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SUMMARY
Here, we describe a protocol for renal denervation that is useful to define the role of renal nerve-derived signaling, focused on sympathetic nerve-mediated signaling, in persistent renal tubular injury, inflammation and fibrogenesis. 

ABSTRACT
Chronic kidney disease (CKD) is increasing in the world with no effective treatment strategy. Sympathetic nerve activation has been recognized as an important factor for development and progression of cardiovascular diseases, hypertension and CKD. Catheter-guided renal denervation is useful to control blood pressure (BP) in patients with resistant hypertension and CKD. Sympathetic nerve-derived norepinephrine (NE) has been implicated in tissue homeostasis and in progression of various diseases, including CKD. The molecular mechanisms and signaling pathways triggered by sympathetic nerve activation, that drive renal inflammation and fibrogenesis, in CKD progression remain undefined. Here we present detailed methodology on how to carry out renal denervation (RDNx) in experimental models of CKD. Our published results showed that this method effectively ablates renal nerve, as evinced by loss of tyrosine hydroxylase immunoreactivity and levels of kidney NE, resulting in suppression of renal tubular injury, inflammation and fibrogenesis in CKD models. Competence of surgeons performing surgical procedures to denervate the kidney is a requirement to achieve consistent results.  RDNx can be utilized to study roles of renal nerve, nerve-derived neurotransmitters and factors as well as to unveil their downstream signaling pathways. Defining the molecular mechanisms and function can lead to designing of novel therapeutic intervention of CKD regardless of its etiology, including diabetes, hypertension, and cardiovascular complications. 

INTRODUCTION
Chronic kidney disease (CKD), characterized by tubular injury, persistent renal inflammation and fibrosis, ultimately leads to end stage kidney disease (ESKD)1-3. Sympathetic nervous system governs both normal and pathological functions of diverse organ systems, including that in kidney4. One of the catecholamines, norepinephrine (NE, noradrenaline), from sympathetic neurons is an effector of sympathetic nervous system5. In both patients and experimental models, increased sympathetic nerve activity and tissue level of NE, are hallmarks of CKD progression6-8.

Renal denervation (RDNx) is being used as a therapeutic option for the treatment of drug-resistant hypertension9-12 but the detailed molecular mechanism remains to be fully understood. Moreover, studies13,14 defining the role of renal nerve in CKD progression using chemical denervation or antagonist/agonist of sympathetic nerve-derived neurotransmitters or its receptors is limited due to their systemic effects that may not be specific to the kidney. As we reported and later confirmed by others15-17, RDNx can overcome this limitation and was successful in defining the in vivo role of renal nerve, renal nerve-derived factors and their downstream signaling to elicit renal inflammation and fibrosis. 

Here we provide detailed methodology and representative results of RDNx on renal tubular injury, inflammation and fibrosis in mouse models of CKD.

PROTOCOL	Comment by Author: For the protocol section, please include all the steps as if you are describing someone how to do your experiment providing all specific details in a stepwise manner. 

R: We have added the detailed protocols as you mentioned.
Mice were cared before and during the experimental procedures in accordance with the policies of the Institutional Animal Care and Use Committee (IACUC), University of Nebraska Medical Center (UNMC), and the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals. All protocols had received prior approval from the UNMC-IACUC. 

1. Renal denervation

1.1. Use male (129S1/SvImJ) mice aged 8 - 10 weeks from Jackson Laboratories. 

1.2. Anesthetize mice using a cocktail containing ketamine (200 mg/kg body weight) and xylazine (16 mg/kg body weight), intraperitoneally16,18.  

1.3. Prior to the start of surgery, check for the lack of response to the toe pinch. 	Comment by Author: Included here. Please check. 
Do you shave the skin? Do you sterilize the surgical site with iodine and alcohol? Please include all details. 

R: We have added the detailed protocols about shaving and sterilization as you mentioned.

1.3. Make an incision of 1.5 cm long using surgical blade on the back 5 mm lateral to the spine. 

1.4. Expose the left kidney artery and vein and then separate the artery and vein carefully from the surrounding connective tissues using micro dissecting forceps under surgical microscope.	Comment by Author: How do you visually identify? 

R: We can identify the artery and vein under surgical microscope, since the vessels are connected to the kidney. We have changed the detail in the revised version.

