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Abstract
Background/Aims: Circular RNAs (circRNAs) serve as potential diagnostic biomarkers. In 
this study, we aimed to identify a potential biomarker from peripheral blood mononuclear 
cells (PBMCs) of patients with postmenopausal osteoporosis (PMOP). Methods: CircRNA 
expression in PBMCs from three pairs of samples from PMOP patients and controls was initially 
detected by circRNA microarray. The changes in selected circRNAs in PBMCs from 28 PMOP 
patients and 21 age- and sex-matched controls were confirmed using quantitative reverse 
transcription polymerase chain reaction (qRT-PCR). Next, samples from 30 PMOP patients 
and 20 controls were used for further verification. Pearson correlation test was performed to 
assess the correlation between circRNAs and clinical variables. The area under the receiver 
operator characteristic (ROC) curve was calculated to evaluate the diagnostic value. Results: 
Six differentially expressed circRNAs were identified by chip microarray analysis, of which only 
hsa_circ_0001275 showed consistency and statistical significance in qRT-PCR. The correlation 
analysis between age, body weight, height, WBC, lymphocyte and monocyte count, bone 
density, T-score, β-CROSSL, OSTEOC, and TP1NP showed that hsa_circ_0001275 was negatively 
correlated with T-score. ROC curves showed that hsa_circ_0001275 has significant diagnostic 
value in PMOP (AUC=0.759, P<0.001). Conclusion: This study suggests that hsa_circ_0001275 
may serve as a potential diagnostic biomarker for PMOP.

Introduction

Postmenopausal osteoporosis (PMOP), one of the most common types of primary 
osteoporosis, is characterized by low back pain and pathological fracture caused by 
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postmenopausal estrogen deficiency [1]. The gold standard for measurement of bone 
mineral density (BMD) for diagnosing osteoporosis is dual energy x-ray absorption 
(DXA) [2]. However, the clinical application of BMD measurement has serious limitations 
because changes in bone density occur slowly and may take six months to 2 years [3]. The 
biochemical markers of bone metabolism, which include products of bone metabolism or 
related hormones, can be detected from blood and urine [4-6]. The existing bone turnover 
markers (BTMs) that reflect human bone formation or bone resorption contribute to 
the determination of type of osteoporosis, differential diagnosis, and early evaluation of 
response to osteoporosis treatment. However, they cannot be used to diagnose osteoporosis 
[7]. Therefore, future research is focused on the identification of more specific and sensitive 
BTMs.

Circular RNAs (circRNAs) are a large class of non-coding RNAs that form a closed loop 
structure through covalent bond formation between the 3' and 5' ends of circRNA. They 
are more stable than linear RNA because of their closed loop structure, which prevents 
degradation by RNA exonuclease, providing richness to circRNAs [8-10]. Studies have 
reported that circRNAs play an important role in many diseases, including preeclampsia, 
Alzheimer's disease, diabetes, and tumors [11-14]. CircRNA can act as miRNA sponges [15-
18], thereby adsorbing miRNA and removing the inhibitory effect of miRNA on its target 
genes, resulting in the upregulation of target genes.

In this study, in an effort to identify the expression of circRNAs in PMOP, we performed 
expression profiling of circRNAs by microarray and verified the results by using quantitative 
reverse transcription polymerase chain reaction (qRT-PCR). We performed receiver operator 
characteristic (ROC) curve analysis to determine the diagnostic value of significantly 
differentially expressed hsa_circ_0001275 as a biomarker of PMOP.

Materials and Methods

Case information
Over 99 reports of menopausal patients who received physical examination or BMD examination 

during their stay in the Third Affiliated Hospital of Guangzhou University of Chinese Medicine from October 
2016 to August 2017 were collected. After ruling out other relevant metabolic diseases, 58 menopausal 
patients aged less than 70 years (inclusive) with T-scores lower than −2.5 SD (inclusive) at their femoral 
necks were included in the experiment group. Forty-one healthy menopausal women aged 70 years or lower 
with T-scores greater than −2.5 SD formed the control group of this study. The menopausal age, height, 
weight, WBC, lymphocyte and monocyte count, and bone markers (β-CROSSL, TPINP, and OSTEOC) of 
these subjects were recorded. Fresh venous blood was collected for follow-on experiments according to the 
requirements given below.

