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SUMMARY: 
[bookmark: _Hlk35164172]microRNAs are involved in the pathogenesis of IgA nephropathy. We have developed a reliable method for detecting microRNA expression levels in the kidneys of an IgA nephropathy mouse model (HIGA mice). This new method will facilitate to check for miRNAs involvement in IgA nephropathy.

ABSTRACT: 
[bookmark: _Hlk35184617][bookmark: _Hlk40864167]Immunoglobulin A (IgA) nephropathy is a type of primary glomerulonephritis characterized by the abnormal deposition of IgA, leading to the end-stage renal failure. In recent years, the involvement of microRNAs (miRNAs) has been reported in the pathogenesis of IgA nephropathy. However, there is no established method for profiling miRNAs in IgA nephropathy using small animal models. Therefore, we developed a reliable method for analyzing miRNA in the kidney of an IgA mouse model (HIGA mouse). The goal of this protocol is to detect the altered expression levels of miRNAs in the kidneys of HIGA mice when compared with the levels in kidneys of control mice. In brief, this method consists of four steps: 1) obtaining kidney samples from HIGA mice; 2) purifying total RNA from kidney samples; 3) synthesizing complementary DNA from total RNA; and 4) quantitative reverse transcription polymerase chain reaction (qRT-PCR) of miRNAs. Using this method, we successfully detected the expression levels of several miRNAs (miR-155-5p, miR-146a-5p, and miR-21-5p) in the kidneys of HIGA mice. This new method can be applied to other studies profiling miRNAs in IgA nephropathy.

INTRODUCTION: 
Immunoglobulin A (IgA) nephropathy is a type of primary glomerulonephritis characterized by the abnormal deposition of IgA in the renal glomerular mesangial region1,2. It is the most common of the primary glomerulonephritis and leads to the end-stage renal failure in 20%–40% of patients2. The cause is still unknown but persistent mucosal infection has been implicated1,3. Corticosteroids, immunosuppressants, and renin−angiotensin system inhibitors have been proposed as therapeutic methods1,3, but have not been completely established3. Therefore, further research is required to clarify the etiology and therapeutic methods of treating IgA nephropathy.

microRNAs (miRNAs) are small, non-coding RNAs that play an important role in regulating gene expression4,5. miRNAs are reported to be involved in the pathogenesis of various diseases, and some have been identified as disease biomarkers and therapeutic agents4,5. In recent years, an association between miRNAs and the pathogenesis of IgA nephropathy has also been reported2,6,7. For example, miR-148b was shown to be involved in structural abnormalities of IgA in patients with IgA nephropathy2,6,7, while miR-148b and let-7b were documented as novel biomarkers for detecting IgA nephropathy7. Although understanding the effects of miRNAs on IgA nephropathy may help further elucidate etiology and treatment2, standard methods for profiling miRNAs in IgA nephropathy using small animal models have not yet been established2. 

We herein developed a simple and reliable method for measuring miRNA expression levels in the kidneys of an IgA nephropathy mouse model (HIGA mice). The HIGA mouse is a characteristic ddY strain showing a particularly high level of serum IgA and the abnormal deposition of IgA in kidney glomeruli8-11. Therefore, HIGA mice can be used as an IgA nephropathy mouse model8-11. Our method consists of four major steps: first, surgically obtaining kidney samples from HIGA mice; second, homogenizing samples and purifying total RNA using a silica membrane-based spin column; third, synthesizing complementary DNA (cDNA) from total RNA using reverse transcription; and fourth, detecting the expression levels of miRNA by quantitative reverse-transcription polymerase chain reaction (qRT-PCR). The rationale for this method and the reliability of the results are based on previous reports12,13. We show that this is a useful technique to accurately measure miRNA expression levels in an IgA nephropathy mouse model, and that it could be used to facilitate future research into miRNAs in IgA nephropathy.
[bookmark: _Hlk42769749]
PROTOCOL: 
Animal experiments were approved by the Animal Ethics Committee of Jichi Medical University and comply with the Use and Care of Experimental Animals guidelines from the Jichi Medical University Guide for Laboratory Animals. 

[bookmark: _Hlk40859242]1. Obtaining kidney samples from HIGA mice  

[bookmark: _Hlk40866586][bookmark: _Hlk40825110]NOTE: HIGA mice show a stable phenotype of IgA nephropathy after 25 weeks of age8-11. Balb/c mice should be selected as the control group8-11. 25-week-old female HIGA mice (n = 10) and 25-week-old female Balb/c mice (n = 10) were obtained. It is necessary to determine the number of mice required for experiments in advance. This step requires about 7–8 h for a sample size of 10 HIGA mice and 10 Balb/c mice.

