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Abstract
Background/objectives: miR-21 has been linked to renal fibrosis 
and miR-155 too has shown different expression in IgAN whose 
pathogenesis is partially understood. In this study, we explored the 
utility of miR-21 and miR-155 in IgA nephropathy. Methods: We 
recruited 40 IgA nephropathy (IgAN) patients and 15 healthy controls 
(HC). 2 ml blood sample was collected from each study participant. 
Mean expressed value normalization and absolute and relative 
quantification methods were used for quantitative polymerase 
chain reaction (PCR) experiment for miRNA expression. Logistic 
regression analysis was performed for diagnostic and prognostic 
value of miR-21. Findings: Mean expressed value normalization 
reduced the variation in groups and between groups without 
changing the mean value. miR-155 showed similar expression in 
IgAN and healthy controls. There was three-fold increases in miR-21 
in IgAN than the HC. miR-21 was able to differentiate the mesangial 
hypercellularity and tubular atrophy/interstitial fibrosis stages with 
sensitivity 84 and 70 percent, respectively. Applications: miR-155 
can be used as a reference control gene for IgAN on quantitative 
PCR-based experiments. miR-21 can be used as a diagnostic and 
prognostic marker for IgAN. 

Keywords: miR-21, miR-155, IgAN, Tubular Atrophy, Interstitial 
Fibrosis.

Article Type: Article

Article Citation: Santosh Kumar, 
Priscilla C, Sreejith Parameswaran, 
Deepak Gopal Shewade, Charan Goud 
A, Rajesh Nachiappa Ganesh. Mean 
expression value normalized and 
absolute quantified miR-21 found to be 
a potential diagnostic and prognostic 
marker for IgA nephropathy. Indian 
Journal of Science and Technology. 2020; 
13(09), 1078-1088. DOI: 10.17485/ijst/2020/
v013i09/149977

Received date: February 3, 2020

Accepted date: February 17, 2020

*Author for correspondence: 
Rajesh Nachiappa Ganesh @  
drngrajesh@gmail.com  Department 
of Pathology, Jawaharlal Institute of 
Postgraduate Medical Education and 
Research, Puducherry 605006, India

http://www.indjst.org/
https://creativecommons.org/licenses/by/4.0/
mailto:drngrajesh@gmail.com


1079 / 1088

Santosh Kumar, C. Priscilla, Sreejith Parameswaran, Deepak Gopal Shewade, A. Charan Goud 
and Rajesh Nachiappa Ganesh

Indian Journal of Science and Technology Vol 13(09), DOI: 10.17485/ijst/2020/v13i09/149977, March 2020

1.  Introduction
microRNAs (miRNAs) are small RNA molecules of 18 to 22 nucleotides in length which play 
an important role in protein formation by interacting with mRNAs post transcriptionally 
[1]. It is assumed that multiple cellular interactions take place during miRNA biogenesis 
which may help to understand the disease pathology [2] Furthermore, one miRNA can 
interact with multiple mRNA and vice versa and hence the presence, absence, increased, 
or decreased level of miRNA in any patient sample could be a sign of specific disease 
condition [3]. Sequencing, microarray, and polymerase chain reaction (PCR) are major 
techniques to identify and/or measure the miRNAs in fluid and tissue samples. Out of all 
the methods, PCR is considered as the gold standard method for introductory as well as 
confirmatory method for the miRNA expression [4]. There are multiple stages involved 
in real-time PCR-based miRNA expression. It starts with sample (fluid or/and tissue) 
collection, miRNA isolation, complementary DNA (cDNA) conversion, and amplification 
stage. These multistage procedure behind miRNA expression cause technical variations 
which result into false positive. Normalization techniques are used in real-time PCR-
based miRNA expression experiments to reduce the technical variations for better and 
accurate measurement of biological variations of the disease  [5] Mean expression value 
is frequently used for the normalization process of miRNA expression based studies [6]. 
This method is used to find the best suitable endogenous reference control for miRNA 
expression. Technical variation can be reduced at the post RNA isolation stage by using 
an equal concentration of miRNA for cDNA conversion for each sample. But, the miRNA 
yield in isolated RNA sample use to be very low in quantity and hence it is very difficult 
to use this method. An exogenous miRNA is used as internal control to see the technical 
variation in RNA isolation process. There is different opinion to use exogenous miRNA 
as internal control in normalization process [7,8].  

