
92 

 

 

 

DAFTAR PUSTAKA 

 

Aban, I. B., & George, B. (2015). Statistical considerations for preclinical studies. 

Experimental Neurology, 270, 82–87. 

https://doi.org/10.1016/j.expneurol.2015.02.024 

Abbaszadeh, H., Ghorbani, F., Derakhshani, M., Movassaghpour, A. A., Yousefi, 

M., Talebi, M., & Shamsasenjan, K. (2020). Regenerative potential of 

Wharton’s Jelly-derived MSC.pdf. 

Allela, O. Q. B., Ali, N. A. M., Sanghvi, G., Roopashree, R., Kashyap, A., Krithiga, 

T., Panigrahi, R., Kubaev, A., Kareem, R. A., Sameer, H. N., Yaseen, A., 

Athab, Z. H., & Adil, M. (2025). The Role of Viral Infections in Acute Kidney 

Injury and Mesenchymal Stem Cell-Based Therapy. Stem Cell Reviews and 

Reports. https://doi.org/10.1007/s12015-025-10873-0 

Ammirati, A. L. (2019). Chronic Kidney Disease. The Perioperative Medicine 

Consult Handbook: Third Edition, 66(Suppl 1), 301–305. 

https://doi.org/10.1007/978-3-030-19704-9_38 

Andrianova, N. V, Buyan, M. I., Zorova, L. D., Pevzner, I. B., Popkov, V. A., 

Babenko, V. A., Silachev, D. N., Plotnikov, E. Y., & Zorov, D. B. (2019). 

Kidney Cells Regeneration : Dedi ff erentiation of Tubular Epithelium , 

Resident Stem Cells and Possible Niches for Renal Progenitors. International 

Journal of Molecular Sciences. 

Arfian, N., Ats-tsani, H. K., Sayekti, P. I., Lakabela, D. A., Febriyanto, T., Rutyana, 

H., Antonio, P., & Wibisono, D. P. (2018). Prolonged Kidney Ischemia-

Reperfusion Injury Associates with Inflammation , Vascular Remodelling , and 

Myofibroblast Formation. 50(1), 1–14. 

Arfian, N., Wahyudi, D. A. P., Zulfatina, I. B., Citta, A. N., Anggorowati, N., 

Multazam, A., Romi, M. M., & Sari, D. C. R. (2019). Chlorogenic acid 

attenuates kidney ischemic/reperfusion injury via reducing inflammation, 

tubular injury, and myofibroblast formation. BioMed Research International, 

2019. https://doi.org/10.1155/2019/5423703 

Arsad, S. S. (2014). Histopathologic Changes in Liver and Kidney Tissues from 

Male Sprague Dawley Rats Treated with Rhaphidophora Decursiva (Roxb.) 

Schott Extract. Journal of Cytology & Histology, s4(01). 

https://doi.org/10.4172/2157-7099.s4-001 

Avasthi, P., Maser, R. L., & Tran, P. V. (2017). Epithelial to Mesenchymal 

Transition (EMT) and Endothelial to Mesenchymal Transition (EndMT): Role 

and Implications in Kidney Fibrosis. 60, 281–321. https://doi.org/10.1007/978-

3-319-51436-9 

Barr, S. I., Abd El-Azeem, E. M., Bessa, S. S., & Mohamed, T. M. (2025). Role of 

exosomes in pathogenesis, diagnosis, and treatment of diabetic nephropathy. 

BMC Nephrology, 26(1). https://doi.org/10.1186/s12882-025-04120-4 

Barzilay, J. I., Farag, Y. M. K., & Durthaler, J. (2024). Albuminuria: An 

Underappreciated Risk Factor for Cardiovascular Disease. Journal of the 

American Heart Association, 13(2), 1–14. 

https://doi.org/10.1161/JAHA.123.030131 

Bazira, P. J. (2022). Anatomy of the kidney and ureter. Surgery (United Kingdom), 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



93 

 

 

 

40(8), 481–488. https://doi.org/10.1016/j.mpsur.2022.05.008 

Birtwistle, L., Chen, X. M., & Pollock, C. (2021). Mesenchymal stem cell-derived 

extracellular vesicles to the rescue of renal injury. International Journal of 

Molecular Sciences, 22(12). https://doi.org/10.3390/ijms22126596 

Black, L. M., Lever, J. M., & Agarwal, A. (2019). Renal Inflammation and Fibrosis: 

A Double-edged Sword. Journal of Histochemistry and Cytochemistry, 67(9), 

663–681. https://doi.org/10.1369/0022155419852932 

Bose, M., Almas, S., & Prabhakar, S. (2017). Wnt signaling and podocyte 

dysfunction in diabetic nephropathy. 1–9. https://doi.org/10.1136/jim-2017-

000456 

Bruno, S., Chiabotto, G., Cedrino, M., Ceccotti, E., Pasquino, C., De Rosa, S., 

Grange, C., Tritta, S., & Camussi, G. (2022). Extracellular Vesicles Derived 

from Human Liver Stem Cells Attenuate Chronic Kidney Disease Development 

in an In Vivo Experimental Model of Renal Ischemia and Reperfusion Injury. 

International Journal of Molecular Sciences, 23(3). 

https://doi.org/10.3390/ijms23031485 

Carlos, J., Moreno, A., Bahmad, H. F., Febres-aldana, C. A., Pirela, A., Azuero, A., 

Salami, A., & Poppiti, R. (2021). Post-mortem assessment of vimentin 

expression as a biomarker for renal tubular regeneration following acute 

kidney injury. 369–379. 

Carlström, M., Wilcox, C. S., & Arendshorst, W. J. (2015). Renal autoregulation in 

health and disease. Physiological Reviews, 95(2), 405–511. 

https://doi.org/10.1152/physrev.00042.2012 

Chen, D. Q., Cao, G., Zhao, H., Chen, L., Yang, T., Wang, M., Vaziri, N. D., Guo, 

Y., & Zhao, Y. Y. (2019). Combined melatonin and poricoic acid A inhibits 

renal fibrosis through modulating the interaction of Smad3 and β-catenin 

pathway in AKI-to-CKD continuum. Therapeutic Advances in Chronic Disease, 

10, 1–19. https://doi.org/10.1177/2040622319869116 

Chen, L., Chen, D. Q., Wang, M., Liu, D., Chen, H., Dou, F., Vaziri, N. D., & Zhao, 

Y. Y. (2017). Role of RAS/Wnt/β-catenin axis activation in the pathogenesis of 

podocyte injury and tubulo-interstitial nephropathy. Chemico-Biological 

Interactions, 273, 56–72. https://doi.org/10.1016/j.cbi.2017.05.025 

Chen, S. J., Lv, L. L., Liu, B. C., & Tang, R. N. (2020). Crosstalk between tubular 

epithelial cells and glomerular endothelial cells in diabetic kidney disease. Cell 

Proliferation, 53(3), 1–8. https://doi.org/10.1111/cpr.12763 

Chen, T., & Vunjak-novakovic, G. (2018). In Vitro Models of Ischemia-Reperfusion 

Injury. 142–153. 

