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中 文 摘 要 ： 脂肪幹細胞的移植可以降低腎臟缺血再灌流引起的腎小管氧化壓力
、細胞凋亡、細胞自噬及失去功能，我們認為預處理脂肪幹細胞後
所獲得的微囊泡，可以透過微小RNA進一步保護腎缺血再灌流引起的
傷害。預處理 dexmedetomidine的脂肪幹細胞相較於empagliflozin
或 N-acetylcysteine都有更好的細胞復原能力，而經由DEX預處理
後分離出來的微囊泡對於腎臟缺血再灌流的血流微循環具有顯著的
保護作用，且也明顯減緩了腎小管損傷，並降低了發炎因子 pNF-
κB、自噬因子Beclin-1、凋亡因子caspase 3及PARP的表現，也使
得血液中尿素氮及肌酐酸的含量下降。腎缺血再灌流後的腎臟相較
於正常組具有較高的miR-122-5p及較低miR-543-3p表現，而給予
DEX處理後，miR-122-5p及miR-543-3p都有顯著的回復。在HOCl傷害
的NRK52E細胞裡，miR-122-5p模擬物促進Bax/Bcl-2誘導的細胞凋亡
，而miR-543-3p則有減緩細胞凋亡與Beclin-1引起的自噬的情形。
在腎臟缺血再灌流後，上調miR-122-5p及下調mir-543-3p會導致細
胞凋亡、細胞自噬及腎臟失去功能，而DEX處理過的微囊泡則可以透
過miR-122-5p及miR-543-3p調節腎臟缺血再灌流引起的細胞凋亡及
細胞自噬。

中文關鍵詞： 脂肪間葉幹細胞，缺血再灌流，微小RNA, 程序性細胞死亡,過氧化
物質,微囊泡

英 文 摘 要 ： Transplantation of adipose-derived stem cells may reduce
renal ischemia/reperfusion induced tubular oxidative
stress, apoptosis, autophagy and renal dysfunction. We
suggest that pharmacological preconditioning adipose-
derived stem cells-microvesicles may confer further
protection against renal ischemia/reperfusion injury
through microRNA mechanisms. Preconditioning adipose-
derived stem cells with dexmedetomidine triggered higher
migration capability than empagliflozin and N-
acetylcysteine. Treatment of sonicating dexmedetomidine
treated adipose-derived stem cells-microvesicles
significantly preserved microcirculation and renal blood
flow and decreased tubular injury score, pNF-κB-mediated
inflammation, Beclin-1 mediated autophagy and caspase
3/poly (ADP-ribose) polymerase mediated apoptosis, blood
urea nitrogen and creatinine levels vs.
ischemia/reperfusion kidney and adipose-derived stem cells-
microvesciles treated kidney. Post-ischemia/reperfusion
kidneys had higher levels of miR-122-5p expression and
lower levels of miR-543-3p expression vs. control kidney.
Dexmedetomidine treated adipose-derived stem cells-
microvesicles treatment significantly preserved
ischemia/reperfusion altered miR-122-5p and miR-543-3p
expression in the ischemia/reperfusion kidney. In the HOCl
injuried NRK52E cells, exogenous miR-122-5p mimics
exacerbated and miR-543-3p mimics ameliorated Bax/Bcl-2
mediated apoptosis and Beclin-1 mediated autophagy. In



conclusion, upregulation of miR-122-5p expression and
downregulation of miR-543-3p in the post-
ischemia/reperfusion kidney may contribute a role in
tubular cell apoptosis and autophagy and renal dysfunction.
Dexmedetomidine treated adipose-derived stem cells-
microvesicles reduced renal ischemia/reperfusion injury
through restoring miR-122-5p and miR-543-3p mediated
apoptosis and autophagy.

英文關鍵詞： adipose-derived mesenchymal stem cells;
ischemia/reperfusion; microRNA; programmed cell death;
reactive oxygen species; microvesicles



研究計畫內容（以中文或英文撰寫）： 

一、研究計畫之背景。 

Significance of this study 

缺血再灌流引起過度氧化傷害為器官移植或是臨床手術所不可避免之過程也影響移植器官或是病患

之存活。為減低傷害與器官存活，我們發展新穎、有效與安全之治療策略－前處理脂肪幹細胞微囊泡

含有調整特殊非編碼核糖核酸圖譜與生物活性物質可以促進臨床幹細胞應用、降低幹細胞移植風險、

可能的免疫反應與異位(腫瘤)組織產生。 

The potential and limitation of mesenchymal stem cells 

Mesenchymal stem cells (MSCs) are able to self-regenerate and differentiate to different kinds of cells 

or tissue. The therapeutic potential and safety of MSCs have been increasingly studied in the issue of 

regenerative therapy and immune modulation (Matthay et al., 2016). The major therapeutic attributes of 

MSCs are their ability to migrate to sites of tissue injury or inflammation, sense hypoxia and tissue damage, 

stimulate endogenous repair of injured tissues, and modulate immune responses (Matthay et al., 2016). 

Most studies have reported low numbers of engrafted MSCs in recipients following administration in 

animal models of cardiac damage or kidney injury (Lorenzen et al., 2013). The risks associated with 

engraftment of MSCs, possible immune reactions against MSCs and the development of ectopic tissue are 

greatly challenged. Moreover, several animal models of organ injury highlight the efficacy of conditioned 

media from MSC cultures (Das et al., 2015) implicating the bioactive factors released from MSCs through 

the possible homing and paracrine mechanisms. 

The advantage and establishment of adipose-derived MSCs and MVs 

Adipose tissue is an attractive source of MSCs owing to the relative ease of obtaining large volumes 

with more MSCs abundance compared with other sources (Rodríguez et al., 2015). We hypothesize that 

adipose-derived MSCs and MVs will alleviate organ dysfunction by the character of self-regeneration and 

differentiation. We have successfully developed rat adipose-derived MSCs and MVs containing different 

levels of bioactive factors and non-coding RNAs by preconditioning methods in this project. We have 

successfully isolated adipose-derived MSCs from the rats and confirmed its specificity and purity almost 

95% of CD45 stain (Figure 1). We have also found that pharmacologic preconditioning the MSCs further 

increased their proliferation (Figure 2), migration activity (Figure 3), and some antioxidant bioactive factors 

released into the cultured conditioned medium (Figure 4). These data inform pharmacologic preconditioning 

MSCs, non-preconditioning MSCs and the conditioned medium display high antioxidant activity, 

proliferation, and migration ability. We have further isolated some exosomes, microparticles or microvesicles 

(MVs) by differential ultracentrifugation and stained these MVs with fluorescent dyes. The size and 

distribution of MSCs-derived MVs are displayed in Figure 5. We also traced these MVs by scanning 

electromicrograph showing different levels of MVs appear from three condition mediums (Figure 6).   

 

Figure 1. The morphology of MSCs appears to 

be shuttle-shaped. To identify the MSCs, cells 

isolated from adipocytes were detected by flow 

cytometry after 48 hours culturing. A positive 

surface marker, FITC Mouse Anti-Rat CD90, 

and a negative marker, FITC Mouse Anti-Rat 

CD45 were used. FITC Mouse Anti-Rat CD90 

was highly expressed, while FITC Mouse 

Anti-Rat CD45 merely presented. We 

investigated from passage 1 to passage 4, and 

found out passage 1 cells were much pure than 

other generations (94.9% positive in P1, and 

was followed by P2-93%, P3-79.4%, 

P4-69.9%). We will use P1 in this study. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Matthay%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27888550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matthay%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27888550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lorenzen%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23845966
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=26025982


 

Figure 2. MSCs preconditioning and MTT 

assay. To choose a better concentration of 

MSCs vitality for preconditioning SLG2I, 

MTT assay was applied. As the left Figure 

2 shown, there were no differences in cell 

morphology but a significant increase in 

vitality compared to control group. 

Therefore, we used 10 µM as a moderate 

concentration of SLG2I preconditioning in 

this project. This data implicates that 

SLG2I preconditioning seems to increase 

the MSCs proliferation in this condition. 

 
Figure 3. Wound healing assay evidenced that preconditioned 

MSCs displayed higher migration activity compared to 

non-preconditioned MSCs. 

 
Figure 4. Condition medium from MSCs 

or preconditioning MSCs displayed 

antioxidant activity implicating some 

antioxidant bioactive factors released from 

these MSCs. 

  
Figure 5. Microvesicles (MVs) isolated from the conditioned medium with 

a larger size (yellow arrows) and a smaller size (blue arrows) in the 

MSCs-cultured medium. When compared to ddH2O or PBS, these labeled 

MVs were not appeared in these cell-free condition. 

 
Figure 6. Microvesicles (MVs) isolated from the 

PBS, MSC-CM, and preconditioning MSC-CM by 

SEM. Amplified graphs of different sizes of MVs 

are shown lower-right panel.  

We will enhance the homing and paracrine ability of MSCs by pharmacologic preconditioning 

MSCs may be effective in treating critically ill surgical patients who develop traumatic brain injury, 

acute renal failure, or the acute respiratory distress syndrome (Matthay et al., 2016). There is also preclinical 

evidence that MSCs may be effective in treating sepsis-induced organ failure through several mechanisms 

including anti-microbial properties, MSCs’ release of homing factors and paracrine factors, transfer of 

mitochondria, and elaboration of exosomes and MVs (Matthay et al., 2016). Therefore, the enhancement of 

homing and paracrine effects, efficient mitochondrial and MVs elaboration is a new therapeutic strategy for 

MSCs availability. Rodríguez et al. (2015) found TGF-β1, a homing effect, exposure modulates chemokines 

and cytokines, including TGF-β1 and -β2, and other important cytokines involved in immunosuppression and 

homing responses. TGF-β1 promotes homing of bone marrow MSCs in ischemia/reperfusion myocardial 

injury (Zhang et al., 2016). Pretreatment of fibrotic liver with IL-6 improves hepatic microenvironment and 

primes it for MSCs transplantation leading to enhanced reduction of liver injury after fibrosis. Synergistic 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=26025982


effect of IL-6 and MSCs seems a favored therapeutic option in attenuation of liver apoptosis and fibrosis 

accompanied by improved liver function (Nasir et al., 2013). 

