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Purpose: Circular RNAs (circRNAs) play an important role in tumorigenesis, and
exosomal circRNAs have the potential to be novel biomarkers for cancer
diagnosis. Here, we are committed to reveal serum exosomal circCCDC66 as
a noninvasive biomarker to diagnose and predict recurrence in pituitary
adenoma (PA).

Methods: A total of 90 PA patients and 50 healthy subjects were enrolled for
clinical validation. Exosomes were extracted from the serum and validated by
transmission electron microscopy, nanoparticle tracking analysis, and Western
blot assay. The expression of circCCDC66 in serum exosomes was assessed
using quantitative real-time PCR (gqRT-PCR), and correlations between
circCCDC66 expression and clinicopathological factors were analyzed. The
reliability of serum exosomal circCCDC66 to diagnose PA was evaluated using
receiver operating characteristic (ROC) analysis.

Results: Initially, an obviously significantly increasing level of serum exosomal
circCCDC66 was verified in the PA specimens compared with healthy controls.
Importantly, serum exosomal circCCDC66, which was secreted and released by
PA cells, could monitor tumor dynamics and serve as a potentially prognostic
biomarker during treatment. Additionally, ROC curve analysis was performed and
the corresponding area under the curve (AUC) values were used to confirm the
ability of serum exosomal circCCDC66 as a potentially diagnostic and prognostic
biomarker for PA patients. Importantly, the progression-free survival was much
longer in the low serum exosomal circCCDC66 group than in the high serum
exosomal circCCDC66 group.

Conclusion: Serum exosomal circCCDC66 is abnormally elevated and may serve
as a promising factor for the diagnosis of and predicting prognosis in PA patients.
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Introduction

Following glioma, pituitary adenomas (PAs) have the second-
highest incidence rate among primary intracranial tumors,
accounting for 10%-25% in central nervous system neoplasms (1).
Though PAs are classified as benign tumors, the majority of
symptoms including hypopituitarism, hypersecretion of
hypophyseal hormone, and visual and neurological deficits have a
significant impact on patients. PA could be divided into
nonfunctional and functional disease according to secreting
hormone or not (2). As reported, there are approximately 40% of
PA patients exhibiting invasive behaviors and resulting in poor
prognosis. Options for treatment of PA include maximal surgical
resection, radiation therapy, and systemic therapies based on cancer
type, special stage, and any other situations. Early and accurate
diagnosis can reduce the morbidity and mortality of PA. Recent
advances in inherited genetic vulnerability and specifically biological
features have broadened the understanding of pituitary tumorigenesis
(3). However, the specific molecular pathogenesis and targeted
treatment options are still unclear in PA. Consequently, an
insightful understanding of molecular levels and potential targets in
PA is largely unknown and deserves more exploration (4).

Exosomes, which are one of extracellular vehicles (EVs) with a
diameter range of 30-160 nm, are reported recently as the essentially
diagnostic factors in a variety of diseases, including benign and
malignant tumors, respiratory disorders, neurological disease, and
organ-specific autoimmune disease (5). Exosomes widely exist in
common body fluids including blood serum, urine, saliva, and
peritoneal and cerebrospinal fluid. Exosomes could be secreted by
almost all somatic cells from the endosomal pathway experiencing
the procedure of endocytosis, merging, and releasing (6). More
importantly, a large number of studies have shown that exosomes
are stable and excellent biomarkers to monitor and predict many
diseases due to containing a variety of disease-specific proteins,
DNAs, miRNAs, IncRNAs, and circRNAs (7). At present, studies
have confirmed that circRNAs encased in exosomes are more
resistant to the degradation of RNase R and thus have longer half-
times due to the specially closed loop structure, which indicates that
circRNAs could be outstanding signaling molecules for cell-cell
communication, and also significantly diagnostic biomarkers and
potentially prognostic targets for all kinds of disease (8).

CircRNA, which is a unique particular endogenous RNA with a
covalently closed loop, is generated from the back-splicing
mechanism of pre-mRNAs. CircRNA is considered as a
functional molecule in tumor biology and functional regulation of
diverse gene expression (9). A number of studies have demonstrated
that circulating exosomal circRNA are an essential factor in the
biological and pathophysiological cancer process and the changing
tumor microenvironment (10). In the present study, we are aimed
to investigate serum exosomal circCCDC66 as a potentially
diagnostic and prognostic biomarker in PA patients.
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Materials and methods
Patients and clinical samples

