
154 
 

DAFTAR PUSTAKA 
 

Adibhatla, R. M., & Hatcher, J. F. (2007). RETRACTED: Secretory 
phospholipase A2 IIA is up-regulated by TNF-α and IL-1α/β after 
transient focal cerebral ischemia in rat. Brain Research, 1134, 199– 
205. https://doi.org/10.1016/j.brainres.2006.11.080 

Anrather, J., & Iadecola, C. (2016). Inflammation and Stroke: An Overview. 
Neurotherapeutics, 13(4), 661–670. https://doi.org/10.1007/s13311- 
016-0483-x 

Ardhi, M. S., & Islam, M. S. (n.d.). Relationship Between High Sensitivity 
TNF-α with clinical outcome During Admission In Acute Ischemic 
Stroke. 15(1), 1305–1308. 

Bai, X., & Bian, Z. (2022). MicroRNA-21 Is a Versatile Regulator and 
Potential Treatment Target in Central Nervous System Disorders. 
Frontiers in Molecular Neuroscience, 15, 842288. 
https://doi.org/10.3389/fnmol.2022.842288 

Bak, M., Silahtaroglu, A., Møller, M., Christensen, M., Rath, M. F., Skryabin, 
B., Tommerup, N., & Kauppinen, S. (2008). MicroRNA expression in 
the adult mouse central nervous system. RNA, 14(3), 432–444. 
https://doi.org/10.1261/rna.783108 

Banks, J. L., & Marotta, C. A. (2007). Outcomes Validity and Reliability of 
the Modified Rankin Scale: Implications for Stroke Clinical Trials: A 
Literature Review and Synthesis. Stroke, 38(3), 1091–1096. 
https://doi.org/10.1161/01.STR.0000258355 23810.c6 

Barwari, T., Rienks, M., & Mayr, M. (2018). MicroRNA-21 and the 
Vulnerability of Atherosclerotic Plaques. Molecular Therapy, 26(4), 
938–940. https://doi.org/10.1016/j.ymthe.2018.03.005 

Bazan, H. A., Hatfield, S. A., O’Malley, C. B., Brooks, A. J., Lightell, D., & 
Woods, T. C. (2015). Acute Loss of miR-221 and miR-222 in the 
Atherosclerotic Plaque Shoulder Accompanies Plaque Rupture. 
Stroke, 46(11), 3285–3287. 
https://doi.org/10.1161/STROKEAHA.115.010567 

Béjot, Y., Bailly, H., Durier, J., & Giroud, M. (2016). Epidemiology of stroke 
in Europe and trends for the 21st century. Presse Medicale (Paris, 
France: 1983), 45(12 Pt 2), e391–e398. 
https://doi.org/10.1016/j.lpm.2016.10.003 

Boehme, A. K., Esenwa, C., & Elkind, M. S. (2017, January 5). Stroke Risk 
Factors, Genetics, and Prevention. 
https://doi.org/10.1161/CIRCRESAHA.116.308398 

Bonauer, A., Carmona, G., Iwasaki, M., Mione, M., Koyanagi, M., Fischer, 
A., Burchfield, J., Fox, H., Doebele, C., Ohtani, K., Chavakis, E., 
Potente, M., Tjwa, M., Urbich, C., Zeiher, A. M., & Dimmeler, S. (2009). 
MicroRNA-92a Controls Angiogenesis and Functional Recovery of 
Ischemic Tissues in Mice. Science, 324(5935), 1710–1713. 
https://doi.org/10.1126/science.1174381 

Broderick, J. P., Adeoye, O., & Elm, J. (2017). Evolution of the Modified 
Rankin Scale and Its Use in Future Stroke Trials. Stroke, 48(7), 2007– 
2012. https://doi.org/10.1161/STROKEAHA.117.017866 



155 
 

Bulygin, K. V., Beeraka, N. M., Saitgareeva, A. R., Nikolenko, V. N., Gareev, 
I., Beylerli, O., Akhmadeeva, L. R., Mikhaleva, L. M., Torres Solis, L. 
F., & Solís Herrera, A. (2020). Can miRNAs be considered as 
diagnostic and therapeutic molecules in ischemic stroke 
pathogenesis?—Current status. International Journal of Molecular 
Sciences, 21(18), 6728. 

Bykova, A. Yu., Kulesh, A. A., Kayleva, N. A., Kuklina, E. M., & Shestakov, 
V. V. (2020). Interrelation of the dynamics of serum concentrations of 
interleukin-1β, interleukin-6 and interleukin-10 with clinical data in 
acute ischemic stroke and the strategy of reperfusion therapy. Bulletin 
of Siberian Medicine, 18(4), 16–25. https://doi.org/10.20538/1682- 
0363-2019-4-16-25 

Caescu, C. I., Guo, X., Tesfa, L., Bhagat, T. D., Verma, A., Zheng, D., & 
Stanley, E. R. (2015). Colony stimulating factor-1 receptor signaling 
networks inhibit mouse macrophage inflammatory responses by 
induction of microRNA-21. Blood, 125(8), e1–e13. 
https://doi.org/10.1182/blood-2014-10-608000 

Canfrán-Duque, A., Rotllan, N., Zhang, X., Fernández-Fuertes, M., 
Ramírez-Hidalgo, C., Araldi, E., Daimiel, L., Busto, R., Fernández- 
Hernando, C., & Suárez, Y. (2017). Macrophage deficiency of miR-21 
promotes apoptosis, plaque necrosis, and vascular inflammation 
during atherogenesis. EMBO Molecular Medicine, 9(9), 1244–1262. 
https://doi.org/10.15252/emmm.201607492 

Canfrán‐Duque, A., Rotllan, N., Zhang, X., Fernández‐Fuertes, M., 
Ramírez‐Hidalgo, C., Araldi, E., Daimiel, L., Busto, R., Fernández‐ 
Hernando, C., & Suárez, Y. (2017). Macrophage deficiency of miR‐21 
promotes apoptosis, plaque necrosis, and vascular inflammation 
during atherogenesis. EMBO Molecular Medicine, 9(9), 1244–1262. 
https://doi.org/10.15252/emmm.201607492 

Cao, D.-D., Li, L., & Chan, W.-Y. (2016). MicroRNAs: Key Regulators in the 
Central Nervous System and Their Implication in Neurological 
Diseases. International Journal of Molecular Sciences, 17(6), 842. 
https://doi.org/10.3390/ijms17060842 

Ceolotto, G., Papparella, I., Bortoluzzi, A., Strapazzon, G., Ragazzo, F., 
Bratti, P., Fabricio, A. S. C., Squarcina, E., Gion, M., Palatini, P., & 
Semplicini, A. (2011). Interplay Between miR-155, AT1R A1166C 
Polymorphism, and AT1R Expression in Young Untreated 
Hypertensives. American Journal of Hypertension, 24(2), 241–246. 
https://doi.org/10.1038/ajh.2010.211 

Chen, C., Wang, L., Wang, L., Liu, Q., & Wang, C. (2021). LncRNA CASC15 
Promotes Cerebral Ischemia/Reperfusion Injury via miR-338-3p/ETS1 
Axis in Acute Ischemic Stroke. International Journal of General 
Medicine, Volume 14, 6305–6313. 
https://doi.org/10.2147/IJGM.S323237 

Chen, R., Ovbiagele, B., & Feng, W. (2016). Diabetes and Stroke: 
Epidemiology, Pathophysiology, Pharmaceuticals and Outcomes. The 
American Journal of the Medical Sciences, 351(4), 380–386. 
https://doi.org/10.1016/j.amjms.2016.01.011 



156 
 

Chen, Y., Song, Y., Huang, J., Qu, M., Zhang, Y., Geng, J., Zhang, Z., Liu, 
J., & Yang, G.-Y. (2017). Increased Circulating Exosomal miRNA-223 
Is Associated with Acute Ischemic Stroke. Frontiers in Neurology, 8. 
https://doi.org/10.3389/fneur.2017.00057 

Cheung, S. T., So, E. Y., Chang, D., Ming-Lum, A., & Mui, A. L.-F. (2013). 
Interleukin-10 Inhibits Lipopolysaccharide Induced miR-155 Precursor 
Stability and Maturation. PLoS ONE, 8(8), e71336. 
https://doi.org/10.1371/journal.pone.0071336 

Chistiakov, D. A., Sobenin, I. A., Orekhov, A. N., & Bobryshev, Y. V. (2015). 
Human miR-221/222 in Physiological and Atherosclerotic Vascular 
Remodeling. BioMed Research International, 2015, 1–18. 
https://doi.org/10.1155/2015/354517 

Cordes, K. R., Sheehy, N. T., White, M. P., Berry, E. C., Morton, S. U., Muth, 
A. N., Lee, T.-H., Miano, J. M., Ivey, K. N., & Srivastava, D. (2009). 
miR-145 and miR-143 regulate smooth muscle cell fate and plasticity. 
Nature, 460(7256), 705–710. https://doi.org/10.1038/nature08195 

Coupland, A. P., Thapar, A., Qureshi, M. I., Jenkins, H., & Davies, A. H. 
(2017). The definition of stroke. Journal of the Royal Society of 
Medicine, 110(1), 9–12. 