The Human Research Ethics Committee from the Third Affiliated Hospital of Guangzhou University 
of Chinese Medicine approved all aspects of this study (IRB No. 2016-001-01) and all patients signed an 
informed consent form.

Isolation of PBMCs
Fresh blood was collected from veins, and isolation of PBMCs was conducted within 6 h after blood 

collection to ensure the survival of lymphocytes. The density gradient separation technique was employed 
to isolate mononuclear cells from blood at 18–20°C using Ficoll-Paque PLUS reagent (GE Healthcare), 
according to the manufacturer’s instructions.

Total RNA extraction from PBMCs and circRNA chip analysis
Total RNA was extracted from the above-mentioned isolated mononuclear cells by using Trizol reagent 

(Invitrogen, Karlsruhe, Germany) according to the manufacturer's instructions. CircRNA chip analysis 
(KangCheng, Biotech) was performed to identify the significantly changed circRNAs in PMOP patients 
(n=3) and controls (n=3). Sample preparation and microarray hybridization were performed based on 
the standard protocols of Arraystar (Arraystar Inc.). The extracted RNAs were purified by digestion with 
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Rnase R (Epicentre) to remove linear transcripts. Then, the enriched circular transcripts were labeled 
with fluorescent cRNA using Arraystar Super RNA Labeling Kit (Arraystar, Rockville, MD, USA). The labeled 
cRNAs were hybridized onto the Agilent Human CircRNA Array (V2.0, Arraystar). The arrays were scanned 
using the Agilent Scanner and analyzed by GenePix Pro 6.0 software (Axon, Foster City, CA, USA). CircRNAs 
having fold change ≥1.5 and p ≤ 0.05 were selected as significantly differentially expressed. Hierarchical 
clustering was performed to show the distinguishable circRNA expression pattern among samples. All of the 
experimental results were saved as Microsoft Excel files.

RT-PCR assays of significantly differentially expressed circRNAs
The total RNA was separated from PBMCs according to the aforementioned method. The total RNA 

was transcribed into DNA according to the instructions in the PrimeScript RT Master Mix (Perfect Real 
Time) real-time RT-PCR kit (Takara-bio, China). PCR was performed with UltraSYBR Mixture (High ROX) 
(CWbiotech, China). The primers were designed and synthesized by Sangon (Realgene Company, Nanjing, 
China) (Table 3).

Statistical analysis
GraphPad Prism (version 7.0) was used to perform two-tailed independent t-test or ANOVA analysis 

for data processing. P < 0.05 indicated a significant statistical difference. The groups were compared for 
statistical significance using the Mann-Whitney test, Student’s t-test, Wilcoxon signed-rank test, or chi-
squared test, as appropriate. The associations between parameters were analyzed using the Pearson 
correlation. ROC curve analysis was performed to evaluate the diagnostic value of circRNAs that were 
dysregulated in PBMCs from PMOP patients compared to those from controls. P < 0.05 was considered 
statistically significant. All statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, 
IL).

Results

Characteristics of study subjects
As shown in Table 2, the average age, height, weight, WBC, and lymphocyte and monocyte 

count of the menopausal women showed no significant differences between the PMOP and 
control. In this study, the menopausal women were divided into two groups based on their  
T-score at the lumbar vertebrae or femurs, which was significantly different between the 
experiment and control groups (Table 1). The basic characteristics of all study subjects with 
PMOP and maintaining a low bone mass or healthy state were in line with the inclusion 
criteria, and they were eligible to participate in the follow-on studies.