A total of 90 cases of primary PA patients who received surgical
resection and 50 cases of healthy volunteers were enrolled at the
First Affiliated Hospital (Xijing Hospital) of the Air Force Medical
University between June 2006 and May 2010. The inclusion criteria
were as follows (1): the primary tumor (2); both radiological and
pathological diagnosis verified as PA (3); no surgical or other special
treatment; and (4) with complete clinicopathological information.
The following were the exclusion criteria (1): together with severe
liver, kidney, heart, and lung insufficiency (2); combined with other
cancer; and (3) lost to follow-up. All patients were followed up by
radiographical and clinical examinations till July 2022, and the
median follow-up time is 101.6 months. The follow-up interval
began on the date of the patient’s first tumor resection and ended on
the date of tumor recurrence or last follow-up. Tumor recurrence
was confirmed by clinical and imaging findings or histology analysis
of specimens from the second surgery. Furthermore, another 15
normal human anterior pituitary glands were acquired from the
donation process as the normal group. This study was approved by
the ethics committee of First Affiliated Hospital (Xijing Hospital)
belonging to the Air Force Medical University (No. 81627806).
Informed consent was acquired from all patients, and the study was
performed in accordance with the principles of the Declaration
of Helsinki.

Serum samples were obtained from each patient before and on
the 7th day after surgery. The changes in exosomal circCCDC66
between post-operation and recurrence from 30 recurrent patients
were monitored. For serum specimens, peripheral venous blood (5
mL each) was stored at 4°C within 1 h after collection and
centrifuged at 3000 g for 10 min at 4°C. Next, the supernatant
was further centrifuged at 12,000 g for 10 min at 4°C to remove cell
debris. Lastly, the supernatant fluids were transferred to RNase-free
centrifuge tubes, and stored at —80°C for further analyses.

All tissue specimens were carried out and made anonymous by
complying with the ethical and legal standards. The collected
clinical specimens were first instantly frozen in liquid nitrogen
and then stored in a —80°C refrigerator before examination. Frozen
tissue specimens of PA were subjected to RNA examining
after operation.

Exosome isolation

Enrichment and purification of exosomes from serum were
conducted using the EonuickTM ULTRA EV Isolation Kit (cat:
EQULTRA-20A-1, System Biosciences, Mountain View, CA, USA)
according to the manufacturer’s instructions. All exosomes were
stored at —80°C.
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Exosome identification

Transmission electron microscopy (TEM) and nanoparticle
tracking analysis (NTA) were used to observe the morphological
characteristics of the purified exosomes as described
previously (11).

Expression of exosomal markers such as protein CD63 and
TSG101 was analyzed by Western blotting. RIPA lysis buffer (cat:
89901, Thermo Scientific) was used to extract total proteins.
Proteins were separated using 10% sodium dodecyl sulfate
polyacrylamide (SDS-PAGE) gel electrophoresis, followed by
transferring onto the polyvinylidene difluoride (PVDF)
membranes (Millipore, Billerica, MA, USA). Following blockage
using 5% skimmed milk for 1 h, the PVDF membranes were
incubated overnight with primary antibodies at 4°C. Finally, the
combined signals were detected by Chemistar High-sig ECL
Western Blot Substrate (cat: P10200, Tanon, Shanghai, China)
after incubation of corresponding HPR-labeled secondary
antibody for 2 h at room temperature. The antibodies CD63
(1:2,000, ab134045), TSG101 (1:2,000, ab30871), and HRP-
conjugated IgG anti-rabbit (1:6,000, ab205718) were commercially
acquired from Abcam (Cambridge, MA, USA).

RNA extraction and quantitative real-
time PCR

The total RNA from tissue specimens was extracted using the
TRIzol (Invitrogen, Carlsbad CA, USA) method. Exosomal RNA
was isolated from serum utilizing the exoRNeasy Serum/Plasma
Maxi Kit (Qiagen, Germany) following the manufacturer’s protocol.
Next, the purity and concentration of RNA samples were evaluated
using a NanoDrop 2000 spectrophotometer (Thermo Scientific,
Wilmington, DE, USA), and the OD260/0OD280 ratio that ranged
from 1.8 to 2.0 indicated high purity. Total RNA was reverse
transcribed to synthesize ¢cDNA with random primers using a
Prime Script RT Reagent Kit (TaKaRa, Dalian, China).
Thereafter, the qPCR was executed by using Master Mix SYBR
Green RT-PCR Super Mix (Tiangen Biotech Co., Ltd.) on the ABI
7500 Real-time PCR system (Applied Biosystems, CA, USA). The
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was
used as an internal reference of mRNAs. PCR primers are listed as
follows: circCCDC66 F: 5'-ACC TAC AAC CGG AAG CCA G-3/,
R:5-AGC AGT ACT GTT TCC TGA TGC-3". GAPDH F: 5'-GGA
GCG AGA TCC CTC CAA AAT-3', R: 5'-GGC TGT TGT CAT
ACT TCT CAT GG-3'. The relative expression levels of
circCCDC66 were calculated using the 27““* method. All
experiments were repeated three times.