Applying several pharmacological drugs to promote MSCs homing has been demonstrated to be 

important strategies to enhance MSCs’ homing or paracrine action. Our preliminary data show that different 

profiles of molecules by LC/MS/MS (Figure 7) and cytokine profile of MSCs-derived rat ICAM-1, GM-CSF, 

IFNg, VEGF, HGF, IL-1a, IL-1b, IL-2, IL-4, IL-6, IL-10, TGF-β1, TNFRSF12A, Galectin 1 and Galectin 3 

(Figure 8) are identified in the culture medium and preconditioning supernatants. Our preconditioning MSCs 

produced higher cytokines profile indicating the possibly enhanced homing and paracrine factors release. 

This may effectively produce further protection against I/R injury. 

 

Figure 7. We have 

preconditioned MSCs in 

different drugs treatment 

condition medium. Our 

preliminary data by using 

electrospray ionization of 

LCQ Classic LC/MS/MS 

showed a different profile 

of m/z distribution in four 

kinds of condition 

medium. The left figure 

displayed that several 

bioactive factors are 

released in the condition 

medium. 
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Figure 8.  
MSCs-derived rat 

ICAM-1, GM-CSF, 

IFNg, VEGF, HGF, 

IL-1a, IL-1β, IL-2, 

IL-4, IL-6, IL-10, 

TGF-β1, TNFRSF12A, 

Galectin 1 and Galectin 

3 are identified in 

culture and 

preconditioning 

supernatants. 

Preconditiong MSCs 

seem to release more 

cytokines than control 

MSCs culture medium. 

We will explore the enhancement of MSCs’ homing and paracrine effects via the action of MVs  

A central mechanism of cell to cell communication that has been recently recognized involves the 

packaging of bioactive factors in membrane bound vesicles, termed microvesicles (MVs) (Biancone et al., 

2012). Exosomes are a subtype of MVs derived from budding of endosomal membranes and range in size 

from 40–100 nm, while shedding vesicles originate from plasma cell membranes and range from 

100 nm–1 μm in size. The diversity of proteins, lipids, and nucleic acids contained in MVs (Figure 9) 

depends on their cell of origin and may be influenced by physiologic stress or other conditions (Bitzer et al., 

2012) like conditioning or preconditioning.  

The therapeutic potential of MSC-derived MVs is particularly attractive as a strategy to harness the 

clinical benefits of MSCs therapy using a cell-based product that reduces the risks associated with 

engraftment of MSCs, possible immune reactions against MSCs and the development of ectopic tissue. 

Moreover, the use of MSC-derived MVs introduces the possibility of loading or changing the contents of 

bioactive factors by several preconditioning or conditioning methods to suit particular therapeutic needs.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Biancone%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22851627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bitzer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22846811


 

Figure 9. MVs released from MSCs.  

Schematic representation of MV-mediated 

intercellular communication. MVs may 

directly stimulate target cells through 

surface-expressed receptors. MVs may 

transfer receptors or proteins from the cell 

of origin to the target cell. MVs may 

convey genetic information by horizontal 

transfer of mRNA and microRNA 

(miRNA) inducing functional changes in 

the target cell.  

Modified from Nephrol. Dial. Transplant. 

2012;27:3037-3042 

We will examine that the possible contents in MSCs-MVs confer protection 

Remote ischemic preconditioning (RIPC) of the heart is exerted by brief ischemic insults affected on a 

remote organ or a remote area of the heart before a sustained cardiac ischemia. Giricz et al. (2014) evidenced 

that the inter-organ transfer mechanisms of cardioprotection by RIPC was due to the increased MVs from the 

cardiac perfusate. Perfusates of IPC hearts depleted of MVs failed to exert cardioprotection in recipient hearts 

evidencing the importance of MVs transfer mechanisms in remote cardioprotection. What are the important 

molecules (non-coding RNAs?) existing in the MVs to render MVs ideal conveyors responsible for 

inter-organ communication and cardiac protection? Whether do these bioactive factors in MVs could be 

further upregulate through preconditioning methods? Whether does ischemic preconditioning or 

pharmacologic preconditioning also produce similar protection and bioactive factors to the kidney or heart? 

Alteration the profile of non-coding RNA (miRNA and lncRNA) in MVs after preconditioned MSCs 

MVs are capable of modifying the activity of target cells through surface receptor interactions and the 

transfer of proteins, mRNA, and non-coding RNA including microRNA (miRNA) and long non-coding 

RNA (lncRNA) (Mattick et al., 2006) (Figure 9). miRNAs are endogenously produced, short non-coding 

RNAs (∼20–22 nucleotides) that play key roles in post-transcriptional regulation of gene expression. 

miRNAs silence genes by repressing their translation or inducing the degradation of target mRNAs. Since 

nearly 60% of mRNAs in the genome are targeted by miRNAs, they regulate many cellular functions and 

pathophysiological states. Several miRNAs have been implicated in the pathogenesis of diseases and also 

as possible biomarkers or therapeutic targets (Sun et al., 2016; Wu et al., 2016). Inhibition of key miRNAs 

by chemically modified antisense oligonucleotides or by genetic knockout affected diseases progression. 

Extracellular vesicle miRNA like miR-126, miR-146a, miR-143 are shuttled from endothelial cells, stem 

cells, fibroblasts and others into myocytes, endothelial cells, and smooth muscle cells to activate cellular 

changes and modulate disease phenotypes (Das et al., 2015).  

In addition to miRNAs, long non-coding RNA (lncRNA), a class of non-coding RNAs that are longer 

than 200 nucleotides in length, plays important roles in various cellular processes, including cell proliferation, 

apoptosis, chromatin regulation and cell-cycle progression (Mattick et al., 2006), although their mechanisms 

of action largely remain to be determined. The role of the lncRNA metastasis-associated lung 

adenocarcinoma transcript 1 (MALAT1) in hyperglycemia-induced inflammation and endothelial cell 

damage was recently reported (Puthanveetil et al., 2015). Similarly, lncRNA MIAT was reported to mediate 

high glucose-induced renal tubular epithelial injury (Zhou et al., 2015). Kato et al. (2016) found miRNAs 

were coordinately increased along with lncRNAs in the diabetic kidney. Inhibition of the lncRNAs 

decreased the expression of the cluster miRNAs and attenuated early features of diabetic nephropathy 

(Kato et al., 2016). Zhou et al. (2015) found that Arid2-IR is a Smad3-associated lncRNA as a Smad3 

binding site, functions to promote NF-κB-dependent renal inflammation and blockade of Arid2-IR is a novel 

and specific therapy for renal inflammatory disease. 

Wang et al. (2015) indicated that the miRNA profiles of the erythropoietin (EPO)-MVs changed 212 

miRNAs (fold-change ≥ 1.5), including miR-299, miR-499, miR-302, and miRNA-200, and that 70 % of 

these changes involved upregulation. There was a dose-dependent increase in the level of EPO-MVs within 

the range of 1-100 IU/ml EPO. Both MSCs-MVs and EPO-MVs protect the kidney from fibrosis-related 

damage, however, there is a superior effect of EPO-MVs (Wang et al., 2015) implicating upregulating 

protective miRNAs by pharmacological preconditioning. We want to determine whether pharmacologic 

preconditioning induces some specific MVs containing non-coding RNAs to protect organ injury? What is 



the major molecule in the induced MVs? We suggest that non-coding RNA profiles in the MSCs-MVs 

would be changed after selectively preconditioning of MSCs. This would affect the homing and paracrine 

effects. 

 

Figure 10. High levels of 

CD44-FITC are visualized 

under UV light in the 

MSCs-treated tubules, 

vessels but not in 

glomeruli of normal 

kidney sections (C-F) 

when compared to the  

no-MSC treated normal 

kidney (A-B). 

 

Figure 11. High levels of 

CD44-FITC were 

visualized under UV light 

in the glomeruli of 

diseased kidney sections 

(C1-C2) but not in the 

normal kidney (B1-B2). 

 

Figure 12. Control rats 

and DEN-induced rats 

were treated with labeled 

MSCs 2 hours before 

photographed by IVIS. We 

found DEN-induced liver 

injury triggering homing 

messages to attract MSCs. 

We found labeled MSCs 

appearance primarily in 

the damaged liver as 

compared to control 

group. 

miRNAs and lncRNAs function as prognostic biomarkers  

Recently, several lines of evidence showed non-coding RNAs being prognostic biomarkers. Because 

creatinine is an unreliable and sensitive indicator of acute changes in kidney function, Sun et al. (2016) found 

that in a rat model of contrast-induced acute kidney injury, three miRNAs miRNA-188, miRNA-30a, 

and miRNA-30e, were increased and selected as candidate miRNAs. Urinary MVs contain many bioactive 

factors like miRNAs from patients with nephrotic-range proteinuria (Rood et al., 2010). Sun et al. (2012) 

implicated that the MVs-bound type was the major form of dipeptidyl peptidase-IV (DPP IV) and a higher 

urinary MVs-DPP IV excretion in type 2 diabetic group as compared with controls. Lv et al. (2013) observed 

miR-29c in urine exosome could serve as a potential biomarker of renal fibrosis from chronic kidney disease 

patients. miR-21, miR-17-5p and miR-106a are differentially expressed during different phases of renal I/R 

injury. miR-17-5p is more sensitive than BUN and NGAL so that it is a more ideal biomarker for acute 

kidney injury. These data suggest that MVs ncRNAs could be a novel, sensitive, and noninvasive marker for 

organ injury.  