Chen, W., Yan, Y., Song, C., Ding, Y., & Du, T. (2017). Microvesicles derived from 

human Wharton’s Jelly mesenchymal stem cells ameliorate ischemia-

reperfusion-induced renal fibrosis by releasing from G2/M cell cycle arrest. In 

Biochemical Journal (Vol. 474, Issue 24). https://doi.org/10.1042/BCJ20170682 

Chen, Y., & Xue, C. (2024). Cross-talk of renal cells through WNT signal 

transduction in the development of fibrotic kidneys. Frontiers in Cell and 

Developmental Biology, 12(February), 1–10. 

https://doi.org/10.3389/fcell.2024.1517181 

Cheung, A. K., Chang, T. I., Cushman, W. C., Furth, S. L., Hou, F. F., Ix, J. H., 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



94 

 

 

 

Knoll, G. A., Muntner, P., Pecoits-Filho, R., Sarnak, M. J., Tobe, S. W., 

Tomson, C. R. V., & Mann, J. F. E. (2021). KDIGO 2021 Clinical Practice 

Guideline for the Management of Blood Pressure in Chronic Kidney Disease. 

Kidney International, 99(3), S1–S87. https://doi.org/10.1016/j.kint.2020.11.003 

Chevalier, R. L., & Forbes, M. S. (2008). Generation and evolution of atubular 

glomeruli in the progression of renal disorders. Journal of the American Society 

of Nephrology, 19(2), 197–206. https://doi.org/10.1681/ASN.2007080862 

Cunanan, J., Zhang, D., Peired, A. J., & Barua, M. (2025). Podocytes in health and 

glomerular disease. Frontiers in Cell and Developmental Biology, 13(April), 1–

14. https://doi.org/10.3389/fcell.2025.1564847 

D’hoore, E., Neirynck, N., Schepers, E., Vanholder, R., Verbeke, F., Van Thielen, 

M., & Van Biesen, W. (2015). Chronic kidney disease progression is mainly 

associated with non-recovery of acute kidney injury. Journal of Nephrology, 

28(6), 709–716. https://doi.org/10.1007/s40620-015-0181-5 

Dai, C., Stolz, D. B., Kiss, L. P., Monga, S. P., Holzman, L. B., & Liu, Y. (2009). 

Wnt β-Catenin Signaling Promotes Podocyte Dysfunction and Albuminuria.pdf. 

Dai, R., Cheng, M., Peng, C. Y., Cao, Z. P., Jin, H., Wang, D., Wang, Y. P., & 

Zhang, L. (2025). Renal tubular epithelial cell-derived Exosomal miR-330-3p 

plays a key role in fibroblast activation and renal fibrosis by regulating 

CREBBP. Stem Cell Research and Therapy , 16(1). 

https://doi.org/10.1186/s13287-025-04338-x 

Denic, A., Glassock, R. J., & Rule, A. D. (2016). Structural and Functional Changes 

With the Aging Kidney. Advances in Chronic Kidney Disease, 23(1), 19–28. 

https://doi.org/10.1053/j.ackd.2015.08.004 

Denton, J. (2024). The Complete Guide to Immunohistochemistry. Abcam, 24(31), 

1–30. 

Dlugos, C. P., Picciotto, C., Lepa, C., Krakow, M., Stöber, A., Eddy, M. L., Weide, 

T., Jeibmann, A., Krahn, M. P., Van Marck, V., Klingauf, J., Ricker, A., 

Wedlich-Söldner, R., Pavenstädt, H., Klämbt, C., & George, B. (2019). Nephrin 

signaling results in integrin β1 activation. Journal of the American Society of 

Nephrology, 30(6), 1006–1019. https://doi.org/10.1681/ASN.2018040362 

Fan, Y.-P., Hsia, C.-C., Tseng, K.-W., Liao, C.-K., Fu, T.-W., Ko, T.-L., Chiu, M.-

M., Shih, Y.-H., Huang, P.-Y., Chiang, Y.-C., Yang, C.-C., & Fu, Y.-S. (2016). 

The Therapeutic Potential of Human Umbilical Mesenchymal Stem Cells From 

Wharton’s Jelly in the Treatment of Rat Peritoneal Dialysis-Induced Fibrosis. 

Stem Cells Translational Medicine, 5(2), 235–247. 

https://doi.org/10.5966/sctm.2015-0001 

Farris, A. B., & Colvin, R. B. (2012). Renal interstitial fibrosis: Mechanisms and 

evaluation. Current Opinion in Nephrology and Hypertension, 21(3), 289–300. 

https://doi.org/10.1097/MNH.0b013e3283521cfa 

Frąk, W., Dąbek, B., Balcerczyk-Lis, M., Motor, J., Radzioch, E., Młynarska, E., 

Rysz, J., & Franczyk, B. (2024). Role of Uremic Toxins, Oxidative Stress, and 

Renal Fibrosis in Chronic Kidney Disease. Antioxidants, 13(6), 1–19. 

https://doi.org/10.3390/antiox13060687 

Garsen, M., Rops, A. L. W. M. M., Rabelink, T. J., Berden, J. H. M., & Van Der 

Vlag, J. (2014). The role of heparanase and the endothelial glycocalyx in the 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



95 

 

 

 

development of proteinuria. Nephrology Dialysis Transplantation, 29(1), 49–55. 

https://doi.org/10.1093/ndt/gft410 

Glassock, R. J., & Rule, A. D. (2016). Aging and the Kidneys: Anatomy, Physiology 

and Consequences for Defining Chronic Kidney Disease. Nephron, 134(1), 25–

29. https://doi.org/10.1159/000445450 

Guo, J., Guan, Q., Liu, X., Wang, H., Gleave, M. E., & Nguan, C. Y. C. (2016). 

