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Abstract

Background: Addiction is one of the most important social and health problems in the world. Development of rapid and inex-
pensive diagnostic methods for identification of patients with addiction to methamphetamine is still a very important challenge.
Recently, microRNAs (miRNAs) have been introduced as an accurate and reliable biomarker for diagnosis of human disorders.
Objectives: In the present study, the expression of miRNA-186 and miRNA-195 was investigated in blood of patients with metham-
phetamine abuse disorder.
Methods: In this case-control study, 60 patients with methamphetamine abuse disorder (case group) and 60 healthy controls (con-
trol group) were enrolled. Total RNA was extracted from whole blood of patients and healthy controls, and then cDNA synthesis was
performed using reverse transcriptase. Real-time PCR method was employed to investigate miRNA-186 and miRNA-195 expression.
Finally, statistical software was used to analyze the obtained data.
Results: The results demonstrated that the expression of miRNA-195 significantly increased in blood samples of patients with
methamphetamine abuse disorders (8.75-fold change) compared to healthy controls (P < 0.05). However, the expression of miRNA-
185 did not significantly increase (1.61-fold change) in patients compared to healthy controls (P > 0.05).
Conclusions: Our study suggested that miR-195 may play an important role in the pathogenesis of drug addiction and can be used
as an accurate and reliable marker for the identification of patients with methamphetamine abuse disorder.
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1. Background

Methamphetamine addiction is a chronic debilitating
cerebral disorder and is considered one of the costliest
disorders worldwide. In the last decade, it has been re-
ported that approximately 34,000,000 individuals have
used methamphetamine in their life in the world (1). The
methamphetamine was easily synthesized by relatively in-
expensive compounds and was a highly addictive psychos-
timulant (2).

So far, limited studies have been performed on molec-
ular pathogenesis of methamphetamine addiction, and ef-
ficient diagnostic and therapeutic methods have not been
identified. In recent years, methamphetamine abuse disor-
der is commonly diagnosed using liquid chromatography-
mass spectrometry (LC-MS) and gas chromatography-
mass spectrometry (GC-MS) methods through identifica-

tion of methamphetamine metabolites from whole blood,
plasma, and serum samples (3). However, the mentioned
methods are expensive and time-consuming, which re-
quire various equipment and materials. Therefore, devel-
opment of an inexpensive and reliable approach for rapid
diagnosis and efficient treatment approach for metham-
phetamine abuse disorder is still of great importance (4).

Several small non-coding oligonucleotides, microR-
NAs (miRNAs) are identified, which play important roles
in the regulation of gene expression during brain differ-
entiation and development (5, 6). Recently, a lot of diver-
sity of miRNAs have been demonstrated that are involved
in mature neurons as well as development and differenti-
ation of neurons. Previous studies reported that miRNAs
play an important role in morphogenesis, memory forma-
tion as well as drug addiction (7, 8). Evidence suggests that
miRNAs are involved in the pathogenesis of various drugs
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abuse, such as cocaine, heroin, alcohol, and nicotine (9, 10).
Evidence also suggests that methamphetamine is one

of the most commonly used illegal drugs in the world.
In addition, the number of people dye from metham-
phetamine use has significantly increased in recent years
(1, 2). Therefore, it is important to identify the underly-
ing molecular mechanisms of methamphetamine abuse
disorder to find specific biomarkers for therapeutic ap-
proaches.

2. Objectives

Both miR-186 and miR-195 play an important role in
the regulation of several molecular targets in the hu-
man brain such as angiogenesis, inflammation, synaptic
transmission, and neurological mediators development
(11, 12). However, molecular mechanisms of miRNA-186 and
miRNA-195 function are unclear in Iranian patients with
methamphetamine addiction. Here, we investigated the
expression levels of miRNA-186 and miRNA-195 in the whole
blood of Iranian patients with methamphetamine abuse
disorder.

3. Methods

3.1. Study Subjects

In the present case-control study, we enrolled 60 pa-
tients with methamphetamine abuse disorder, newly di-
agnosed without any treatment, from addiction treatment
centers in Tabriz, Iran from 2018 to 2019. Moreover, 60
healthy individuals without any drug addiction were en-
rolled as the control group. The individuals with major
psychiatric disorders, chronic disorders, cardiovascular
disease, and brain disease were excluded from this study.
All subjects, age- and ethnically-matched, were enrolled
from population of East Azerbaijan province, Iran. Demo-
graphic information, clinical characteristics, and lifestyle
(age, gender, marital status, literacy levels, drug use his-
tory, and syphilis infection status) of all subjects were
recorded through interviews. All members of case and
control groups signed a consent form according to Dec-
laration of Helsinki ethical standards, approved by the
Ethics Committee of Islamic Azad university, Tabriz Branch
(IR.IAU.TABRIZ.REC.1398.082).