CircRNA expression profiles
In total, 11, 246 circRNAs were analyzed by circRNA microarray in three pairs of PMOP 

and control samples. The fold changes (FC) of circRNA expression in both groups were mea-
sured to identify the differentially expressed circRNAs (Fig. 1A). The volcano plot identified 
381 circRNAs whose levels 
changed substantially (FC 
≥1.5), including 203 upreg-
ulated and 178 downregu-
lated circRNAs, with statis-
tical significance (P < 0.05; 
Fig. 1B,C). There are five 
types of circRNAs: exonic, 
intronic, antisense, sense 
overlapping, and intergenic 
circRNAs [19]. Most cir-
cRNAs were derived from 
exonic circRNAs (Fig. 1D), 

Table 1. Basic characteristics of menopausal women in both groups. 
Note: The data above are expressed as the mean ± standard deviation
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with no significant difference between upregulation and downregulation. To determine the 
expression of differentially expressed circRNAs in the PMOP and control groups clearly, ther-

Fig. 1. Differences and characteristics of circRNA expression profiles in PBMCs of the PMOP group and 
control group. (A) The scatterplot figuratively expresses the changes in circRNA expression. The green 
lines represent fold change (FC) lines. The circRNAs above the top green line and below the bottom green 
line demonstrated a change in expression of at least 1.5 fold between the two compared samples. (B) The 
volcano plot was prepared according to the FC values and p-values. The vertical lines correspond to 1.5-
fold up- and downregulation, respectively, and the horizontal line represents p = 0.05. The red points in 
the plot represent differentially expressed circRNAs with statistical significance. (C) The histogram reveals 
significantly differentially expressed circRNAs, including upregulated and downregulated circRNAs, 
obtained from the results of chip microarray (FC ≥ 1.5, P<0.05). (D) The Fig. illustrates the five types of 
differentially expressed circRNAs, most of which originate from exonic circRNAs. (E) Each row represents 
a sample, whereas each line represents a circRNA, with the red part indicating a relatively high level of 
expression and the green part denoting a relatively low level of expression; P is the PMOP group and C is the 
control group, with each containing three different samples. (F) Cluster analysis of significantly upregulated 
or downregulated circRNAs.

Figure 1 

 

 

Figure 2 

 

 

 

 

Table 2. The 10 circRNAs 
with the most significant 
upregulation or downregu-
lation
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mography was employed to perform cluster analysis (Fig. 1E–F). According to the FC values 
of differential expression, we focused on the analysis of 20 circRNAs having the greatest 
magnitude of upregulation and downregulation (Table 2).

RT-PCR assay results of significantly differentially expressed circRNAs
Six circRNAs were selected based on the FC of differential expression and initial expression 

quantity, including five upregulated circRNAs (hsa_circ_0028882, hsa_circ_0001275, hsa_
circ_0006766, hsa_circ_0007788, and hsa_circ_0003391) and one downregulated circRNA 
(hsa_circ_0006801). To determine the expression levels of these circRNAs (Table 1), we 
performed RT-PCR (PMOP: n=28, Control: n=21). The trends for five of the six circRNAs 
were consistent with the results of chip analysis. However, only the trend shown by hsa_
circ_0001275 was statistically significant (P<0.01; Fig. 2). We selected 50 samples again 
(PMOP: n=30, Control: n=20) for verification of hsa_circ_0001275. We found that the results 
were consistent with the previous results (P<0.01; Fig. 3A).

Pearson correlation test of clinical variables and hsa_circ_0001275 in PBMCs from PMOP
patients
To determine whether the significantly and differentially expressed circRNAs in PBMCs 

from PMOP patients were 
relevant biomarkers for 
the severity of PMOP, we 
performed the Pearson 
correlation test to assess the 
correlation between PMOP-
related clinical features 
and hsa_circ_0001275 in 
PBMCs from PMOP patients. 
As shown in Table 4, hsa_

Fig. 2. RT-PCR assay results of six circRNAs. (A-F) Forest scatterplot: The RT-PCR assay was performed 
to verify the expression levels of six circRNAs in the PMOP group, which included PBMCs derived from 
approximately 28 PMOP patients, and in the control group, which included PBMCs from 21 menopausal 
women. Hsa_circ_0001275 showed statistical significance (P<0.01). (G) The histogram presents the 
comparison between RT-PCR assay results and chip microarray data. Except for hsa_circ_0006766, the 
trends for the other five circRNAs, as given by the PCR results, were in compliance with the chip analysis 
results. However, only hsa_circ_0001275 exhibited statistical significance (P<0.01).