1.5. For stripping the nerves, paint the kidney vessels with filter paper soaked in 95% ethanol for 2 min15,16. 

NOTE: Ensure that the color of vessels turns to white under the microscope. 

1.5. Wash the kidney vessels for 2 min with PBS. 	Comment by Author: What do you do after this- post operative procedure? Please include all specific details in the protocol section. 

R: We have added the detailed protocols, including skin suture, as you mentioned.


1.6. Do sham-operation with the same surgical procedure except stripping the kidney nerves.

2. Renal fibrosis models

2.1. Unilateral ureteral obstruction (UUO) model: 

2.1.1. Anesthetize male mice (129S1/SvImJ) aged 8-10 weeks as above.	Comment by Author: Is this the same mice as the one used in 1.6? After how many days of renal denervation do you perform this step? 

R: We have done the IRI or UUO surgery post-denervation 2 days. We added this point in the revised manuscript.

2.1.2. Maintain body temperature at 36-38 °C on heating pad with temperature controller.	Comment by Author: How do you check the depth of anesthesia before starting the experiment? Do you shave the animal prior to surgery? 

R: We checked the depth of anesthesia by toe pinch. We have added the detail in the revised version.


2.1.3. Expose the left kidney using autoclaved cotton swab through left flank incision on the back 1 cm lateral to the spine. Ligate the left ureter completely near the kidney pelvis using a 5-0 silk tie15,18. 	Comment by Author: How is this done? 

R: We made left flank incision by surgical blade. The detail has included in the revised manuscript. 

2.1.5. Do sham-operation with the same surgical procedure except ligation of ureter.

2.2. Ischemic acute kidney injury (AKI) to CKD transition model: 

2.2.1. Denervate kidneys were denervated as discribed in step 1. Two days after the denervation, anesthetize male 129S1/SvImJ mice aged 8-10 weeks as above.	Comment by Author: How do you check the depth of anesthesia? 

R: We checked the depth of anesthesia by toe pinch. We have added the detail in the revised version.

2.2.2. Maintain the body temperature at 36-38 °C on the heating pad with temperature controller.

2.2.3. Expose the left kidney using autoclaved cotton swab through left flank incision on the back 1 cm lateral to the spine. 	Comment by Author: Do you sterilize the skin prior to the surgery? Do you shave hair etc? Do you cover the animal with sterile drape? 

R: We have added the detailed protocols about shaving and sterilization as you commented. We did not used the surgical drape.

2.2.4. Subject the mice to 30 min of left renal ischemia. To do so, clamp the renal pedicle with both artery and vein with nontraumatic microaneurysm clamps to induce ischemia as described previously.16,19 Close the incisions temporarily during ischemia period using clamps. 

2.2.6. Once the ischemic period is over, remove the clamps for reperfusion.

2.2.7. Confirm reperfusion of the kidneys visually. The color of kidney will change from dark red to bright red upon reperfusion. 

2.2.8. Perform sham-operation with the same surgical procedure except clamping the renal pedicle.
	Comment by Author: What do you do after reperfusion? Do you euthanize the animal? Do you let the animal survive? How do you perform the surgical site closure? etc.

R: The mice with IRI or UUO survive until the time point indicated at Methods Section 3.  

Post-operative procedures? 

R: The operated mice take 0.1 µg/kg BW buprenorphine once for 3 days for pain relief. We have added this point in the revised version.	Comment by Author: After how many days ? 

R: We have added the details about the harvested day in the revised version.
3. Harvesting the Kidney and Blood

3.1. Collect 100 µL blood samples from the retroocular vein plexus or 500 µL from vena cava. 	Comment by Author: How?

R: We have added the details about blood collection in the revised version.

3.2. For harvesting kidneys, expose the operated kidney by abdominal incision.  Cut renal vessels and surrounding tissues with surgical blade and then remove the capsules.	Comment by Author: After how many days of 2.2.8  do you collect the kidney and blood? 

R: That was various. We have added the details when the kidney and blood harvested in the revised version.

NOTE: Ensure that UUO kidneys have urine filled in the pelvis to confirm induction of UUO.

3.3. Collect plasma from blood by centrifugation at 8000 x g for 3 min, room temperature (RT), using heparinized capillary tube and store at -20 °C until use.

3.4. For biochemical assays, snap freeze kidney, using liquid nitrogen immediately after removal from mouse, and store at -80 °C deep freezer until use.