3.2. Quantitative Real-time PCR

The whole blood samples (5 mL) were obtained from all
members of case and control groups after 12 hours of fast-
ing. Extraction of total RNA from whole blood samples was

conducted using RNA extraction kit (GeneAll Biotechnol-
ogy, Germany), according to instruction of the manufac-
turer. Poly-A polymerase enzyme was used to polyadeny-
lation of the extracted RNA samples under the following
conditions: 37°C for 30 minutes and then 65°C for 20 min-
utes. Next, the BON-RT adaptor primers were used to syn-
thesize cDNA under the following conditions: 16°C for 30
minutes, 42°C for 30 minutes, 85°C for 5 minutes, and was
stored at 4°C. The expression of miRNA-186 and miRNA-
195 was investigated in both case and control groups in
triplicate using a TaqMan probe-based RT-qPCR assay, in
15 µL total volume: PCR buffer (7.5 µL), cDNA (1.5 µL), for-
ward primer (0.5 µL), reverse primer (0.5 µL), and DEPC-
treated RNase free water (4.5 µL), under the following
conditions: 94°C for 1 minute (initial denaturation), 94°C
for 10 seconds (denaturation), 94°C for 30 seconds (an-
nealing), and 72°C for 20 seconds (extension). The used
primers were Has-miR-186-F-5’-CGGCAAACAATTCTCC-3’ and
Has-miR-195-F-5’-TTGGTAGCAGCACAGAAA-3’. The threshold
cycle (CT) was identified, and the expression of miRNA-186
and miRNA-195 was normalized to U6 as endogenous con-
trol and calculated using the 2-∆Cq method.

3.3. Statistical Analysis

Statistical analysis was performed with SPSS software
(version 21.0) and GraphPad Prism 6 software. The re-
sults of demographic information, clinical characteristics,
lifestyle, and miRNA expression are presented as mean ±
standard error of mean (SEM) or mean ± standard devi-
ation (SD). Difference in the expression of miRNAs in the
case and control groups was evaluated using Pearson’s cor-
relation analysis. In addition, difference in demographic
information, clinical characteristics, lifestyle of the case
and control groups were evaluated using Chi-square and
independent sample t-test. A P-value < 0.05 was consid-
ered statistically significant.

4. Results

4.1. Participants’ Characteristics

The statistical analysis demonstrated a significant dif-
ference between patients with methamphetamine addic-
tion and healthy controls in terms of age, marital status,
and syphilis infection (P < 0.05). However, the difference
between patients with methamphetamine addiction and
healthy controls was not significant in terms of educa-
tional degree and BMI (P > 0.05). The demographic infor-
mation, clinical characteristics, and lifestyle of the studied
patients with methamphetamine addiction and healthy
controls are summarized in Table 1.
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Table 1. The Clinical Characteristics, Demographic Information, and Lifestyle of the Studied Patients with Methamphetamine Abuse Disorder and Healthy Controls a

Variable Case (N = 60) Controls (N = 60) P-Value b

Age (y) 28.41 ± 2.51 32.73 ± 9.22 < 0.001

BMI (kg/m2) 22.19 ± 2.18 22.34 ± 2.55 0.529

Marital status 0.008

Married 28 (46.6) 42 (70.0)

Single 18 (30.0) 12 (20.2)

Divorced 14 (23.3) 6 (10.0)

Educational degree 0.265

Under diploma and diploma 44 (73.3) 36 (60.0)

Higher diploma 16 (26.6) 24 (40.0)

Drug use history

Onset age of drug use (years) 24.78 ± 2.28 - -

Drug use time (y) 4.56 ± 3.24 - -

Times of addicts drug per day 1.87 ± 2.11 - -

Drug manner

Injection 4 (6.6) - -

Oral inhalation 56 (93.3) - -

Syphilis infection status < 0.001

Positive 8 (13.3) 0 (0.0)

Negative 52 (86.6) 60 (100.0)

Abbreviations: BMI, body mass index.
a Data are presented as mean ± SD and No. (%).
b The P < 0.05 is statistically significant.