Statistical analysis
Statistical Program for Social Sciences (SPSS) 22.0 software

(SPSS, Chicago, IL, USA) and GraphPad Prism 8.0 Software
(GraphPad Software, La Jolla, CA, USA) were used for all of the
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statistical analyses. The Student’s t-test or one-way ANOVA was
used to analyze qRT-PCR results between the PA and control
groups. The chi-square or Fisher’s exact test was used to analyze
the correlations between exosomal circCCDC66 expression and the
clinicopathological factors of PA patients. The correlation of
circCCDC66 expression levels in PA tissues and serum samples
was performed by Spearman correlation coefficient. The receiver
operating characteristic (ROC) curve and the Kaplan-Meier
survival plot were established to evaluate the diagnostic and
prognostic capacity of exosomal circCCDC66. Statistical
significance was determined as p < 0.05 (*) or p < 0.01 (**).

Results

Extraction and characterization of
serum exosomes

Serum exosomes were extracted from PA patients and healthy
control group samples to explore the potentially diagnostic
biomarkers of exosomal circRNA in PA. As shown in Figure 1A,
the exosomes characterized as cup-shaped morphology were
observed with an atypical size of 30-160 nm. The diameters of
exosomes in the healthy controls and PA patients were 73.02 and
74.12 nm, respectively (Figure 1B). Western blotting was applied to
detect the expression of exosomal markers CD63 and TSG101, and
the results proved that the two markers were all highly enriched in
the extracted exosomes whether from healthy controls or PA
patients (Figure 1C). Taken together, the above results, which
confirmed the validity and purity of exosome extraction from
serum in this study, served as a good foundation for
further exploration.

CircCCDC66 expression was increased in
the serum exosome and specimens of
PA patients

In order to evaluate the diagnostic value and prognostic
significance of circCCDC66 in PA, quantitative real-time PCR
(qQRT-PCR) was initially applied to examine the expression of
circCCDC66 in serum exosomes. Levels of serum exosomal
circCCDC66 were examined in Figure 2A to compare the
difference between PA patients (n = 90) and healthy controls (n =
50). Analysis of the expression of exosomal circCCDC66 revealed
an obviously significant upregulation in PA patients in contrast to
healthy controls after normalization (p < 0.01, Figure 2A). The
expression of circCCDC66 in PA tissue samples was also measured,
as shown by the results in serum exosome, and circCCDC66 was
significantly upregulated in PA specimens (Figure 2B). Pearson’s
correlation coefficient analysis revealed a significant positive
correlation between the expression of PA tissues and serum
samples (r = 0.864, p < 0.01, Figure 2C). CircCCDC66 expression
was totally increased in the serum exosome and tissue specimens of
PA patients.
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FIGURE 1

The shapes of serum exosomes from healthy controls and pituitary adenoma (PA) patients (A). (B) Size analyses of serum exosomes from healthy
controls and PA patients were performed by nanoparticle tracking analysis. (C) The exosomal markers CD63 and TSG101 were measured by

Western blot.
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Serum exosomal circCCDC66 (A) and tissue circCCDC66 expression (B) in PA patients and healthy controls analyzed by gRT-PCR. (C) The
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Serum exosomal circCCDC66 expressions
monitored tumor dynamics and served as a
potentially prognostic biomarker for

PA patients

To further investigate whether serum exosomal circCCDC66
expressions are associated with tumor dynamics, we analyzed serum
exosomal circCCDC66 expressions in 30 recurrent patients at
different time periods. As observed, serum exosomal circCCDC66
expressions were statistically downregulated following resection of
the primary tumor (p < 0.01, Figure 3A). However, the expression
levels of exosomal circCCDC66 were remarkably increased at the
time of PA recurrence (p < 0.01, Figure 3B). Collectively, serum
exosomal circCCDC66, which was secreted and released by PA
cells, could monitor tumor dynamics and serve as a potentially
prognostic biomarker during treatment.

Diagnostic performance of serum
exosomal circCCDC66 in PA patients

The receiver operating characteristic (ROC) curve analysis and
the corresponding area under the curve (AUC) values were
performed to confirm the ability of serum exosomal circCCDC66
as a potentially diagnostic and prognostic biomarker for PA
patients. As demonstrated in Figure 4, the AUC value of serum
exosomal circCCDC66 levels was 0.8719 (95% CI: 0.8134-0.9304),
which suggested that exosomal circCCDC66 could discriminate PA
patients from healthy controls (p < 0.01). At the optimal cutoff
value, the sensitivity, specificity, and positive and negative
predictive values to distinguish PA patients were 80.00%, 84.00%,
86.64%, and 79.53%, respectively. These findings indicated that
serum exosomal circCCDC66 could be a promising diagnostic
biomarker to effectively monitor the PA occurrence.