Role of miRNA and lncRNA in I/R injury 

Tissue/organ damage caused by I/R injury occurring surgical interventions, organ transplantation, 

diseases such as myocardial infarction, circulatory shock, and toxic insults, represents a serious event, which 

often leads to deterioration or even loss of organ function. The I/R damage is aggravated by the burst of 

reactive oxygen species (ROS) and inflammatory reactions (Chien et al., 2000). miRNAs play a role in I/R 



injury as powerful regulators of gene expression and potential diagnostic tools during I/R injury (Lorenzen et 

al., 2013). Bitzer et al. (2012) implicated that delivery of miR-126 in MVs derived from endothelial 

progenitor cells during acute kidney I/R injury ameliorates kidney dysfunction and damage. 

lncRNA-MALAT1 can be increased by hypoxia/ischemic injury, is sensitive to hypoxia/reperfusion 

injury and abrogates cardioprotective effects of Fentanyl by negatively regulating miR-145/Bnip3 pathway 

(Zhao et al., 2017). Both MALAT1 overexpression and miR-145 knockdown reverse cardioprotective effects 

of fentanyl, as indicated by increase in LDH release and cardiac cell apoptosis. lncRNA-N1LR promoted 

neuroprotection against ischemic stroke and reduced neuronal apoptosis probably by inactivating p53 (Wu et 

al., 2016). lncRNAs have been identified in conditions such as heart failure, cardiac autophagy, hypertension, 

acute kidney injury, glomerular diseases, acute allograft rejection and renal cell carcinoma (Lorenzen et al., 

2016). 

We will explore the role of miR-21, let-7b and lncRNA-MALAT1 on renal I/R injury 

miR-21, one of the most extensively studied miRNAs, is importantly involved in divergent 

pathophysiological processes relating to I/R injury, such as inflammation and angiogenesis. In the kidney, 

preconditioning-induced upregulation of miR-21 contributes to the protection against subsequent renal I/R 

injury through the targeting of genes such as the proapoptotic gene programmed cell death and interactions 

between miR-21 and hypoxia-inducible factor (Xu et al., 2014). Conversely, long-term elevation of miR-21 

may be detrimental to the organ by promoting the development of renal interstitial fibrosis following I/R 

injury. Renal I/R increased the miR-21 level and apoptosis but inhibited LC3-II- and beclin-1-mediated 

autophagy expression (Liu et al., 2015). Let-7b (target caspase-3 mRNA)-transfected MSCs (let-7b-MSCs) 

showed high expression of survival-related proteins, including p-MEK, p-ERK and Bcl-2, leading to a 

decrease in Annexin V/PI- and TUNEL-positive cells under ROS-rich conditions and autophagy-related 

genes, including Atg5, Atg7, Atg12 and beclin-1, were significantly downregulated in let-7b-MSCs (Ham et 

al., 2015). In the heart, miR-21 was the only significantly upregulated candidate in human tissue samples 

from patients with coronary artery disease specimen (Wang et al., 2015). Ma et al. (2016) indicated that 

miR-21 serves a protective role in cardiac I/R injury via Akt and the Bcl-2/Bax pathway. Trimetazidine 

significantly protected cardiac function and reduce infarct size in rats following cardiac I/R injury through 

the promoting miR-21 expression and phosphorylated-Akt protein expression, and reducing the Bcl-2/Bax 

ratio in rats following cardiac I/R injury. Therefore, to narrow the research targets of ncRNAs, we will 

explore the role of miR-21, let-7b and lncRNA-MALAT1 in I/R injury of the kidney. 

Kidney injury in proximal tubules and glomerular mesangial cells 

miRNAs have been implicated in ischemic AKI and diabetic nephropathy. Wei et al. (2016) revealed 

miRNA-489 induction in kidneys of mice subjected to renal I/R and hypoxia-inducible factor-1α deficiency 

associated with diminished miRNA-489 induction in cultured rat proximal tubular cells subjected to hypoxia 

and kidney tissues of mice after renal I/R injury. Sequence analysis and in vitro studies validated 

poly(ADP-ribose) polymerase 1 as a miRNA-489 target. Wu et al. (2016) found high glucose upregulated 

miR-27a expression in cultured glomerular mesangial cells and in the kidney glomeruli of 

streptozotocin-induced diabetic rats. miR-27a knockdown prevented high glucose-induced mesangial cell 

proliferation and also blocked the upregulation of extracellular matrix-associated cell proliferation and 

profibrotic gene expression depended upon the expression of PPARγ.  

Preconditioning methods to increase efficiency of MSCs-derived MVs 

N-acetylcysteine preconditioning MSC-derived MVs 

The transfer and lipogenic activity and paracrine and endocrine regulation of lipid storage by specific 

miRNAs in MVs were more efficient by physiological (palmitate, H2O2) and pharmacological (anti-diabetic 

sulfonylurea drug glimepiride) stimuli (Müller et al., 2011). The expression levels of miR-1, miR-499, 

miR-133a, and miR-133b were markedly depressed in the diabetic cardiomyocytes while miR-21 level 

increased (Yildirim et al., 2013). Normalization of cardiac function and oxidant/antioxidant level 

after N-acetylcysteine (NAC)-treatment of diabetic rats resulted with a significant restoration in the 

expression levels of miR-499, miR-1, miR-133a, and miR-133b in the myocardium. Intervention with an 

NAC treatment for 4-week leads to significant cardioprotection against diabetes-induced injury, controlling 

oxidant/antioxidant level, which may directly control the levels of some miRNAs profiles (Yildirim et al., 

2013). We hypothesize whether preconditioning MSCs with antioxidant (NAC) would enhance the efficiency 

and activity of MSC-derived MVs by altering the ncRNAs (miRNAs and lncRNAs) profile. 

Empagliflozing preconditioning MSC-derived MVs 

Empagliflozin, a member of the sodium-glucose co-transporter 2 (SGLT-2) inhibitor class of glucose 

lowering medications, reduces death from cardiovascular disease causes, hospitalisation for heart failure and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lorenzen%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=27140855
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progression to end-stage kidney disease in patients with T2DM and established cardiovascular disease 

(MacIsaac et al., 2016). We suggest that empagliflozin, a new drug for renal and cardiac protection, may 

induce ncRNAs profile in MSCs-derived MVs to protect renal and cardiac I/R injury.  
Dexmedetomidine preconditioning MSC-derived MVs 
Studies in human anesthesia for intracranial surgery have shown that the anesthetics dexmedetomidine 

infusion reduces the incidence of cardiocirculatory complications in the perioperative period. 

Dexmedetomidine protected COPD-induced lung injury by inhibiting miRNA-146a expression to reduce cell 

apoptosis through miRNA-146a/p53/Bcl-2 signaling (Li et al., 2016). Dexmedetomidine ameliorates 

LPS-induced acute lung injury by reducing oxidative stress, mitochondrial dysfunction and 

mitochondrial-dependent apoptosis (Fu et al., 2016) implicating its role on miRNAs and mitochondrial 

apoptosis pathway. We suggest that dexmedetomidine, an anesthetics for cardiac protection, may induce 

ncRNAs profile in MSCs-derived MVs to protect renal and cardiac I/R injury.  

A central hypothesis for the interaction of non-coding RNA, mitochondria, oxidative stress and cell death 
Cellular homeostasis comprises physiologic homeostasis and is delicately regulated by mitochondria or 

cytosolic signaling molecules in the cells. In response to death-inducing stimuli, several types of cell death, 

apoptosis, autophagy, necrosis and pyroptosis may appear (Fink et al., 2005). Increased ROS production in 

the mitochondria or other intracellular compartments induces apoptosis, autophagy or pyroptosis, via the 

execution by caspases, lysosomal proteases, or endonucleases (Chen et al., 2008; Miao et al., 2011; Orrenius 

et al., 2011; Qian et al., 2011). The increased ROS like O2
-. and H2O2 derived from damaged mitochondria 

trigger apoptosis by releasing mitochondrial cytochrome C into the cytosol to increase caspase 3 activity and 

PARP cleavage and/or enhance autophagy by activating Beclin-1, LC3-II and ATG5-ATG12 proteins 

expression (Chung et al., 2012). Pyroptosis, another type of programmed cell death distinct from apoptosis, 

can also be triggered by increased ROS or inflammation to activate inflammasome-caspase 1-IL-1b/IL-18 

signaling leading to kidney injury (Chung et al., 2012; Anders et al., 2011; Miao et al., 2011). Stachurska et 

al. (2013) found that the cross-talk between miRNAs, nuclear factor E2-related factor 2 (Nrf2), and heme 

oxygenase-1 (HO-1) in ochratoxin A-mediated tubular injury. They found that attenuation of Nrf2 and HO-1 

expression through induction of miR-132 and miR-200c by ochratoxin A elevates ROS levels and TGF-β 

expression. On the other hand, endoplasmic reticulum (ER) plays a central role in protein synthesis and 

folding and excessive protein synthesis and accumulation of unfolded proteins in the ER lumen, resulting in 