4.2. Expression of miRNAs

The present study demonstrated that the expres-
sion level of miRNA-195 significantly increased (8.75-fold
change) in patients with methamphetamine addiction
compared to healthy controls (P < 0.05). However, the ex-
pression level of miRNA-186 increased insignificantly (1.61-
fold change) in the case group compared to the healthy
controls (P > 0.05). The expression of miRNA-186 and
miRNA-195 in the patients with methamphetamine addic-
tion and healthy controls are shown in Figure 1.

4.3. Diagnostic Potential of miRNAs

The receiver operating characteristics (ROC) curve
analysis was used to investigate diagnostic potential of
miRNA-186 and miRNA-195 for patients with metham-
phetamine addiction. The ROC curve analysis demon-
strated that the area under the curve (AUC) score for
miRNA-186 was 0.622 to discriminate patients with
methamphetamine addiction from healthy controls (Fig-
ure 2A). In addition, the AUC score was 0.723 for miRNA-195
to discriminate patients with methamphetamine addic-
tion from healthy control (Figure 2B). Our study showed

that the miRNA-195 could be used as a reliable biomarker
for diagnosis or prognosis of patients with metham-
phetamine addiction.

5. Discussion

Evidence suggested that dysregulation of miRNAs
played important roles in neuronal function, neurogene-
sis, as well as neurobiological processes (synaptic plastic-
ity) (13-15). In addition, miRNAs are involved in addiction
progress through direct modification of synaptic remod-
eling, dendritic spine morphogenesis, rewarding prop-
erties of drugs, self-administration rates of alcohol, and
drug-seeking behavior (14, 16). Previous studies reported
that miRNAs in blood and brain could be used as an ac-
curate and reliable biomarker for diagnosis of addiction
(17, 18). Currently, several miRNAs have been considered
biomarkers for diagnosis and prognosis of several men-
tal and physical disorders (19, 20). However, the expres-
sion level of various miRNAs in subjects with metham-
phetamine addiction is largely unclear. Therefore, identi-
fication of addiction-related miRNAs can be used for devel-
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Figure 1. The expression levels of miRNA-186 (A) and miRNA195 (B) in the patients with methamphetamine addiction and healthy controls (**P < 0.005).
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Figure 2. Discriminative ability of miRNA-186 (A) and miRNA-195 (B) in patients with methamphetamine addiction and healthy controls by receiver operating characteristic
(ROC) curve analysis.
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opment of novel diagnosis and therapeutic approaches in
patients with methamphetamine addiction.

In this study, we investigated the expression of miRNA-
186 and miRNA-195 in whole blood samples of patients
with methamphetamine addiction. We showed that the
expression of miRNA-195 significantly increased (8.75-fold
change) in patients with methamphetamine addiction
compared with healthy controls, whereas the expression
level of miRNA-186 insignificantly increased in patients
with methamphetamine addiction. Moreover, we demon-
strated that altered expression of miRNA-195 provides an
accurate and reliable biomarker for rapid diagnosis of
methamphetamine addiction in forensic and clinical ap-
plications.

Previous studies suggested that the expression level
of miRNAs in whole blood samples is associated with
methamphetamine and other drugs addiction (20-22). In
a most recent study by Gu et al., it was demonstrated that
the serum levels of miRNA-9-3p significantly increased in
patients with methamphetamine addiction (21). In an-
other study by Zhao et al., the plasma levels of miRNA-
181a, miRNA-15b, miRNA-let-7e, and miRNA-let-7d, signifi-
cantly decreased in patients with methamphetamine ad-
diction (22). In a study by Zhang et al., the blood lev-
els of miRNA-181a significantly decreased in patients with
methamphetamine addiction compared to healthy con-
trols (23). We also showed significant alteration in the ex-
pression of the miRNA-195 in blood samples of patients
with methamphetamine addiction compared to healthy
controls. The mentioned studies may provide the im-
portant role of miRNAs in regulating methamphetamine
abuse disorder. However, molecular mechanisms, as
well as physiological and pathological role of miRNAs in
patients with methamphetamine addiction, remain un-
known. Previous studies suggested that addiction-related
miRNAs played an important role in neurological and psy-
chological disorders through involving various signaling
pathways, including CREB, MAPK, G-Protein, GnRH, and
Couple Receptor (23, 24). In this regard, identification
of exact roles of miRNA-186 and miRNA-195 in patholog-
ical and physiological process in patients with metham-
phetamine addiction requires further investigation. In ad-
dition, further studies are required to identify the miRNAs
as biomarkers for diagnosis and prognosis of patients with
methamphetamine addiction.