Cui, C., Ye, X., Chopp, M., Venkat, P., Zacharek, A., Yan, T., Ning, R., Yu, 
P., Cui, G., & Chen, J. (2016). miR-145 Regulates Diabetes-Bone 
Marrow Stromal Cell-Induced Neurorestorative Effects in Diabetes 
Stroke Rats. Stem Cells Translational Medicine, 5(12), 1656–1667. 
https://doi.org/10.5966/sctm.2015-0349 

Dai, B., Wang, F., Nie, X., Du, H., Zhao, Y., Yin, Z., Li, H., Fan, J., Wen, Z., 
Wang, D. W., & Chen, C. (2020). The Cell Type–Specific Functions of 
miR-21 in Cardiovascular Diseases. Frontiers in Genetics, 11, 563166. 
https://doi.org/10.3389/fgene.2020.563166 

De Havenon, A., Tirschwell, D. L., Heitsch, L., Cramer, S. C., Braun, R., 
Cole, J., Reddy, V., Majersik, J. J., Lindgren, A., & Worrall, B. B. 
(2021). Variability of the Modified Rankin Scale Score Between Day 
90 and 1 Year After Ischemic Stroke. Neurology Clinical Practice, 
11(3). https://doi.org/10.1212/CPJ.0000000000000954 

De Wit, E., Linsen, S. E. V., Cuppen, E., & Berezikov, E. (2009). Repertoire 
and evolution of miRNA genes in four divergent nematode species. 
Genome Research, 19(11), 2064–2074. 
https://doi.org/10.1101/gr.093781.109 

Dela Peña, I. C., Yoo, A., Tajiri, N., Acosta, S. A., Ji, X., Kaneko, Y., & 
Borlongan, C. V. (2015). Granulocyte Colony-Stimulating Factor 
Attenuates Delayed tPA-Induced Hemorrhagic Transformation in 
Ischemic Stroke Rats by Enhancing Angiogenesis and 
Vasculogenesis. Journal of Cerebral Blood Flow & Metabolism, 35(2), 
338–346. https://doi.org/10.1038/jcbfm.2014.208 

Deng, X., Zhong, Y., Gu, L., Shen, W., & Guo, J. (2013). MiR-21 involve in 
ERK-mediated upregulation of MMP9 in the rat hippocampus following 
cerebral ischemia. Brain Research Bulletin, 94, 56–62. 
https://doi.org/10.1016/j.brainresbull.2013.02.007 



157 
 

Doeppner, T. R., Herz, J., Görgens, A., Schlechter, J., Ludwig, A.-K., 
Radtke, S., De Miroschedji, K., Horn, P. A., Giebel, B., & Hermann, D. 
M. (2015). Extracellular Vesicles Improve Post-Stroke 
Neuroregeneration and Prevent Postischemic Immunosuppression. 
Stem Cells Translational Medicine, 4(10), 1131–1143. 
https://doi.org/10.5966/sctm.2015-0078 

Ebrahimi, V., Rastegar-moghaddam, S. H., & Mohammadipour, A. (2023). 
Therapeutic Potentials of MicroRNA-126 in Cerebral Ischemia. 
Molecular Neurobiology, 60(4), 2062–2069. 
https://doi.org/10.1007/s12035-022-03197-4 

Ekker, M. S., Boot, E. M., Singhal, A. B., Tan, K. S., Debette, S., Tuladhar, 
A. M., & de Leeuw, F.-E. (2018). Epidemiology, aetiology, and 
management of ischaemic stroke in young adults. The Lancet. 
Neurology, 17(9), 790–801. https://doi.org/10.1016/S1474- 
4422(18)30233-3 

ElKashef, S. M. M. A. E., Ahmad, S. E.-A., Soliman, Y. M. A., & Mostafa, M. 
S. (2021). Role of microRNA-21 and microRNA-155 as biomarkers for 
bronchial asthma. Innate Immunity, 27(1), 61–69. 
https://doi.org/10.1177/1753425920901563 

Ender, C., Krek, A., Friedländer, M. R., Beitzinger, M., Weinmann, L., Chen, 
W., Pfeffer, S., Rajewsky, N., & Meister, G. (2008). A Human snoRNA 
with MicroRNA-Like Functions. Molecular Cell, 32(4), 519–528. 
https://doi.org/10.1016/j.molcel.2008.10.017 

Feinberg, M. W., & Moore, K. J. (2016). MicroRNA Regulation of 
Atherosclerosis. Circulation Research, 118(4), 703–720. 
https://doi.org/10.1161/CIRCRESAHA.115.306300 

Feng, J., Li, A., Deng, J., Yang, Y., Dang, L., Ye, Y., Li, Y., & Zhang, W. 
(2014). miR-21 attenuates lipopolysaccharide-induced lipid 
accumulation and inflammatory response: Potential role in 
cerebrovascular disease. Lipids in Health and Disease, 13(1), 27. 
https://doi.org/10.1186/1476-511X-13-27 

Fink, J. N., Selim, M. H., Kumar, S., Silver, B., Linfante, I., Caplan, L. R., & 
Schlaug, G. (2002). Is the Association of National Institutes of Health 
Stroke Scale Scores and Acute Magnetic Resonance Imaging Stroke 
Volume Equal for Patients With Right- and Left-Hemisphere Ischemic 
Stroke? Stroke, 33(4), 954–958. 
https://doi.org/10.1161/01.STR.0000013069.24300.1D 

Fish, J. E., Santoro, M. M., Morton, S. U., Yu, S., Yeh, R.-F., Wythe, J. D., 
Ivey, K. N., Bruneau, B. G., Stainier, D. Y. R., & Srivastava, D. (2008). 
miR-126 Regulates Angiogenic Signaling and Vascular Integrity. 
Developmental Cell, 15(2), 272–284. 
https://doi.org/10.1016/j.devcel.2008.07.008 

Friese, R. S., Altshuler, A. E., Zhang, K., Miramontes-Gonzalez, J. P., 
Hightower, C. M., Jirout, M. L., Salem, R. M., Gayen, J. R., Mahapatra, 
N. R., Biswas, N., Cale, M., Vaingankar, S. M., Kim, H.-S., Courel, M., 
Taupenot, L., Ziegler, M. G., Schork, N. J., Pravenec, M., Mahata, S. 
K., … O’Connor, D. T. (2013). MicroRNA-22 and promoter motif 
polymorphisms at the Chga locus in genetic hypertension: Functional 



158 
 

and therapeutic implications for gene expression and the 
pathogenesis of hypertension. Human Molecular Genetics, 22(18), 
3624–3640. https://doi.org/10.1093/hmg/ddt213 

Gan, R., Yang, Y., Yang, X., Zhao, L., Lu, J., & Meng, Q. H. (2014). 
Downregulation of miR-221/222 enhances sensitivity of breast cancer 
cells to tamoxifen through upregulation of TIMP3. Cancer Gene 
Therapy, 21(7), 290–296. https://doi.org/10.1038/cgt.2014.29 

Gao, L., Zeng, H., Zhang, T., Mao, C., Wang, Y., Han, Z., Chen, K., Zhang, 
J., Fan, Y., Gu, J., & Wang, C. (2019). MicroRNA-21 deficiency 
attenuated atherogenesis and decreased macrophage infiltration by 
targeting Dusp-8. Atherosclerosis, 291, 78–86. 
https://doi.org/10.1016/j.atherosclerosis.2019.10.003 

GBD 2019 Stroke Collaborators, Feigin, V. L., Stark, B. A., Johnson, C. O., 
Roth, G. A., Bisignano, C., Abady, G. G., Abbasifard, M., Abbasi- 
Kangevari, M., Abd-Allah, F., Abedi, V., Abualhasan, A., Abu-Rmeileh, 
N. M. E., Abushouk, A. I., Adebayo, O. M., Agarwal, G., Agasthi, P., 
Ahinkorah, B. O., Ahmad, S., … Martini, S. (2021). Global, regional, 
and national burden of stroke and its risk factors, 1990-2019: A 
systematic analysis for the Global Burden of Disease Study 2019. The 
Lancet Neurology, 20(10), 1–26. https://doi.org/10.1016/S1474- 
4422(21)00252-0 

Glymour, M. M., Berkman, L. F., Ertel, K. A., Fay, M. E., Glass, T. A., & 
Furie, K. L. (2007). Lesion Characteristics, NIH Stroke Scale, and 
Functional Recovery After Stroke. American Journal of Physical 
Medicine & Rehabilitation, 86(9), 725–733. 
https://doi.org/10.1097/PHM.0b013e31813e0a32 

Gregersen, I., & Havorsen, B. (2018). Inflammatory mechanisms in 
atherosclerosis—Journal of Thrombosis and Haemostasis. 
Inflammatory Mechanisms in Atherosclerosis. 
https://www.jthjournal.org/article/S1538-7836(22)17435-0/fulltext 

Guo, C., Yao, Y., Li, Q., Gao, Y., & Cao, H. (2022). Expression and Clinical 
Value of miR-185 and miR-424 in Patients with Acute Ischemic Stroke. 
International Journal of General Medicine, Volume 15, 71–78. 
https://doi.org/10.2147/IJGM.S340586 

Hasan, Z. N., Hussein, M. Q., & Haji, G. F. (2011). Hypertension as a Risk 
Factor: Is It Different in Ischemic Stroke and Acute Myocardial 
Infarction Comparative Cross-Sectional Study? International Journal 
of Hypertension, 2011, 1–5. https://doi.org/10.4061/2011/701029 