>

Relative expression of circCCDC66

Pre-operation Post-operation
(n=30)

FIGURE 3

10.3389/fonc.2023.1268778

Association of serum exosomal
circCCDC66 expression with the prognosis
of PA patients

In this cohort, we were engaged to confirm the prognostic
function of serum exosomal circCCDC66 in PA patients. The
clinical characteristics of the recruited PA patients are
summarized in Table 1 according to the median expression of
serum exosomal circCCDC66. The follow-up information of the
patients was updated to July 2022. There were no statistically
significant differences in age and gender distribution, while Knosp
classification, tumor size, and recurrence were associated with the
expression of serum exosomal circCCDC66 in PA (p < 0.01).
Interestingly, the progression-free survival (PFS) was much longer
in the low serum exosomal circCCDC66 group compared with the
high serum exosomal circCCDC66 group (p < 0.01, Figure 5).
Totally, these results provided lines of evidence that serum
exosomal circCCDC66 may serve as a potential factor for
prognosis prediction.

Discussion

Serum biomarkers could supply a precise evaluation to diagnose
and predict the various tumors for survival improvements (12).
With an improvement in technology of liquid biopsy, a wide variety
of public literature has confirmed that tumor-specific proteins and
RNAs that are encapsulated in exosomes exhibit enormous
potentially valuable and promising predicable abilities in the
diagnosis and prognosis judgment of a great many diseases.
Importantly, as a circulating tumor biomarker, exosomes are
more stable because of a lipid bilayer membrane that can prevent
the degradation of internal molecules from the external
environment (13). As for now, numerous high-risk genes were
reported as the diagnostic and prognostic factor in PA. Serum

64

Relative expression of circCCDC66

Post-operation
(n=30)

Recurrence

Serum exosomal circCCDCE66 levels reflect tumor dynamics. (A) Serum exosomal circCCDC66 expression levels before and after surgery.
(B) Comparison of serum exosomal circCCDC66 levels in samples obtained post-operatively and after recurrence. **p < 0.01.
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FIGURE 4

ROC curve analysis based on serum exosomal circCCDC66 levels
for distinguishing PA patients from normal controls.
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anterior gradient-2 can be used as a potential biomarker screening
in the diagnosis of PA (14). The single-cell transcriptome and
single-cell multi-omics analyses revealed that novel tumor-related
genes, such as AMIGO2, ZFP36, BTG1, and DLG5, were mainly
upregulated in pituitary neuroendocrine tumors (15). Exo-MMP1
correlated with the characteristic invasiveness of non-functional PA
and may be a novel therapeutic target (16).

To date, substantial studies reported that exosome is a non-
invasive, sensitive, and specific biomarker in the tumor’s occurrence
and development. has-miR-619-5p ahashsa-miR-4454 in plasma-
derived exosomes have the potential to be used as biomarkers for
the early diagnosis of lung adenocarcinoma (17). Exosomal
circ_0009910 regulates proliferation, cell cycle, and apoptosis of
acute myeloid leukemia cells by interfering with the miR-5195-3p/
GRBI10 axis (18). Exosome miR-552 promotes laryngocarcinoma
cells’ malignant progression by the regulation of the PTEN/TOB1
axis (19). Liver fibrosis-derived exosomal miR-106a-5p facilitates
the malignancy by targeting SAMD12 and CADM2 in

TABLE 1 The correlation of serum exosomal circCCDC66 expression levels with clinicopathological factors.

circCCDC66 expression

Characteristic Total no. Low (n) High (n)
Total no. 90 45 45
Age (years)*
<45 46 22 24 NS
>45 44 23 21
Gender
Male 43 20 23 NS
Female 47 25 22
Types
PRL-PA 28 13 15 NS
ACTH-PA 10 6 4
GH-PA 22 10 12
NEPA 30 16 14
Knosp
0-11 46 37 9 <0.01
-1V 44 8 36
Tumor size (cm)
<1 cm 24 23 1 <0.01
1-3 cm 34 20 14
>3 cm 32 2 30
Recurrence
Yes 30 5 25 <0.01
No 60 40 20

*Median age was 45 years.

PRL-PA, prolactin pituitary adenoma; ACTH-PA, adrenocorticotrophic hormone pituitary adenoma; GH-PA, growth hormone pituitary adenoma; NFPA, nonfunctioning pituitary adenoma.
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Kaplan—Meier survival curves for patients with PA and high (n = 45) or low (n = 45) serum exosomal circCCDC66 expression levels.

hepatocellular carcinoma (20). Tumor exosome-derived IncRNA
HOTAIR can be used as a potential biomarker for the diagnosis and
treatment of gastric cancer (21). The serum-derived exosomal PD-
L1 levels were higher in metastatic pancreatic cancer than locally
advanced disease. Higher serum exosomal PD-L1 levels in advanced
pancreatic cancer patients suggested worse survival outcomes and
may have clinical implications (22).