5.1. Conclusions

Generally, we suggest that miR-195 may play an im-
portant role in pathology of methamphetamine addiction
and can be considered an appropriate blood biomarker for
diagnosis of patients with methamphetamine addiction.
However, further studies are required to identify the exact

role of miR-186 and miR-195 in neurological signaling path-
ways in patients with methamphetamine abuse disorder.

Acknowledgments

This article was extracted from the MSc project of Zahra
Asadi that Hossein Soltanzadeh supervised, and Jamal Hal-
lajzadeh advised this project.

Footnotes

Authors’ Contribution: Z.A performed the research;
H.S, J.H designed the research study; S.F provided essen-
tial reagents or tools; H.S and G.K analyzed the data; Z.A
drafted the paper, and all authors read and approved the
final manuscript.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Ethical Approval: This research was approved by the
Ethics Committee of Islamic Azad University, Tabriz Branch
(IR.IAU.TABRIZ.REC.1398.082).

Funding/Support: There is no funding/support.

Informed Consent: Informed Consent was signed by the
study participants.

References

1. Leshner AI, Koob GF. Drugs of abuse and the brain. Proc Assoc
Am Physicians. 1999;111(2):99–108. doi: 10.1046/j.1525-1381.1999.09218.x.
[PubMed: 10220804].

2. Cook CE, Jeffcoat AR, Hill JM, Pugh DE, Patetta PK, Sadler BM, et
al. Pharmacokinetics of methamphetamine self-administered to hu-
man subjects by smoking S-(+)-methamphetamine hydrochloride.
Drug Metab Dispos. 1993;21(4):717–23.

3. Kraemer T, Paul LD. Bioanalytical procedures for determination of
drugs of abuse in blood. Anal Bioanal Chem. 2007;388(7):1415–35. doi:
10.1007/s00216-007-1271-6. [PubMed: 17468860].

4. Chandler RK, Finger MS, Farabee D, Schwartz RP, Condon T, Dunlap
LJ, et al. The SOMATICS collaborative: Introduction to a National In-
stitute on Drug Abuse cooperative study of pharmacotherapy for
opioid treatment in criminal justice settings. Contemp Clin Trials.
2016;48:166–72. doi: 10.1016/j.cct.2016.05.003. [PubMed: 27180088].
[PubMed Central: PMC5454801].

5. Taefehshokr S, Taefehshokr N, Hemmat N, Hajazimian S, Isazadeh
A, Dadebighlu P, et al. The pivotal role of MicroRNAs in glu-
cose metabolism in cancer. Pathol Res Pract. 2021;217:153314. doi:
10.1016/j.prp.2020.153314. [PubMed: 33341548].

6. Astamal RV, Maghoul A, Taefehshokr S, Bagheri T, Mikaeili E, Der-
akhshani A, et al. Regulatory role of microRNAs in cancer through
Hippo signaling pathway. Pathol Res Pract. 2020;216(12):153241. doi:
10.1016/j.prp.2020.153241. [PubMed: 33065484].

7. Soheilyfar S, Velashjerdi Z, Hajizadeh YS, Maroufi NF, Amini Z, Khor-
rami A, et al. In vivo and in vitro impact of miR-31 and miR-143 on
the suppression of metastasis and invasion in breast cancer. J BUON.
2018;23(5):1290–6.

Gene Cell Tissue. 2022; 9(2):e118755. 5

http://dx.doi.org/10.1046/j.1525-1381.1999.09218.x
http://www.ncbi.nlm.nih.gov/pubmed/10220804
http://dx.doi.org/10.1007/s00216-007-1271-6
http://www.ncbi.nlm.nih.gov/pubmed/17468860
http://dx.doi.org/10.1016/j.cct.2016.05.003
http://www.ncbi.nlm.nih.gov/pubmed/27180088
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5454801
http://dx.doi.org/10.1016/j.prp.2020.153314
http://www.ncbi.nlm.nih.gov/pubmed/33341548
http://dx.doi.org/10.1016/j.prp.2020.153241
http://www.ncbi.nlm.nih.gov/pubmed/33065484


Asadi Z et al.