Herrero-Fernandez, B., Gomez-Bris, R., Somovilla-Crespo, B., & Gonzalez- 
Granado, J. M. (2019). Immunobiology of Atherosclerosis: A Complex 
Net of Interactions. International Journal of Molecular Sciences, 
20(21), 5293. https://doi.org/10.3390/ijms20215293 

Huang, L., Ma, Q., Li, Y., Li, B., & Zhang, L. (2018). Inhibition of microRNA- 
210 suppresses pro-inflammatory response and reduces acute brain 
injury of ischemic stroke in mice. Experimental Neurology, 300, 41– 
50. https://doi.org/10.1016/j.expneurol.2017.10.024 

Hussein, M., & Magdy, R. (2021). MicroRNAs in central nervous system 
disorders: Current advances in pathogenesis and treatment. The 



159 
 

Egyptian Journal of Neurology, Psychiatry and Neurosurgery, 57(1), 
36. https://doi.org/10.1186/s41983-021-00289-1 

Ihle, M. A., Trautmann, M., Kuenstlinger, H., Huss, S., Heydt, C., Fassunke, 
J., Wardelmann, E., Bauer, S., Schildhaus, H.-U., Buettner, R., & 
Merkelbach-Bruse, S. (2015). miRNA‐221 and miRNA‐222 induce 
apoptosis via the KIT/AKT signalling pathway in gastrointestinal 
stromal tumours. Molecular Oncology, 9(7), 1421–1433. 
https://doi.org/10.1016/j.molonc.2015.03.013 

Intiso, D., Zarrelli, M. M., Lagioia, G., Di Rienzo, F., Checchia De Ambrosio, 
C., Simone, P., Tonali, P., & Cioffi†, R. P. (2004). Tumor necrosis 
factor alpha serum levels and inflammatory response in acute 
ischemic stroke patients. Neurological Sciences, 24(6), 390–396. 
https://doi.org/10.1007/s10072-003-0194-z 

Ivanov, A. V., Maksimova, M. Y., Nikiforova, K. A., Ochtova, F. R., Suanova, 
E. T., Alexandrin, V. V., Kruglova, M. P., Piradov, M. A., & Kubatiev, 
A. A. (2022). Plasma glutathione as a risk marker for the severity and 
functional outcome of acute atherothrombotic and   cardioembolic 

stroke. The Egyptian Journal of Neurology, Psychiatry and 
Neurosurgery, 58(1), 15. https://doi.org/10.1186/s41983-022-00452-2 

Jayaraj, R. L., Azimullah, S., Beiram, R., Jalal, F. Y., & Rosenberg, G. A. 
(2019). Neuroinflammation: Friend and foe for ischemic stroke. 

Journal of Neuroinflammation, 16(1), 1–24. 
Jenike, A. E., & Halushka, M. K. (2021). miR-21: A non‐specific biomarker 

of all maladies. Biomarker Research, 9(1), 18. 
https://doi.org/10.1186/s40364-021-00272-1 

Jenny, N. S., Callas, P. W., Judd, S. E., McClure, L. A., Kissela, B., Zakai, 
N. A., & Cushman, M. (2019). Inflammatory cytokines and ischemic 
stroke risk. Neurology, 92(20), e2375–e2384. 
https://doi.org/10.1212/WNL.0000000000007416 

Jeyaseelan, K., Lim, K. Y., & Armugam, A. (2008). MicroRNA Expression in 
the Blood and Brain of Rats Subjected to Transient Focal Ischemia by 
Middle Cerebral Artery Occlusion. Stroke, 39(3), 959–966. 
https://doi.org/10.1161/STROKEAHA.107.500736 

Jia, L., Hao, F., Wang, W., & Qu, Y. (2015). Circulating miR‐145 is 
associated with plasma high‐sensitivity C‐reactive protein in acute 
ischemic stroke patients. Cell Biochemistry and Function, 33(5), 314– 
319. https://doi.org/10.1002/cbf.3116 

Jiang, Q., Li, Y., Wu, Q., Huang, L., Xu, J., & Zeng, Q. (2021a). Pathogenic 
role of microRNAs in atherosclerotic ischemic stroke: Implications for 
diagnosis and therapy. Genes & Diseases. 

Jiang, Q., Li, Y., Wu, Q., Huang, L., Xu, J., & Zeng, Q. (2021b). Pathogenic 
role of microRNAs in atherosclerotic ischemic stroke: Implications for 
diagnosis and therapy. Genes & Diseases. 

Jiang, Y., Liu, Z., Liao, Y., Sun, S., Dai, Y., & Tang, Y. (2022). Ischemic 
stroke: From pathological mechanisms to neuroprotective strategies. 
Frontiers in Neurology, 13, 1013083. 
https://doi.org/10.3389/fneur.2022.1013083 



160 
 

Jickling, G. C., Ander, B. P., Zhan, X., Noblett, D., Stamova, B., & Liu, D. 
(2014). microRNA Expression in Peripheral Blood Cells following 
Acute Ischemic Stroke and Their Predicted Gene Targets. PLoS ONE, 
9(6), e99283. https://doi.org/10.1371/journal.pone.0099283 

Jin, H., Jiang, Y., Liu, X., Meng, X., & Li, Y. (2020). Cell-free microRNA-21: 
Biomarker for intracranial aneurysm rupture. Chinese Neurosurgical 
Journal, 6(1), 15. https://doi.org/10.1186/s41016-020-00195-0 

Kadir, R. R. A., Alwjwaj, M., & Bayraktutan, U. (2022). MicroRNA: An 
Emerging Predictive, Diagnostic, Prognostic and Therapeutic Strategy 
in Ischaemic Stroke. Cellular and Molecular Neurobiology, 42(5), 
1301–1319. https://doi.org/10.1007/s10571-020-01028-5 

Kanki, H., Matsumoto, H., Togami, Y., Okuzaki, D., Ogura, H., Sasaki, T., & 
Mochizuki, H. (2023). Importance of microRNAs by mRNA-microRNA 
integration analysis in acute ischemic stroke patients. Journal of 
Stroke and Cerebrovascular Diseases, 32(9), 107277. 
https://doi.org/10.1016/j.jstrokecerebrovasdis.2023.107277 

Kasner, S. E., Cucchiara, B. L., McGarvey, M. L., Luciano, J. M., Liebeskind, 
D. S., & Chalela, J. A. (2003). Modified National Institutes of Health 
Stroke Scale Can Be Estimated From Medical Records. Stroke, 34(2), 
568–570. https://doi.org/10.1161/01.STR.0000052630.11159.25 

Katan, M., & Luft, A. (2018). Global Burden of Stroke. Seminars in 
Neurology, 38(2), 208–211. https://doi.org/10.1055/s-0038-1649503 

Khoshnam, S. E., Winlow, W., Farzaneh, M., Farbood, Y., & Moghaddam, 
H. F. (2017). Pathogenic mechanisms following ischemic stroke. 
Neurological Sciences, 38(7), 1167–1186. 
https://doi.org/10.1007/s10072-017-2938-1 

Kinet, V., Halkein, J., Dirkx, E., & Windt, L. J. D. (2013). Cardiovascular 
extracellular microRNAs: Emerging diagnostic markers and 
mechanisms of cell-to-cell RNA communication. Frontiers in Genetics, 
4. https://doi.org/10.3389/fgene.2013.00214 

Kotb, H. G., Ibrahim, A. H., Mohamed, E., Ali, O., Hassanein, N., Badawy, 
D., & Abdelatty Aly, E. (2019). The expression of microRNA 146a in 
patients with ischemic stroke: An observational study. International 
Journal of General Medicine, Volume 12, 273–278. 
https://doi.org/10.2147/IJGM.S213535 

Kozomara, A., & Griffiths-Jones, S. (2014). miRBase: Annotating high 
confidence microRNAs using deep sequencing data. Nucleic Acids 
Research, 42(D1), D68–D73. https://doi.org/10.1093/nar/gkt1181 

Kumar, P., Misra, S., Kumar, A., Pandit, A. K., Chakravarty, K., & Prasad, 
K. (2015). Association between Tumor Necrosis Factor-α (-238G/A 
and -308G/A) Gene Polymorphisms and Risk of Ischemic Stroke: A 
Meta-Analysis. Pulse, 3(3–4), 217–228. 
https://doi.org/10.1159/000443770 

Lai, T.-C., Lee, T.-L., Chang, Y.-C., Chen, Y.-C., Lin, S.-R., Lin, S.-W., Pu, 
C.-M., Tsai, J.-S., & Chen, Y.-L. (2020). MicroRNA-221/222 Mediates 
ADSC-Exosome-Induced Cardioprotection Against 
Ischemia/Reperfusion by Targeting PUMA and ETS-1. Frontiers in 



161 
 

Cell and Developmental Biology, 8, 569150. 
https://doi.org/10.3389/fcell.2020.569150 

Lalwani, M. K., Sharma, M., Singh, A. R., Chauhan, R. K., Patowary, A., 
Singh, N., Scaria, V., & Sivasubbu, S. (2012). Reverse Genetics 
Screen in Zebrafish Identifies a Role of miR-142a-3p in Vascular 
Development and Integrity. PLoS ONE, 7(12), e52588. 
https://doi.org/10.1371/journal.pone.0052588 

Lavine, S. D., Hofman, F. M., & Zlokovic, B. V. (1998). Circulating Antibody 
against Tumor Necrosis Factor–Alpha Protects Rat Brain from 
Reperfusion Injury. Journal of Cerebral Blood Flow & Metabolism, 
18(1), 52–58. https://doi.org/10.1097/00004647-199801000-00005 

Le Sage, C., Nagel, R., Egan, D. A., Schrier, M., Mesman, E., Mangiola, A., 
Anile, C., Maira, G., Mercatelli, N., Ciafrè, S. A., Farace, M. G., & 
Agami, R. (2007). Regulation of the p27Kip1 tumor suppressor by 
miR-221 and miR-222 promotes cancer cell proliferation. The EMBO 
Journal, 26(15), 3699–3708. 
https://doi.org/10.1038/sj.emboj.7601790 

Lee, R. C., Feinbaum, R. L., & Ambros, V. (1993). The C. elegans 
Heterochronic Gene lin-4 Encodes Small RNAs with Antisense 
Complementarity to lin-14. 75, 843–854. 