4. Analysis of Renal Function

4.1. Anesthetize mice 15 days post-ischemia/reperfusion injury (IRI) as above.

4.2. Expose the right kidney using autoclaved cotton swab, through a right flank incision on the back 1 cm lateral to the spine. 

4.3. Remove the kidney (nephrectomy) from renal vessels and ureter using scissors, after ligation of renal vessels and ureter16,20. 

4.4. Take blood samples from the retroocular vein plexus at 6 h prior to placing mouse in metabolic cage. 

4.5. To obtain urine samples, place mice in mouse-specific metabolic cages for 18 h for the analysis of glomerular filtration rate (GFR) by creatinine clearance16.

4.6. Measure urinary and plasma concentrations of creatinine using a commercially available kit (see Table of Materials). QuantiChromTM Creatinine Assay kit. In brief, add 30 µL plasma to a mixture of Reagent A and B of 100 µL each and then read optical density both immediately and 5 min post-incubation at 510 nm, room temperature (RT), using microplate reader. For urine, use a mixture with 50 µL Reagent A, 50 µL Reagent B, and 100 µL water for 5 µL urine. 	Comment by Author: Please remove the commercial name from her and move to the table of materials. 

R: We have removed all commercial name in the revised version.

4.7. Calculate GFR as follows: GFR = urinary concentration of creatinine x urine volume/plasma concentration of creatinine/time of urine collection/body weight.

4.8. Alternatively, measure GFR by transcutaneous measurement system at 24 h post-Nx, followed by the protocol published in J Vis Exp.21 In brief, under anesthesia with isoflurane, place a miniaturized fluorescence detector on the back of mice and inject fluorescein-isothiocyanate (FITC) conjugated sinistrin (an inulin analog) (0.15mg/g BW) to mice through retroocular vein plexus. In conscious and freely moving mice, data for half-life of FITC-sinistrin was collected for 1 hr and then analyzed by MPD studio software.

5. Confirmation of renal denervation

5.1. Evaluation of kidney NE level

5.1.1. Homogenize kidneys using 1 mM EDTA and 4 mM sodium metabisulfite in 0.1 N HCl.15,16 	Comment by Author: Are these freshly isolated or frozen… also after which step do you isolate the kidney. Please include the details. 

R: We used frozen kidneys for the experiment. We have added the detail in the revised version.
	Comment by Author: Volume? 

R: We used 400 µl. We have added the detail in the revised version.

5.1.2. After centrifugation of the homogenates at 13600 x g, determine norepinephrine concentration in the supernatants by enzyme-linked immunosorbent assay (ELISA) kit as recommended by the manufacturer.	Comment by Author: Since this step is highlighted, please briefly describe how this is done to show the actions in the video.

R: We have added the detail in the revised version.
 

5.2. Immunohistochemistry for tyrosine hydroxylase: 
	Comment by Author: Moved here – as this step is performed before paraffin embedding. Please check. 

R: The fixed kidneys were processed for paraffin embedding. We have changed the detail in the revised version.

5.2.1. Fix kidneys in 4% paraformaldehyde or Bouin’s Fixative and processed for paraffin embedding.

5.2.1. Deparaffinize paraffin-embedded kidney sections by xylene and rehydrated by 100%, 95%, 90% ethanol sequentially 2 times at each step.

5.2.2. Permeabilize the kidney sections in 0.1% SDS for 5 min and then wash with PBS three times at RT.

5.2.3. Autoclave the permeabilized kidney sections in 10 mM sodium citrate at 120 °C for 10 min for antigen retrieval.16,22

5.2.4. Cool down the autoclaved kidney sections for 30 min at RT and then wash with PBS three times at RT.

5.2.5. Incubate the kidneys with 3% BSA in PBS for 30 min at RT to prevent non-specific binding.

5.2.6. After removal of BSA by suction, incubate the kidneys with antibody (1:1000) against tyrosine hydroxylase overnight at 4 °C.15

5.2.7. Next day, wash the kidney sections with PBS for three times at RT and incubated with HRP-conjugated anti-rabbit antibody for 1 hour at RT.

5.2.8. After washing with PBS three times at RT, apply to the kidney sections with 3, 3 –diaminobenzidine (DAB) and stain for up to 2 minutes.