8. Pourmohammad P, Maroufi NF, Rashidi M, Vahedian V, Pouremamali
F, Faridvand Y, et al. Potential Therapeutic Effects of Melatonin Medi-
ate via miRNAs in Cancer. Biochem Genet. 2021. doi: 10.1007/s10528-021-
10104-4. [PubMed: 34181134].

9. He Y, Yang C, Kirkmire CM, Wang ZJ. Regulation of opioid tolerance
by let-7 family microRNA targeting the mu opioid receptor. J Neurosci.
2010;30(30):10251–8. doi: 10.1523/JNEUROSCI.2419-10.2010. [PubMed:
20668208]. [PubMed Central: PMC2943348].

10. Bosch PJ, Benton MC, Macartney-Coxson D, Kivell BM. mRNA and mi-
croRNA analysis reveals modulation of biochemical pathways related
to addiction in the ventral tegmental area of methamphetamine self-
administering rats. BMC Neurosci. 2015;16:43. doi: 10.1186/s12868-015-
0186-y. [PubMed: 26188473]. [PubMed Central: PMC4506769].

11. Taefehshokr S, Taefehshokr N, Derakhshani A, Baghbanzadeh A, Asta-
mal RV, Safaei S, et al. The regulatory role of pivotal microRNAs in
the AKT signaling pathway in breast cancer. Curr Mol Med. 2021. doi:
10.2174/1566524021666210708095051. [PubMed: 34238182].

12. Ren Y, Li H, Xie W, Wei N, Liu M. MicroRNA195 triggers neuroinflam-
mation in Parkinson’s disease in a Rhoassociated kinase 1dependent
manner. Mol Med Rep. 2019;19(6):5153–61. doi: 10.3892/mmr.2019.10176.
[PubMed: 31059087].

13. Smith ACW, Kenny PJ. MicroRNAs regulate synaptic plasticity un-
derlying drug addiction. Genes Brain Behav. 2018;17(3). e12424. doi:
10.1111/gbb.12424. [PubMed: 28873276]. [PubMed Central: PMC5837931].

14. Bali P, Kenny PJ. MicroRNAs and Drug Addiction. Front Genet.
2013;4:43. doi: 10.3389/fgene.2013.00043. [PubMed: 23717324].
[PubMed Central: PMC3650656].

15. Most D, Workman E, Harris RA. Synaptic adaptations by alcohol and
drugs of abuse: changes in microRNA expression and mRNA regu-
lation. Front Mol Neurosci. 2014;7:85. doi: 10.3389/fnmol.2014.00085.
[PubMed: 25565954]. [PubMed Central: PMC4267177].

16. Sadakierska-Chudy A, Frankowska M, Miszkiel J, Wydra K, Jastrzeb-
ska J, Filip M. Prolonged Induction of miR-212/132 and REST Expres-
sion in Rat Striatum Following Cocaine Self-Administration. Mol

Neurobiol. 2017;54(3):2241–54. doi: 10.1007/s12035-016-9817-2. [PubMed:
26944283]. [PubMed Central: PMC5355523].

17. Reid G, Kirschner MB, van Zandwijk N. Circulating microRNAs: As-
sociation with disease and potential use as biomarkers. Crit Rev On-
col Hematol. 2011;80(2):193–208. doi: 10.1016/j.critrevonc.2010.11.004.
[PubMed: 21145252].

18. Rao P, Benito E, Fischer A. MicroRNAs as biomarkers for CNS dis-
ease. Front Mol Neurosci. 2013;6:39. doi: 10.3389/fnmol.2013.00039.
[PubMed: 24324397]. [PubMed Central: PMC3840814].

19. Shademan B, Nourazarian A, Nikanfar M, Biray Avci C, Hasanpour
M, Isazadeh A. Investigation of the miRNA146a and miRNA155 gene
expression levels in patients with multiple sclerosis. J Clin Neurosci.
2020;78:189–93. doi: 10.1016/j.jocn.2020.04.071. [PubMed: 32331943].

20. Maltby S, Plank M, Tay HL, Collison A, Foster PS. Targeting MicroRNA
Function in Respiratory Diseases: Mini-Review. Front Physiol. 2016;7:21.
doi: 10.3389/fphys.2016.00021. [PubMed: 26869937]. [PubMed Central:
PMC4740489].