Relationship of clusterin with renal inflammation and fibrosis after the recovery 

phase of ischemia-reperfusion injury. BMC Nephrology, 1–15. 

https://doi.org/10.1186/s12882-016-0348-x 

Habiba, U. E., Khan, N., Greene, D. L., Shamim, S., & Umer, A. (2024). The 

therapeutic effect of mesenchymal stem cells in diabetic kidney disease. In 

Journal of Molecular Medicine (Vol. 102, Issue 4). Springer Berlin Heidelberg. 

https://doi.org/10.1007/s00109-024-02432-w 

He, K., Zhou, X., Zhao, J., Du, H., Guo, J., Deng, R., & Wang, J. (2024). 

Identification and Functional Mechanism Verification of Novel MicroRNAs 

Associated with the Fibrosis Progression in Chronic Kidney Disease. 

Biochemical Genetics, 62(6), 4472–4493. https://doi.org/10.1007/s10528-024-

10688-7 

Heo, J. S., Choi, Y., Kim, H. S., & Kim, H. O. (2016). Comparison of molecular 

profiles of human mesenchymal stem cells derived from bone marrow, 

umbilical cord blood, placenta and adipose tissue. International Journal of 

Molecular Medicine, 37(1), 115–125. https://doi.org/10.3892/ijmm.2015.2413 

Hesketh, E. E., Czopek, A., Clay, M., Borthwick, G., Ferenbach, D., Kluth, D., & 

Hughes, J. (2014). Renal Ischaemia Reperfusion Injury : A Mouse Model of 

Injury and Regeneration. June, 1–8. https://doi.org/10.3791/51816 

Heung, M., Steffick, D. E., Zivin, K., Gillespie, B. W., Banerjee, T., Hsu, C. Y., 

Powe, N. R., Pavkov, M. E., Williams, D. E., Saran, R., & Shahinian, V. B. 

(2016). Acute Kidney Injury Recovery Pattern and Subsequent Risk of CKD: 

An Analysis of Veterans Health Administration Data. American Journal of 

Kidney Diseases, 67(5), 742–752. https://doi.org/10.1053/j.ajkd.2015.10.019 

Hidayangsih, P. S., Tjandrarini, D. H., Widya Sukoco, N. E., Sitorus, N., 

Dharmayanti, I., & Ahmadi, F. (2023). Chronic kidney disease in Indonesia: 

evidence from a national health survey. Osong Public Health and Research 

Perspectives, 14(1), 23–30. https://doi.org/10.24171/j.phrp.2022.0290 

Hill, N. R., Fatoba, S. T., L.Oke, J., Hirst, J. A., O’Calleghan, C. A., Lasserson, D. 

S., & Hobbs, F. D. R. (2016). Global Prevalence of Chronic Kidney Disease – A 

Systematic Review and Meta-Analysis. PLoS ONE, 67(5), 103–116. 

https://doi.org/10.4103/0019-5359.122734 

Hoang, D. M., Pham, P. T., Bach, T. Q., Ngo, A. T. L., Nguyen, Q. T., Phan, T. T. 

K., Nguyen, G. H., Le, P. T. T., Hoang, V. T., Forsyth, N. R., Heke, M., & 

Nguyen, L. T. (2022). Stem cell-based therapy for human diseases. Signal 

Transduction and Targeted Therapy, 7(1). https://doi.org/10.1038/s41392-022-

01134-4 

Horinouchi, I., Nakazato, H., Kawano, T., Iyama, K. I., Furuse, A., Arizono, K., 

Machida, J., Sakamoto, T., Endo, F., & Hattori, S. (2003). In situ evaluation of 

podocin in normal and glomerular diseases. Kidney International, 64(6), 2092–

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



96 

 

 

 

2099. https://doi.org/10.1046/j.1523-1755.2003.00303.x 

Hosszu, A., Fekete, A., & Szabo, A. J. (2025). Sex and Gender in Renal Health and 

Function Sex differences in renal ischemia-reperfusion injury. 4, 149–154. 

https://doi.org/10.1152/ajprenal.00099.2020 

Hsu, R. K., & Hsu, C. yuan. (2016). The Role of Acute Kidney Injury in Chronic 

Kidney Disease. Seminars in Nephrology, 36(4), 283–292. 

https://doi.org/10.1016/j.semnephrol.2016.05.005 

Hu, L., Ding, M., & He, W. (2022). Emerging Therapeutic Strategies for Attenuating 

Tubular EMT and Kidney Fibrosis by Targeting Wnt/β-Catenin Signaling. 

Frontiers in Pharmacology, 12(January), 1–10. 

https://doi.org/10.3389/fphar.2021.830340 

Huang, D., Li, G., Zhang, Q., Bhat, O. M., Zou, Y., Ritter, J. K., & Li, P. L. (2021). 

Contribution of podocyte inflammatory exosome release to glomerular 

inflammation and sclerosis during hyperhomocysteinemia. Biochimica et 

Biophysica Acta - Molecular Basis of Disease, 1867(7), 166146. 

https://doi.org/10.1016/j.bbadis.2021.166146 

Huang, J., Cao, H., Cui, B., Ma, X., Gao, L., Yu, C., & Shen, F. (2022). 

Mesenchymal Stem Cells-Derived Exosomes Ameliorate Ischemia / Reperfusion 

Induced Acute Kidney Injury in a Porcine Model. 10(May), 1–17. 

https://doi.org/10.3389/fcell.2022.899869 

Humphreys, B. D. (2018). Mechanisms of Renal Fibrosis. Annual Review of 

Physiology, 80, 309–326. https://doi.org/10.1146/annurev-physiol-022516-

034227 

Hussain, S., Romio, L., Saleem, M., Mathieson, P., Serrano, M., Moscat, J., Diaz-

Meco, M., Scambler, P., & Koziell, A. (2009). Nephrin deficiency activates NF-

κB and promotes glomerular injury. In Journal of the American Society of 

Nephrology (Vol. 20, Issue 8, pp. 1733–1743). 

https://doi.org/10.1681/ASN.2008111219 

Jaya, I. F. (2023). Edukasi Pengetahuan Pembatasan Cairan pada Pasien Gagal Ginjal 

Kronik yang Menjalani Hemodialisis. Indonesian Journal Of Community 

Service, 3(2), 61–68. 

http://ijocs.rcipublisher.org/index.php/ijocs/article/view/254/195 

Jelkmann, W. (2011). Regulation of erythropoietin production. 6, 1251–1258. 

https://doi.org/10.1113/jphysiol.2010.195057 

Jiang, S., Luo, M., Bai, X., Nie, P., Zhu, Y., Cai, H., Li, B., & Luo, P. (2022). 