5.2.9. After washing with PBS three times at RT, dehydrate the kidney sections with 90%, 95%, 100% ethanol and xylene sequentially for 5 min each, and mount cover slips with a 1:1 mixture of mounting medium and xylene.

5.3. Western blot analysis for tyrosine hydroxylase:

5.3.1. Isolate whole kidney proteins using lysis buffer with phosphatase inhibitor and protease.16,18

5.3.2. Run 30 µg of kidney protein on PAGE gel in Tris-Glycine-SDS buffer at 80 V for 1 h.

5.3.3. Transfer the protein to PVDF membrane from gel in Tris-Glycine buffer at 80 volt for 100 min at 4°C.

5.3.4. Block non-specific proteins on the membrane by 5% skim milk for 30 min at RT.

5.3.5. Incubate membranes with diluted antibody (1: 2,000) against tyrosine hydroxylase in 10 mL Superblock.15,16	Comment by Author: Please do not use commercial terms in the manuscript. 

Commercially available blocking solution.

R: We have removed all commercial name in the revised version.

5.3.6. Use anti-β-actin antibody for loading controls on stripped membranes. 

5.3.7. Expose membranes to Western Lightning Chemiluminescence Substrate solution. The bands were quantified using an analysis software.

7. Analysis of tubular injury:

7.1. Tubular damage: Section paraffin-embedded kidney into 3 µm thick sections using microtome and stain kidney sections using Periodic Acid Schiff (PAS).	Comment by Author: How is this done? Please include steps or provide a citation. 

R: We have added the detail in the revised version.

7.1.1. Select five fields from each PAS-stained kidney randomly in a blinded manner and photograph using light microscopy.

7.1.2. Score damaged tubule with flattened lumen by loss of brush border, proteinaceous cast, loss of tubular nucleus, and dilation as follows: grade 0, normal; grade 1,  >10%; grade 2, 10-25%; grade 3, 26-50%; grade 4, 51-75%; grade 5, < 75%.15,16,18 

7.2. Apoptotic cell death: Analyze apoptotic cell death in paraffin-sectioned kidney samples with TUNEL assay using a commercially available kit (see Table of Materials), following the manufacturer’s protocol.

8. Inflammation:

8.1. Analysis of neutrophil: 

8.1.1. Following the Methods in step 5.2. protocol, prepare kidney sections and incubate with antibodies against polymorphonuclear neutrophil overnight at 4 °C, followed by incubation with HRP-conjugated secondary antibody.15,16

8.1.2. Perform DAB stain and dehydration as described in 5.2.8 and 5.2.9. 

8.1.3. Take photographic images from cortical or outer medullary region in a blinded manner.

8.2. Analysis of macrophage:

8.2.1. Following the protocol of Methods Section 5.2., prepare kidney sections. 

8.2.2. After that, incubate the kidneys with antibodies against F4/80 overnight at 4°C, followed by incubation with HRP-conjugated secondary antibody.15,16

8.2.3. Take the images from cortical or outer medullary region in a blinded manner.

8.3. Analysis of inflammatory cytokine level: 

8.3.1. Following the protocol of Methods Section 5.3., prepare kidney samples.

8.3.2. After that, incubate the kidney samples with antibodies against ICAM-1, TNF-α, IL-1β, IL-6, and TLR4 overnight at 4 °C, followed by incubation with corresponding secondary antibodies.15

9. Evaluation of fibrosis:

9.1. Sirius red stain:

9.1.1. Following the protocol in Methods Section 5.2., rehydrate the kidney sections.

9.1.2. Stain the kidney sections with Sirius red solution [0.5 g Direct Red 80 plus 1.3% Picric acid in 500 ml distilled water] for 30 min.15,16,18

9.1.3. After washing with acidified water [0.5% acetic acid (glacial)] twice, remove the water from the slides physically.

9.1.4. After mounting (Methods section 6.2.), take the images from cortical or outer medullary region in a blinded manner.

