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Supplement Figure 1 

 

Fluorescent images showing double staining of Oct-4 (red) and CD133 (green) in the renal 

medulla. Nuclei are stained with DAPI (Blue). (Representative photomicrographs from 2 rats, 

400x) 
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Detailed Materials and Methods 

 

Animals. Experiments used male Sprague-Dawley rats, Dahl S rats (Harlan, Madison, WI) and 

SS-13BN rats (Charles River, Wilmington, MA), weighing 250 to 350 g. Animals were kept on a 

low-salt diet (0.4%NaCl) and some of them were fed with a high-salt diet (8% NaCl) (Dyets, Inc) 

during experiments as indicated in the results section. All the animal procedures were approved 

by the Institutional Animal Care and Use Committee of the Virginia Commonwealth University. 

 

Immunohistochemistry analysis of CD133+, CD90+ and CD43+ cells. CD133+ cells were 

examined in the kidneys from Sprague-Dawley, SS-13BN rats and Dahl S rats that were fed with 

a low salt diet. CD90+ and CD43+ cells were detected in the kidneys from Dahl S rats that were 

treated with control or MSC cells and fed with a low or high salt diet as indicated in result 

description. The kidneys were fixed in 10% formalin, paraffin embedded and cut into 4μm 

sections. Immunostaining was performed as we described previously [1-2], using primary 

antibodies against rat CD133 (rabbit polyclonal, Abcam, 1:50), CD90 (rabbit monoclonal, 

Novus, 1:50) and CD43 (goat polyclonal, Santa Cruz, 1:50), and then secondary antibodies 

(1:200). At least 10 microscope fields (400×) were examined by two independent examiners who 

were blinded as to animal groups and the number of CD133 and CD90 positive cells was counted 

and calculated per mm2. A large amount of CD43+ cells were detected and it was difficult to 

count the number of CD43+ cells. Therefore, the quantitation of CD43+ cell was analyzed using 

the percentage of positive staining area, which was calculated using a computer program (Image-

Pro Plus) as described previously [3]. 
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Indirect immunofluorescent staining and confocal microscopy for colocalization of CD133 

and Oct-4 in the renal medulla. Rat kidney tissue slides were first incubated with antibodies 

against CD133 (rabbit) and Oct-4 (goat) overnight at 4°C and then HRP-conjugated secondary 

antibodies for 1 h at room temperature. A Tyramide Signal Amplification (TSA™) kit containing 

fluorescent substrate was used for visualization (PerkinElmer, Santa Clara, CA). After staining, 

the slides were examined using a fluorescent microscope and analyzed with the PDManager 

program (Olympus, Japan).  

 

Preparation of single cell suspension from the renal medulla and flow cytometric analysis 

of CD133+ cells. Single cell suspension was prepared by collagenase digestion and cell strainer 

sieving as described before [4]. In brief, the renal issue was minced and then incubated in 

solution containing collagenase II (1mg/mL) and trypsin inhibitor (0.5mg/mL), which was pre-

bubbled by 95%O2/5%CO2 gas and pre-warmed for 20 min at 37oC. Digested tissue was passed 

through a 35μm cell-strainer (BD, Franklin Lakes, NJ), centrifuged, washed with PBS and 

transferred into a 1.5ml Eppendorf tube. The cells were then stained with anti-CD133 primary 

antibody and subsequently FITC-conjugated goat-anti-rabbit secondary antibody. After fixed in 

2% paraformaldehyde, the cells were subjected to flow cytometric analysis on a Becton 

Dickinson FACScan Flow Cytometer. The data were analyzed using CELLQuest software. A 

minimum of 10,000 events were acquired.  The appropriate isotype controls were included to 

assist in gating in the analyses, and the forward scatter threshold was set to eliminate cell debris.  

 

Ex-vivo expansion of rat mesenchymal stem cells and renal medullary interstitial cells. Rat 

mesenchymal stem cells (MSCs) were obtained from Institute for Regenerative Medicine at 

 4



J Mol Med 2014   Renal medullary stem cell and hypertension   7/31/2014 

Texas A&M Health Science Center College of Medicine. Passage 6 MSCs were cultured 

according to the instruction. In brief, cells were cultured with Eagle’s alpha minimum essential 

medium (α-MEM, Sigma) supplemented with 20% FBS (Invitrogen), 2mM L-glutamine 

(Invitrogen-Gibco), 100U/ml penicillin and 100ug/ml streptomycin (Invitrogen-Gibco) at 37°C 

in an incubator with 5% CO2 and 95% air. The ability of these MSCs to differentiate into 

adipocytes or osteoblasts was confirmed. Renal medullary interstitial cells (RMIC) were isolated 

from Sprague Dawley rats as described previously [5-6] and cultured the same as MSCs. When 

reaching sub-confluence, the cells were trypsinized in 0.25% Trypsin-EDTA, washed and then 

suspended (5×106 cells in 600 ml 0.9% saline) [7-10] for transplantation into the renal medulla 

as described below. 