Relative quantification method is used for miRNA expression based on real-time PCR 
experiment [9]. Absolute quantification of miRNA is rarely reported in publication by 
citing its lesser value than the relative quantification of miRNA. The logarithmic transform 
of critical values (Ct) PCR amplification result of miRNA is used for comparing miRNA 
values with other clinical (including pathology) and biochemical parameters of the disease. 
The clinical and biochemical parameters are expressed in the form of arithmetic values 
where Ct value in PCR is exponential. Logarithmic transform of Ct does not represent 
the PCR results in absolute and correct form to compare it with clinical, pathological, and 
biochemical parameters. It results in false positive. 

IgA nephropathy (IgAN) is a slow progressive autoimmune disease [10]. Young adults 
are at higher risk (we reported the trend in our population in the previous study). The 
diagnosis of this disease is completely dependent on kidney biopsy [11]. Kidney biopsy 
is an invasive and complicated procedure and it is not performed at preliminary level 
and is neither repeated frequently neither repeated frequently. This practice causes a late 
diagnosis of IgAN. 

In this study, we have used mean expression method to normalize the miRNA 
experiment on real-time PCR method and used absolute quantification method which is 
the exact liner transform of the exponential Ct values to see the association of miR-21 with 
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histopathological and biochemical parameters in IgAN patients. miR-21 is also known 
as fibromiR which is associated with the renal fibrosis while miR-155 is associated with 
inflammatory regulatory cells in IgAN[12-19] whose prognosis is highly.

2.  Materials and Methods

2.1.  Patient Selection
We recruited 40 IgAN patients and 15 healthy persons as study participants after taking 
their informed written consent following the inclusion and exclusion criteria. The 
participants were in the age group of 15–70 years. The consecutive native biopsies, reported 
as primary IgA nephropathy, were included in the study after excluding secondary causes 
of IgA nephropathy, patients with systemic lupus erythematosus (SLE), Henoch Schonlein 
purpura (HSP), other autoimmune disease, renal carcinoma, human immunodeficiency 
virus infection, hepatitis, diabetes mellitus, and infection-related glomerulonephritis. 
Institute human ethics committee approval was taken for the study. 

2.2.  Sample Collection
Two ml blood was collected in EDTA tube after taking the informed written consent from 
the study participants. The sample was processed within one hour of collection. Plasma was 
centrifuged at 3000 g value for five minutes at four degree temperature. The supernatants 
were stored immediately in aliquots at −80 degree Celsius till further processing. 

2.3.  miRNA Quantification
miRNA expression was performed at two different times. The first experiment was 
performed on 30 study samples. Fifteen samples were taken from each of the IgAN and 
healthy control (HC) groups based on age and sex-matched criteria. This experiment was 
performed to see the miRNA (miR-21 and miR-155) expression level differences between 
the diseased and healthy groups. The second experiment was carried on 40 IgAN patients. 
This experiment was performed to see the association of miRNA (miR-21) level with the 
histopathological and biochemical parameters in IgAN patients.

A synthetic miRNA (5 µl), as an exogenous internal control, was spiked into 200 µl 
plasma as the first step followed by adding the lysis buffer for the RNA isolation process. 
Silica bead spin column-based total RNA isolation method was performed. The isolated 
RNA was collected into 20 µl of nuclease-free water. The quality of RNA was checked by 
Qubit 3.0 (ThermoFisher Scientific) fluorometer instrument. miRNA, DNA, and protein 
quantity were checked by Qubit 3 instrument using specific miRNA, DNA, and protein 
kits (Invitrogen), respectively. Only that isolated RNA was further processed where 
protein and DNA were not traceable. cDNA conversion was done by Reverse Transcriptase 
(RT) enzyme. 8 µl of RNA and 2 µl of RT enzyme were used as input along with cDNA 
mix for cDNA conversion. cDNA conversion was performed at PCR thermal setup of 
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25 °C for 15 min, 42 °C for 60 min, and 85 °C for 5 min. The cDNA was immediately 
used as continuous process for further amplification of target miRNAs and exogenous 
internal control miRNA. Two µl of cDNA was used for each amplification reaction. The 
specific primers and probes were used for miR-21, miR-155, and exogenous miRNA. The 
necessary reagents were procured by Helini biomolecules, India. The ABI QS3 (Thermo 
Fisher Scientific) real-time PCR instrument was used for cDNA conversion and miRNA 
amplification and quantification. Amplification was done in two steps. The first step was 
used as Taq enzyme activation stage at 95 °C for 15 min. The second step was run in 
45 cycles at 95 °C for 20 s as denaturation stage, 56 °C for 20 s as annealing stage, and 
72 °C for 20 s as extension. The miRNA analysis was done in triplicate and the mean 
value was used for analysis. A standard curve was prepared in serial dilution with known 
concentration (copy number) of miRNA to quantify the miRNAs by absolute expression 
method. Absolute quantification was done for the copy number calculation of miR-21 
[20-23] Relative gene expression based on 2^−∆∆Ct method was used for the fold change 
calculation [24-26]. 