ER stress. ER stress triggered via GRP78/Bip-mediated the phopshorylation of inositol-requiring enzyme 1 

(IRE1) and activated the pro-apoptotic C/EBP homologues protein (CHOP), Jun N-terminal kinase (JNK), 

ATF4, and caspase 12 to subsequently promote apoptotic cell death (Hetz, 2012). ROS-evoked ER stress 

signaling may involve apoptosis or autophagy contributing to LPS-induced acute renal failure. Our previous 

finding implicated that lipopolysaccharide enhanced monocyte/macrophage (ED-1) infiltration and ROS 

production and impaired kidneys by triggering p-IRE1α/p-JNK/CHOP/GRP78/ATF4-mediated endoplasmic 

reticulum (ER) stress, Bax/PARP-mediated apoptosis, Beclin-1/Atg5-Atg12/LC3-II-mediated autophagy and 

caspase 1/IL-1b-mediated pyroptosis in the kidneys (Yang et al., 2014). 

miRNAs contribute to I/R injury by altering numerous key signaling elements in the regulation of 

mitochondrial apoptotic pathway and signaling proteins (Makhdoumi et al., 2016). Kato et al. (2016) showed 

a megacluster of miRNAs and their lncRNAs are coordinately increased in the glomeruli of mouse models of 

diabetic nephropathy, and mesangial cells treated with TGF-β1 or high glucose. LncRNAs are also regulated 

by an endoplasmic reticulum stress-related transcription factor, CHOP. Cluster miRNAs and lncRNAs are 

decreased in diabetic Chop-/-mice showing protection from diabetic nephropathy. These two major members 

of ncRNAs, miRNA (Figure 13) and lncRNA (Figure 14), have important regulatory roles in gene 

expression and many important physiological processes, which have been extended to programmed cell death 

and particularly necroptosis (Su et al., 2016). Su et al. (2016) reported that miRNAs and lncRNAs modulate 

apoptosis and necrosis pathways, as well as the miRNA-lncRNA interactions that affect cell death regulation. 

The miRNA-24 is enriched in cardiac endothelial cells and upregulated after cardiac ischemia contributing to 

endothelial cell apoptosis, abolishment of endothelial capillary network formation and inhibition of cell 

sprouting from endothelial spheroids (Fiedler et al., 2011). Blocking of endothelial miRNA-24 limited 

myocardial infarct size of mice via prevention of endothelial apoptosis and enhancement of vascularity, 

which led to preserved cardiac function and survival. One cornerstone of chronic kidney disease is fibrosis, 

as kidneys are susceptible due to their high vascularity and predisposition to ischemia. Several independent 

laboratories have identified a number of miRNAs that are dysregulated in human and animal models of 

chronic kidney disease (Gomez et al., 2013). Hirata H, et al. (2015) indicated that lncRNA MALAT1 
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promotes aggressive renal cell carcinoma through Ezh2 and interacts with miR-205. Kato et al. (2016) 

demonstrated an endoplasmic reticulum stress-regulated lncRNA hosting a microRNA megacluster induces 

early features of diabetic nephropathy. We wonder whether non-coding RNA could be a critical factor to 

regulate these stress signaling pathways. If this really happens, the new therapeutic targets could be exposed 

(Figure 15).  

 
Figure 13. miRNAs that regulate cell death 

pathways. miRNAs could either promote (in red) 

or inhibit (in green) cell death by regulating key 

mediators of intrinsic apoptosis, extrinsic 

apoptosis and necroptosis 

Cell Death Dis. 2016 7(8): e2333. 

 
Figure 14. LncRNAs that regulate cell death pathways. 

LncRNAs could either promote (red) or inhibit (green) 

cell death by regulating key mediators of intrinsic 

apoptosis and extrinsic apoptosis 

Cell Death Dis. 2016 7(8): e2333. 
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Figure 15.  

Our central hypothesis 

of this project 

We suggest the miRNAs 

and lncRNAs may affect 

Bax, Bcl-2, caspase 3, 

CHOP, LC3-II, IL-1β 

Nrf2, NF-κB mediated 

inflammatory factors (in 

red color) and 

mitochondrial mediated 

apoptosis, autophagy or 

pyroptosis pathways in 

the I/R injury.  

A cellular model of primary proximal tubule cell in vitro will be used to screen these possible effect 
    We will use the isolated primary proximal tubule cells to delineate the MSCs, preconditioning MSCs, 

MSCs-CM, precoditioning MSCs-CM, MSCs-MVs and preconditioning MSCs-MVs effect on 

hypoxia/reperfusion induced cell damage.   

The renal I/R model of rats in vivo will be used to determine the possible effect 
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    We have developed a renal I/R model in rats for a while and published several papers by using 

adenvoral vectors and ischemic preconditioning to reduce renal I/R injury (Chien et al., 2006; Yang et al., 

2009). In this project, we will use the in vivo renal I/R rat model to evaluate the MSCs, preconditioning 

MSCs, MSCs-CM, precoditioning MSCs-CM, MSCs-MVs and preconditioning MSCs-MVs effect on renal 

I/R injury. 

Whether the long-term effect of adipose-derived MSCs induce further inflammation, fibrosis, tumor 

formation in rats 
It has been argued that MSCs may induce tumor formation or the development of ectopic tissue. Our 

preliminary data in rats with N-nitrosodiethylamine (DEN)-induced liver injury, which displays 

inflammation, fibrosis and oncogenesis in the livers, discovered that adipose-MSCs around the number of 

105-106 did not induce further tumor formation (Figure 16). We will use this model to determine the MSCs, 

MSCs-CM and MSCs-MVs effect on the DEN induced inflammation, fibrosis and tumor formation in this 

project.   

 

Figure 16. Our data show that MSCs or preconditioned MSCs treatment does not trigger ectopic tissue or 

tumor formation implicating adipose-derived MSCs are safe for treatment in future.  

Aims of this project 

1. We aim to develop a newly, efficiently and safely therapeutic strategy of preconditioning adipose 

MSCs-derived microvesicles (MVs) containing specific non-coding RNAs profile and bioactive factors 

to harness the clinical benefits of MSCs therapy, to reduce the risks associated with engraftment of 

MSCs, possible immune reactions against MSCs and the development of ectopic tissue.  

2. Upon administration with a therapeutic regimen, MVs mimic the effect of MSCs will be the newly 

therapeutic vehicles to replace cell-based therapeutic products. 
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(二)研究方法、進行步驟及執行進度。請分年列述：1.本計畫採用之研究方法與原因。2.預計可能遭遇

之困難及解決途徑。3.重要儀器之配合使用情形。 

We will perform following experiments in the three-year project. 

In the first year project, the following studies will be performed. 

(1) Isolation of adipose-derived stem cells (MSCs)  

(2) Preconditioning MSCs 

(3) Isolation of MVs from non-preconditioning (MSCs) and preconditioning MSCs (PMSCs) 

(4) Cytokines array assay 
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(5) miRNAs and lncRNAs assay from MVs  

 

 
Animals 

Female Wistar rats (200 to 250 g) at the age of 7 weeks will be purchased from BioLASCO Taiwan Co., 

Ltd. (Ilan, Taiwan) and housed at the Experimental Animal Center, National Taiwan Normal University, at a 

constant temperature and with a consistent light cycle (light from 07:00 to 18:00 O'clock). Food and water 

will be provided ad libitum. All surgical and experimental procedures will be approved by National Taiwan 

Normal University Institutional Animal Care and Use Committee and will be in accordance with the 

guidelines of the National Science Council of Republic of China (NSC 1997).  

MSCs will be isolated from subcutaneous flank adipose tissue of urethane anesthetized rats. ASC 

isolation will be carried out as previously described (Francis et al., 2010; Niyaz et al., 2012). After the 

urethane anesthesia of rats, flank adipose tissue will be collected under sterile conditions and collected into 

centrifuge tube. The adipose tissue will be then stirred to aspirate off saline and oil phases. We will wash the 

fat 3 to 5 times with PBS and discard the lower phase until clear. The final upper phase is collected, added 

collagenase and incubated 1 to 4 hours at 37oC on a shaker. After incubation, 10% FBS is added into the tube 

to neutralize collagenase. The fluid in the tube containing digested fat will be centrifuged at 800 x g for 10 

minutes and then we will aspirate the supernatant composed of floating adipocytes, lipids and liquid, left 

stromal vascular fraction (SVF) pellet. We will use 160 mM NH4Cl to suspend SVF pellet, which is then 

incubated for 10 minutes at room temperatures. After incubation, the pellet is centrifuged at 400x g for 10 

minutes at room temperature. The final pelleted fraction of mononuclear cells is then resuspended in DMEM 

media (Sigma) supplemented with 40% FBS (Invitrogen), Penicillin-Streptomycin, and 10 ng/mL EGF 

(Invitrogen) incubated on petri dish overnight to select for adherent cells. The remaining cells and debris are 

aspirated off on the next day and the plate is washed with PBS. ASCs are maintained on DMEM low glucose 

supplemented with 10% FBS, 1% Penicillin-Streptomycin and L-glutamine at 5% CO2 37°C. ASCs will be 

maintained on T75 flask and will be passaged until 80 to 90% confluent.  

http://www.irvinesci.com/protocol-for-mesenchymal-stem-cell-isolation#iso 

MSC resources 

Rat MSCs will be isolated from adipocytes and all procedures were approved by National Taiwan 

Normal University Institutional Animal Care and Use Committee. Adipocytes obtained from rats will be 

washed with phosphate-buffered saline (PBS) with 1% penicillin/streptomycin and minced into small pieces 

around 1x1 cm2. Microvascular which is adjacent on adipocytes will be carefully removed and the adipose 

tissue will be enzymatically dissociated by adding isometric 0.15% collagenase type I (Gibco, now part of 

Thermo Fisher Scientific, Waltham, MA, USA) for 15 minutes at incubator supplemented with 5% CO2. 