Accumulating lines of evidence demonstrate that circRNAs are
widely distributed in the cytoplasm and nucleus and function as
effective treatment options in all kinds of disease (23). CircRNAs,
which are typically expressed in specific tissues, have been proposed
as potential prognostic or diagnostic biomarkers for various
cancers. Specifically, the circular RNA F-circEA derived from the
EML4-ALK fusion gene has emerged as a novel liquid biopsy
biomarker for non-small cell lung cancer (24). Genome-wide
CRISPR screen identifies HNRNPL as a prostate cancer
dependency regulating RNA splicing (25). Epigenetic silencing of
CDR1as drives IGF2BP3-mediated melanoma invasion and
metastasis (26). N6-methyladenosine modification of circNSUN2
facilitates cytoplasmic export and stabilizes HMGA2 to promote
colorectal liver metastasis (27). Spatial expression analyses of the
putative oncogene ciRS-7 in cancer reshape the miRNA sponge
theory (28). Circular RNA profiling reveals an abundant circHIPK3
that regulates cell growth by sponging multiple miRNAs (29).
circNDUFB2 inhibits non-small cell lung cancer progression via
destabilizing IGF2BPs and activating anti-tumor immunity (30). A
novel protein encoded by circMAPK]1 inhibits progression of gastric
cancer by suppressing activation of MAPK signaling (31).

CircCCDC66, also named circ_0001313, is a novel oncogenic
circRNA due to the enrichment in a variety of tumors. The current
studies about circCCDC66 mainly focus on the expression,
biological functions, and regulatory mechanisms in the

Frontiers in Oncology

diagnosis prediction, prognosis assessment, and molecular
treatment of various cancers (32). As reported, circCCDC66
promotes thyroid cancer cell proliferation, migratory and
invasive abilities, and glycolysis through the miR-211-5p/PDK4
axis (33). Hypoxia-induced circCCDC66 promotes the
tumorigenesis of colorectal cancer via the miR-3140/autophagy
pathway (34). CircCCDC66 promotes glioma proliferation by
acting as a ceRNA for miR-320a to regulate FOXM1 expression
(35). STAT3-induced upregulation of circCCDC66 facilitates the
progression of NSCLC by targeting the miR-33a-5p/KPNA4 axis
(36). CircCCDC66 contributes to the malignant phenotype of
osteosarcoma by sponging miR-338-3p to upregulate the
expression of PTP1B (37). CircCCDC66 regulates osteoarthritis
progression by targeting miR-3622b-5p (38). CircCCDC66 is
related to poor prognosis and promotes the growth and
metastasis of colon cancer (39).

Here, we reveal exosomal circCCDC66 as a noninvasive
biomarker to diagnose and predict recurrence in PA. Initially, an
obviously significantly increasing level of serum exosomal
circCCDC66 was verified in the PA specimens compared with
healthy controls. Importantly, serum exosomal circCCDC66,
which was secreted and released by PA cells, could monitor
tumor dynamics and serve as a potentially prognostic biomarker
during treatment. Additionally, ROC curve analysis was performed
and the corresponding AUC values were used to confirm the ability
of serum exosomal circCCDC66 as a potentially diagnostic and
prognostic biomarker for PA patients. Importantly, the PFS was
much longer in the low serum exosomal circCCDC66 group than in
the high serum exosomal circCCDC66 group.

In summary, our study indicates that exosomal circCCDC66 is
highly expressed in PA patients and might be a promising noninvasive
biomarker for the diagnostic and prognostic evaluation of PA.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1268778
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yue et al.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the Air Force Medical University. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this
study was provided by the participants’ legal guardians/next of kin.
Informed consent was obtained from all individual participants
included in the study.

Author contributions

XY: Conceptualization, Data curation, Formal Analysis,
Investigation, Writing — original draft. FL: Data curation, Formal
Analysis, Investigation, Writing - original draft. WL:
Conceptualization, Funding acquisition, Methodology, Project
administration, Resources, Supervision, Visualization, Writing -
original draft.