Lee, Y., Ahn, C., Han, J., Choi, H., Kim, J., Yim, J., Lee, J., Provost, P., 
Rådmark, O., Kim, S., & Kim, V. N. (2003). The nuclear RNase III 
Drosha initiates microRNA processing. Nature, 425(6956), 415–419. 
https://doi.org/10.1038/nature01957 

Li, D., Yang, P., Xiong, Q., Song, X., Yang, X., Liu, L., Yuan, W., & Rui, Y.- 
C. (2010). MicroRNA-125a/b-5p inhibits endothelin-1 expression in 
vascular endothelial cells. Journal of Hypertension, 28(8), 1646–1654. 
https://doi.org/10.1097/HJH.0b013e32833a4922 

Li, G., Ma, X., Zhao, H., Fan, J., Liu, T., Luo, Y., & Guo, Y. (2022). Long 
non‐coding RNA H19 promotes leukocyte inflammation in ischemic 
stroke by targeting the miR‐29b/C1QTNF6 axis. CNS Neuroscience & 
Therapeutics, 28(6), 953–963. https://doi.org/10.1111/cns.13829 

Li, G., Morris-Blanco, K. C., Lopez, M. S., Yang, T., Zhao, H., Vemuganti, 
R., & Luo, Y. (2018). Impact of microRNAs on ischemic stroke: From 
pre- to post-disease. Progress in Neurobiology, 163–164, 59–78. 
https://doi.org/10.1016/j.pneurobio.2017.08.002 

Li, S., Li, Q., Lü, J., Zhao, Q., Li, D., Shen, L., Wang, Z., Liu, J., Xie, D., 
Cho, W. C., Xu, S., & Yu, Z. (2020). Targeted Inhibition of miR-221/222 
Promotes Cell Sensitivity to Cisplatin in Triple-Negative Breast Cancer 
MDA-MB-231     Cells.     Frontiers     in     Genetics,     10,     1278. 
https://doi.org/10.3389/fgene.2019.01278 

Li, X., Wei, Y., & Wang, Z. (2018). microRNA-21 and hypertension. 
Hypertension Research, 41(9), Article 9. 
https://doi.org/10.1038/s41440-018-0071-z 

Li, Y., Mao, L., Gao, Y., Baral, S., Zhou, Y., & Hu, B. (2015). MicroRNA-107 
contributes to post-stroke angiogenesis by targeting Dicer-1. Scientific 
Reports, 5(1), 13316. https://doi.org/10.1038/srep13316 



162 
 

Liang, T., & Lou, J. (2016). Increased Expression of mir-34a-5p and Clinical 
Association in Acute Ischemic Stroke Patients and in a Rat Model. 
Medical Science Monitor, 22, 2950–2955. 
https://doi.org/10.12659/MSM.900237 

Lightell, D. J., Moss, S. C., & Woods, T. C. (2018). Upregulation of miR-221 
and -222 in response to increased extracellular signal-regulated 
kinases 1/2 activity exacerbates neointimal hyperplasia in diabetes 
mellitus. Atherosclerosis, 269, 71–78. 
https://doi.org/10.1016/j.atherosclerosis.2017.12.016 

Liu, C., Wen, J., Li, D., Qi, H., Nih, L., Zhu, J., Xu, D., Ren, Y., Zhang, S., 
Han, D., Jia, H., Zhou, J., Qin, M., Wu, J., Yuan, X., Liu, J., Zhao, J., 
Kang, C., & Lu, Y. (2021a). Systemic delivery of microRNA for 
treatment of brain ischemia. Nano Research, 14(9), 3319–3328. 
https://doi.org/10.1007/s12274-021-3413-8 

Liu, C., Wen, J., Li, D., Qi, H., Nih, L., Zhu, J., Xu, D., Ren, Y., Zhang, S., 
Han, D., Jia, H., Zhou, J., Qin, M., Wu, J., Yuan, X., Liu, J., Zhao, J., 
Kang, C., & Lu, Y. (2021b). Systemic delivery of microRNA for 
treatment of brain ischemia. Nano Research, 14(9), 3319–3328. 
https://doi.org/10.1007/s12274-021-3413-8 

Liu, J., Liao, X., Wang, N., Zhou, J., Duan, L., Lu, D., Liu, Z., Yan, T., Ma, 
D., Dong, X., Sun, X., & Zhang, T.-C. (2014). Serum miR-124 and 
TNF-α are Biomarkers of Ischemic Cerebrovascular Disease. In T.-C. 
Zhang, P. Ouyang, S. Kaplan, & B. Skarnes (Eds.), Proceedings of the 
2012 International Conference on Applied Biotechnology (ICAB 2012) 
(Vol. 250, pp. 681–687). Springer Berlin Heidelberg. 
https://doi.org/10.1007/978-3-642-37922-2_69 

Liu, J., Zhang, S., Huang, Y., & Sun, L. (2020). miR-21 protects neonatal 
rats from hypoxic-ischemic brain damage by targeting CCL3. 
Apoptosis, 25(3–4), 275–289. https://doi.org/10.1007/s10495-020- 
01596-3 

Liu, P., Sun, M., Jiang, W., Zhao, J., Liang, C., & Zhang, H. (2016). 
Identification of targets of miRNA-221 and miRNA-222 in fulvestrant- 
resistant breast cancer. Oncology Letters, 12(5), 3882–3888. 
https://doi.org/10.3892/ol.2016.5180 

Liu, R., Pan, M.-X., Tang, J.-C., Zhang, Y., Liao, H.-B., Zhuang, Y., Zhao, 
D., & Wan, Q. (2017). Role of neuroinflammation in ischemic stroke. 
Neuroimmunology and Neuroinflammation, 4(0), 158–166. 
https://doi.org/10.20517/2347-8659.2017.09 

Liu, T., Clark, R. K., McDonnell, P. C., Young, P. R., White, R. F., Barone, 
F. C., & Feuerstein, G. Z. (1994). Tumor necrosis factor-alpha 
expression in ischemic neurons. Stroke, 25(7), 1481–1488. 
https://doi.org/10.1161/01.STR.25.7.1481 

Liu, X., Cheng, Y., Yang, J., Xu, L., & Zhang, C. (2012). Cell-specific effects 
of miR-221/222 in vessels: Molecular mechanism and therapeutic 
application. Journal of Molecular and Cellular Cardiology, 52(1), 245– 
255. https://doi.org/10.1016/j.yjmcc.2011.11.008 

Liu, X., Cheng, Y., Zhang, S., Lin, Y., Yang, J., & Zhang, C. (2009). A 
Necessary Role of miR-221 and miR-222 in Vascular Smooth Muscle 



163 
 

Cell Proliferation and Neointimal Hyperplasia. Circulation Research, 
104(4), 476–487. https://doi.org/10.1161/CIRCRESAHA.108.185363 

Liu, X., Haniff, H. S., Childs-Disney, J. L., Shuster, A., Aikawa, H., 
Adibekian, A., & Disney, M. D. (2020). Targeted Degradation of the 
Oncogenic MicroRNA 17-92 Cluster by Structure-Targeting Ligands. 
Journal of the American Chemical Society, 142(15), 6970–6982. 
https://doi.org/10.1021/jacs.9b13159 

Lu, Y., Thavarajah, T., Gu, W., Cai, J., & Xu, Q. (2018a). Impact of miRNA 
in Atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular 
Biology, 38(9), e159–e170. 
https://doi.org/10.1161/ATVBAHA.118.310227 

Lu, Y., Thavarajah, T., Gu, W., Cai, J., & Xu, Q. (2018b). The Impact of 
microRNA in Atherosclerosis. Arteriosclerosis, Thrombosis, and 
Vascular Biology, 38(9), e159–e170. 
https://doi.org/10.1161/ATVBAHA.118.310227 

Lyden, P., Lu, M., Jackson, C., Marler, J., Kothari, R., Brott, T., & Zivin, J. 
(1999). Underlying Structure of the National Institutes of Health Stroke 
Scale: Results of a Factor Analysis. Stroke, 30(11), 2347–2354. 
https://doi.org/10.1161/01.STR.30.11.2347 