1.1. Prepare these items: HIGA mice (25-week-old, female), Balb/c mice (25-week-old, female), inhalation anesthesia apparatus, isoflurane, cork sheet, pin, phosphate-buffered saline (PBS), injection syringes, needles, surgical scissors, and forceps.

1.2. Anesthetize a HIGA mouse using 4%–5% of isoflurane with inhalation anesthesia apparatus and mount it in the dorsal position on the cork sheet using pins. Adjust the concentration of isoflurane to 2%–3% as the maintenance dose after the induction of anesthesia.

NOTE: The depth of anesthesia is maintained at a level at which the pain associated with the invasive procedure is completely eliminated. Hair removal and eye ointment are not essential. It is not necessary to mount the mouse on a heating pad if the procedure can be performed quickly.

1.3. Make a 3–4 cm midline incision of the mouse abdominal wall with surgical scissors and forceps and carefully identify both sides of the kidney.

1.4. Incise the ribs and diaphragm with surgical scissors and forceps to expose the heart. After incising the right atrium, inject PBS into the left ventricle until the kidney color changes to pale yellow (this procedure means that the whole body of the mouse is perfused with PBS.)

1.5. Cut the renal artery, renal vein, and ureter, and remove the kidney. Divide the kidney into 30 mg pieces for use in the next step.  

NOTE: The pathology of IgA nephropathy mainly involves the glomerulus in the renal cortex (outer part of the kidney). Although it is difficult to macroscopically and completely distinguish the cortex and the medulla, it is desirable to mainly collect the outer part of the kidney. These samples can be stored at –80 °C for several months.

[bookmark: _Hlk36150672]2. Purifying total RNA from kidney samples

[bookmark: _Hlk42320177]NOTE: In this step, commercially available miRNA isolation kit is used for the extraction of total RNA. In addition, biopolymer-shredding spin column is used. See Table of Materials for additional details. miRNA isolation kit contains a silica membrane-based spin column, phenol/guanidine-based lysis reagents, guanidine/ethanol wash buffer (wash buffer 1), ethanol wash buffer (wash buffer 2), and nuclease-free water. This step requires about 3 h for a sample size of 10 HIGA mice and 10 control mice.

[bookmark: _Hlk40822469][bookmark: _Hlk40820270]2.1. Prepare the following items: 1.5 or 2.0 mL collection tubes, 100% ethanol, chloroform, silicon homogenizer, micropipettes, pipette tips, centrifuge, biopolymer-shredding spin column, silica membrane-based spin column, phenol/guanidine-based lysis reagents, guanidine/ethanol wash buffer (wash buffer 1), ethanol wash buffer (wash buffer 2), and nuclease-free water.

2.2. Homogenize 30 mg kidney samples using a silicon homogenizer and 700 µL of the phenol/guanidine-based lysis reagent at room temperature. 

NOTE: The miRNAs in the sample are vulnerable until they have been exposed to phenol/guanidine-based lysis reagent so these steps should be performed promptly.

2.3. Transfer the lysate to the biopolymer-shredding spin column and centrifuge it at 15,000 x g for 2 min at room temperature.

2.4. Add 140 µL of chloroform to the filtrate and mix vigorously for 15 s. Leave for 2–3 min, then centrifuge at 12,000 x g at 4 °C for 15 min.

2.5. Gently transfer the clear supernatant without touching the middle layer to a new collection tube and add the determined volume (see below) of 100% ethanol. Vortex for 5 s. 

NOTE: 100% ethanol at 1.5x the volume of the obtained supernatant is required.

[bookmark: _Hlk35869198]2.6. Transfer the sample (upper limit 700 µL) to a silica membrane-based spin column and centrifuge the sample at room temperature for 15 s at 8,000 x g. Discard the filtrate after centrifugation.

2.7. Add 700 µL of wash buffer 1 to the silica membrane-based spin column and centrifuge the column at room temperature for 15 s at 8,000 x g. Discard the filtrate after centrifugation.

2.8. Add 500 µL of wash buffer 2 to the silica membrane-based spin column and centrifuge it at room temperature for 15 s at 8,000 x g. Discard the filtrate after centrifugation.

2.9. Add 500 µL of wash buffer 2 to the silica membrane-based spin column and centrifuge it at room temperature for 15 s at 8,000 x g. Discard the filtrate after centrifugation.

