20 years, it is generally diagnosed at 
advanced stages and has a poor prognosis.85,86 Therefore, 
there is an urgent need to identify effective diagnostic 
markers and understand its molecular mechanisms.

Jiang et al used qRT-PCR to detect the expression of 
circ-SHPRH in 58 PDAC tissues and matched normal 
tissues, and the results showed that the expression of 
circ-SHPRH in PDAC tissues is significantly lower than 
that in normal tissues. Moreover, Fischer’s precise test 
revealed that patients with low circ-SHPRH expression 
had more advanced tumor stages and lower grades of 
differentiation. To further evaluate the prognostic value 
of circ-SHPRH, the Kaplan-Meier method was used for 
analyzing the survival. Patients with high circ-SHPRH 
expression had good 5-year overall survival rates.87 

Multivariate analysis further confirmed that circ-SHPRH 
can serve as an independent prognostic marker of overall 
survival in PDAC patients. In terms of biological function 
studies, CCK8 assay showed that circ-SHPRH overexpres-
sion significantly inhibits proliferation, and colony forma-
tion test validated that the circ-SHPRH upregulation 
weakens the cloning ability of PDAC cells. Caspase-3 
and caspase-9 have been identified as apoptotic markers 
in previous studies.88,89 In the circ-SHPRH overexpression 
group, the number of apoptotic cells is significantly 

increased and caspase-3 and caspase-9 are activated, sug-
gesting that circ-SHPRH may play an anti-cancer role by 
promoting PDAC apoptosis . Collectively, these findings 
provide a potential therapeutic target for the treatment of 
this deadly disease.

Retinoblastoma
RB is the most common intraocular malignancy in chil-
dren, accounts for 3% of all childhood cancers, and ser-
iously affect the quality of children’s lives.90 Although 
recent studies on the genetics of RB have helped improve 
the overall clinical management of this malignancy,90 

there is still a need to identify more effective biomarkers 
and therapeutic targets in RB.

Using qRT-PCR, a recent study found that circ-SHPRH 
expression is downregulated in RB tissues and cells com-
pared with that in normal retinal tissues and cells. Further 
analysis of the clinical value of circ-SHPRH in RB 
showed that circ-SHPRH downregulation is significantly 
correlated with larger tumor size and more advanced inter-
national classification stage for intraocular RB.91 Patients 
with decreased circ-SHPRH expression have poor 5-year 
overall survival after surgery. Multivariate Cox regression 
analysis revealed that decreased circ-SHPRH expression is 
an independent prognostic indicator of overall survival 
with RB. The biological functions of circ-SHPRH in RB 
cells were further explored and results showed that circ- 
SHPRH overexpression inhibites the proliferation and 
cloning ability of RB cells, which was further confirmed 
by xenotransplantation experiments. In addition, the over-
expression of circ-SHPRH promotes RB apoptosis . This 
was further confirmed by flow cytometry, which showed 
that the overexpression of circ-SHPRH increased the 
activities of caspase-3 and caspase-9, while simulta-
neously decreasing the expression of Bcl-2 and increasing 
the expression of Bax.

Furthermore,studies have reported that the Akt/mTOR 
signaling pathway participates in the initiation and promo-
tion of diseases, including tumors, through the autophagy 
pathway, and plays an important role in the regulation of 
cell proliferation, angiogenesis, transcription, translation 
and metabolism.92,93 Therefore, Xing et al further explored 
whether circ-SHPRH plays a role in RB through the Akt/ 
mTOR signaling pathway, and found that p-Akt and 
p-mTOR are negatively correlated with the expression of 
circ-SHPRH, but had little effect on the expression of total 
Akt and total mTOR, suggesting that circ-SHPRH may 
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affect RB apoptosis and proliferation by regulating the 
Akt/mTOR pathway.91

Glioblastoma
GBM is the most aggressive—although less common— 
form of intrinsic brain tumor.94

Therefore, it is important to better understand the 
pathogenesis and progression of gliomaand identify the 
epigenetic factors (P53,EGFR, microRNAs) that contri-
bute to this tumor.95 As circ-SHPRH is a novel cancer- 
related circRNA that is downregulated in several cancer 
types and might be an important diagnostic and prognostic 
biomarker for various cancers,38 its pathological role in 
GBM has also been evaluated.