References

1. Daly AF, Beckers A. The epidemiology of pituitary adenomas. Endocrinol Metab
Clin North Am (2020) 49(3):347-55. doi: 10.1016/j.ec1.2020.04.002

2. Melmed S, Kaiser UB, Lopes MB, Bertherat J, Syro LV, Raverot G, et al. Clinical
biology of the pituitary adenoma. Endocr Rev (2022) 43(6):1003-37. doi: 10.1210/
endrev/bnac010

3. Melmed S. Pituitary-tumor endocrinopathies. N Engl ] Med (2020) 382(10):937-
50. doi: 10.1056/NEJMra1810772

4. Elsarrag M, Patel PD, Chatrath A, Taylor D, Jane JA. Genomic and molecular
characterization of pituitary adenoma pathogenesis: review and translational
opportunities. Neurosurg Focus (2020) 48(6):E11. doi: 10.3171/2020.3.FOCUS20104

5. Kalluri R, LeBleu VS. The biology, function, and biomedical applications of
exosomes. Science (2020) 367(6478):eaau6977. doi: 10.1126/science.aau6977

6. Doyle LM, Wang MZ. Overview of extracellular vesicles, their origin,
composition, purpose, and methods for exosome isolation and analysis. Cells (2019)
8(7). doi: 10.3390/cells8070727

7. Jo H, Shim K, Jeoung D. Exosomes: diagnostic and therapeutic implications in
cancer. Pharmaceutics (2023) 15(5). doi: 10.3390/pharmaceutics15051465

8. Lin Z, Ji Y, Zhou J, Li G, Wu Y, Liu W, et al. Exosomal circrnas in cancer:
implications for therapy resistance and biomarkers. Cancer Lett (2023) 566:216245.
doi: 10.1016/j.canlet.2023.216245

9. Kristensen LS, Jakobsen T, Hager H, Kjems J. The emerging roles of circrnas in
cancer and oncology. Nat Rev Clin Oncol (2022) 19(3):188-206. doi: 10.1038/s41571-
021-00585-y

10. Zhou WY, Cai ZR, Liu J, Wang DS, Ju HQ, Xu RH. Circular Rna: metabolism,
functions and interactions with proteins. Mol Cancer (2020) 19(1):172. doi: 10.1186/
$12943-020-01286-3

11. Zheng P, Gao H, Xie X, Lu P. Plasma exosomal hsa_Circ_0015286 as a potential
diagnostic and prognostic biomarker for gastric cancer. Pathol Oncol Res (2022)
28:1610446. doi: 10.3389/pore.2022.1610446

12. Filella X, Rodriguez-Garcia M, Fernandez-Galan E. Clinical usefulness of
circulating tumor markers. Clin Chem Lab Med (2023) 61(5):895-905. doi: 10.1515/
cclm-2022-1090

13. Ebrahimi N, Faghihkhorasani F, Fakhr SS, Moghaddam PR, Yazdani E,
Kheradmand Z, et al. Tumor-derived exosomal non-coding Rnas as diagnostic
biomarkers in cancer. Cell Mol Life Sci (2022) 79(11):572. doi: 10.1007/s00018-022-
04552-3

Frontiers in Oncology

10.3389/fonc.2023.1268778

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The present
study was supported by the Natural Science Foundation of China
(grant no. 81627806).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

14. Tohti M, Li ], Tang C, Wen G, Abdujilil A, Yizim P, et al. Serum agr2 as a useful
biomarker for pituitary adenomas. Clin Neurol Neurosurg (2017) 154:19-22.
doi: 10.1016/j.clineuro.2017.01.004

15. Cui Y, Li C, Jiang Z, Zhang S, Li Q, Liu X, et al. Single-cell transcriptome and
genome analyses of pituitary neuroendocrine tumors. Neuro Oncol (2021) 23
(11):1859-71. doi: 10.1093/neuonc/noab102

16. Ren Y, Wang Y, Bao X, Feng M, Xing B, Lian W, et al. Diagnosis of invasive non-
functional pituitary adenomas using exosomal biomarkers. Clin Chim Acta (2022)
529:25-33. doi: 10.1016/j.cca.2022.01.014

17. Feng L, Feng Z, Hu J, Gao J, Li A, He X, et al. Identification of hsa-mir-619-5p
and hsa-mir-4454 in plasma-derived exosomes as a potential biomarker for lung
adenocarcinoma. Front Genet (2023) 14:1138230. doi: 10.3389/fgene.2023.1138230

18. Wang D, Ming X, Xu J, Xiao Y. Circ_0009910 shuttled by exosomes regulates
proliferation, cell cycle and apoptosis of acute myeloid leukemia cells by regulating Mir-
5195-3p/Grb10 axis. Hematol Oncol (2021) 39(3):390-400. doi: 10.1002/hon.2874

19. Liu L, Jia Q, Wang J, Zhang H, Jia Z, Shan C. Exosome mir-552 promotes
laryngocarcinoma cells malignant progression via the pten/tobl axis. Pharmacology
(2023) 108(4):321-30. doi: 10.1159/000529887