Adipose tissue dissolved in the collagenase type I enzyme solution will be centrifuged at 15000 rpm for 5 

minutes, the cell pellet will be resuspended and transfer to a T75 culture flask. Cells attached at the bottom of 



the flask are observed after 24 hours of culturing. 

Identification 

To detect the surface markers of MSC, we will use immunocytochemistry and flow cytometry. MSCs 

will be seeded into a T75 culture flask for 24 hours then will be fixed by 4% paraformaldehyde for 30 

minutes, and incubated with positive surface marker, FITC Mouse Anti-Rat CD90 ( BD Pharmingen, La Jolla, 

CA), and a negative marker, FITC Mouse Anti-Rat CD45 ( BD Pharmingen, La Jolla, CA) for 30 minutes. 

Cells will be washed by phosphate-buffered saline (PBS) for three times. The fluorescence will be observed 

after photophobical incubation for 30 minutes. For flow cytometry detection, the MSCs (from passage 1 to 

passage 4) will be used to prepare single-cell suspension, and subsequently 2 μL of FITC Mouse Anti-Rat 

CD90 and FITC Mouse Anti-Rat CD45 antibodies will be added into the suspension. After incubating for 30 

minutes, MSCs will be washed with PBS three times and detected by using a flow cytometry (BD FACSAria 

III; BD Biosciences, San Jose, CA, USA). 

MSC culture 

Primary MSCs will be obtained from Wistar rats and will be seeded into a T75 culture flask and grown 

in complete culture medium (CCM: α-MEM (α-minimal essential medium; Gibco-BRL, Gaithersburg, MD), 

supplemented with 10% fetal bovine serum (FBS), 100 units/mL penicillin, 100 μg/mL streptomycin, and 2 

mM L-glutamine) and changed every 2 days. The incubator environment is a gas mixture composed of 94% 

N2, 5% CO2, and 1% O2, combining with two air sensors, one for CO2 and the other for O2; the O2 

concentration is achieved and maintained utilizing delivery of nitrogen gas (N2) generated from a liquid 

nitrogen tank or a tank containing pure N2. If O2 percentage rises above the desired level, N2 gas is 

automatically injected into the system to displace the excess O2. 

Condition Medium 

MSCs will be cultured in condition medium for 48 hours, and the condition medium will be filtered by 

using a 0.22 μm filter (Millipore, Billerica, MA, USA) before culturing. The condition medium is composed 

of α-MEM (α-minimal essential medium; Gibco-BRL, Gaithersburg, MD), supplemented with 10% fetal 

bovine serum (FBS), 100 units/mL penicillin, 100 μg/mL streptomycin, and 2 mM L-glutamine. 

MTT Assay 

The MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Sigma, St. Louis, MO, USA) 

assay will be utilized as a method to determine the cell vitality. It is hydrophilic and can be transformed to 

purple hydrophobic formazan salt through reacting with metabolically viable cells. MSCs will be incubated 

in different concentration of L-theanine for 2 hours in the incubator with MTT reagent, and the reagent will 

be removed and replaced with dimethyl sulfoxide, DMSO (Sigma, St. Louis, MO, USA). The optical density 

value will be determined and read by an ELISA reader (MRX Microplate Reader, Dynex Technologies, Inc., 

Chantilly, VA, USA) at 570 nm 21. 

Wound Healing Assay 

MSCs will be planted in a 6-well plate and cultured overnight, creating an artificial wound by 

disposable 10μL pipette tips. Detaching MSCs will be washed out by serum free condition medium three 

times after scratched and cultured with serum free condition medium. The MSC migration will be imaged 

under an inverted microscope and photographed at the time 0 and 24 hours of culturing. 

Purification of microvesicles from MSCs or preconditioing MSCs by differential ultracentrifugation 

The isolation of MSC-derived MVs is described previously (Ju et al., 2015; Théry et al., 2006). The 

MSCs will be pretreated with empagliflozin (EMPA) (Panchapakesan et al., 2013), N-acetylcysteine (NAC) 

(Chen et al., 2016) for up to 72 hr and dexmedetomidine (DEX) (Whittington et al., 2015) for 24 hr. After 

pretreatment, MSCs will be cultured in low-glucose DMEM deprived of FBS and supplemented with 0.5% 

bovine serum albumin (BSA) overnight. We will transfer the cleared, conditioned medium to centrifuge tubes 

and centrifuged the fluids 10 min at 300 × g, 4°C. The pellet filled with dead cells and cell debris will be 

thrown away and the supernatant will be used for the following step. The supernatant will be centrifuged 

three times continuously, which are 10 min 2000 × g, 30 min 10000 × g and 70 min 100000 × g at 4°C. The 

final supernatant will be abandoned and the isolated MVs will be suspended with M199 (Sigma-Aldrich) 

containing 25 mM HEPES (pH7.4) and then recentrifuged the pellet 70 min at 100000 × g, 4°C to remove 

contaminating proteins. We will collect the pellet containing MVs and resuspended in serum free M199 or 

PBS. Microvesicle (MV) quantity and size will be determined using a NanoSight 3000 equipped with a 532 

nm laser. To trace MVs in vitro and in vivo, MVs will be labeled with the red fluorescence aliphatic 

chromophore intercalating into lipid bilayers PKH26 dye (Sigma). MVs will be washed and ultracentrifuged 

at 100000 × g for 1 hr at 4°C after labeling. The supernatant will be discarded and MV pellets will be 



resuspended in PBST for later use. MSCs, MSC-derived MVs and labeled MVs will be injected 

intravenously at doses of 75000 cells or 15 μg MVs. 

Extraction of RNA for miRNA and lncRNA assay  

Extraction of total RNA, small RNA (fewer than 200 nucleotides), and large RNA from MVs will be 

performed using a SeraMirTM Exosome RNA Amplification Kit (System bioscience) according to the 

manufacturer’s instructions.  

Transfection with miRNA or lncRNA inhibitor. 
To knock down miRNA or lncRNA, transfection was performed with antisense miR specific inhibitor or 

antisense lncRNA (Ambion) and siPORT NeoFx Transfection Agent (NeoFx; Ambion), as previously 

described (Kim et al., 2009). The miRNA or lncRNAs mimics, which are synthesized mature 

miRNAs/lncRNAs or negative control miRNAs/lncRNAs with random sequence (NC), will be purchased 

from Genolution Pharmaceuticals (Genolution Inc., Seoul, Korea). Either miRNA/lncRNAs mimic or NC 

(100 nM each) will be transfected into hMSCs using siLentFect™ Lipid Reagent (Bio-Rad, Hercules, CA, 

USA) according to the manufacturer’s instructions. After 4 hours of transfection, the medium will be changed 

to 10 % FBS-containing DMEM with 1 % antibiotics. 
Medium reactive oxygen species detection 

To investigate the ROS account in fresh medium, condition medium, and L-theanine precondition 

medium, we will collected media which will be incubated for 48 hours and measured them by the 

Chemiluminescence Analyzing System (Model CLA-ID3; Tohoku Electronic Inn Co., Sendai, Japan) 

detecting Luminol-enhanced chemiluminescence (CL) signal emitted from the sample surface continuously. 

Cytokine array 

To investigate the effects of different preconditioned MSCs in rats, the changes of cytokine expression 

will be measured, we will detect several cytokines (RayBiotech, GA, United States), including interleukin, 

ICAM-1 (Intercellular Adhesion Molecule 1), GM-CSF (Granulocyte macrophage colony-stimulating factor), 

IFNg (Interferon gamma), VEGF (Vascular endothelial growth factor), HGF (Hepatocyte growth factor), 

Galectin and Notch2. 

Western Blot 

The protein concentration will be determined by a BioRad Protein Assay (BioRad Laboratories, 

Hercules, CA, USA). 20 g of protein will be electrophoresed as described below. The expression of 4-HNE, 

ED-1, Bax, Bcl-2, caspase 3, PARP, Beclin-1, LC3 β, caspase 1 and IL-1β in the tissue will be evaluated by 

Western immunoblotting and densitometry as described previously (Yang et a;., 2014). Briefly, the total 

proteins will be homogenized with a prechilled mortar and pestle in extraction buffer, which consists of 10 

mM Tris-HCl (pH 7.6), 140 mM NaCl, 1 mM phenylmethyl sulfonyl fluoride, 1% Nonidet P-40, 0.5% 

deoxycholate, 2% b-mercaptoethanol, 10 g/ml pepstatin A, and 10 g/ml aprotinin. The mixtures will be 

homogenized completely by vortexing and kept at 4°C for 30 min. The homogenate will be centrifuged at 

12,000 rpm for 12 min at 4°C, the supernatant will be collected, and the protein concentrations will be 

determined by BioRad Protein Assay (BioRad Laboratories). 

Antibodies raised against the monoclonal mouse anti-human PARP (Promega, Madison, WI, USA), the 

polyclonal rabbit anti-rat Bax (Chemicon, CA, USA), polyclonal rabbit anti-rat Bcl-2 (Biovision), caspase 3 

(Chemicon, CA, USA), ployclonal rabbit antihuman Beclin-1 (1:200; Proteintech, Chicago, IL, USA), LC3 β 

(Chemicon, CA, USA), caspase 1 Promega, Madison, WI, USA), IL-1b (Promega, Madison, WI, USA), and 

monoclonal mouse anti-mouse b-actin (Sigma, Saint Louis, MI, USA) will be used at 1:400. All of these 

antibodies cross-react with the respective rat antigens. Proteins on SDS-PAGE gels will be transferred to 

nitrocellulose filters and stained as described. The density of the band with the appropriate molecular mass 

will be determined semi-quantitatively by densitometry using an image analyzing system (Alpha Innotech, 

San Leandro, CA). 