2.4.  Histopathological Analysis
Native kidney biopsies of IgAN patients were analyzed and reported by light microscopy 
and immunofluorescence. MEST-C (M-Mesangial hypercellularity, E-Endocapillary 
hypercellularity, S-Segmental glomerulosclerosis, T-Tubular atrophy/Interstitial fibrosis, 
C-Crescents) scoring under Oxford classification was used and biopsy findings were 
documented [27-29].

2.5.  Normalization Process of Real-Time Quantitative PCR Data
2.5.1.  Experiment 1
Ct value of exogenous miRNA was subtracted from the target miRNA in each sample. 
Deviation from mean was calculated and further added to the target miRNA Ct value. 
The following steps were followed: Step 1. Target_miRNA_Ct – Exogenous_miRNA_Ct = 
del_Ct; Step 2. del_Ct – mean_del_Ct = dev_Ct; Step 3. Target_miRNA_Ct + dev_Ct = 
Nomalized_Target_miRNA_Ct. All the three steps were performed for each sample in all 
the groups (IgAN and HC) of each target miRNA (miR-21 and mIR-155). The normalized 
Ct value (Nomalized_Target_miRNA_Ct) was used for the gene expression analysis. 

2.5.2.  Experiment 2
miR-21 concentration (copy number/µl eluted RNA) was calculated based on the standard 
curve method. Step 1 and Step 2 of Experiment 1 were followed to get the deviation Ct 
value (dev_Ct) for miR-21. Normalized miR-21 copy number (per µl eluted RNA) was 
calculated based on the equation: Cn = Ci (1 + e)dev _ C

t; where, Cn = normalized miR-
21 copy number, Ci = initial miR-21 copy number, e = efficiency of PCR amplification, 
dev_Ct = deviation in Ct between the target and exogenous miRNA.
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2.6.  Primers and Probe 
The forward and reverse primers used for miR-21 were CAACACCAGTCGATGGG, 
GCGATCGGTAAGTACCTGA, respectively. The forward and reverse primers used for 
miR-155 were CAACACCAGTCGATGGG, GCGATCGGTAAGTACCTGA, respectively. 
The probe used in the experiment was CGTACGTACGTA. All the nucleotide sequences 
are in five to three prime directions. 

2.7.  Statistical Analysis
Shapiro–Wilk normality test performed to check the data distribution. T-test and 
Wilcoxon’s rank sum test was performed for probability distinction. F-test performed 
to calculate the differences within and between groups. Logistic regression method used 
for the prognostic prediction of miRNAs against MEST-C score. Receiver operating 
characteristic (ROC) curve was made by pROC package of R [30]. p Value less than 0.05 
was considered as significant. Copy number value was rounded off to the nearest integer. 
All the statistical analysis performed using R version 3.6.2 [31].

2.8.  Ethical Approval
“All procedures performed in this study involving human participants were in accordance 
with the ethical standards of the institute human ethics committee and with the 1964 
Helsinki Declaration and its later amendments or comparable ethical standards.” The 
study has been started after the approval of institute human ethics committee (JIP/IEC/
SC/2015/19/785). Informed written consent was taken from all individual participants 
included in the study.

3.  Results
The mean age of IgAN patients (n = 40) was 29.15 years with standard deviation (SD) 
9.03. The male and female IgAN patients were at 52.50 and 47.50 percent, respectively. The 
median serum creatinine value was 1.65 (mg/dl) with an inter quartile range (1.2–3.45) 
mg/dl. The mean systolic and diastolic blood pressure were 123.80 (SD = 18.70) and 81.50 
(SD = 11.56) mmHg, respectively.