20. Hu J, Xie C, Xu S, Pu Q, Liu H, Yang L, et al. Liver fibrosis-derived exosomal
Mir-106a-5p facilitates the malignancy by targeting Samdl2 and Cadm2 in
hepatocellular carcinoma. PloS One (2023) 18(5):€0286017. doi: 10.1371/
journal.pone.0286017

21. Chen P, Liu Z, Xiao H, Yang X, Li T, Huang W, et al. Effect of tumor exosome-
derived Lnc Rna Hotair on the growth and metastasis of gastric cancer. Clin Transl
Oncol (2023) 25(12):3447-59. doi: 10.1007/s12094-023-03208-3

22. Park SJ, Park JY, Shin K, Hong TH, Lee M, Kim Y, et al. Clinical significance of
serum-derived exosomal Pd-L1 expression in patients with advanced pancreatic cancer.
BMC Cancer (2023) 23(1):389. doi: 10.1186/s12885-023-10811-8

23. Prats AC, David F, Diallo LH, Roussel E, Tatin F, Garmy-Susini B, et al. Circular
Rna, the key for translation. Int J Mol Sci (2020) 21(22). doi: 10.3390/ijms21228591

24. Tan S, Gou Q, PuW, Guo C, Yang Y, Wu K, et al. Circular rna F-circea produced
from Eml4-Alk fusion gene as a novel liquid biopsy biomarker for non-small cell lung
cancer. Cell Res (2018) 28(6):693-5. doi: 10.1038/s41422-018-0033-7

25. Fei T, Chen Y, Xiao T, Li W, Cato L, Zhang P, et al. Genome-wide crispr screen
identifies Hnrnpl as a prostate cancer dependency regulating Rna splicing. Proc Natl
Acad Sci U.S.A. (2017) 114(26):E5207-E15. doi: 10.1073/pnas.1617467114

frontiersin.org


https://doi.org/10.1016/j.ecl.2020.04.002
https://doi.org/10.1210/endrev/bnac010
https://doi.org/10.1210/endrev/bnac010
https://doi.org/10.1056/NEJMra1810772
https://doi.org/10.3171/2020.3.FOCUS20104
https://doi.org/10.1126/science.aau6977
https://doi.org/10.3390/cells8070727
https://doi.org/10.3390/pharmaceutics15051465
https://doi.org/10.1016/j.canlet.2023.216245
https://doi.org/10.1038/s41571-021-00585-y
https://doi.org/10.1038/s41571-021-00585-y
https://doi.org/10.1186/s12943-020-01286-3
https://doi.org/10.1186/s12943-020-01286-3
https://doi.org/10.3389/pore.2022.1610446
https://doi.org/10.1515/cclm-2022-1090
https://doi.org/10.1515/cclm-2022-1090
https://doi.org/10.1007/s00018-022-04552-3
https://doi.org/10.1007/s00018-022-04552-3
https://doi.org/10.1016/j.clineuro.2017.01.004
https://doi.org/10.1093/neuonc/noab102
https://doi.org/10.1016/j.cca.2022.01.014
https://doi.org/10.3389/fgene.2023.1138230
https://doi.org/10.1002/hon.2874
https://doi.org/10.1159/000529887
https://doi.org/10.1371/journal.pone.0286017
https://doi.org/10.1371/journal.pone.0286017
https://doi.org/10.1007/s12094-023-03208-3
https://doi.org/10.1186/s12885-023-10811-8
https://doi.org/10.3390/ijms21228591
https://doi.org/10.1038/s41422-018-0033-7
https://doi.org/10.1073/pnas.1617467114
https://doi.org/10.3389/fonc.2023.1268778
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yue et al.

26. Hanniford D, Ulloa-Morales A, Karz A, Berzoti-Coelho MG, Moubarak RS,
Sanchez-Sendra B, et al. Epigenetic silencing of Cdrlas drives Igf2bp3-mediated
melanoma invasion and metastasis. Cancer Cell (2020) 37(1):55-70 el5.
doi: 10.1016/j.ccell.2019.12.007

27. Chen RX, Chen X, Xia LP, Zhang JX, Pan ZZ, Ma XD, et al. N(6)-
methyladenosine modification of circnsun2 facilitates cytoplasmic export and
stabilizes Hmga2 to promote colorectal liver metastasis. Nat Commun (2019) 10
(1):4695. doi: 10.1038/s41467-019-12651-2

28. Kristensen LS, Ebbesen KK, Sokol M, Jakobsen T, Korsgaard U, Eriksen AC, et al.
Spatial expression analyses of the putative oncogene Cirs-7 in cancer reshape the microrna
sponge theory. Nat Commun (2020) 11(1):4551. doi: 10.1038/s41467-020-18355-2