Ma, Q., Zhang, L., & Pearce, W. J. (2019). MicroRNAs in brain development 
and cerebrovascular pathophysiology. American Journal of 
Physiology-Cell Physiology, 317(1), C3–C19. 
https://doi.org/10.1152/ajpcell.00022.2019 

Ma, Q., Zhao, H., Tao, Z., Wang, R., Liu, P., Han, Z., Ma, S., Luo, Y., & Jia, 
J. (2016). MicroRNA-181c Exacerbates Brain Injury in Acute Ischemic 
Stroke. Aging and Disease, 7(6), 705. 
https://doi.org/10.14336/AD.2016.0320 

Mackenzie, N. C. W., Staines, K. A., Zhu, D., Genever, P., & MacRae, V. E. 
(2014). miRNA‐221 and miRNA‐222 synergistically function to 
promote vascular calcification. Cell Biochemistry and Function, 32(2), 
209–216. https://doi.org/10.1002/cbf.3005 

Maida, C. D., Norrito, R. L., Daidone, M., Tuttolomondo, A., & Pinto, A. 
(2020). Neuroinflammatory Mechanisms in Ischemic Stroke: Focus on 
Cardioembolic Stroke, Background, and Therapeutic Approaches. 
International Journal of Molecular Sciences, 21(18), 6454. 
https://doi.org/10.3390/ijms21186454 

Martinez, B., & Peplow, P. (2016). Blood microRNAs as potential diagnostic 
and prognostic markers in cerebral ischemic injury. Neural 
Regeneration Research, 11(9), 1375. https://doi.org/10.4103/1673- 
5374.191196 

Menet, R., Bernard, M., & ElAli, A. (2018). Hyperlipidemia in Stroke 
Pathobiology and Therapy: Insights and Perspectives. Frontiers in 
Physiology, 9, 488. https://doi.org/10.3389/fphys.2018.00488 

Meng, X., Li, N., Guo, D.-Z., Pan, S.-Y., Li, H., & Yang, C. (2015). High 
Plasma Glutamate Levels are Associated with Poor Functional 
Outcome in Acute Ischemic Stroke. Cellular and Molecular 
Neurobiology, 35(2), 159–165. https://doi.org/10.1007/s10571-014- 
0107-0 



164 
 

Miska, E. A., Alvarez-Saavedra, E., Townsend, M., Yoshii, A., Šestan, N., 
Rakic, P., Constantine-Paton, M., & Horvitz, H. R. (2004). Microarray 
analysis of microRNA expression in the developing mammalian brain. 
Genome Biology. 

Miyoshi, K., Tsukumo, H., Nagami, T., Siomi, H., & Siomi, M. C. (2005). 
Slicer function of Drosophila Argonautes and its involvement in RISC 
formation. Genes & Development, 19(23), 2837–2848. 
https://doi.org/10.1101/gad.1370605 

Morancho, A., Ma, F., Barceló, V., Giralt, D., Montaner, J., & Rosell, A. 
(2015). Impaired Vascular Remodeling after Endothelial Progenitor 
Cell Transplantation in MMP9-Deficient Mice Suffering Cortical 
Cerebral Ischemia. Journal of Cerebral Blood Flow & Metabolism, 
35(10), 1547–1551. https://doi.org/10.1038/jcbfm.2015.180 

Ohira, T., Shahar, E., Chambless, L. E., Rosamond, W. D., Mosley, T. H., 
& Folsom, A. R. (2006). Risk Factors for Ischemic Stroke Subtypes: 
The Atherosclerosis Risk in Communities Study. Stroke, 37(10), 
2493–2498. https://doi.org/10.1161/01.STR.0000239694.19359.88 

Panagal, M., Biruntha, M., Vidhyavathi, R. M., Sivagurunathan, P., 
Senthilkumar, S. R., & Sekar, D. (2019). Dissecting the role of miR-21 
in different types of stroke. Gene, 681, 69–72. 
https://doi.org/10.1016/j.gene.2018.09.048 

Park, H. Y., Jun, C.-D., Jeon, S.-J., Choi, S.-S., Kim, H.-R., Choi, D.-B., 
Kwak, S., Lee, H.-S., Cheong, J. S., So, H.-S., Lee, Y.-J., & Park, D.- 
S. (2012). Serum YKL-40 Levels Correlate with Infarct Volume, Stroke 
Severity, and Functional Outcome in Acute Ischemic Stroke Patients. 
PLoS ONE, 7(12), e51722. 
https://doi.org/10.1371/journal.pone.0051722 

Park, M., Choi, S., Kim, S., Kim, J., Lee, D.-K., Park, W., Kim, T., Jung, J., 
Hwang, J. Y., Won, M.-H., Ryoo, S., Kang, S. G., Ha, K.-S., Kwon, Y.- 
G., & Kim, Y.-M. (2019). NF-κB-responsive miR-155 induces 
functional impairment of vascular smooth muscle cells by 
downregulating soluble guanylyl cyclase. Experimental & Molecular 
Medicine, 51(2), 1–12. https://doi.org/10.1038/s12276-019-0212-8 

Pereira-da-Silva, T., Napoleão, P., Costa, M. C., Gabriel, A. F., Selas, M., 
Silva, F., Enguita, F. J., Cruz Ferreira, R., & Mota Carmo, M. (2021). 
Association between miR-146a and Tumor Necrosis Factor Alpha 
(TNF-α) in Stable Coronary Artery Disease. Medicina, 57(6), 575. 
https://doi.org/10.3390/medicina57060575 

Perini, F., Morra, M., Alecci, M., Galloni, E., Marchi, M., & Toso, V. (2001). 
Temporal profile of serum anti-inflammatory and pro-inflammatory 
interleukins in acute ischemic stroke patients. Neurological Sciences, 
22(4), 289–296. https://doi.org/10.1007/s10072-001-8170-y 

Peruzzaro, S. T., Andrews, M. M. M., Al-Gharaibeh, A., Pupiec, O., Resk, 
M., Story, D., Maiti, P., Rossignol, J., & Dunbar, G. L. (2022). 
Correction to: Transplantation of mesenchymal stem cells genetically 
engineered to overexpress interleukin-10 promotes alternative 
inflammatory response in rat model of traumatic brain injury. Journal 



165 
 

of Neuroinflammation, 19(1), 15. https://doi.org/10.1186/s12974-021- 
02362-1 

Poliseno, L., Tuccoli, A., Mariani, L., Evangelista, M., Citti, L., Woods, K., 
Mercatanti, A., Hammond, S., & Rainaldi, G. (2006). MicroRNAs 
modulate the angiogenic properties of HUVECs. Blood, 108(9), 3068– 
3071. https://doi.org/10.1182/blood-2006-01-012369 

Prilutskaya, I. A., & Kryuk, Yu. Ya. (2019). LEVELS OF TUMOR NECROSIS 
FACTOR ALPHA IN PATIENTS WITH ISCHEMIC STROKE. Medical 
Immunology (Russia), 21(4), 755–764. https://doi.org/10.15789/1563- 
0625-2019-4-755-764 

Qin, C., Yang, S., Chu, Y.-H., Zhang, H., Pang, X.-W., Chen, L., Zhou, L.- 
Q., Chen, M., Tian, D.-S., & Wang, W. (2022). Signaling pathways 
involved in ischemic stroke: Molecular mechanisms and therapeutic 
interventions. Signal Transduction and Targeted Therapy, 7(1), Article 
1. https://doi.org/10.1038/s41392-022-01064-1 

Qu, M., Pan, J., Wang, L., Zhou, P., Song, Y., Wang, S., Jiang, L., Geng, 
J., Zhang, Z., Wang, Y., Tang, Y., & Yang, G.-Y. (2019). MicroRNA- 
126 Regulates Angiogenesis and Neurogenesis in a Mouse Model of 
Focal Cerebral Ischemia. Molecular Therapy - Nucleic Acids, 16, 15– 
25. https://doi.org/10.1016/j.omtn.2019.02.002 

Raggi, P., Genest, J., Giles, J. T., Rayner, K. J., Dwivedi, G., Beanlands, R. 
S., & Gupta, M. (2018). Role of inflammation in the pathogenesis of 
atherosclerosis and therapeutic interventions. Atherosclerosis, 276, 
98–108. https://doi.org/10.1016/j.atherosclerosis.2018.07.014 

Raitoharju, E., Lyytikäinen, L.-P., Levula, M., Oksala, N., Mennander, A., 
Tarkka, M., Klopp, N., Illig, T., Kähönen, M., Karhunen, P. J., 
Laaksonen, R., & Lehtimäki, T. (2011). miR-21, miR-210, miR-34a, 
and miR-146a/b are up-regulated in human atherosclerotic plaques in 
the Tampere Vascular Study. Atherosclerosis, 219(1), 211–217. 
https://doi.org/10.1016/j.atherosclerosis.2011.07.020 

Ramiro, L., Simats, A., García-Berrocoso, T., & Montaner, J. (2018). 
Inflammatory molecules might become both biomarkers and 
therapeutic targets for stroke management. Therapeutic Advances in 
Neurological Disorders, 11, 1756286418789340. 
https://doi.org/10.1177/1756286418789340 