 

Transplantation of MSCs or RMICs into renal medulla in Dahl S rats. Dahl S rats were 

uninephrectomized 1 week before. Cell suspensions prepared above were infused into the renal 

medulla of the remaining left kidney similar to what we described before for renal medullary 

infusion or DNA delivery [2, 11-14]. In brief, after rats were anesthetized with 2.5% isoflurane, 

an interstitial catheter was placed into the renal medulla (5 mm in depth) and the cell suspension 

was infused into renal medulla at a speed of 20μl/min using a syringe pump. During the infusion, 

the syringe was kept in an upright position with tip down to ensure the cells were infused into the 

kidneys. After infusion, the catheter site was blocked by a piece of fat tissue with Vetbond 

Tissue Adhesive. A second cell infusion was performed 2 weeks later. RMICs were used in 

control animals. Animal groups included rats treated with RMICs + low salt diet (Ctrl + LS), 

RMICs + high salt diet (Ctrl + HS), 0.9% saline + high salt diet (Saline + HS) and MSCs + high 

salt diet (MSC + HS).   
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Measurement of sodium balance. Additional groups of Dahl S rats were prepared and treated 

with MSCs or RMICs as described above, and then housed in metabolic cages 5 days after cell 

transplantation. Daily indexes of sodium balance were computed by subtracting urinary sodium 

excretion from total sodium intake and cumulative sodium balance was calculated. After a 

control day measurement, the animals were switched from tap water to 2% NaCl water and 

sodium balance measurements were continued for additional 3 days [2, 13, 15-16]. 

 

Chronic monitoring of arterial blood pressure in conscious rats. Mean arterial pressure 

(MAP) were monitored with a telemetry blood pressure measuring system (Data Sciences  

International,  DSI) as we described before [11, 17]. MAP  was  recorded  for  3  hrs  each  day  

at  the  same  time  period  (12-3  pm). After baseline MAP was recorded on 3 consecutive 

control days while the rats remained on a low salt diet, animals were then either remained on a 

low salt diet or switched to a high salt diet and MAP record continued for 20 more days. A 

second cell infusion was performed 2 weeks later. At the end of experiment, the kidneys were 

removed and cut longitudinally; half of the kidney was fixed in 10% neutral buffered formalin 

for immunostaining of CD90+ and CD43+ cells as described above. The other half of kidney 

was dissected into cortex and medulla, frozen in liquid N2 and stored at-80°C for protein and 

RNA isolation later. 

 

Preparation of tissue homogenate and Western blot analyses for protein level of monocyte 

chemoattractant protein-1 (MCP-1). Renal tissue homogenates and Western blot analyses 

were performed as described previously [14]. Primary antibody used was anti-rat MCP-1 (rabbit 
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polyclonal, Abcam, 1:1000). The intensities of the blots were determined using an imaging 

analysis program (ImageJ, free download from http://rsbweb.nih.gov/ij/). The levels of β-actin 

were used as internal control.  

 

Enzyme-linked immunosorbent assay (ELISA) analysis of interleukin (IL)-1β level. The 

dissected medullary tissues were homogenized with a glass homogenator in ice-cold sucrose 

buffer (pH7.2) containing (in mmol/L) Tris-HCl, 20; sucrose, 250; and protease inhibitor 

cocktail, 2μg/ml.  After centrifugation of the homogenate at 10,000 x g for 10 minutes at 4°C, 

the supernatant containing 50 μg protein was subjected for IL-1β assay using an ELISA kit 

(R&D system, Minneapolis, MN). 

 

RNA extraction and quantitative RT-PCR analysis of CD90 mRNA. Total  RNA  from  the  

renal medulla  was  extracted  using  TRIzol  solution  (Life  Technologies,  Inc.  Rockville  MD)  

and  then  reverse transcribed  (RT)  (cDNA  Synthesis  Kit,  Bio-Rad,  Hercules,  CA).  The RT 

products were amplified using TaqMan Gene Expression Assays kits (Applied Biosystems). The 

level of 18S ribosomal RNA was used as an endogenous control.  The relative gene expressions 

were calculated in accordance with the ΔΔCt method. Relative mRNA levels were expressed by 

the values of 2-ΔΔCt. 

 

Statistics. Data are  presented  as means  ±  SE.  The  significance of  differences  in mean  

values  within and between  multiple  groups was evaluated using  an  ANOVA  followed by  a 

Duncan’s multiple range  test. Student’s t-test was used to evaluate statistical significance of 

differences between two groups. P<0.05 was considered statistically significant. 
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