9.2. Evaluation of fibroblast activation and fibrogenic factors:

9.2.1. Following the protocol in Section 6.3., prepare kidney samples.

9.2.2. After that, incubate the kidney samples with antibodies against alpha-SMA, fibronectin, TGF-β, phospho-Smad3 overnight at 4°C, followed by incubation with corresponding secondary antibodies.15 

9.2.3. Use anti-β-actin antibody for loading controls on stripped membranes. 

9.2.4. Quantify the bands using an analysis software.

REPRESENTATIVE RESULTS
Removal of renal nerve by renal denervation surgery
Renal denervation (RDNx) was carried out two days prior to IRI or UUO to define whether renal nerve contributes to initiation and development of kidney fibrosis and inflammation. Mice were subjected to either 30 min IRI followed by reperfusion for 1, 2, 4, 8 or 16 days or UUO for 3 or 10 days. To confirm whether RDNx was successfully applied, we checked tyrosine hydroxylase (TH)-positive sympathetic nerve fibers in adventitia of intrarenal arteries at 10 days post-UUO by immunohistochemistry (Figure 1A). Further, RDNx markedly reduced TH expression (Figure 1B) in the kidney. To determine the level of norepinephrine (NE), which is released from the sympathetic nerve fiber terminus, ELISA method was used. During UUO injury, intrarenal level of NE continued at the same level in both sham and UUO kidneys, but RDNx markedly suppressed its level (Figure 1C). Similarly, RDNx inhibited TH expression almost completely in both sham and IRI kidneys (Figure 2A). In IRI kidneys, NE level was increased in earlier time points and continued over time, at least, up to 16 days post-IRI (Figure 2B). These results show successful removal of sympathetic nerve fibers and subsequent blockage of NE release by RDNx.	Comment by Author: Please include this timeline in the protocol to bring out clarity.

R: We have added the detail at the protocol in the revised version.

Effect of renal denervation in renal tubular injury, inflammation and fibrosis.
[bookmark: _GoBack]We analyzed renal tubular injury, inflammation and fibrosis to confirm the effect of RDNx in established renal fibrosis models. Since renal tubular injury is an initial factor of renal inflammation and fibrosis, we checked tubular necrosis and apoptosis in UUO- and IRI-kidneys. Tubular damage was evaluated by using Periodic Acid Schiff (PAS) stained kidney section, while tubular apoptosis was by TUNEL assay. UUO-kidneys showed severe necrotic cell death in all renal tubules (Figure 3A) but was limited in proximal tubule of outer medulla (Figure 4A) in IRI kidney. Tubular apoptosis was similar with those of necrotic cell death (Figure 4B). Kidney function was preserved in IRI-kidneys with RDNx, compared to those of non-RDNx (Figure 4C). Kidney inflammation was analyzed by immunohistochemistry of PMN for neutrophil and F4/80 for macrophage, as well as Western blotting for proinflammatory cytokines, such as IL-1β, IL-6, and TNF-α. Expressions of neutrophil, macrophage and proinflammatory cytokines were highly upregulated in both IRI and UUO-kidneys (Figure 3B-D and 4D-G). To determine fibrosis progression, Sirius red stain and Western blotting for profibrotic cytokines (p-Smad3 and TGF- β), myofibroblast activation (α-SMA) and extracellular matrix (fibronectin) were assessed. These markers of fibrosis were markedly increased in both UUO (Figure 5) and IRI-kidneys (Figure 6). RDNx significantly suppressed renal tubular injury, inflammation, and fibrosis progression in both UUO and IRI-kidneys and were comparable with those of sham-operated (Figure 3-6), suggesting that renal nerve orchestrates renal tubular injury, inflammation and fibrosis in renal fibrosis models.

FIGURE AND TABLE LEGENDS
Figure 1. Confirmation of renal denervation in UUO model: Renal denervation in left kidneys of male mice was carried out 2 days prior to UUO. The left ureters were obstructed for 0, 1, 3, 6 or 12hrs, 1, 2, 3 or 10 days. (A) Paraffin-embedded kidney sections in intact or renal denervation (RDNx) without UUO were immunostained with anti-tyrosine hydroxylase (TH) antibody (Brown color; n=4). Hematoxylin was used to mark nucleus (blue color). Arrow indicates TH-positive sympathetic nerve. (B) Western blot analysis with anti-TH antibody was performed to confirm total expression of TH in intact or RDNx kidneys without UUO (n=4). β-actin was used for an equal loading marker. (C) Levels of kidney NE were measured by ELISA in UUO kidneys at indicated time points (n=6). Scale bar, 50 µm. RDNx, renal denervation; TH, tyrosine hydroxylase. Data are expressed as means ± SD. #p< 0.05 vs. intact; ###p< 0.001 vs. intact. This figure has been modified from J Am Soc Nephrol.15