Translocation of mitochondrial Bax and Cytochrome c   

Cytosolic Bax translocation to mitochondria and mitochondrial leakage of Cytochrome C to cytosol are 

required for triggering apoptotic pathway (Chung et al., 2012). The samples will be fresh prepared and 

subjected to differential centrifugation to obtain the mitochondrial and cytosolic protein fractions. Ten g of 

protein will be electrophoresed using a polyclonal rabbit antihuman Cytochrome C, heat shock protein 60 

(HSP60) goat polyclonal antibody (Santa Cruz Biotechology, Inc.) or Bax (Chemicon, Temecula, CA) at 

1:1000. 

Microscopic observation of renal cells 
For cytochrome C staining, treated renal cells will be performed as described before (Chien et al., 2005). 



These samples will be incubated overnight at 4°C with the primary antibodies, cytochrome c rabbit 

polyclonal antibody and heat shock protein 60 (HSP60) goat polyclonal antibody (Santa Cruz) and incubated 

in fluorescein isothiocyanate (FITC)- and anti-goat rhodamine-conjugated secondary antibody (Santa Cruz). 

These immunofluorescence images will be taken by a fluorescent microscopy (Leica CM1900) for tissue 

section and a laser scanning confocal system (MRC 1000, Bio-Rad Laboratories) for renal cells. 

Statistical analysis 

All values will be expressed as mean ± standard error mean (SEM). Differences within groups will be 

evaluated by paired t-test. One-way analysis of variance will be used for establishing differences among 

groups. Intergroup comparisons will be made by Duncan's multiple-range test. Differences will be regarded 

as significant if P < 0.05 is obtained.  
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Animals  

Female Wistar rats (200 to 250 g) at the age of 7 weeks will be purchased from BioLASCO Taiwan Co., 

Ltd. (Ilan, Taiwan) and housed at the Experimental Animal Center, National Taiwan Normal University, at a 

constant temperature and with a consistent light cycle (light from 07:00 to 18:00 O'clock). Food and water 

will be provided ad libitum. All surgical and experimental procedures will be approved by National Taiwan 

Normal University Institutional Animal Care and Use Committee and will be in accordance with the 

guidelines of the National Science Council of Republic of China (NSC 1997).  

MSCs will be isolated from subcutaneous flank adipose tissue of urethane anesthetized rats. ASC 

isolation will be carried out as previously described (Francis et al., 2010; Niyaz et al., 2012). After the 

urethane anesthesia of rats, flank adipose tissue will be collected under sterile conditions and collected into 

centrifuge tube. The adipose tissue will be then stirred to aspirate off saline and oil phases. We will wash the 

fat 3 to 5 times with PBS and discard the lower phase until clear. The final upper phase is collected, added 

collagenase and incubated 1 to 4 hours at 37oC on a shaker. After incubation, 10% FBS is added into the tube 

to neutralize collagenase. The fluid in the tube containing digested fat will be centrifuged at 800 x g for 10 

minutes and then we will aspirate the supernatant composed of floating adipocytes, lipids and liquid, left 

stromal vascular fraction (SVF) pellet. We will use 160 mM NH4Cl to suspend SVF pellet, which is then 

incubated for 10 minutes at room temperatures. After incubation, the pellet is centrifuged at 400x g for 10 

minutes at room temperature. The final pelleted fraction of mononuclear cells is then resuspended in DMEM 

media (Sigma) supplemented with 40% FBS (Invitrogen), Penicillin-Streptomycin, and 10 ng/mL EGF 



(Invitrogen) incubated on petri dish overnight to select for adherent cells. The remaining cells and debris are 

aspirated off on the next day and the plate is washed with PBS. ASCs are maintained on DMEM low glucose 

supplemented with 10% FBS, 1% Penicillin-Streptomycin and L-glutamine at 5% CO2 37°C. ASCs will be 

maintained on T75 flask and will be passaged until 80 to 90% confluent.  

http://www.irvinesci.com/protocol-for-mesenchymal-stem-cell-isolation#iso 

N-nitrosodiethylamine-induced Rats 

Female Wistar rats (200 to 250 g) at the age of 7 weeks will be purchased from BioLASCO Taiwan Co., 

Ltd. (Ilan, Taiwan) and housed at the Experimental Animal Center, National Taiwan Normal University, at a 

constant temperature and with a consistent light cycle (light from 07:00 to 18:00 O'clock). Food and water 

will be provided ad libitum. All surgical and experimental procedures will be approved by National Taiwan 

Normal University Institutional Animal Care and Use Committee and will be in accordance with the 

guidelines of the National Science Council of Republic of China (NSC 1997). Different liver dysfunctions 

are induced by a toxic reagent, N-nitrosodiethylamine, DEN (Sigma Aldrich, St. Louis, MO), in 2,4, and 8 

weeks. 

Grouping 

Seventy-eight animals will be randomly divided into thirteen groups, group 1: control group (n=6); 

group 2 (D2): 2 weeks of DEN treatment (n=6); group 3 (D4): 4 weeks of DEN treatment (n=6); group 4 

(D8): 8 weeks of DEN treatment (n=6); group 5 (D2+sc): 2 weeks of DEN treatment and MSC (n=6); group 

6 (D4+sc): 4 weeks of DEN treatment and MSC (n=6); group 7 (D8+sc): 8 weeks of DEN treatment and 

MSC (n=6) ; group 8 (D2+tsc): 2 weeks of DEN treatment and preconditioned MSC (n=6); group 9 (D4+tsc): 

4 weeks of DEN treatment and preconditioned MSC (n=6); group 10 (D8+tsc): 8 weeks of DEN treatment 

and preconditioned MSC (n=6). 

Surgical Preparation 

DEN (Sigma Aldrich, St. Louis, MO) will be given as an initiator of liver injury at 500 ppm in the 

drinking water throughout the entire experiment (2, 4, 8 weeks). MSC will be passaged to the first passage, 

P1, and administered intravenously from 1×106 to 5×106. The rats will be sacrificed 4 weeks after MSC 

treatment. 

Blood biochemical estimation 

Whole blood (2 ml) will be collected after sacrificed and transferred to an EDTA-administered tube, 

spun in a centrifuge at 12,000 rpm for 15 min. The serum will be stored at -80°C until analysis. The serum 

level of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and γ-glutamyl transpeptidase 

(γ-GT) will be determined by chemistry analyzer (TOSHIBA TBA-40FR, Diamond Diagnostics, MA, USA). 

Blood ROS detection 

The ROS generation in response to DEN injury will be measured from whole blood. Whole blood will 

be harvested from Wistar rats in each group and will be measured by the Chemiluminescence Analyzing 

System as previous mentioned. 

Hematoxylin and eosin stain 

The histologic features will be assessed and scored for inflammation (portal and lobular) by hematoxylin 

and eosin as following. We will de-wax and hydrate livers in paraffin sections, and stain the slides in 

hematoxylin for 5 minutes then wash in tap water for another 5 minutes. Slides will be immersed in eosin for 

30 seconds and wash in tap water for 1 minute, then dehydrate by xylene. The histological changes will be 

observed after hematoxylin-and-eosin (HE) staining. 

Masson Staining 

The histologic features will be assessed and scored for fibrosis by Masson trichrome. The grade of 

lobular inflammation will be scored as 0 = no foci, 1 = <2 foci/200xfield, 2 = 2-4 foci/200xfield, and 3 = >4 

foci/200xfield. Fibrosis will be scored as 0 = none, 1 = zone 3 perisinusoidal fibrosis or portal/periportal, 2 = 

perisinusoidal and portal/periportal fibrosis, 3 = bridging fibrosis, and 4 = cirrhosis (Carter-Kent et al., 2009).  

Immunohistochemistry 

We suggest that the high levels of ROS might promote accumulation of leukocytes, nitrated protein and 

lipid peroxides. Accordingly, we will immunostain endoplasmic reticulum (ER) stress marker, polyclonal 

rabbit anti 4-hydroxynonenal (4-HNE) (Alpha Diagnostic International; San Antonio, TX, USA), 

macrophage marker, ED-1 (CD68, 1:200, Serotec, Sydney, NSW, Australia), apoptosis, autophagy and 

pyroptosis in the paraffin-embedded sections of tissues. For these oxidative injury measurement, the rats (n=6 

in each group) will be sacrificed at the end of experiment. An 18-gauge needle connected to an infusion 

pump (Infors AG, CH-4103, Bottmingen, Switzerland) will be inserted into the portal vein. The organs will 

be perfused with 37C Hanks' balanced salt solution (flow rate, 10 ml/min; pH 7.4), and the perfusate will be 



allowed to drain from the inferior vena cava. The livers will be removed and fixed in 10% formalin for 

immunostaining. 