Cellular crosstalk of glomerular endothelial cells and podocytes in diabetic 

kidney disease. Journal of Cell Communication and Signaling, 16(3), 313–331. 

https://doi.org/10.1007/s12079-021-00664-w 

Jiang, Y. S., Jiang, T., Huang, B., Chen, P. S., & Ouyang, J. (2013). Epithelial – 

mesenchymal transition of renal tubules : Divergent processes of repairing in 

acute or chronic injury ? Medical Hypotheses, 81(1), 73–75. 

https://doi.org/10.1016/j.mehy.2013.03.020 

Jiang, Z. Z., Liu, Y. M., Niu, X., Yin, J. Y., Hu, B., Guo, S. C., Fan, Y., Wang, Y., & 

Wang, N. S. (2016). Exosomes secreted by human urine-derived stem cells 

could prevent kidney complications from type i diabetes in rats. Stem Cell 

Research and Therapy, 7(1), 1–13. https://doi.org/10.1186/s13287-016-0287-2 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



97 

 

 

 

Jin, C., Wu, P., Li, L., Xu, W., & Qian, H. (2021). Exosomes: Emerging Therapy 

Delivery Tools and Biomarkers for Kidney Diseases. Stem Cells International, 

2021. https://doi.org/10.1155/2021/7844455 

Jin, J., Shi, Y., Gong, J., Zhao, L., Li, Y., He, Q., & Huang, H. (2019). Exosome 

secreted from adipose-derived stem cells attenuates diabetic nephropathy by 

promoting autophagy flux and inhibiting apoptosis in podocyte. Stem Cell 

Research and Therapy, 10(1), 1–15. https://doi.org/10.1186/s13287-019-1177-1 

Jing, Z., Wei-jie, Y., & Yi-feng, Z. ge. (2015). Down-regulation of Wt1 activates 

Wnt/β-catenin signaling through modulating endocytic route of LRP6 in 

podocyte dysfunction in vitro. Cellular Signalling, 27(9), 1772–1780. 

https://doi.org/10.1016/j.cellsig.2015.05.018 

Kalogeris, T., Baines, C. P., Krenz, M., & Korthuis, R. J. (2017). 

Ischemia/reperfusion. Comprehensive Physiology, 7(1), 113–170. 

https://doi.org/10.1002/cphy.c160006 

Kato, H., & Susztak, K. (2012). Repair Problems in Podocytes: Wnt, Notch, and 

Glomerulosclerosis. Seminars in Nephrology, 32(4), 350–356. 

https://doi.org/10.1016/j.semnephrol.2012.06.006 

Kementerian Kesehatan. (2020). Peraturan Kemenkes. Keputusan Menteri Kesehatan 

Republik Indonesia, 11, 1–189. https://www.kemkes.go.id/id/pnpk-2023---tata-

laksana-penyakit-ginjal-kronik 

Kencana, S. M. S., Arfian, N., Yuniartha, R., Saputri, R. L. A. A. N. W., 

Munawaroh, F., & Sari, D. C. R. (2024). Chlorogenic Acid Inhibits Progressive 

Pulmonary Fibrosis in a Diabetic Rat Model. Iranian Journal of Medical 

Sciences, 49(2), 110–120. https://doi.org/10.30476/ijms.2023.96535.2868 

Kheradmand, A., Hashemitabar, M., Kheradmand, P., Valizadeh, F., & Kavosh, A. 

(2020). Protective Effect of Wharton’s Jelly-derived Mesenchymal Stem Cells 

on Renal Fibrosis in Rats with Unilateral Ureteral Obstruction. European 

Urology Open Science, 20, 48–53. https://doi.org/10.1016/j.euros.2020.06.004 

Kholia, S., Sanchez, M. B. H., Deregibus, M. C., Sassoè‐pognetto, M., Camussi, G., 

& Brizzi, M. F. (2021). Human liver stem cell derived extracellular vesicles 

alleviate kidney fibrosis by interfering with the β‐catenin pathway through 

mir29b. International Journal of Molecular Sciences, 22(19). 

https://doi.org/10.3390/ijms221910780 

Kim, I. Y., Song, S. H., Seong, E. Y., Lee, D. W., Bae, S. S., & Lee, S. B. (2023). 

Akt1 is involved in renal fibrosis and tubular apoptosis in a murine model of 

acute kidney injury-to-chronic kidney disease transition. Experimental Cell 

Research, 424(2), 113509. https://doi.org/10.1016/j.yexcr.2023.113509 

Kovesdy, C. P. (2022). Epidemiology of chronic kidney disease: an update 2022. 

Kidney International Supplements, 12(1), 7–11. 

https://doi.org/10.1016/j.kisu.2021.11.003 

Kriz, W., Hähnel, B., Hosser, H., Rösener, S., & Waldherr, R. (2014). Structural 

analysis of how podocytes detach from the glomerular basement membrane 

under hypertrophic stress. Frontiers in Endocrinology, 5(DEC), 1–10. 

https://doi.org/10.3389/fendo.2014.00207 

Kriz, W., & Lemley, K. V. (2017). Mechanical challenges to the glomerular filtration 

barrier: adaptations and pathway to sclerosis. Pediatric Nephrology, 32(3), 405–

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



98 

 

 

 

417. https://doi.org/10.1007/s00467-016-3358-9 

Li, S., Merino, A., Korevaar, S., van den Bosch, T. P. P., Baan, C. C., Reinders, M. 

E. J., & Hoogduijn, M. J. (2025). Mesenchymal stromal cell-derived membrane 

particles suppress kidney fibrosis. Stem Cell Research and Therapy , 16(1). 

https://doi.org/10.1186/s13287-025-04522-z 

Li, S. S., Sun, Q., Hua, M. R., Suo, P., Chen, J. R., Yu, X. Y., & Zhao, Y. Y. (2021). 

Targeting the Wnt/β-Catenin Signaling Pathway as a Potential Therapeutic 

Strategy in Renal Tubulointerstitial Fibrosis. In Frontiers in Pharmacology 

(Vol. 12). https://doi.org/10.3389/fphar.2021.719880 

Li, X., Chen, M., Cao, J., Chen, X., Song, H., Shi, S., He, B., Zhang, B., & Zhang, Z. 

(2024). Human umbilical cord mesenchymal stem cell-derived exosomes 

mitigate diabetic nephropathy via enhancing M2 macrophages polarization. 