Figure 2. Confirmation of renal denervation in ischemic AKI to CKD model: Renal denervation in left kidneys of male mice was carried out 2 days prior to IRI. Mice were subjected to 30 min ischemia of left kidney and sacrificed at 0, 0.5, 1, 2, 4, 8 or 16 days post-IRI. (A) Western blot analysis with anti-TH antibody was performed to confirm total expression of TH in intact or RDNx kidneys with/without 16 days post-injury (n=4). β-actin was used for a loading control. (B) Levels of kidney NE were measured by ELISA in IRI kidneys at indicated time points (n=4). RDNx, renal denervation; TH, tyrosine hydroxylase. Data are expressed as means ± SD. *p< 0.05 vs. intact in Sham; #p< 0.05 vs. respective intact. This figure has been modified from Kidney Int.16

Figure 3. Effect of renal denervation in renal tubular injury and inflammation in UUO mice kidneys: Renal denervation in left kidneys of male mice was carried out 2 days prior to UUO. The left ureters were obstructed for 0, 3, or 10 days. (A) Paraffin-embedded kidney section was used for PAS staining. Histological damage score was measured in randomly chosen five fields per kidney at 10 days post-injury using PAS-stained kidney section (n=4). (B) Paraffin-embedded kidney section was used for immunohistochemistry of PMN (brown color; neutrophil marker). (C) Number of PMN-positive neutrophil was evaluated in randomly chosen five fields per kidney at 3- and 10-days post-injury (n=4-6). (D) Kidney level of ICAM-1, TNF-α, IL-1β, IL-6, and TLR4 in kidneys 10 days post-injury was evaluated by Western blot analysis (n=4-6). β-actin was used as an equal loading marker. Scale bar, 50 µm. RDNx, renal denervation; TH, tyrosine hydroxylase. Data are expressed as means ± SD. ###p< 0.001 vs. respective intact. This figure has been modified from J Am Soc Nephrol.15

Figure 4. Effect of renal denervation in renal tubular injury and inflammation in ischemic AKI to CKD transition model: Renal denervation in left kidneys of male mice was carried out 2 days prior to IRI. Mice were subjected to 30 min ischemia of left kidney and sacrificed at 0, 2, 4, 8 or 16 days post-IRI. (A) Paraffin-embedded kidney section at post-injury 0, 2, 4, 8 or 16 days was used for PAS staining. Histological damage score was measured in randomly chosen five fields per kidney using PAS-stained kidney section at indicated time points (n=4). (B) Paraffin-embedded kidney sections were used for TUNEL assay and number of apoptotic cell was evaluated in randomly chosen five fields per kidney at indicated time points (n=5). (C) GFR was measured as described in Protocol section at indicated time points (n=5). (D) Paraffin-embedded kidney sections were used for immunohistochemistry of PMN (brown color; neutrophil marker). (E) Number of PMN-positive neutrophil was evaluated in randomly chosen five fields per kidney at indicated time points (n=5). (F) Paraffin-embedded kidney sections were used for immunohistochemistry of F4/80 (brown color; macrophage marker). (G) Number of F4/80-macrophage was evaluated in randomly chosen five fields per kidney at indicated time points (n=5). Scale bar, 50 µm. RDNx, renal denervation; TH, tyrosine hydroxylase. Data are expressed as means ± SD. #p< 0.05 vs. respective intact. This figure has been modified from Kidney Int.16

Figure 5. Effect of renal denervation in renal fibrosis in UUO mice kidneys:  Renal denervation in left kidneys of male mice was carried out 2 days prior to UUO. The left ureters were obstructed for 0, 3, or 10 days. (A) Sirius red stain with paraffin-embedded kidney section at post-injury 0, 3 or 10 days was used to evaluate total collagen level. (B) Sirius red-positive area was evaluated in randomly chosen five fields per kidney at indicated time points (n=4-6). (C) Expression of α-SMA, fibronectin, TGF-β, and p-Smad3 in kidneys 10 days post-injury was examined by Western blot analysis using specific antibodies (n=4-6). β-actin was used for a loading control. Scale bar, 50 µm. RDNx, renal denervation; TH, tyrosine hydroxylase. Data are expressed as means ± SD. #p< 0.05 vs. respective intact; ###p< 0.001 vs. respective intact. This figure has been modified from J Am Soc Nephrol.15