Tissue sections will be deparaffinized in xylene for 10 minutes and drenched in ethanol for rehydrated at 

room temperature, followed by immunohistochemically staining to present in vivo markers of apoptosis, 

autophagy, and pyroptosis. For apoptosis marker staining, primary antibodies will include Bax (Cell 

Signaling Technology, Denver, MA, USA), rabbit anti Beclin-1 (1:200; Proteintech, Chicago, IL, USA), 

rabbit anti poly (ADP-ribose) polymerase-1 (PARP-1, 1:500; Bioss, Woburn, MA, USA), and caspase3 

(Chemicon, CA, USA). For autophagy marker staining, primary antibodies will include rabbit anti Beclin-1 

(1:200; Proteintech, Chicago, IL, USA), LC3 β (Chemicon, CA, USA). For pyroptosis marker staining, 

primary antibodies will include caspase 1 (Promega, Madison, WI, USA), and mouse anti Interleukin-1 beta 

(IL-1β, 1:1000; Cell Signaling Technology, Denver, MA, USA). The percentage of protein expression will be 

calculated as a stained area/total area  100% and analyzed by Adobe Photoshop 7.0.1 image software 

analysis. Primary antibody will be applied overnight 4°C, and the tissue sections will be washed with 

phosphate buffer saline tween-20 (PBST) three times before incubating with secondary antibodies for 1 hour 

at room temperature. The slides will be applied by Dako Liquid diaminobenzene, DAB (ImmPACT DAB 

Peroxidase Substrate; Vector, Burlingame, California, USA) for 1-5 minutes, and washed with 

double-distilled water (ddH2O), then immersed with hematoxylene for 1-3 minutes. The slides will be 

dehydrated in ethanol series and were mounted in mounting medium (Leica, Wetzlar, Germany). 

Western Blot 

The tissue protein concentration will be determined by a BioRad Protein Assay (BioRad Laboratories, 

Hercules, CA, USA). 20 g of protein will be electrophoresed as described below. The expression of 4-HNE, 

ED-1, Bax, Bcl-2, caspase 3, PARP, Beclin-1, LC3 β, caspase 1 and IL-1β in the tissue will be evaluated by 

Western immunoblotting and densitometry as described previously (Yang et a;., 2014). Briefly, the total 

proteins will be homogenized with a prechilled mortar and pestle in extraction buffer, which consists of 10 

mM Tris-HCl (pH 7.6), 140 mM NaCl, 1 mM phenylmethyl sulfonyl fluoride, 1% Nonidet P-40, 0.5% 

deoxycholate, 2% b-mercaptoethanol, 10 g/ml pepstatin A, and 10 g/ml aprotinin. The mixtures will be 

homogenized completely by vortexing and kept at 4°C for 30 min. The homogenate will be centrifuged at 

12,000 rpm for 12 min at 4°C, the supernatant will be collected, and the protein concentrations will be 

determined by BioRad Protein Assay (BioRad Laboratories). 

Antibodies raised against the monoclonal mouse anti-human PARP (Promega, Madison, WI, USA), the 

polyclonal rabbit anti-rat Bax (Chemicon, CA, USA), polyclonal rabbit anti-rat Bcl-2 (Biovision), caspase 3 

(Chemicon, CA, USA), ployclonal rabbit antihuman Beclin-1 (1:200; Proteintech, Chicago, IL, USA), LC3 β 

(Chemicon, CA, USA), caspase 1 Promega, Madison, WI, USA), IL-1b (Promega, Madison, WI, USA), and 

monoclonal mouse anti-mouse b-actin (Sigma, Saint Louis, MI, USA) will be used at 1:400. All of these 

antibodies cross-react with the respective rat antigens. Proteins on SDS-PAGE gels will be transferred to 

nitrocellulose filters and stained as described. The density of the band with the appropriate molecular mass 

will be determined semi-quantitatively by densitometry using an image analyzing system (Alpha Innotech, 

San Leandro, CA). 

Caliper IVIS system 

The existence of DEN-induced tumor and the distribution of the injected MSCs in vivo is essential to be 

traced. To support our hypothesis that MSCs play a significant role to ameliorate DEN-induced liver 

dysfunction, we utilize the Caliper IVIS system (Xenogen IVIS Imaging System 200 Series) to trace MSCs 

and tumor in vivo. 

MSC Labeling 

1×106 MSCs at passage 1 will be labeled with DiR reagent (D12731, Invitrogen, Simon Fisher Scientific 

Inc., USA) for 30 minutes before intravenous transplantation. The distribution of MSCs in rats will be traced 

in vivo by IVIS 2 hours after intravenous transplantation. 

Surgical Preparation 

For preparation of MSCs, 1×106 MSCs will be seeded into a T75 culture flask with condition medium 

for 24 hours, and the MSCs will be collected in a centrifugal tube by 0.5% trypsin (Lonza Walkersville, Inc., 

USA). After 5 minutes centrifuged at 15,000 rpm, MSCs will be labeled with DiR and incubated for 30 

minutes then intravenously transplant immediately. Each rat will be injected 1 mL of condition medium with 

1×106 MSCs. The rats will be anaesthetized and settled into the chamber of IVIS system. The control group 

will be injected with 1 mL of condition medium. 



Tumor Labeling 

To identify the existence and distribution of tumor in vivo, the control rats and the DEN treatment rats 

will be labeled with tumor marker, 2-deoxyglucose (2-DG). Most of the cancer cells are well-established by 

the characteristic of elevating rate of metabolism; while 2-DG is a glucose analog which utilizes the GLUT 

transporters to enter cells, it is a proper reagent to trace tumor in vivo. In this experiment, 2-DG will be 

intravenously transplanted into rats 5 minutes before being settled into the IVIS chamber. 

Statistical analysis 

All values will be expressed as mean ± standard error mean (SEM). Differences within groups will be 

evaluated by paired t-test. One-way analysis of variance will be used for establishing differences among 

groups. Intergroup comparisons will be made by Duncan's multiple-range test. Differences will be regarded 

as significant if P < 0.05 is obtained.  

The third year project:  

Animals and MSCs isolation 

Female Wistar rats (200 to 250 g) at the age of 7 weeks will be purchased from BioLASCO Taiwan Co., 

Ltd. (Ilan, Taiwan) and housed at the Experimental Animal Center, National Taiwan Normal University, at a 

constant temperature and with a consistent light cycle (light from 07:00 to 18:00 O'clock). Food and water 

will be provided ad libitum. All surgical and experimental procedures will be approved by National Taiwan 

Normal University Institutional Animal Care and Use Committee and will be in accordance with the 

guidelines of the National Science Council of Republic of China (NSC 1997).  

MSCs will be isolated from subcutaneous flank adipose tissue of urethane anesthetized rats as described 

above. The fluid in the tube containing digested fat will be centrifuged at 800 x g for 10 minutes and then we 

will aspirate the supernatant composed of floating adipocytes, lipids and liquid, left stromal vascular fraction 

(SVF) pellet. We will use 160 mM NH4Cl to suspend SVF pellet, which is then incubated for 10 minutes at 

room temperatures. After incubation, the pellet is centrifuged at 400x g for 10 minutes at room temperature. 

The final pelleted fraction of mononuclear cells is then resuspended in DMEM media (Sigma) supplemented 

with 40% FBS (Invitrogen), Penicillin-Streptomycin, and 10 ng/mL EGF (Invitrogen) incubated on petri dish 

overnight to select for adherent cells. The remaining cells and debris are aspirated off on the next day and the 

plate is washed with PBS. ASCs are maintained on DMEM low glucose supplemented with 10% FBS, 1% 

Penicillin-Streptomycin and L-glutamine at 5% CO2 37°C.  
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Grouping 

    Under avertin anesthesia (400 mg/kg, Acros Organics, NJ, USA), the female Wistar rats will be divided 

into nine groups (each n= 6) as described in above figure. Renal I/R will be induced by hemoclip for 45 min 

and reperfusion for 4 hours. This method for induction of acute I/R has been reported previously (Chien et al., 

2001). One PE10 tubing will be introduced into the left renal artery from the left femoral artery via the aorta 

(Figure B) for direct MSCs-CM or PMSCs-CM delivery. Varied conditions including A) control with saline, 

B) 2x105 of MSCs-CM, C) 2x105 of PMSC1s-CM, D) 2x105 of PMSC2s-CM, E) 2x105 of PMSC3s-CM, F) 

2x105 of MSCs-MV, G) 2x105 of PMSCs-MV (the best condition from C-E), H) our prepared PLGA-miRNA 

and I) our prepared PLGA-lncRNA will be administered via this catheter in the therapeutic groups, and saline 

was administration in control groups. The grouping and experimental design are shown in Figure A. 

Renal function determination 

     We will determine the blood urea nitrogen and creatinine by a commercial kit. A new MVs biomarker 

will be determined. 

Renal microcirculation measurement 

A full-field laser perfusion imager (MoorFLPI, Moor Instruments Ltd., Devon, UK) will be used to 

continuously record microcirculatory blood flow intensity. This imager uses laser speckle contrast imaging, 

which exploits the random speckle pattern that is generated when tissue is illuminated by laser light. The 

random speckle pattern changes when blood cells move within the region of interest (ROI). The contrast 

image is processed to produce a 16-color coded image that correlates with blood flow in the tissue such as 

blue is defined as low flow and red as high flow. The microcirculatory blood flow intensity of each ROI will 

be recorded as Flux with perfusion unit (PU), which is related to the product of average speed and 

concentration of moving red blood cells in the tissue sample volume. The images will be recorded and 

analyzed in real time by the MoorFLPI software version 3.0 (Moor Instruments Ltd.). We will measure total 

renal blood flow by placing a flow probe (Probe# 0.1VBB517, Transonic Systems, Inc., Ithaca, NY) in left 

renal artery. Our preliminary data shown in Figure C demonstrated that preconditioning MSCs-CM seems to 

confer protection in preservation of renal microcirculation after renal I/R injury. 