Heliyon, 10(17), e37002. https://doi.org/10.1016/j.heliyon.2024.e37002 

Li, Y., Kang, Y. S., & Dai, C. (2008). Epithelial-to-Mesenchymal Transition Is a 

Potential Pathway Leading to Podocyte Dysfunction and Proteinuria. 172(2), 

299–308. https://doi.org/10.2353/ajpath.2008.070057 

Li, Z., Li, X., Zhou, Y., Wang, B., Lv, L., & Liu, B. (2024). Review Renal tubular 

epithelial cells response to injury in acute kidney injury. EBioMedicine, 107, 

105294. https://doi.org/10.1016/j.ebiom.2024.105294 

Liu, C., Li, Q., Ma, J., Lu, B., Criswell, T., & Zhang, Y. (2024). Exosome-mediated 

renal protection : Halting the progression of fibrosis. Genes & Diseases, 11(6), 

101117. https://doi.org/10.1016/j.gendis.2023.101117 

Liu, F., Chen, J., Luo, C., & Meng, X. (2022). Pathogenic Role of MicroRNA 

Dysregulation in Podocytopathies. 13(June), 1–14. 

https://doi.org/10.3389/fphys.2022.948094 

Lopes, T. G., de Souza, M. L., da Silva, V. D., dos Santos, M., da Silva, W. I. C., 

Itaquy, T. P., Garbin, H. I., & Veronese, F. V. (2019). Markers of renal fibrosis: 

How do they correlate with podocyte damage in glomerular diseases? PLoS 

ONE, 14(6), 1–21. https://doi.org/10.1371/journal.pone.0217585 

Lopez-Giacoman, S. (2015). Biomarkers in chronic kidney disease, from kidney 

function to kidney damage. World Journal of Nephrology, 4(1), 57. 

https://doi.org/10.5527/wjn.v4.i1.57 

Löwik, M. M., Groenen, P. J., Levtchenko, E. N., Monnens, L. A., & Van Den 

Heuvel, L. P. (2009). Molecular genetic analysis of podocyte genes in focal 

segmental glomerulosclerosis-a review. European Journal of Pediatrics, 

168(11), 1291–1304. https://doi.org/10.1007/s00431-009-1017-x 

Lu, C. C., Wang, G. H., Lu, J., Chen, P. P., Zhang, Y., Hu, Z. B., & Ma, K. L. 

(2019). Role of Podocyte Injury in Glomerulosclerosis. In Advances in 

Experimental Medicine and Biology (Vol. 1165). https://doi.org/10.1007/978-

981-13-8871-2_10 

Luna, Y. H., Lozano, M., Pasten, C., Multhoff, G., & Irarrazabal, C. E. (2022). The 

Ischemia and Reperfusion Injury Involves the Toll-Like Receptor-4 

Participation Mainly in the Kidney Cortex. Cellular Physiolo, 613–628. 

https://doi.org/10.33594/000000586 

Malek, M., & Nematbakhsh, M. (2015). Renal ischemia / reperfusion injury ; from 

pathophysiology to treatment. 4(2), 20–27. https://doi.org/10.12861/jrip.2015.06 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



99 

 

 

 

Marote, A., Teixeira, F. G., Mendes-Pinheiro, B., & Salgado, A. J. (2016). MSCs-

derived exosomes: Cell-secreted nanovesicles with regenerative potential. 

Frontiers in Pharmacology, 7(AUG), 1–8. 

https://doi.org/10.3389/fphar.2016.00231 

Marrapu, S., & Kumar, R. (2025). Transition from acute kidney injury to chronic 

kidney disease in liver cirrhosis patients: Current perspective. World Journal of 

Nephrology, 14(1), 1–14. https://doi.org/10.5527/wjn.v14.i1.102381 

Martin, C. E., & Jones, N. (2018). Nephrin signaling in the podocyte: An updated 

view of signal regulation at the slit diaphragm and beyond. Frontiers in 

Endocrinology, 9(JUN), 1–12. https://doi.org/10.3389/fendo.2018.00302 

Moinuddin, Z., & Dhanda, R. (2015). Anatomy of the kidney and ureter. Anaesthesia 

and Intensive Care Medicine, 16(6), 247–252. 

https://doi.org/10.1016/j.mpaic.2015.04.001 

Mollet, G., Ratelade, J., Boyer, O., Muda, A. O., Morisset, L., Lavin, T. A., Kitzis, 

D., Dallman, M. J., Bugeon, L., Hubner, N., Gubler, M. C., Antignac, C., & 

Esquivel, E. L. (2009). Podocin inactivation in mature kidneys causes focal 

segmental glomerulosclerosis and nephrotic syndrome. Journal of the American 

Society of Nephrology, 20(10), 2181–2189. 

https://doi.org/10.1681/ASN.2009040379 

Moreno-Gómez-Toledano, R., Arenas, M. I., González-Martínez, C., Olea-Herrero, 

N., Reventún, P., Di Nunzio, M., Sánchez-Esteban, S., Arilla-Ferreiro, E., 

Saura, M., & Bosch, R. J. (2020). Bisphenol A impaired cell adhesion by 

altering the expression of adhesion and cytoskeleton proteins on human 

podocytes. Scientific Reports, 10(1), 1–15. https://doi.org/10.1038/s41598-020-

73636-6 

Morya, R., Kumar, K., & Kumar, P. (2018). Anatomical and Physiological 

Similarities of Kidney in Different Experimental Animals Used for Basic 

Studies. Journal of Clinical & Experimental Nephrology, 03(02), 1–6. 

https://doi.org/10.21767/2472-5056.100060 

Mutsaers, H. A. M., Stribos, E. G. D., Glorieux, G., Vanholder, R., & Olinga, P. 

(2015). Chronic kidney disease and fibrosis: The role of uremic retention 

solutes. Frontiers in Medicine, 2(AUG), 1–7. 

https://doi.org/10.3389/fmed.2015.00060 

Nagata, M. (2016). Podocyte injury and its consequences. Kidney International, 

89(6), 1221–1230. https://doi.org/10.1016/j.kint.2016.01.012 

Nakatani, K., Asai, O., Konishi, N., & Iwano, M. (2021). Role of fibroblast specific 

protein 1 expression in the progression of adriamycin-induced 

glomerulosclerosis. Biochemical and Biophysical Research Communications, 

567, 148–153. https://doi.org/10.1016/j.bbrc.2021.06.041 

Nalesso, F., Garzotto, F., Cattarin, L., Bettin, E., Cacciapuoti, M., Silvestre, C., 