Chen et al evaluated 14 candidate circRNAs and 
detected a higher expression of six circRNAs (circNT5E, 
circFOXO3, circ_0001946, circ_0029426, circSHPRH, 
and circMMP9) in patients with GBM than in healthy 
volunteers. Further research demonstrated that 
circFOXO3, circ_0029426, and circ-SHPRH may serve 
as potential biomarkers to predict the occurrence of 
GBM. Risk score analysis revealed that the combination 
of three circRNAs could distinguish patients with GBM 
from healthy controls, with an area under the curve value 
of 0.906.96

Contrary to the strategy employed by Chen et al, Wang 
et al evaluated 64 paired glioma tumor tissues and 
matched adjacent non-tumor tissue samples and found 
significantly lower circ-SHPRH expression in tumor tis-
sues and cells than in paired non-tumor tissues.97 The 
relationship between circ-SHPRH expression and clinical 
characteristics of glioma was further explored, and the 
results showed that circ-SHPRH downregulation 
is strongly associated with larger tumor size and advanced 
WHO grade. Futhermore, Kaplan-Meier analysis revealed 
that patients with decreased expression of circ-SHPRH 
exhibit a low survival rate. Combined results of univariate 
and multivariate Cox regression models determined circ- 
SHPRH to be an independent prognostic index for patients 
with glioma. In vivo and in vitro experiments revealed that 
circ-SHPRH overexpression inhibits proliferation and 
increased apoptosis of tumor cells.Additonally, circ- 
SHPRH overexpression activates Caspase-3 and Caspase- 
9, decreases the expression of the anti-apoptotic related 
protein Bcl-2, and increases the expression of the pro- 
apoptotic related protein Bax, as indicated by western 
blotting.98 These results suggest that the Bcl-2/caspase-3 
pathway plays a key role in circ-SHPRH-mediated 

apoptosis. In vivo experiments revealed that the tumor 
weight in the circ-SHPRH overexpression group was sig-
nificantly lower than that in the negative control group. 
Additionally, the xenograft formed by circ-SHPRH-over-
expressing tumor cells exhibited lower Ki67 expression 
than tumor cells transfected with empty vector, further 
confirming that circ-SHPRH plays a tumor-suppressive 
role in glioma.

We mentioned earlier that circ-SHPRH can be trans-
lated into a 146-AA protein.39,48,49 Further analysis 
revealed that both SHPRH and SHPRH-146AA are abun-
dantly expressed in normal human brains and downregu-
lated in GBM. Using clinical data, it was also found that 
patients with higher expression of SHPRH-146AA or 
SHPRH survived longer than those with lower expression 
of SHPRH-146AA or SHPRH. In terms of biological 
function, the overexpression of SHPRH-146AA reduces 
the malignant behavior and tumorigenicity in vitro and 
in vivo. Mechanistically, SHPRH-146AA can prolong the 
half-life of full-length SHPRH and protect full-length 
SHPRH from degradation by ubiquitin proteasomes. 
Moreover, stabilized SHPRH functioning as an E3 ligase, 
sequentially ubiquitinates proliferating cell nuclear anti-
gen, leading to inhibited cell proliferation and tumorigeni-
city. These findings suggest that SHPRH-146AA serves as 
a decoy molecule that can protect full-length SHPRH from 
degradation, thereby promoting the tumor inhibitory func-
tion of SHPRH.

Conclusion and Prospects
In this review, we outlined the biological functions and 
mechanisms of circ-SPHRH in various tumors and gained 
a deeper understanding of its role in tumorigenesis and 
cancer development. In addition, the association of circ- 
sPHRH with several clinicopathological features of tumors 
has been revealed, as well as the possibility of using circ- 
sPHRH as a new target and potential prognostic marker.

However, studies on circ-SPHRH are limited. For 
example,the listed experimental data were obtained from 
small samples. Moreover, there are few studies on the role 
of circ-SPHRH in certain types of tumors, such as breast 
cancer and ovarian cancer.Furthermore, its role in other 
disease types, such as endometriosis and blood diseases, 
requires further exploration. Furthermore, functional stu-
dies have only focused on the role of circ-SPHRH as 
miRNA sponges. Although there is evidence that circ- 
SPHRH encodes proteins, limited relevant references are 
available. Thus, further studies are warranted. Other 

OncoTargets and Therapy 2021:14                                                                                                 https://doi.org/10.2147/OTT.S317403                                                                                                                                                                                                                       

DovePress                                                                                                                       
4185

Dovepress                                                                                                                                                                Ju et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


possible functions of circ-SPHRH should also be explored 
in the future.
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