Figure 1 

 

 

Figure 2 

 

 

 

 

Table 3.  Internal reference and annular primer sequence
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circ_0001275 was correlated with T-score (r =－0.257, P < 0.05). However, the levels of hsa_
circ_0001275 in PBMCs from PMOP patients did not correlate with age, height, weight, WBC, 
lymphocyte and monocyte count, BMD, β-CROSSL, TP1NP, or OSTEOC.

ROC curve analysis of hsa_circ_0001275 among PMOP patients
We performed ROC curve analysis to assess the diagnostic value of significantly 

differentially expressed hsa_circ_0001275 for PMOP. ROC curves showed that the level of 
hsa_circ_0001275 in PBMCs could distinguish patients with PMOP from the controls [area 
under the curve (AUC): 0.759, 95% CI: 0.664–0.853, P< 0.01] (Fig. 3B). Therefore, hsa_
circ_0001275 may be a potential diagnostic biomarker for PMOP. When compared with 
bone metabolism biomarkers, the largest AUC was found for hsa_circ_0001275, followed by 
β-CROSSL (AUC: 0.700, P< 0.01) and OSTEOC (AUC: 0.655, P< 0.01) (Fig. 3B).

Discussion

In this study, we aimed to identify a potential biomarker in PBMCs of patients with 
PMOP. We found that the expression of hsa_circ_0001275 was significantly increased in 
PMOP patients, and therefore it can serve as a potential diagnostic biomarker for PMOP. 
Thousands of circRNAs in the genome repositories of different species have been identified 
by applying RNA microarray technology. Over 2400 circRNA candidates have been identified 
in human serum. In mice and Caenorhabditis elegans, 1903 circRNAs and 724 circRNAs have 
been identified, respectively. Owing to its closed loop structure, circRNA is not degraded by 
RNA exonuclease, making it highly conserved and remarkably stable. Therefore, circRNA can 
be a potential diagnostic biomarker [20-22]. A previous study on hepatocellular carcinoma 
reported that ciRS-7 could be considered a biomarker for microvascular invasion in hepatic 
cell carcinoma and a sponge for microRNA-7 [23]. Another study reported that hsa_

Fig. 3. (A) Forest scatterplot: RT-PCR assay 
was performed to determine the expres-
sion levels of hsa_circ_0001275 in the PMOP 
group, which included PBMCs derived from 
approximately 30 PMOP patients, and in 
control group, which includes PBMCs from 
20 menopausal women. The results of this 
validation were consistent with previous 
results (P<0.01). (B) ROC analysis of hsa_
circ_0001275, β-CROSSL, and OSTEOC in 
PBMCs of PMOP patients. The largest AUC 
was found for hsa_circ_0001275 (AUC: 0.759, P<0.001), followed by β-CROSSL (AUC: 0.700, P<0.01) and 
OSTEOC (AUC: 0.655, P<0.01).

Figure 3 

 

Table 4. Pearson correlation coefficients of clinical variables and hsa_circ_0001275. Note: *P < 0.05, **P < 
0.01
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circ_0001649 could be utilized as a novel diagnostic biomarker for hepatocellular carcinoma 
[24]. In addition, clinical study of samples showed that circRNA is not restricted to clinical 
blood samples and can be found in cerebrospinal fluid, urine, and other body fluids. Thus, 
studies on other body fluids may help to identify circRNA as a novel biomarker for diagnosis, 
prognosis, and prediction of therapeutic efficacy.