Stefanelli, L. F., Furian, L., & Calò, L. A. (2024). The Future for End-Stage 

Kidney Disease Treatment: Implantable Bioartificial Kidney Challenge. Applied 

Sciences (Switzerland), 14(2). https://doi.org/10.3390/app14020491 

Orieux, A., Prezelin-Reydit, M., Prevel, R., Combe, C., Gruson, D., Boyer, A., & 

Rubin, S. (2023). Clinical trajectories and impact of acute kidney disease after 

acute kidney injury in the intensive care unit: a 5-year single-centre cohort 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



100 

 

 

 

study. Nephrology Dialysis Transplantation, 38(1), 167–176. 

https://doi.org/10.1093/ndt/gfac054 

Panizo, S., Martínez-Arias, L., Alonso-Montes, C., Cannata, P., Martín-Carro, B., 

Fernández-Martín, J. L., Naves-Díaz, M., Carrillo-López, N., & Cannata-Andía, 

J. B. (2021). Fibrosis in chronic kidney disease: Pathogenesis and 

consequences. International Journal of Molecular Sciences, 22(1), 1–19. 

https://doi.org/10.3390/ijms22010408 

Pefanis, A., Ierino, F. L., Murphy, J. M., & Cowan, P. J. (2019). Regulated necrosis 

in kidney ischemia-reperfusion injury. Kidney International, 96(2), 291–301. 

https://doi.org/10.1016/j.kint.2019.02.009 

Piazza, M. (2021). Novel aspects of the Renin-Angiotensin-Aldosterone System (Issue 

2021). https://doi.org/10.26481/dis.20211004mp 

Pohl, L., & Schiessl, I. M. (2023). Endothelial cell plasticity in kidney fibrosis and 

disease. Acta Physiologica, 239(2), 1–24. https://doi.org/10.1111/apha.14038 

Quaglia, M., Merlotti, G., Fornara, L., Colombatto, A., & Cantaluppi, V. (2022). 

Extracellular Vesicles Released from Stem Cells as a New Therapeutic Strategy 

for Primary and Secondary Glomerulonephritis. International Journal of 

Molecular Sciences, 23(10). https://doi.org/10.3390/ijms23105760 

Radi, Z. A. (2019). Kidney Pathophysiology, Toxicology, and Drug-Induced Injury 

in Drug Development. International Journal of Toxicology, 38(3), 215–227. 

https://doi.org/10.1177/1091581819831701 

Rayego-Mateos, S., Marquez-Expósito, L., Rodrigues-Diez, R., Sanz, A. B., 

Guiteras, R., Doladé, N., Rubio-Soto, I., Manonelles, A., Codina, S., Ortiz, A., 

Cruzado, J. M., Ruiz-Ortega, M., & Sola, A. (2022). Molecular Mechanisms of 

Kidney Injury and Repair. International Journal of Molecular Sciences, 23(3), 

1–20. https://doi.org/10.3390/ijms23031542 

Reiser, J., & Altintas, M. M. (2016). Podocytes. F1000Research, 5, 1–19. 

https://doi.org/10.12688/f1000research.7255.1 

Reiss, A. B., Jacob, B., Zubair, A., Srivastava, A., Johnson, M., & De Leon, J. 

(2024). Fibrosis in Chronic Kidney Disease: Pathophysiology and Therapeutic 

Targets. Journal of Clinical Medicine, 13(7). 

https://doi.org/10.3390/jcm13071881 

Rhee, C. M., & Kovesdy, C. P. (2015). Spotlight on CKD deaths—increasing 

mortality worldwide. Nature Reviews Nephrology, 11(4), 199–200. 

https://doi.org/10.1038/nrneph.2015.25 

Ruiz-Ortega, M., Lamas, S., & Ortiz, A. (2022). Antifibrotic Agents for the 

Management of CKD: A Review. American Journal of Kidney Diseases, 80(2), 

251–263. https://doi.org/10.1053/j.ajkd.2021.11.010 

Ruiz-Ortega, M., Rayego-Mateos, S., Lamas, S., Ortiz, A., & Rodrigues-Diez, R. R. 

(2020). Targeting the progression of chronic kidney disease. Nature Reviews 

Nephrology, 16(5), 269–288. https://doi.org/10.1038/s41581-019-0248-y 

Russell, P. S., Hong, J., Windsor, J. A., Itkin, M., & Phillips, A. R. J. (2019). Renal 

lymphatics: Anatomy, physiology, and clinical implications. Frontiers in 

Physiology, 10(MAR), 1–18. https://doi.org/10.3389/fphys.2019.00251 

Salvadori, M., Rosso, G., & Bertoni, E. (2015). Update on ischemia-reperfusion 

injury in kidney transplantation: Pathogenesis and treatment. 5(2), 52–68. 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



101 

 

 

 

https://doi.org/10.5500/wjt.v5.i2.52 

Schunk, S. J., Floege, J., Fliser, D., & Speer, T. (2021). WNT–β-catenin signalling 

— a versatile player in kidney injury and repair. In Nature Reviews Nephrology 

(Vol. 17, Issue 3, pp. 172–184). https://doi.org/10.1038/s41581-020-00343-w 

Sheng, L., & Zhuang, S. (2020). New Insights Into the Role and Mechanism of 

Partial Epithelial-Mesenchymal Transition in Kidney Fibrosis. Frontiers in 

Physiology, 11(September), 1–11. https://doi.org/10.3389/fphys.2020.569322 

Shi, Y., Xie, J., Yang, M., Ma, J., & Ren, H. (2019). Transplantation of umbilical 

cord mesenchymal stem cells into mice with focal segmental glomerulosclerosis 

delayed disease manifestation. Annals of Translational Medicine, 7(16), 383–

383. https://doi.org/10.21037/atm.2019.07.71 

Shirata, N., Ihara, K. I., Yamamoto-Nonaka, K., Seki, T., Makino, S. I., Trejo, J. A. 

O., Miyake, T., Yamada, H., Campbell, K. N., Nakagawa, T., Mori, K., 

Yanagita, M., Mundel, P., Nishimori, K., & Asanuma, K. (2017). 

Glomerulosclerosis induced by deficiency of membrane-associated guanylate 

kinase inverted 2 in kidney podocytes. Journal of the American Society of 

Nephrology, 28(9), 2654–2669. https://doi.org/10.1681/ASN.2016121356 

Shu, S., Wang, Y., Zheng, M., Liu, Z., Cai, J., Tang, C., & Dong, Z. (2019). Hypoxia 

and hypoxia-inducible factors in kidney injury and repair. Cells, 8(3), 1–21. 

https://doi.org/10.3390/cells8030207 

Singh, B. M. K., & Mathew, M. (2022). Epithelial-Mesenchymal Transition and its 

Role in Renal Fibrogenesis. Brazilian Archives of Biology and Technology, 65. 

https://doi.org/10.1590/1678-4324-2022210260 

Smobio®. (2023). Reverse Transcription Kit II. 