2.10. Centrifuge the silica membrane-based spin column again without adding anything to remove any additional ethanol, at 15,000 x g for 1 min at room temperature. Throw away the filtrate after centrifugation.

2.11. Change the tube attached to the spin column to a new collection tube. 

2.12. Add 30 µL of nuclease-free water to the silica membrane-based spin column and centrifuge it at 8,000 x g for 1 min at room temperature. 

NOTE: The resulting 30 µL solution contains a high concentration of total RNA. This sample can be stored at –80 °C for several months.

[bookmark: _Hlk36150742]3. Synthesis of cDNA from total RNA

[bookmark: _Hlk40986091]NOTE: In this step, a commercially available reverse transcription kit is used. See Table of Materials for additional details. This kit contains nucleic acid mix, reverse transcriptase mix, and buffer. This procedure must be performed on ice to prevent progress of the reaction. This step requires about 3 h for a sample size of 10 HIGA mice and 10 control mice.

3.1. Prepare the following items: 1.5 mL collection tubes, eight-well strip tubes, micropipettes, pipette tips, spectrophotometer, nuclease-free water, ice, nucleic acid mix, reverse transcriptase mix, buffer, and thermal cycler.  

3.2. Measure the concentration of total RNA using a spectrophotometer. Then, calculate the required volume of nuclease-free water so that 12 µL contains 1 µg of total RNA. 

3.3. Prepare a master mix with the following contents: 2.0 µL of nucleic acid mix, 2.0 µL of reverse transcriptase mix, and 4.0 µL of buffer to a total of 8.0 µL per sample.

3.4. Add 8 µL of the master mix to each well of eight-well strip tubes.

3.5. Dilute total RNA in the volume of nuclease-free water calculated in 3.2. Then, add 12 µL of the total RNA solution (containing 1 µg of total RNA) to each well of eight-well strip tubes.

3.6. Incubate the sample in 8 well strip tubes at 37 °C for 60 min using the thermal cycler. Then, incubate at 95 °C for 5 min using the thermal cycler.

NOTE:  The solution after incubation contains a high concentration of cDNA.

3.7. Transfer this solution to a 1.5 mL tube and add 200 µL of nuclease-free water. 

NOTE: The resulting 200 µL of solution can be used for qRT-PCR as a template cDNA. This sample can be stored at –80 °C for about 1 year.

4. qRT-PCR of miRNA

NOTE: In this step, a commercially available PCR kit is used. See Table of Materials for additional details. This kit contains PCR mix, universal primer, and nuclease-free water. Samples should be prepared in duplicate, and the accuracy of the results should be considered in each case. Expression levels of miRNA are quantified by the ΔΔCT method. This step requires about 4 h for a sample size of 10 HIGA mice and 10 control mice.

4.1. Prepare the following items: 1.5 mL collection tube, 96-well reaction plate, adhesive film for the 96-well reaction plate, micropipettes, pipette tips, PCR mix, universal primer, nuclease-free water, miRNA-specific primers, and a real-time PCR instrument. 

[bookmark: _Hlk40824316]4.2. Prepare the master mix with the following contents: 12.5 µL of PCR mix, 2.5 µL of universal primer, 1.25 µL of 5 µM miRNA-specific primer, and 6.25 µL of nuclease-free water for each well.

NOTE: In this assay, primers specific to miRNAs [RNA, U6 Small Nuclear 2 (RNU6-2), miR-155-5p, miR-146a-5p, and miR-21-5p] were used. RNU6-2 was used as an endogenous control14.  

4.3. Add 22.5 µL of the master mix to each well of the 96 well reaction plate.

4.4. Add 2.5 µL of cDNA prepared in step 3.7 to individual well of the 96 well plate.

4.5. Cover the 96 well reaction plate with adhesion film, then centrifuge at 1,000 x g for 30 s.

4.6. Run the real-time PCR instrument. Program the PCR instrument as follows: initial activation at 95 °C for 15 min, then 40 cycles of denaturation at 94 °C for 15 s, annealing at 55 °C for 30 s, and extension at 70 °C for 30 s.

4.7. Quantify gene expression using the ΔΔCT method. Relative expression levels are determined as 2ΔΔCT.

NOTE: Abnormal PCR amplification curves should be considered for exclusion from the results.