As precursor cells of osteoclasts, PBMCs produce cytokines such as interleukin (IL)-1, 
IL-6, and tumor necrosis factor (TNF)-α, which have direct effects on osteoclast formation 
[25, 26]. However, there are few studies on the effect of PBMCs on the pathogenesis of 
osteoporosis. In this study, we performed a microarray analysis of dysregulated circRNAs by 
comparing the transcriptome profiles of PBMCs from patients with PMOP with those from 
controls. In total, 381 significantly and differentially expressed circRNAs were detected, 
of which 203 were upregulated and 178 were downregulated. These observations may 
facilitate future pathophysiology research on PMOP and help to determine whether circRNAs 
in PBMCs could be used as novel, non-invasive biomarkers for diagnosis and treatment of 
PMOP.

CircRNA microarray profiling and qRT-PCR validation identified five upregulated 
circRNAs (hsa_circ_0028882,hsa_circ_0001275, hsa_circ_0006766, hsa_circ_0007788  
and hsa_circ_0003391) and one downregulated circRNA (hsa_circ_0006801). Only hsa_
circ_0001275 was significantly differentially expressed in PBMCs of PMOP patients compared 
with the controls. These results indicate that the altered expression of circRNAs may be 
related to their involvement in the pathogenesis of PMOP. Furthermore, our study found 
that the expression of hsa_circ_0001275 in PBMCs of PMOP patients was not correlated 
with age, height, weight, WBC, lymphocyte and monocyte count, BMD, β-CROSSL, TP1NP, or 
OSTEOC, indicating that this circRNA may not be a relevant biomarker for disease severity 
or systemic inflammation in PMOP. However, we found that the levels of hsa_circ_0001275 
were correlated with the T-score. The T-score was used to compare the bone density value of 
patients to the average bone density of normal young people. T-score = (subject's BMD value 
− mean BMD of young people)/standard deviation of BMD of young people, and it indicates 
whether the subject's BMD is lower or higher than the mean BMD of young people by a 
few standard deviations. According to the World Health Organization, T-score below −2.5 
SD (inclusive) can be diagnosed as osteoporosis. In addition, in this study, the levels of hsa_
circ_0001275 in PBMCs showed potential diagnostic value for PMOP and a high ROC AUC 
value (AUC: 0.759, 95% CI: 0.664–0.853, P< 0.01) compared to traditional bone metabolism 
indices, indicating its high potential as a diagnostic biomarker. Studies in multiple centers 
with a large number of samples are needed in the near future. Additionally, studying the 
functions of hsa_circ_0001275 could improve the current understanding of the mechanisms 
underlying PMOP occurrence and progression.

There are some limitations to this study. First, the sample size was relatively small, 
and the data from this study should be replicated in large-scale studies and in other 
populations with different races or from different regions. Second, to determine whether 
hsa_circ_0001275 can be a diagnostic biomarker, its ability to distinguish PMOP from senile 
osteoporosis, secondary osteoporosis, and other orthopedic diseases, such as rheumatoid 
arthritis, ankylosing spondylitis, and osteoarthritis, which are characterized by joint 
damage, should be evaluated. Further studies on other orthopedic diseases are warranted 
to strengthen the contention that hsa_circ_0001275 may serve as a diagnostic biomarker for 
PMOP. Third, we did not analyze circRNAs in the plasma, serum, or exosomes. Studies have 
shown that circRNAs in exosomes are more stable than those in serum or plasma, making 
them more reliable as potential biomarkers.

To the best of our knowledge, this is the first study to use circRNA microarray to 
determine the expression of circRNA in PBMCs of PMOP patients and controls. The findings 
of this study will help to determine the role and function of circRNA in the occurrence and 
development of PMOP. In addition, we found that circRNAs have applied value in PMOP 
diagnosis. These results suggest that circRNAs have potential clinical significance and may 
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help to explain the molecular mechanisms and biological functions of PMOP, and therefore 
deserve further study.