Somanader, D. V. N., Zhao, P., Widdop, R. E., & Samuel, C. S. (2024). The 

involvement of the Wnt/β-catenin signaling cascade in fibrosis progression and 

its therapeutic targeting by relaxin. In Biochemical Pharmacology (Vol. 223). 

https://doi.org/10.1016/j.bcp.2024.116130 

Sowah, S. O., Amaama, L. A., Okyere, P., Adoba, P., Afrifa, J., Donkor, I., Ametepe, 

S., & Ephraim, R. K. (2023). Dilemma of Chronic Kidney Disease of Unknown 

Origin. Integrated Health Research Journal, 1(2), 54–63. 

https://doi.org/10.47963/ihrj.v1i2.1374 

Sun, J., Jia, Y., Chen, S., Bian, Y., Liang, H., & Du, X. (2025). Adipose 

mesenchymal stem cell-derived extracellular vesicles alleviate renal fibrosis by 

reducing epithelial-mesenchymal transition via the FOXS1 Wnt β-catenin 

signaling pathway.pdf. Elsevier. 

Suriyong, P., Ruengorn, C., Shayakul, C., Anantachoti, P., & Kanjanarat, P. (2022). 

Prevalence of chronic kidney disease stages 3–5 in low- and middle-income 

countries in Asia: A systematic review and meta-analysis. PLoS ONE, 17(2 

February), 1–18. https://doi.org/10.1371/journal.pone.0264393 

Tan, R. J., Li, Y., Rush, B. M., Cerqueira, D. M., Zhou, D., Fu, H., Ho, J., Stolz, D. 

B., & Liu, Y. (2019). Tubular injury triggers podocyte dysfunction by β-

catenin–driven release of MMP-7. JCI Insight, 4(24). 

https://doi.org/10.1172/jci.insight.122399 

Tanaka, T. (2017). A mechanistic link between renal ischemia and fibrosis. Medical 

Molecular Morphology, 50(1), 1–8. https://doi.org/10.1007/s00795-016-0146-3 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



102 

 

 

 

Tavafi, M. (2015). Suggestions for attenuation of renal ischemia reperfusion injury 

based on mechanisms involved in epithelial cells damages. 4(1), 1–3. 

Thongboonkerd, V. (2020). Roles for exosome in various kidney diseases and 

disorders. Frontiers in Pharmacology, 10(January), 1–14. 

https://doi.org/10.3389/fphar.2019.01655 

Vansthertem, D., Gossiaux, A., Decl, A., Caron, N., Nonclercq, D., & Legrand, A. 

(2010). Expression of Nestin , Vimentin , and NCAM by Renal Interstitial Cells 

after Ischemic Tubular Injury. 2010. https://doi.org/10.1155/2010/193259 

Verma, R., Venkatareddy, M., Kalinowski, A., Li, T., Kukla, J., Mollin, A., Cara-

Fuentes, G., Patel, S. R., & Garg, P. (2018). Nephrin is necessary for podocyte 

recovery following injury in an adult mature glomerulus. PLoS ONE, 13(6), 1–

24. https://doi.org/10.1371/journal.pone.0198013 

Wang, C., Zhu, G., He, W., Yin, H., Lin, F., Gou, X., & Li, X. (2019). BMSCs 

protect against renal ischemia-reperfusion injury by secreting exosomes loaded 

with miR-199a-5p that target BIP to inhibit endoplasmic reticulum stress at the 

very early reperfusion stages. FASEB Journal, 33(4), 5440–5456. 

https://doi.org/10.1096/fj.201801821R 

Wang, D., Dai, C., Li, Y., & Liu, Y. (2011). Canonical Wntβ-catenin signaling 

mediates transforming growth factor-β1-driven podocyte injury and 

proteinuria. 

Wang, J. J., Zheng, Y., Li, Y. L., Xiao, Y., Ren, Y. Y., & Tian, Y. Q. (2025). 

Emerging role of mesenchymal stem cell-derived exosomes in the repair of 

acute kidney injury. World Journal of Stem Cells, 17(3), 1–13. 

https://doi.org/10.4252/wjsc.v17.i3.103360 

Wang, J., Zhong, J., Yang, H. C., Fogo, A. B., & Harris, R. C. (2025). Crosstalk 

between glomeruli and tubules. Toxicologic Pathology, 46(8), 189–199. 

https://doi.org/10.1038/s41581-024-00907-0 

Wang, Y., Xiao, T., Zhao, C., & Li, G. (2024). The Regulation of Exosome 

Generation and Function in Physiological and Pathological Processes. 

International Journal of Molecular Sciences, 25(1). 

https://doi.org/10.3390/ijms25010255 

Wang, Z., Divanyan, A., Jourd’heuil, F. L., Goldman, R. D., Ridge, K. M., 

Jourd’heuil, D., & Lopez-Soler, R. I. (2018). Vimentin expression is required 

for the development of EMT-related renal fibrosis following unilateral ureteral 

obstruction in mice. American Journal of Physiology - Renal Physiology, 

315(4), F769–F780. https://doi.org/10.1152/ajprenal.00340.2017 

Wang, Z., Yu, Y., Jin, L., Tan, X., Liu, B., Zhang, Z., Wang, Z., Long, C., Shen, L., 

Wei, G., & He, D. (2023a). HucMSC exosomes attenuate partial bladder outlet 

obstruction induced renal injury and cell proliferation via the Wntβ-catenin 

pathway.pdf. Elsevier. 

Wang, Z., Yu, Y., Jin, L., Tan, X., Liu, B., Zhang, Z., Wang, Z., Long, C., Shen, L., 

Wei, G., & He, Da. (2023b). HucMSC exosomes attenuate partial bladder outlet 

obstruction-induced renal injury and cell proliferation via the Wntβ-catenin 

pathway. Elsevier. 

Webster, A. C., Nagler, E. V., Morton, R. L., & Masson, P. (2017). Chronic Kidney 

Disease. The Lancet, 389(10075), 1238–1252. https://doi.org/10.1016/S0140-

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



103 

 

 

 

6736(16)32064-5 

White, K. E. (2012). Research into the structure of the kidney glomerulus - making it 

count. Micron, 43(10), 1001–1009. 

https://doi.org/10.1016/j.micron.2012.04.013 

Xiang, E., Han, B., Zhang, Q., Rao, W., Wang, Z., Chang, C., Zhang, Y., Tu, C., Li, 

C., & Wu, D. (2020). Human umbilical cord-derived mesenchymal stem cells 

prevent the progression of early diabetic nephropathy through inhibiting 

inflammation and fibrosis. Stem Cell Research and Therapy, 11(1), 1–14. 

https://doi.org/10.1186/s13287-020-01852-y 

Xiao, L., Zhou, D., Tan, R. J., Fu, H., Zhou, L., Hou, F. F., & Liu, Y. (2016). 