Ren, H.-W., Gu, B., Zhang, Y.-Z., Guo, T., Wang, Q., Shen, Y.-Q., & Wang, 
J. (2021). MicroRNA‐424 alleviates neurocyte injury by targeting 
PDCD4 in a cellular model of cerebral ischemic stroke. Experimental 
and Therapeutic Medicine, 22(6), 1453. 
https://doi.org/10.3892/etm.2021.10888 

Rink, C., & Khanna, S. (2011). MicroRNA in ischemic stroke etiology and 
pathology. Physiological Genomics, 43(10), 521–528. 
https://doi.org/10.1152/physiolgenomics.00158.2010 

Sabir Rashid, A., Huang-Link, Y., Johnsson, M., Wetterhäll, S., & Gauffin, 
H. (2022). Predictors of Early Neurological Deterioration and 
Functional Outcome in Acute Ischemic Stroke: The Importance of 
Large Artery Disease, Hyperglycemia and Inflammatory Blood 



166 
 

Biomarkers. Neuropsychiatric Disease and Treatment, Volume 18, 
1993–2002. https://doi.org/10.2147/NDT.S365758 

Sacco, R. L., Kasner, S. E., Broderick, J. P., Caplan, L. R., Connors, J., 
Culebras, A., Elkind, M. S., George, M. G., Hamdan, A. D., & 
Higashida, R. T. (2013). An updated definition of stroke for the 21st 
century: A statement for healthcare professionals from the American 
Heart Association/American Stroke Association. Stroke, 44(7), 2064– 
2089. 

Sairanen, T., Carpén, O., Karjalainen-Lindsberg, M.-L., Paetau, A., 
Turpeinen, U., Kaste, M., & Lindsberg, P. J. (2001). Evolution of 
cerebral tumor necrosis factor-α production during human ischemic 
stroke. Stroke, 32(8), 1750–1758. 

Schratt, G. M., Tuebing, F., Nigh, E. A., Kane, C. G., Sabatini, M. E., Kiebler, 
M., & Greenberg, M. E. (2006). A brain-specific microRNA regulates 
dendritic spine development. Nature, 439(7074), 283–289. 
https://doi.org/10.1038/nature04367 

Sempere, L. F., Freemantle, S., Pitha-Rowe, I., Moss, E., Dmitrovsky, E., & 
Ambros, V. (2004). Expression profiling of mammalian microRNAs 
uncovers a subset of brain-expressed microRNAs with possible roles 
in murine and human neuronal differentiation. Genome Biology. 

Shabanizadeh, A., Rahmani, M. R., Yousefi-Ahmadipour, A., Asadi, F., & 
Arababadi, M. K. (2021). Mesenchymal Stem Cells: The Potential 
Therapeutic Cell Therapy to Reduce Brain Stroke Side Effects. Journal 
of Stroke and Cerebrovascular Diseases, 30(5), 105668. 
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105668 

Shan, Y., Hu, J., Lv, H., Cui, X., & Di, W. (2021). miR-221 Exerts 
Neuroprotective Effects in Ischemic Stroke by Inhibiting the 
Proinflammatory Response. Journal of Stroke and Cerebrovascular 
Diseases, 30(2), 105489. 
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105489 

Sheedy, F. J. (2015). Turning 21: Induction of miR-21 as a Key Switch in 
the Inflammatory Response. Frontiers in Immunology, 6. 
https://doi.org/10.3389/fimmu.2015.00019 

Shoeibi, S. (2020). Diagnostic and theranostic microRNAs in the 
pathogenesis of atherosclerosis. Acta Physiologica (Oxford, England), 
228(1), e13353. https://doi.org/10.1111/apha.13353 

Shyamasundar, S., Jadhav, S. P., Bay, B. H., Tay, S. S. W., Kumar, S. D., 
Rangasamy, D., & Dheen, S. T. (2013). Analysis of Epigenetic Factors 
in Mouse Embryonic Neural Stem Cells Exposed to Hyperglycemia. 
PLoS ONE, 8(6), e65945. 
https://doi.org/10.1371/journal.pone.0065945 

Smirnova, J. B., Selley, J. N., Sanchez-Cabo, F., Carroll, K., Eddy, A. A., 
McCarthy, J. E. G., Hubbard, S. J., Pavitt, G. D., Grant, C. M., & Ashe, 
M. P. (2005). Global Gene Expression Profiling Reveals Widespread 
yet Distinctive Translational Responses to Different Eukaryotic 
Translation Initiation Factor 2B-Targeting Stress Pathways. Molecular 
and Cellular Biology, 25(21), 9340–9349. 
https://doi.org/10.1128/MCB.25.21.9340-9349.2005 



167 
 

Solly, E. L., Dimasi, C. G., Bursill, C. A., Psaltis, P. J., & Tan, J. T. M. (2019). 
MicroRNAs as Therapeutic Targets and Clinical Biomarkers in 
Atherosclerosis. Journal of Clinical Medicine, 8(12), 2199. 
https://doi.org/10.3390/jcm8122199 

Song, J., Ouyang, Y., Che, J., Li, X., Zhao, Y., Yang, K., Zhao, X., Chen, Y., 
Fan, C., & Yuan, W. (2017). Potential Value of miR-221/222 as 
Diagnostic, Prognostic, and Therapeutic Biomarkers for Diseases. 
Frontiers in Immunology, 8. https://doi.org/10.3389/fimmu.2017.00056 

Sørensen, S. S., Nygaard, A.-B., Carlsen, A. L., Heegaard, N. H. H., Bak, 
M., & Christensen, T. (2017). Elevation of brain-enriched miRNAs in 
cerebrospinal fluid of patients with acute ischemic stroke. Biomarker 
Research, 5(1), 24. https://doi.org/10.1186/s40364-017-0104-9 

Strbian, D., Atula, S., Meretoja, A., Kaste, M., Tatlisumak, T., & Helsinki 
Stroke Thrombolysis Registry Group. (2013). Outcome of ischemic 
stroke patients with serious post-thrombolysis neurological deficits. 
Acta Neurologica Scandinavica, 127(4), 221–226. 
https://doi.org/10.1111/j.1600-0404.2012.01698.x 

Sun, S., Li, L., Dong, L., Cheng, J., Zhao, C., Bao, C., & Wang, H. (2020). 
Circulating mRNA and microRNA profiling analysis in patients with 
ischemic stroke. Molecular Medicine Reports, 22(2), 792–802. 
https://doi.org/10.3892/mmr.2020.11143 

Sun, W., Wang, S., & Nan, S. (2021a). The Prognostic Determinant of 
Interleukin-10 in Patients with Acute Ischemic Stroke: An Analysis 
from the Perspective of Disease Management. Disease Markers, 
2021, 6423244. https://doi.org/10.1155/2021/6423244 

Sun, W., Wang, S., & Nan, S. (2021b). The Prognostic Determinant of 
Interleukin-10 in Patients with Acute Ischemic Stroke: An Analysis 
from the Perspective of Disease Management. Disease Markers, 
2021, 1–9. https://doi.org/10.1155/2021/6423244 

Talaat, A., Helmy, M. A., & Saadawy, S. F. (2022). Evaluation of miRNA-21 
and CA-125 as a promising diagnostic biomarker in patients with 
ovarian cancer. Egyptian Journal of Medical Human Genetics, 23(1), 
123. https://doi.org/10.1186/s43042-022-00342-5 

Tang, F., Yang, T.-L., Zhang, Z., Li, X.-G., Zhong, Q.-Q., Zhao, T.-T., & 
Gong, L. (2017). MicroRNA-21 suppresses ox-LDL-induced human 
aortic endothelial cells injuries in atherosclerosis through 
enhancement of autophagic flux: Involvement in promotion of 
lysosomal function. Experimental Cell Research, 359(2), 374–383. 
https://doi.org/10.1016/j.yexcr.2017.08.021 

Teixeira, A. R., Ferreira, V. V., Pereira-da-Silva, T., & Ferreira, R. C. (2022). 
The role of miRNAs in the diagnosis of stable atherosclerosis of 
different arterial territories: A critical review. Frontiers in 
Cardiovascular Medicine, 9, 1040971. 
https://doi.org/10.3389/fcvm.2022.1040971 

Tian, F., Liu, G., Fan, L., Chen, Z., & Liang, Y. (2021). miR-21-3p alleviates 
neuronal apoptosis during cerebral ischemiareperfusion injury by 
targeting SMAD2. BIOCELL, 45(1), 49–56. 
https://doi.org/10.32604/biocell.2021.013794 



168 
 

Tsao, C. W., Aday, A. W., Almarzooq, Z. I., Alonso, A., Beaton, A. Z., 
Bittencourt, M. S., Boehme, A. K., Buxton, A. E., Carson, A. P., & 
Commodore-Mensah, Y. (2022). Heart disease and stroke statistics— 
2022 update: A report from the American Heart Association. 
Circulation, 145(8), e153–e639. 