21. Gu WJ, Zhang C, Zhong Y, Luo J, Zhang CY, Zhang C, et al. Altered serum
microRNA expression profile in subjects with heroin and metham-
phetamine use disorder. Biomed Pharmacother. 2020;125:109918. doi:
10.1016/j.biopha.2020.109918. [PubMed: 32036213].

22. Zhao Y, Zhang K, Jiang H, Du J, Na Z, Hao W, et al. Decreased Ex-
pression of Plasma MicroRNA in Patients with Methamphetamine
(MA) Use Disorder. J Neuroimmune Pharmacol. 2016;11(3):542–8. doi:
10.1007/s11481-016-9671-z. [PubMed: 27108111].

23. Zhang K, Wang Q, Jing X, Zhao Y, Jiang H, Du J, et al. miR-181a is a neg-
ative regulator of GRIA2 in methamphetamine-use disorder. Sci Rep.
2016;6:35691. doi: 10.1038/srep35691. [PubMed: 27767084]. [PubMed
Central: PMC5073328].

24. Sim MS, Soga T, Pandy V, Wu YS, Parhar IS, Mohamed Z. MicroRNA
expression signature of methamphetamine use and addiction in
the rat nucleus accumbens. Metab Brain Dis. 2017;32(6):1767–83. doi:
10.1007/s11011-017-0061-x. [PubMed: 28681200].

6 Gene Cell Tissue. 2022; 9(2):e118755.

http://dx.doi.org/10.1007/s10528-021-10104-4
http://dx.doi.org/10.1007/s10528-021-10104-4
http://www.ncbi.nlm.nih.gov/pubmed/34181134
http://dx.doi.org/10.1523/JNEUROSCI.2419-10.2010
http://www.ncbi.nlm.nih.gov/pubmed/20668208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2943348
http://dx.doi.org/10.1186/s12868-015-0186-y
http://dx.doi.org/10.1186/s12868-015-0186-y
http://www.ncbi.nlm.nih.gov/pubmed/26188473
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4506769
http://dx.doi.org/10.2174/1566524021666210708095051
http://www.ncbi.nlm.nih.gov/pubmed/34238182
http://dx.doi.org/10.3892/mmr.2019.10176
http://www.ncbi.nlm.nih.gov/pubmed/31059087
http://dx.doi.org/10.1111/gbb.12424
http://www.ncbi.nlm.nih.gov/pubmed/28873276
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5837931
http://dx.doi.org/10.3389/fgene.2013.00043
http://www.ncbi.nlm.nih.gov/pubmed/23717324
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3650656
http://dx.doi.org/10.3389/fnmol.2014.00085
http://www.ncbi.nlm.nih.gov/pubmed/25565954
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4267177
http://dx.doi.org/10.1007/s12035-016-9817-2
http://www.ncbi.nlm.nih.gov/pubmed/26944283
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5355523
http://dx.doi.org/10.1016/j.critrevonc.2010.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21145252
http://dx.doi.org/10.3389/fnmol.2013.00039
http://www.ncbi.nlm.nih.gov/pubmed/24324397
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3840814
http://dx.doi.org/10.1016/j.jocn.2020.04.071
http://www.ncbi.nlm.nih.gov/pubmed/32331943
http://dx.doi.org/10.3389/fphys.2016.00021
http://www.ncbi.nlm.nih.gov/pubmed/26869937
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740489
http://dx.doi.org/10.1016/j.biopha.2020.109918
http://www.ncbi.nlm.nih.gov/pubmed/32036213
http://dx.doi.org/10.1007/s11481-016-9671-z
http://www.ncbi.nlm.nih.gov/pubmed/27108111
http://dx.doi.org/10.1038/srep35691
http://www.ncbi.nlm.nih.gov/pubmed/27767084
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5073328
http://dx.doi.org/10.1007/s11011-017-0061-x
http://www.ncbi.nlm.nih.gov/pubmed/28681200

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Subjects
	3.2. Quantitative Real-time PCR
	3.3. Statistical Analysis

	4. Results
	4.1. Participants[Please insert \PrerenderUnicode{â��} into preamble] Characteristics
	Table 1

	4.2. Expression of miRNAs
	Figure 1

	4.3. Diagnostic Potential of miRNAs
	Figure 2


	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