Sustained activation of Wnt/b-catenin signaling drives AKI to CKD 

progression. Journal of the American Society of Nephrology, 27(6), 1727–1740. 

https://doi.org/10.1681/ASN.2015040449 

Xu, A., Wang, L., Wang, J., Jiang, Y., Xianxian, Liao, X., Lin, R., & Yang, H. 

(2025). Exploring kidney disease diagnosis: Unveiling the novel prospects of 

exosomes as microscopic messengers. Bioengineering and Translational 

Medicine, May. https://doi.org/10.1002/btm2.70030 

Yan, M. T., Chao, C. Ter, & Lin, S. H. (2021). Chronic kidney disease: Strategies to 

retard progression. International Journal of Molecular Sciences, 22(18). 

https://doi.org/10.3390/ijms221810084 

Yang, R. C., Zhu, X. L., Wang, J., Wan, F., Zhang, H. Q., Lin, Y., Tang, X. L., & 

Zhu, B. (2018). Bone marrow mesenchymal stem cells attenuate the progression 

of focal segmental glomerulosclerosis in rat models. BMC Nephrology, 19(1), 

1–10. https://doi.org/10.1186/s12882-018-1137-5 

Ying, Q., & Wu, G. (2017). Molecular mechanisms involved in podocyte EMT and 

concomitant diabetic kidney diseases: An update. Renal Failure, 39(1), 474–

483. https://doi.org/10.1080/0886022X.2017.1313164 

Yu, S. M. W., & Bonventre, J. V. (2020). Acute kidney injury and maladaptive 

tubular repair leading to renal fibrosis. Current Opinion in Nephrology and 

Hypertension, 29(3), 310–318. 

https://doi.org/10.1097/MNH.0000000000000605 

Yuan, Q., Tang, B., & Zhang, C. (2022). Signaling pathways of chronic kidney 

diseases, implications for therapeutics. Signal Transduction and Targeted 

Therapy, 7(1). https://doi.org/10.1038/s41392-022-01036-5 

Zeisberg, M., & Neilson, E. G. (2009). Biomarkers for epithelial-mesenchymal 

transitions. 119(6), 1429–1437. https://doi.org/10.1172/JCI36183.protected 

Zeng, L., Fung, W. W. S., Chan, G. C. K., Ng, J. K. C., Chow, K. M., & Szeto, C. C. 

(2023). Urinary and Kidney Podocalyxin and Podocin Levels in Diabetic 

Kidney Disease: A Kidney Biopsy Study. Kidney Medicine, 5(1), 100569. 

https://doi.org/10.1016/j.xkme.2022.100569 

Zhang, G., Yu, S., Sun, S., Zhang, L., Zhang, G., Xu, K., Zheng, Y., Xue, Q., & 

Chen, M. (2019). Extracellular-vesicles derived from human Wharton-Jelly 

mesenchymal stromal cells ameliorated cyclosporin A-induced renal fibrosis in 

rats. Int J Clin Exp Med, 12(7), 8943–8949. www.ijcem.com/ 

Zhang, Y., Jin, D., Kang, X., Zhou, R., Sun, Y., Lian, F., & Tong, X. (2021). 

Signaling Pathways Involved in Diabetic Renal Fibrosis. Frontiers in Cell and 

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



104 

 

 

 

Developmental Biology, 9(July), 1–17. 

https://doi.org/10.3389/fcell.2021.696542 

Zhao, H., Alam, A., Pac, A., George, A. J. T., & Ma, D. (2018). Ischemia-

Reperfusion Injury Reduces Long Term Renal Graft Survival : Mechanism and 

Beyond. EBioMedicine, 28, 31–42. https://doi.org/10.1016/j.ebiom.2018.01.025 

Zheng, W., Alex, D., France, L. J., Robert, D. G., Karen, M. R., David, J., & 

Reynold, I. L.-S. (2026). Vimentin expression is required for the development of 

EMT-related renal fibrosis following unilateral ureteral obstruction in mice. 

vim. https://doi.org/10.1152/ajprenal.00340.2017 

Zhou, D., Wang, Y., Gui, Y., Fu, H., Zhou, S., Wang, Y., Bastacky, S. I., Stolz, D. 

B., & Liu, Y. (2022). Non-canonical Wnt / calcium signaling is protective 

against podocyte injury and glomerulosclerosis Activation of canonical Wnt 

signaling has been implicated in podocyte injury and proteinuria . As Wnts are 

secreted proteins , whether Wnts derived from pod. 

Zhou, L., & Liu, Y. (2015). Wnt/β-catenin signalling and podocyte dysfunction in 

proteinuric kidney disease. Nature Reviews Nephrology, 11(9), 535–545. 

https://doi.org/10.1038/nrneph.2015.88 

Zilberman Itskovich, S., Sova, M., Abu-Hamad, R., Frage, N., Esawi, S., Stark, M., 

Neuman, S., Sela-Tzuriano, L., Slavin, S., & Efrati, S. (2025). Effects of Small 

Extracellular Vesicles Derived From Mesenchymal Stromal Cells on Acute 

Kidney Injury: A Rat Ischemia-Reperfusion Model. Cureus, 17(5). 

https://doi.org/10.7759/cureus.84411 

Zuo, Y., & Liu, Y. (2018). New insights into the role and mechanism of Wnt/β-

catenin signalling in kidney fibrosi. Asian Pacific Society of Nephrology. 

 

  

PENGARUH PEMBERIAN EKSOSOM HWJ-MSCs TERHADAP GLOMERULOSKLEROSIS PADA
GINJAL TIKUS DENGAN CEDERA
ISKEMIA REPERFUSI PERIODE KRONIS:  Kajian terhadap Albuminuria, Proteinuria,
Glomerulosklerosis,
Ekspresi mRNA ?-catenin, E-cadherin, Nephrin, dan Vimentin.
Salsabila Kasta Hygiea Iswara, dr. Dwi Aris Agung Nugrahaningsih, M.Sc., Ph.D; dr. Ratih Yuniartha, Ph.D
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