Tsao, C. W., Aday, A. W., Almarzooq, Z. I., Anderson, C. A. M., Arora, P., 
Avery, C. L., Baker-Smith, C. M., Beaton, A. Z., Boehme, A. K., 
Buxton, A. E., Commodore-Mensah, Y., Elkind, M. S. V., Evenson, K. 
R., Eze-Nliam, C., Fugar, S., Generoso, G., Heard, D. G., Hiremath, 
S., Ho, J. E., … on behalf of the American Heart Association Council 
on Epidemiology and Prevention Statistics Committee and Stroke 
Statistics Subcommittee. (2023). Heart Disease and Stroke 
Statistics—2023 Update: A Report From the American Heart 
Association. Circulation, 147(8). 
https://doi.org/10.1161/CIR.0000000000001123 

Tynterova, A. M., Moiseeva, E. M., Golubev, A. M., & Shusharina, N. N. 
(2023). The Role of Endothelinergic and Nitroxidergic Reactions in 
Predicting the Functional Outcome in Patients with Ischemic Stroke of 
Different Severity. General Reanimatology, 19(5), 13–20. 
https://doi.org/10.15360/1813-9779-2023-5-2354 

Vasudeva, K., & Munshi, A. (2020). miRNA dysregulation in ischaemic 
stroke: Focus on diagnosis, prognosis, therapeutic and protective 
biomarkers. European Journal of Neuroscience, 52(6), 3610–3627. 
https://doi.org/10.1111/ejn.14695 

Vila, N., Castillo, J., Dávalos, A., Esteve, A., Planas, A. M., & Chamorro, Á. 
(2003). Levels of Anti-Inflammatory Cytokines and Neurological 
Worsening in Acute Ischemic Stroke. Stroke, 34(3), 671–675. 
https://doi.org/10.1161/01.STR.0000057976.53301.69 

Wang, J. C., & Bennett, M. (2012). Aging and Atherosclerosis. Circulation 
Research, 111(2), 245–259. 
https://doi.org/10.1161/CIRCRESAHA.111.261388 

Wang, K., Yuan, Y., Cho, J.-H., McClarty, S., Baxter, D., & Galas, D. J. 
(2012). Comparing the MicroRNA Spectrum between Serum and 
Plasma. PLoS ONE, 7(7), e41561. 
https://doi.org/10.1371/journal.pone.0041561 

Wang, W., Li, D.-B., Li, R.-Y., Zhou, X., Yu, D.-J., Lan, X.-Y., Li, J.-P., & Liu, 
J.-L. (2018). Diagnosis of Hyperacute and Acute Ischaemic Stroke: 
The Potential Utility of Exosomal MicroRNA-21-5p and MicroRNA- 
30a-5p. Cerebrovascular Diseases, 45(5–6), 204–212. 
https://doi.org/10.1159/000488365 

Wang, X., Feuerstein, G. Z., Xu, L., Wang, H., Schumacher, W. A., Ogletree, 
M. L., & Taub, R. (n.d.). Inhibition of Tumor Necrosis Factor-␣– 
Converting Enzyme by a Selective Antagonist Protects Brain from 
Focal Ischemic Injury in Rats. 

Wang, X., Mao, X., Xie, L., Greenberg, D. A., & Jin, K. (2009). Involvement 
of Notch1 Signaling in Neurogenesis in the Subventricular Zone of 
Normal and Ischemic Rat Brain in Vivo. Journal of Cerebral Blood Flow 



169 
 

& Metabolism, 29(10), 1644–1654. 
https://doi.org/10.1038/jcbfm.2009.83 

Wang, Y., Ma, Z., Kan, P., & Zhang, B. (2017). The Diagnostic Value of 
Serum miRNA-221-3p, miRNA-382-5p, and miRNA-4271 in Ischemic 
Stroke. Journal of Stroke and Cerebrovascular Diseases, 26(5), 1055– 
1060. https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.12.019 

Weimar, C., König, I. R., Kraywinkel, K., Ziegler, A., & Diener, H. C. (2004). 
Age and National Institutes of Health Stroke Scale Score Within 6 
Hours After Onset Are Accurate Predictors of Outcome After Cerebral 
Ischemia: Development and External Validation of Prognostic Models. 
Stroke, 35(1), 158–162. 
https://doi.org/10.1161/01.STR.0000106761.94985.8B 

Wen, Y., Zhang, X., Dong, L., Zhao, J., Zhang, C., & Zhu, C. (2015). 
Acetylbritannilactone Modulates MicroRNA-155-Mediated 
Inflammatory Response in Ischemic Cerebral Tissues. Molecular 
Medicine,  21(1),  197–209. 
https://doi.org/10.2119/molmed.2014.00199 

White, B. C., Sullivan, J. M., DeGracia, D. J., O’Neil, B. J., Neumar, R. W., 
Grossman, L. I., Rafols, J. A., & Krause, G. S. (2000). Brain ischemia 
and reperfusion: Molecular mechanisms of neuronal injury. Journal of 
the Neurological Sciences, 179(1–2), 1–33. 
https://doi.org/10.1016/S0022-510X(00)00386-5 

Winter, J., Jung, S., Keller, S., Gregory, R. I., & Diederichs, S. (2009). Many 
roads to maturity: microRNA biogenesis pathways and their regulation. 
Nature Cell Biology, 11(3), 228–234. https://doi.org/10.1038/ncb0309- 
228 

Xiang, B., Zhong, P., Fang, L., Wu, X., Song, Y., & Yuan, H. (2019). miR‐183 
inhibits microglia activation and expression of inflammatory factors in 
rats with cerebral ischemia reperfusion via NF‐κB signaling pathway. 
Experimental and Therapeutic Medicine. 
https://doi.org/10.3892/etm.2019.7827 

Xue, Y., Wei, Z., Ding, H., Wang, Q., Zhou, Z., Zheng, S., Zhang, Y., Hou, 
D., Liu, Y., Zen, K., Zhang, C.-Y., Li, J., Wang, D., & Jiang, X. (2015). 
MicroRNA-19b/221/222 induces endothelial cell dysfunction via 
suppression of PGC-1α in the progression of atherosclerosis. 
Atherosclerosis, 241(2), 671–681. 
https://doi.org/10.1016/j.atherosclerosis.2015.06.031 

Xue, Y., Zeng, X., Tu, W.-J., & Zhao, J. (2022). Tumor Necrosis Factor-α: 
The Next Marker of Stroke. Disease Markers, 2022, 1–8. 
https://doi.org/10.1155/2022/2395269 

Yan, H., Huang, W., Rao, J., & Yuan, J. (2021). miR-21 regulates ischemic 
neuronal injury via the p53/Bcl-2/Bax signaling pathway. Aging, 
13(18), 22242–22255. https://doi.org/10.18632/aging.203530 

Yan, H., Rao, J., Yuan, J., Gao, L., Huang, W., Zhao, L., & Ren, J. (2017). 
Long non-coding RNA MEG3 functions as a competing endogenous 
RNA to regulate ischemic neuronal death by targeting miR-21/PDCD4 
signaling pathway. Cell Death & Disease, 8(12), 3211. 
https://doi.org/10.1038/s41419-017-0047-y 



170 
 

Yang, G., Liu, Z., Wang, L., Chen, X., Wang, X., Dong, Q., Zhang, D., Yang, 
Z., Zhou, Q., Sun, J., Xue, L., Wang, X., Gao, M., Li, L., Yi, R., Ilgiz, 
G., Ai, J., & Zhao, S. (2019). MicroRNA-195 protection against focal 
cerebral ischemia by targeting CX3CR1. Journal of Neurosurgery, 
131(5), 1445–1454. https://doi.org/10.3171/2018.5.JNS173061 

Yang, S., Zhan, X., He, M., Wang, J., & Qiu, X. (2020). miR-135b levels in 
the peripheral blood serve as a marker associated with acute ischemic 
stroke. Experimental and Therapeutic Medicine. 
https://doi.org/10.3892/etm.2020.8628 

Yang, S., Zhao, J., Chen, Y., & Lei, M. (2016). Biomarkers Associated with 
Ischemic Stroke in Diabetes Mellitus Patients. Cardiovascular 
Toxicology, 16(3), 213–222. https://doi.org/10.1007/s12012-015- 
9329-8 

Yemisci, M., Caban, S., Gursoy-Ozdemir, Y., Lule, S., Novoa-Carballal, R., 
Riguera, R., Fernandez-Megia, E., Andrieux, K., Couvreur, P., Capan, 
Y., & Dalkara, T. (2015). Systemically Administered Brain-Targeted 
Nanoparticles Transport Peptides across the Blood—Brain Barrier and 
Provide Neuroprotection. Journal of Cerebral Blood Flow & 
Metabolism, 35(3), 469–475. https://doi.org/10.1038/jcbfm.2014.220 

Yoo, H., Kim, J., Lee, A.-R., Lee, J.-M., Kim, O.-J., Kim, J.-K., & Oh, S.-H. 
(2019). Alteration of microRNA 340-5p and Arginase-1 Expression in 
Peripheral Blood Cells during Acute Ischemic Stroke. Molecular 
Neurobiology, 56(5), 3211–3221. https://doi.org/10.1007/s12035-018- 
1295-2 

Yu, X., & Li, Z. (2014). MicroRNAs regulate vascular smooth muscle cell 
functions in atherosclerosis (Review). International Journal of 
Molecular Medicine, 34(4), 923–933. 
https://doi.org/10.3892/ijmm.2014.1853 

Yu, Y., Nangia-Makker, P., Farhana, L., G. Rajendra, S., Levi, E., & 
Majumdar, A. P. (2015). miR-21 and miR-145 cooperation in 
regulation of colon cancer stem cells. Molecular Cancer, 14(1), 98. 
https://doi.org/10.1186/s12943-015-0372-7 