PLGA microsphere for ncRNAs carrying 

    The PLGA microspheres prepared as described previously (Chien et al., 2015).  

ROS detection 

The platform for detection of in vivo ROS from the kidney after intra-femoral venous administration of 

2-methyl-6-(4-methoxyphenyl)-3,7-dihydroimidazo-(1,2-a)-pyrazin-3-one hydrochloride (MCLA) at the dose 

of 4 μg/min infusion is developed (Chien et al., 2001). The animals will be housed in a dark box with a 

shielded plate to exclude photon emission from other sources. The tissue window will be left unshielded and 

will be positioned under a reflector, which reflects the photons from the exposed tissue surface onto the 

detector area. The MCLA-enhanced CL signal from the sample surface will be measured continuously during 

administration by use of a chemiluminescence analyzing system (Model CLA-ID3; Tohoku Electronic 

Industrial Co., Sendai, Japan).  

In situ demonstration of superoxide generation, oxidative stress, apoptosis, autophagy and pyroptosis 

We will localize de novo ROS generation in damaged tissues by a nitroblue tetrazolium (NBT) 

perfusion method (Chien et al., 2001). The mice will be sacrificed at the end of experiment. A 23-gauge 

needle connected to an infusion pump (Infors AG, CH-4103) will be inserted into the right ventricle. The 

target organs and tissues will be perfused with 37C Hanks' balanced salt solution (flow rate, 1 ml/min; pH 

7.4). Once blood has been removed, NBT (1 mg/ml) will be added to the solution, and these tissues and 

organs will be perfused for an additional 10 min. The NBT-perfused organs will be removed and fixed in 

zinc/formalin for histologic examination for formazan deposits. 

Tissue sections will be stained by the methyl green and TUNEL-avidin-biotin-complex method for 

apoptosis, stained with Beclin-1 or LC3II for autophagy, and double stains with caspase 1 and IL-1b for 

pyroptosis (Chung et al., 2012). Twenty high-power (400) fields will be randomly selected for evaluating 

percentage of apoptosis, autophagy or pyroptosis appearance. ED-1 (CD68) will be determined.  

Translocation of mitochondrial Bax and Cytochrome c   

Cytosolic Bax translocation to mitochondria and mitochondrial leakage of Cytochrome C to cytosol are 

required for triggering apoptotic pathway (Chung et al., 2012). The samples will be fresh prepared and 

subjected to differential centrifugation to obtain the mitochondrial and cytosolic protein fractions. Ten g of 

protein will be electrophoresed using a polyclonal rabbit antihuman Cytochrome C, heat shock protein 60 

(HSP60) goat polyclonal antibody (Santa Cruz Biotechology, Inc.) or Bax (Chemicon, Temecula, CA) at 

1:1000. 

Microscopic observation of renal cells 
For cytochrome C staining, treated renal cells will be performed as described before (Chien et al., 2005). 

These samples will be incubated overnight at 4°C with the primary antibodies, cytochrome c rabbit 

polyclonal antibody and heat shock protein 60 (HSP60) goat polyclonal antibody (Santa Cruz) and incubated 

in fluorescein isothiocyanate (FITC)- and anti-goat rhodamine-conjugated secondary antibody (Santa Cruz). 

These immunofluorescence images will be taken by a fluorescent microscopy (Leica CM1900) for tissue 

section and a laser scanning confocal system (MRC 1000, Bio-Rad Laboratories) for renal cells. 

Western blotting of Bax, Bcl-2, cytochrome C, CPP32, and PARP expression 

Cytosolic Bax translocation to mitochondria and mitochondrial leakage of cytochrome C to cytosol are 

required for triggering apoptotic pathway. After protein concentration determined by a BioRad Protein Assay 

(BioRad), ten g of protein will be electrophoresed with the primary antibody of cytochrome C (Santa Cruz) 

and Bax (Chemicon). The expression of following proteins will be evaluated by Western immunoblotting and 

densitometry. The Nrf2, Keap1 and HO-1 antibodies will be purchased from Santa Cruz, GRP78 (Santa 

Cruz), Bax (Cell Signaling), Bcl-2 (Santa Cruz), caspase 3 (Millipore), caspase 9 (Biovision), Caspase 12 

(Santa Cruz), PARP (Promega), Beclin-1 (Cell Signaling), LC3 (Cell Signaling), ATG5 (NOVUS 

Biologicals), ATG12 (Gene Tex), IL1-β (Santa cruz), IL-18 (Abbiotec) and monoclonal mouse anti-mouse 

TXAS, TP, b-actin (Sigma) will be used. Histone H1 (Santa Cruz), β-actin (Sigma) and GAPDH (Imgenex) 

will be used for measurements of the housekeeping proteins for nuclear and cytosolic target proteins, 

respectively. The density of the band with the appropriate molecular mass will be determined 

semi-quantitatively by densitometry using an image analyzing system (Alpha Innotech, San Leandro, CA). 

Statistical analysis 

All values will be expressed as mean ± standard error mean (SEM). Differences within groups will be 

evaluated by paired t-test. One-way analysis of variance will be used for establishing differences among 

groups. Intergroup comparisons will be made by Duncan's multiple-range test. Differences will be regarded 

as significant if P < 0.05 is attained. 



Figures and Figure Legend 

 
Figure 1. Identification of purified ADSC with CD90-positive characterization (A) and CD45-negative 

characterization (B) in the P4 ADSC by flow cytometry. The morphology in control ADSC (Con-ADSC, C) 

and DEX-treated ADSC (DEX-ADSC, D) in 80% confluency is similar in our result. Cells displayed 

fibroblast like morphology (long and thin) under phase contrast microscope. Effect of three drugs on wound 

healing of ADSC in different time courses (E, F). DEX treatment significantly decreases wound size ratio as 

compared to medium and other two drugs. *P < 0.05 vs. control medium.  



 
Figure 2. Nano-particle size of MV is existed in ADSC culture medium (A) not in non-ADSC BSA medium 



(B). After 30-60 min of sonication, the MV protein is increased around 2 folds in the ADSC-condition 

medium (C). The viability of the ADSC culture is not affected during 30-60 min of sonication (D). In 

response to renal IR injury, renal microcirculation was determined with a moor image in three IR groups of 

rats (E). Renal IR significantly decreased renal microcirculation as indicated by PU in IR rats vs. 

IR+BSACM and IR+DEXCM rats (F). Renal PU significantly recovered towards the normal value within 

10-min reperfusion in IR+BSACM and IR+DEXCM rats. Percentage change of blood flow influx mean is 

shown in G. Renal arterial blood flow is significantly decreased in IR and IR+BSACM rats, but not in 

IR+DEXCM rats (H). Percentage change of renal arterial blood flow is significantly increased in 

IR+BSACM and IR+DEXCM rats vs. IR rats within 10-min reperfusion (I). Renal IR significantly increases 

blood urea nitrogen (J) and creatinine (K) levels in IR, IR+BSACM and IR+DEXCM rats. However, these 

two levels are significantly decreased in IR+DEXCM vs. IR rats. *P < 0.05 vs. CON rat. #P < 0.05 vs. IR rat. 

aP < 0.05 vs. IR+BSACM rat. 



 

Figure 3. The differentially expressed miRNAs from kidney tissues of CON, IR, IR+ADSC MV (IRMV) and 

DEX-treated ADSC MV (IR+DEXMV) rats based on microarrays assay. A: Heat-map of differentially 

regulated genes among these four groups of kidneys. The heat-map was produced using clustering of rows 

(miRNAs expression values) and columns (samples) of the data matrix using complete linkage algorithm and 

Pearson correlation. The color scale shown at the top illustrates the relative expression level of the 

indicated miRNA across all samples: red denotes expression > 0 and green denotes an expression < 0 

compared with the median of the six samples. n = 3 in each group.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/messenger-rna


 

 

Figure 4. Effect of ADSC-derived MVs in condition medium on pathologic parameters in renal cortex and 

medulla by H&E stain (A) and pNF-kB, Beclin-1, Caspase-3 and PARP stain (B) in CON, IR+BSA, 

IR+BSACM and IR+DEXCM treated rats. The statistical data of tubular injury score (C), p-NF-kB 

expression (D), Beclin-1 expression (E), Caspase-3 expression (F) and PARP expression (G) are indicated. 

Data are expressed as mean ± SEM in each group (n = 6) using the single values. * P＜0.05 compared with 

CON group. # P＜0.05 compared with IR+BSA group. aP < 0.05 vs. IR+BSACM. 



 

 

Figure 5. Effect of ADSC-derived MVs in condition medium on Beclin-1, Caspase 3 and PARP expression in 

the IR kidneys. The typical western blot of Beclin-1, cleavage caspase-3 and PARP was demonstrated in A. 

The statistical data of Beclin-1 expression (B), cleavage caspase-3 expression (C) and PARP (D) was 

indicated. Data are expressed as mean ± SEM in each group (n = 6) using the single values. * P＜0.05 

compared with CON group. # P＜0.05 compared with IR+BSA group. 



 

 

Figure 6. Effect of ADSC-derived MVs, miR-122-5p and miR-543-3p with HOCl induced autophagy and 

apoptosis related protein expression in NRK52E. Proteins were detected with confocal microscopic. The 

autophagy related Beclin-1 (A) and apoptosis-related Bcl-2 (B) with MV treated were stained with GFP. The 

apoptosis related protein Bcl-2 was stained with GFP and Bax was stained with Cy3 (C) in miR-122-5p and 

miR-543-3p treated groups. (D) The expression of Bcl-2 and Bax was shown in higher magnification. 
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