REPRESENTATIVE RESULTS: 
We investigated the expression levels of miRNAs in the kidneys of HIGA mice (n=10). This result was obtained completely based on the described protocol. The kidneys of Balb/c mice were selected as the control (n=10). In both groups, aged 25 weeks were selected. Only female HIGA mice were available from the supplier. The expression levels of three miRNAs (miR-155-5p, miR-146a-5p, and miR-21-5p; Figure 1) were detected, which were previously reported to be associated with IgA nephropathy15,16. Relative miRNA expression levels of the two groups were compared using a t-test, with P < 0.05 being statistically significant. miR-155-5p was expressed at 3.3-fold higher levels in the HIGA group compared with the control group (P < 0.001), while miR-21-5p was expressed at 1.58-fold higher levels in the HIGA group (P = 0.007). miR-146a-5p expression did not differ significantly between the two groups.

FIGURE AND TABLE LEGENDS: 

Figure 1: Expression levels of miRNAs in the kidneys of HIGA mice. qRT-PCR determined the relative expression levels of miR-155-5p, miR-146a-5p, and miR-21-5p in HIGA mice (n = 10) and Balb/c mice (n = 10). Relative expression levels are shown as mean values and standard errors. (A) miR-155-5p expression was 3.3-fold higher in the HIGA group (P < 0.001). (B) miR-146a-5p expression did not differ significantly between the two groups. (C) miR-21-5p expression was 1.58-fold higher in the HIGA group (P = 0.007). quantitative real-time reverse-transcription polymerase chain reaction (qRT-PCR); microRNAs (miRNAs); not significant (NS); *, p <0.05.

DISCUSSION: 
We were able to measure the expression levels of miRNAs in the kidneys of an IgA nephropathy mouse model (HIGA mice) using this new method. IgA nephropathy is an unexplained disease that needs further research to clarify its etiology and therapeutic targets1,3. However, obtaining human kidney samples is highly invasive. This new technique is advantageous in that it allows the study of IgA nephropathy using small animals and should facilitate future research into IgA nephropathy and miRNAs. In a future study, this method could be applied to the study of novel miRNAs for the treatment of IgA nephropathy. Artificial modulation of miRNAs in HIGA mice may influence the phenotype of IgA nephropathy. In that case, this method may be useful for verifying the changes of miRNAs. This method is not intended for analyzing miRNAs in serum, but it may be possible to use it for this by modifying the protocol. 

The rationale of this method is based on previous reports. We used biopolymer-shredding spin columns to disrupt biopolymers in the sample, which has previously been shown to be an effective technique12. Past reports have also demonstrated the accuracy of synthesizing cDNA from total RNA using reverse transcription and performing PCR using the prepared cDNA as a template13. As a critical step in this method, evaluation of the PCR results is important. It is necessary to exclude abnormal amplification curves from the results. In addition, changes in endogenous controls should be considered if stable results are not obtained14.  

[bookmark: _Hlk40819580][bookmark: _Hlk40858864]A major problem that can be encountered with this method is the abnormally low expression of miRNAs. miRNAs are highly degradable compounds so the method should be performed quickly. Additionally, the effects of ribonuclease (RNase) in the experimental environment need to be eliminated. Researchers should always be aware of the presence of RNase in skin and hair17.  It is necessary to wear disposable gloves, masks, and hair caps for experiments. In addition, laboratory equipment such as micropipettes, pipette tips, and collection tubes must be cleaned to ensure the absence of RNase17. The deactivation of RNase using an autoclave should be performed as necessary17. Otherwise, researchers should use RNase-free-certified items17. All samples should be properly stored under the recommended conditions to reduce the risk of RNase contamination.

[bookmark: _Hlk40860282][bookmark: _Hlk40862936]Our method has three important limitations. The first is that we did not demonstrate whether it can be applied to other animals and other organs. This is relevant because miRNAs are known to play an important role in blood cells in IgA nephropathy2,6,7, but we did not investigate whether our method can be used in blood cells. Second, the sample size of our experiments may be small. Sample size should be determined depending on the study design, statistical analysis, required time, and required costs. Therefore, each researcher must determine the appropriate sample size before starting this experiment. Third, the severity and phenotype of IgA nephropathy in HIGA mice may vary between individuals9. In addition, the bias of sex and age has not been fully investigated. It is recommended to add immunohistochemistry to confirm the severity and phenotype of IgA nephropathy, if necessary. In addition, the methods other than PCR, including microarray, northern blotting, and ribonuclease protection assays, are recommended to perform as necessary.

In conclusion, we developed a reliable method for measuring the expression levels of miRNAs in the kidneys of an IgA mouse model (HIGA mice).
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