Zeng, L., He, X., Wang, Y., Tang, Y., Zheng, C., Cai, H., Liu, J., Wang, Y., 
Fu, Y., & Yang, G.-Y. (2014). MicroRNA-210 overexpression induces 
angiogenesis and neurogenesis in the normal adult mouse brain. 
Gene Therapy, 21(1), 37–43. https://doi.org/10.1038/gt.2013.55 

Zeng, Y., Liu, J.-X., Yan, Z.-P., Yao, X.-H., & Liu, X.-H. (2015). Potential 
microRNA biomarkers for acute ischemic stroke. International Journal 
of Molecular Medicine, 36(6), 1639–1647. 
https://doi.org/10.3892/ijmm.2015.2367 

Zhan, L., Mu, Z., Jiang, H., Zhang, S., Pang, Y., Jin, H., Chen, J., Jia, C., & 
Guo, H. (2023a). MiR-21-5p protects against ischemic stroke by 
targeting IL-6R. Annals of Translational Medicine, 11(2), 101–101. 
https://doi.org/10.21037/atm-22-6451 

Zhan, L., Mu, Z., Jiang, H., Zhang, S., Pang, Y., Jin, H., Chen, J., Jia, C., & 
Guo, H. (2023b). MiR-21-5p protects against ischemic stroke by 
targeting IL-6R. Annals of Translational Medicine, 11(2), 101–101. 
https://doi.org/10.21037/atm-22-6451 



171 
 

Zhang, J., Xing, Q., Zhou, X., Li, J., Li, Y., Zhang, L., Zhou, Q., & Tang, B. 
(2017). Circulating miRNA-21 is a promising biomarker for heart 
failure. Molecular Medicine Reports, 16(5), 7766–7774. 
https://doi.org/10.3892/mmr.2017.7575 

Zhang, J., Yang, Y., Liu, Y., Fan, Y., Liu, Z., Wang, X., Yuan, Q., Yin, Y., 
Yu, J., Zhu, M., Zheng, J., & Lu, X. (2014). MicroRNA-21 regulates 
biological behaviors in papillary thyroid carcinoma by targeting 
programmed cell death 4. Journal of Surgical Research, 189(1), 68– 
74. https://doi.org/10.1016/j.jss.2014.02.012 

Zhang, J.-S., Hou, P.-P., Shao, S., Manaenko, A., Xiao, Z.-P., Chen, Y., 
Zhao, B., Jia, F., Zhang, X.-H., Mei, Q.-Y., & Hu, Q. (2022). microRNA- 
455-5p alleviates neuroinflammation in cerebral ischemia/reperfusion 
injury. Neural Regeneration Research, 17(8), 1769. 
https://doi.org/10.4103/1673-5374.332154 

Zhang, X., Sun, P., & Yin, K.-J. (2017). MicroRNA Biomarkers for Stroke. In 
P. A. Lapchak & G.-Y. Yang (Eds.), Translational Research in Stroke 
(pp. 319–356). Springer Singapore. https://doi.org/10.1007/978-981- 
10-5804-2_15 

Zhou, J., & Zhang, J. (2014a). Identification of miRNA-21 and miRNA-24 in 
plasma as potential early stage markers of acute cerebral infarction. 
Molecular Medicine Reports, 10(2), 971–976. 
https://doi.org/10.3892/mmr.2014.2245 

Zhou, J., & Zhang, J. (2014b). Identification of miRNA-21 and miRNA-24 in 
plasma as potential early stage markers of acute cerebral infarction. 
Molecular Medicine Reports, 10(2), 971–976. 
https://doi.org/10.3892/mmr.2014.2245 

Zhu, G., Yang, L., Guo, R., Liu, H., Shi, Y., Wang, H., Ye, J., Yang, Z., & 
Liang, X. (2013). miR-155 inhibits oxidized low-density lipoprotein- 
induced apoptosis of RAW264.7 cells. Molecular and Cellular 
Biochemistry, 382(1–2), 253–261. https://doi.org/10.1007/s11010- 
013-1741-4 

Zhu, H., Hu, S., Li, Y., Sun, Y., Xiong, X., Hu, X., Chen, J., & Qiu, S. (2022). 
Interleukins and Ischemic Stroke. Frontiers in Immunology, 13. 
https://www.frontiersin.org/articles/10.3389/fimmu.2022.828447 



172 
 

Lampiran 1. LEMBAR NATIONAL INSTITUTES OF HEALTH STROKE 
SCORE (NIHSS) 

NATIONAL INSTITUTES OF HEALTH STROKE SCORE (NIHSS) 

NAMA : 
UMUR : 

 

 
 

AKTIVITAS 
NILAI 

Onset 
hari ke 

0-7 

Keluar 
RS 

Onset hari 
ke-30 

1.a Derajat 
kesadaran 

0 = Sadar penuh 
1 = Somnolen 
2 = Stupor 
3 = Koma 

   

1.b 0 = Dapat menjawab 2    
menjawab pertanyaan. Dengan 
pertanyaan benar (mis : bulan berapa 

 dan usia 
 1 = Hanya dapat 
 menjawab 1 pertanyaan 
 dengan benar/tidak dapat 
 berbicara karena 
 terpasang pipa 
 endotrakea/disartria 
 2 = Tidak bisa menjawab 
 kedua pertanyaan 
 dengan benar / afasia / 
 stupor 
1.c 0 = dapat melakukan 2    
Mengikuti perintah dengan benar. 
perintah Mis : buka mata dan 

 tutup mata 
 1 = Hanya dapat 
 melakukan 1 perintah 
 dengan dengar 
 2 = Tidak dapat 
 melakukan kedua 
 perintah dengan benar 
2. Gerakan 0 = Normal    
mata 1 = Gerakan abnormal 
konyugat hanya pada satu mata 
horizontal 2 = Deviasi konyugat 

 yang kuat atau paresis 
 konyugat total pada 
 kedua mata 
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3. Lapang 
pandang 
pada tes 
konfrontasi 

0 = tidak ada gangguan 
1 = Kuadranopia 
2 = Hemianopia 
3 = Hemianopia total 
4 = Hemianopia 
bilateral/buta kortikal 

   

4. Parese 
wajah 

0 = Normal 
1 = Paresis ringan 
2 = Paresis parsial 
3 = Paresis total 

   

5. Motorik 
lengan 
kanan 

0 = Tidak ada simpangan 
bila pasien disuruh 
mengangkat lengannya 
selama 10 detik 
1 = Lengan menyimpang 
ke bawah sebelum 10 
detik 
2 = Lengan terjatuh ke 
kasur atau badan atau 
tidak dapat diluruskan 
secara penuh 
3 = Tidak dapat melawan 
gravitasi 
4 = Tidak ada gerakan 
X = Tidak dapat diperiksa 

   

6. Motorik 
lengan kiri 

Idem No. 5    

7. Motorik 
tungkai 
kanan 

Idem No. 5    

8. Motorik 
tungkai kiri 

Idem No. 5    

9. Ataksia 
anggota 
badan 

0 = Tidak ada 
1 = Pada satu 
ekstremitas 
2 = Pada dua ekstremitas 
X = Tidak dapat diperiksa 

   

10. 
Sensorik 

0 = Normal 
1 = Defisit parsial yaitu 
merasa tapi berkurang 
2 = Defisit total yaitu 
pasien tidak merasa atau 
terdapat gangguan 
bilateral 

   

11. Bahasa 
terbaik 

0 = Tidak ada afasia 
1 = Afasia ringan-sedang 
2 = Afasia berat 
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 X = Tidak dapat bicara 
(bisu) / afasia 
global/koma 

   

12.Disartria 0 = Artikulasi normal 
1 = disartria ringan- 
sedang 
2 = Disartria berat 
X = Tidak dapat diperiksa 

   

13.Neglect/ 
tidak ada 
atensi 

0 = Tidak ada 
1 = Parsial 
2 = Total 

   

Nilai Total    
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Lampiran 2. LEMBAR MODIFIED RANKIN SCALE (mRS) 
 

MODIFIED RANKIN SCALE (mRS) 
NAMA : 
UMUR : 

 
 

Skor 
 

Gejala 
NILAI 

Onset 
hari ke 

0-7 

Keluar 
RS 

Onset hari 
ke-30 

0 Tidak ada gejala    

1 Tidak ada kecacatan yang 
signifikan. Mampu 
melakukan semua 
aktivitas seperti biasa, 
meskipun ada beberapa 
gejala 

   

2 Cacat ringan. Mampu 
mengurus urusan sendiri 
tanpa bantuan, tetapi tidak 
mampu melakukan semua 
aktivitas sebelumnya 

   

3 Cacat sedang. 
Membutuhkan bantuan 
tetapi dapat berjalan tanpa 
bantuan 

   

4 Cacat sedang. Tidak 
dapat memenuhi 
kebutuhan tubuh sendiri 
tanpa bantuan dan tidak 
dapat berjalan tanpa 
bantuan 

   

5 Cacat berat. 
Membutuhkan perawatan 
dan perhatian yang 
konstan, terbaring di 
tempat tidur, mengompol 

   

6 Meninggal dunia    
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Lampiran 3. REKOMENDASI PERSETUJUAN ETIK 
 