Acknowledgements

This work was supported by Guangdong Provincial Department of Science and 
Technology-Guangdong Provincial Academy of Traditional Chinese Medicine Joint Research 
Project [grant number: 2014A020221054] and Guangzhou University of Chinese Medicine 
High-level University Fund [grant number: A1-AFD018171Z11041].

Disclosure Statement

The authors declare that no conflict of interests exists.
References

1	 Eastell R, O'Neill TW, Hofbauer LC, Langdahl B, Reid IR, Gold DT, Cummings SR: Postmenopausal 
osteoporosis. Nat Rev Dis Primers 2016;2:16069.

2	 Garnero P, Hausherr E, Chapuy MC, Marcelli C, Grandjean H, Muller C, Cormier C, Breart G, Meunier PJ, 
Delmas PD: Markers of bone resorption predict hip fracture in elderly women: the EPIDOS Prospective 
Study. J Bone Miner Res 1996;11:1531-1538.

3	 Camacho PM, Petak SM, Binkley N, Clarke BL, Harris ST, Hurley DL, Kleerekoper M, Lewiecki EM, Miller PD, 
Narula HS, Pessah-Pollack R, Tangpricha V, Wimalawansa SJ, Watts NB: American Association of Clinical 
Endocrinologists and American College of Endocrinology Clinical Practice Guidelines for the Diagnosis 
and Treatment of Postmenopausal Osteoporosis - 2016--Executive Summary. Endocr Pract 2016;22:1111-
1118.

4	 Papageorgiou M, Elliott-Sale KJ, Parsons A, Tang JCY, Greeves JP, Fraser WD, Sale C: Effects of reduced 
energy availability on bone metabolism in women and men. Bone 2017;10.1016/j.bone.2017.08.019

5	 Lingaiah S, Morin-Papunen L, Piltonen T, Puurunen J, Sundstrom-Poromaa I, Stener-Victorin E, Bloigu R, 
Risteli J, Tapanainen JS: Bone markers in polycystic ovary syndrome: a multi-centre study. Clin Endocrinol 
(Oxf) 2017;10.1111/cen.13456

6	 Wang J, Yan DD, Hou XH, Bao YQ, Hu C, Zhang ZL, Jia WP: Association of bone turnover markers with 
glucose metabolism in Chinese population. Acta Pharmacol Sin 2017;10.1038/aps.2017.23

7	 Compston J, Cooper A, Cooper C, Gittoes N, Gregson C, Harvey N, Hope S, Kanis JA, McCloskey EV, Poole KES, 
Reid DM, Selby P, Thompson F, Thurston A, Vine N, National Osteoporosis Guideline G: UK clinical guideline 
for the prevention and treatment of osteoporosis. Arch Osteoporos 2017;12:43.

8	 Qu S, Yang X, Li X, Wang J, Gao Y, Shang R, Sun W, Dou K, Li H: Circular RNA: A new star of noncoding RNAs. 
Cancer Lett 2015;365:141-148.

9	 Huang S, Yang B, Chen BJ, Bliim N, Ueberham U, Arendt T, Janitz M: The emerging role of circular RNAs in 
transcriptome regulation. Genomics 2017;10.1016/j.ygeno.2017.06.005

10	 Dong WW, Li HM, Qing XR, Huang DH, Li HG: Identification and characterization of human testis derived 
circular RNAs and their existence in seminal plasma. Sci Rep 2016;6:39080.

11	 Qian Y, Lu Y, Rui C, Qian Y, Cai M, Jia R: Potential Significance of Circular RNA in Human Placental Tissue for 
Patients with Preeclampsia. Cell Physiol Biochem 2016;39:1380-1390.

12	 WJ L: Circular RNA (circRNA) in Alzheimer’s disease (AD). FrontiersinGenetics 2013;10.3389/
fgene.2013.00307

13	 Zhao Z, Li X, Jian D, Hao P, Rao L, Li M: Hsa_circ_0054633 in peripheral blood can be used as a diagnostic 
biomarker of pre-diabetes and type 2 diabetes mellitus. Acta Diabetol 2017;54:237-245.