Figure 6. Effect of renal denervation in renal fibrosis in ischemic AKI to CKD transition model: Renal denervation in left kidneys of male mice was carried out 2 days prior to IRI. Mice were subjected to 30 min ischemia of left kidney and sacrificed at 0, 2, 4, 8 or 16 days post-IRI. (A) Sirius red stain with paraffin-embedded kidney section at post-injury 0, 2, 4, 8 or 16 days was used to evaluate total collagen level. (B) Sirius red-positive area was evaluated in randomly chosen five fields per kidney at indicated time points (n=5). (C) Expression of α-SMA and p-Smad3 at indicated time points was examined by Western blot analysis using specific antibodies (n=4). β-actin was used for a loading control. Scale bar, 50 µm. RDNx, renal denervation; TH, tyrosine hydroxylase. Data are expressed as means ± SD. #p< 0.05 vs. respective intact. This figure has been modified from Kidney Int.16

DISCUSSION
We provide the detailed method on how renal nerve is ablated in the mouse model.  Further, the pivotal role of the renal nerve in triggering inflammatory and fibrotic responses to injury in CKD models are demonstrated. Complete separation of renal artery from connective tissue and vein is a critical step for successful RDNx that allows full exposure of renal nerves to 95% ethanol that result in complete nerve ablation. Since there is overlap of the renal artery over the vein, the portion overlapped would not be exposed to the alcohol well, unless the artery and vein are completely separated, which could result in incomplete ablation of renal nerve. During the operation of RDNx, ethanol can be exposed to connective tissues.  Precaution is needed to limit the exposure to minimal region with tiny filter paper soaked in 95% ethanol. In patients who have uncontrolled hypertension, catheter-based ablation method has been used.11,12 However, in animal models bigger than mouse, surgical ablation can be used because the renal nerve can be seen under the surgical microscope. Compared to rat model, renal nerve of mouse is relatively small and is hard to identify. Since all methods frequently used in RDNx seem to be successful in ablation of renal nerve,11,15,23 usage of a particular method depends on the animal model or how simple of method is accessible in researcher’s environment. On the other hand, whether additional surgery or procedure in the denervated animal is required or not will be also critical point to consider when choosing the appropriate method of RDNx. The outcome of catheter-based RDNx in human patients may be different from that of animal models since catheter-based method could make incomplete RDNx.12

Expression of tyrosine hydroxylase (TH) is a marker used to confirm the success of sympathetic renal nerve ablation.15,16,24 Norepinephrine-releasing neurons, as well as those of other catecholaminergic neurons, express TH.25 Both sensory and sympathetic nerves are innervated into the kidney.24 It should be pointed out that our RDNx method using 95% ethanol does not discriminate between the two types of nerves and both are ablated 15,16 and is a limitation of our method of RDNx. Based on our previous reports,15,16 both sympathetic and sensory nerves are involved in renal inflammation and fibrogenesis. Calcitonin gene-related peptide (CGRP; a marker of afferent/sensory nerve) level also markedly decreased in the kidneys with RDNx, whereas administration of CGRP8-37, an antagonist of CGRP, prevents kidney fibrosis and inflammation in both UUO and AKI to CKD models.15,16 To investigate a precise role of the renal sensory nerve, capsaicin exposure can be used. A small piece of gauze or filter paper soaked in a capsaicin solution (33 mM in 5% ethanol, 5% Tween 80 and 90% normal saline) is applied to the renal artery and vein for 15 min.26 To avoid non-renal exposure of capsaicin, parafilm can be placed under renal artery and vein.26 After capsaicin exposure, removal of the sensory nerve can be evaluated by measurement of the level of CGRP.15,16,24,26 

Collectively, our method for RDNx is replicable to abolish sympathetic nerve and is reproduced by others, suggesting that the method is applicable in research delving into the mechanisms of renal inflammation and fibrogenesis in normotensive, as well as hypertensive, animal models. Although further research is required to better understand the mechanism and its translatability of RDNx to clinical medicine, our studies suggest a high potential for ablation of renal nerve or intervention of its downstream signaling as an option for prevention or treatment of renal tubular injury, inflammation and fibrosis progression in diverse renal diseases.
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