29. Zheng Q, Bao C, Guo W, Li S, Chen J, Chen B, et al. Circular Rna profiling
reveals an abundant circhipk3 that regulates cell growth by sponging multiple mirnas.
Nat Commun (2016) 7:11215. doi: 10.1038/ncomms11215

30. LiB, Zhu L, Lu C, Wang C, Wang H, Jin H, et al. Circndufb2 inhibits non-small
cell lung cancer progression via destabilizing Igf2bps and activating anti-tumor
immunity. Nat Commun (2021) 12(1):295. doi: 10.1038/s41467-020-20527-z

31. Jiang T, Xia Y, Lv J, Li B, Li Y, Wang S, et al. A novel protein encoded by
circmapkl inhibits progression of gastric cancer by suppressing activation of Mapk
signaling. Mol Cancer (2021) 20(1):66. doi: 10.1186/5s12943-021-01358-y

32. Wang X, Zhang C, Song H, Yuan J, Zhang L, He J. Circccdc66: emerging roles
and potential clinical values in malignant tumors. Front Oncol (2022) 12:1061007.
doi: 10.3389/fonc.2022.1061007

Frontiers in Oncology

09

10.3389/fonc.2023.1268778

33. Ren H, Song Z, Chao C, Mao W. Circcedc66 promotes thyroid cancer cell
proliferation, migratory and invasive abilities and glycolysis through the Mir-211-5p/
Pdk4 axis. Oncol Lett (2021) 21(5):416. doi: 10.3892/01.2021.12677

34. Feng], LiZ, LiL, Xie H, Lu Q, He X. Hypoxia—Induced circccdc66 promotes the
tumorigenesis of colorectal cancer via the Mir-3140/autophagy pathway. Int ] Mol Med
(2020) 46(6):1973-82. doi: 10.3892/ijmm.2020.4747

35. Qi L, Wang W, Zhao G, Jiang H, Zhang Y, Zhao D, et al. Circular Rna circccdc66
promotes glioma proliferation by acting as a cerna for mir-320a to regulate foxml
expression. Aging (Albany NY) (2021) 13(13):17673-89. doi: 10.18632/aging.203258

36. Wang Y, Zhao W, Zhang S. Stat3-induced upregulation of circccdc66 facilitates
the progression of non-small cell lung cancer by targeting mir-33a-5p/Kpna4 axis.
BioMed Pharmacother (2020) 126:110019. doi: 10.1016/j.biopha.2020.110019

37. Xiang D, Li Y, Lin Y. Circular Rna circccdc66 contributes to malignant
phenotype of osteosarcoma by sponging mir-338-3p to upregulate the expression of
Ptplb. BioMed Res Int (2020) 2020:4637109. doi: 10.1155/2020/4637109

38. Zhang C, Lu Y, Yuan F, Jiang S. Circular Rna ccdc66 regulates osteoarthritis
progression by targeting mir-3622b-5p. Gerontology (2022) 68(4):431-41.
doi: 10.1159/000520325

39. Hsiao KY, Lin YC, Gupta SK, Chang N, Yen L, Sun HS, et al. Noncoding effects
of circular Rna ccdc66 promote colon cancer growth and metastasis. Cancer Res (2017)
77(9):2339-50. doi: 10.1158/0008-5472.CAN-16-1883

frontiersin.org


https://doi.org/10.1016/j.ccell.2019.12.007
https://doi.org/10.1038/s41467-019-12651-2
https://doi.org/10.1038/s41467-020-18355-2
https://doi.org/10.1038/ncomms11215
https://doi.org/10.1038/s41467-020-20527-z
https://doi.org/10.1186/s12943-021-01358-y
https://doi.org/10.3389/fonc.2022.1061007
https://doi.org/10.3892/ol.2021.12677
https://doi.org/10.3892/ijmm.2020.4747
https://doi.org/10.18632/aging.203258
https://doi.org/10.1016/j.biopha.2020.110019
https://doi.org/10.1155/2020/4637109
https://doi.org/10.1159/000520325
https://doi.org/10.1158/0008-5472.CAN-16-1883
https://doi.org/10.3389/fonc.2023.1268778
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Serum exosomal circCCDC66 as a potential diagnostic and prognostic biomarker for pituitary adenomas
	Introduction
	Materials and methods
	Patients and clinical samples
	Exosome isolation
	Exosome identification
	RNA extraction and quantitative real-time PCR
	Statistical analysis

	Results
	Extraction and characterization of serum exosomes
	CircCCDC66 expression was increased in the serum exosome and specimens of PA patients
	Serum exosomal circCCDC66 expressions monitored tumor dynamics and served as a potentially prognostic biomarker for PA patients
	Diagnostic performance of serum exosomal circCCDC66 in PA patients
	Association of serum exosomal circCCDC66 expression with the prognosis of PA patients

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