14	 Xin Z, Ma Q, Ren S, Wang G, Li F: The understanding of circular RNAs as special triggers in carcinogenesis. 
Brief Funct Genomics 2017;16:80-86.

15	 Hansen TB, Jensen TI, Clausen BH, Bramsen JB, Finsen B, Damgaard CK, Kjems J: Natural RNA circles 
function as efficient microRNA sponges. Nature 2013;495:384-388.

http://dx.doi.org/10.1159%2F000489657


Cell Physiol Biochem 2018;46:2508-2516
DOI: 10.1159/000489657
Published online: May 11, 2018 2516

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Zhao et al.: Hsa_Circ_0001275: a Biomarker for PMOP

16	 Xi Jin C-yF, Zun Xian, Yi-peng Chen and You-ming Li: CircRNA expression pattern and circRNA miRNA 
mRNA network in the pathogene is of nonalcoholic steatohepatitis. Oncotarget 2016;

17	 Kulcheski FR, Christoff AP, Margis R: Circular RNAs are miRNA sponges and can be used as a new class of 
biomarker. J Biotechnol 2016;238:42-51.

18	 Wu Y, Zhang Y, Zhang Y, Wang JJ: CircRNA hsa_circ_0005105 upregulates NAMPT expression and promotes 
chondrocyte extracellular matrix degradation by sponging miR-26a. Cell Biol Int 2017;10.1002/cbin.10761

19	 Jeck WR, Sorrentino JA, Wang K, Slevin MK, Burd CE, Liu J, Marzluff WF, Sharpless NE: Circular RNAs are 
abundant, conserved, and associated with ALU repeats. Rna 2013;19:141-157.

20	 Zhao Y, Alexandrov PN, Jaber V, Lukiw WJ: Deficiency in the Ubiquitin Conjugating Enzyme UBE2A in 
Alzheimer's Disease (AD) is Linked to Deficits in a Natural Circular miRNA-7 Sponge (circRNA; ciRS-7). 
Genes (Basel) 2016;7:

21	 Li P, Chen S, Chen H, Mo X, Li T, Shao Y, Xiao B, Guo J: Using circular RNA as a novel type of biomarker in the 
screening of gastric cancer. Clin Chim Acta 2015;444:132-136.

22	 Xuan L, Qu L, Zhou H, Wang P, Yu H, Wu T, Wang X, Li Q, Tian L, Liu M, Sun Y: Circular RNA: a novel 
biomarker for progressive laryngeal cancer. Am J Transl Res 2016;8:932-939.

23	 Xu L, Zhang M, Zheng X, Yi P, Lan C, Xu M: The circular RNA ciRS-7 (Cdr1as) acts as a risk factor of hepatic 
microvascular invasion in hepatocellular carcinoma. J Cancer Res Clin Oncol 2017;143:17-27.

24	 Qin M, Liu G, Huo X, Tao X, Sun X, Ge Z, Yang J, Fan J, Liu L, Qin W: Hsa_circ_0001649: A circular RNA and 
potential novel biomarker for hepatocellular carcinoma. Cancer Biomark 2016;16:161-169.

25	 Shalhoub V, Faust J, Boyle WJ, Dunstan CR, Kelley M, Kaufman S, Scully S, Van G, Lacey DL: Osteoprotegerin 
and osteoprotegerin ligand effects on osteoclast formation from human peripheral blood mononuclear cell 
precursors. J Cell Biochem 1999;72:251-261.

26	 Matsuzaki K, Udagawa N, Takahashi N, Yamaguchi K, Yasuda H, Shima N, Morinaga T, Toyama Y, Yabe Y, 
Higashio K, Suda T: Osteoclast differentiation factor (ODF) induces osteoclast-like cell formation in human 
peripheral blood mononuclear cell cultures. Biochem Biophys Res Commun 1998;246:199-204.

http://dx.doi.org/10.1159%2F000489657

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_25: 
	CitRef_26: 