3.1.  Experiment 1
The mean Ct, SD, and variance in group (Var) for miR-155 in IgAN patients were 29.383, 
0.196, and 0.038, respectively. The mean Ct, SD, and Var for miR-155 in healthy controls 
were 29.388, 0.089, and 0.088, respectively. After normalization with exogenous miRNA, 
the mean Ct, SD, and Var for miR-155 in IgAN patients were 29.385, 0.501, and 0.251, 
respectively. The mean Ct, SD, and Var for miR-155 in healthy controls after normalization 
were 29.388, 0.494, and 0.244, respectively. Normalization with exogenous miRNA 
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reduced the variation in the group without changing the mean Ct values of the groups. The 
difference in mean Ct value between diseased (IgAN) and healthy groups before and after 
normalization was 0.004 and 0.002, respectively. The ratio of variances of Ct (miR-155) 
values between the diseased and healthy groups, before and after normalization were 4.818 
and 1.031. Normalization with exogenous miRNA again reduced the variation between the 
diseased and healthy groups. These results establish miR-155 as an endogenous reference 
miRNA. For further validation, we used 2^−Ct (IgAN)/2^−Ct (HC) method to confirm the equal 
expression of miR-155 in IgAN and healthy conditions. The ratio was found to be 1.0018 
which confirmed and validated the miR-155 usage as endogenous reference miRNA in 
IgAN patients. 

The mean Ct, SD, and Var for miR-21 in IgAN patients before normalization were 
20.171, 0.849, and 0.721, respectively. The mean Ct, SD, and Var for miR-21 in healthy 
controls before normalization were 21.748, 0.894, and 0.799, respectively. The mean 
Ct, SD, and Var for miR-21 in IgAN after normalization were 20.176, 1.283, and 1.648, 
respectively. The mean Ct, SD, and Var for miR-21 in healthy controls after normalization 
were 21.746, 1.326, and 1.758, respectively. 

The difference in mean Ct values between the diseased and healthy groups for miR-21 
was 1.577 and p value was found to be 0.008. miR-155 used as an endogenous reference 
control gene to calculate the miR-21 expression in IgAN patients based on 2^−∆∆Ct method. 
miR-21 was found to be 2.963 fold increased in IgAN patients in comparison to healthy 
controls. 

3.2.  Experiment 2
miR-21 was able to differentiate the mesangial hypercellularity and tubular atrophy/
interstitial fibrosis stages in IgAN patients. The median copy number and inter quantile 
range (IQR) of mesangial proliferation stages M0 and M1 are 56 (11–83) and 122 (77–288) 
respectively with p value 0.032. The median copy number and IQR of tubular atrophy/
interstitial fibrosis stages T0 and T1 were 176 (81–297) and 56 (29–103) respectively with 
p value 0.005. ROC curve based on logistic regression analysis confirmed the predictive 
value of miR-21 for the mesangial proliferation and tubular atrophy/interstitial fibrosis 
stages in IgAN patients (Figures 1 and 2). The area under curve (AUC) of ROC for 
mesangial hypercellularity (M) and tubular atrophy/interstitial fibrosis (T) stages were 
0.74 and 0.79, respectively. The sensitivity (SE), specificity (SP), and confidence interval 
(CI) for the statistical models (Figures 1(a) and 2(a)) for M and T were 0.84, 0.87, 0.52–
0.97 (DeLong’s method) and 0.70, 0.80, 0.64–0.94 (DeLong’s method), respectively. The 
cutoff value of miR-21 copy number for M and T stages was 58 and 68, respectively. 

4.  Discussion
There is a diverse opinion on reference gene selection for PCR-based miRNA gene 
expression studies [7, 32, 33]. Different normalization methods are in use for the selection 
of reference gene for miRNA expression studies [5, 34]. We used mean expression value 
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method in our experiment. This method reduced the group variance without changing 
the mean values. Previous studies have shown miR-155 expression level increased or 
decreased in urine, serum, and kidney tissue samples in IgAN, lupus nephritis, and other 
kidney disease cases [14, 17, 18, 35]. We are the first one to report miR-155 as a potential 

(a): AUC – Area under receiver operating characteristic curve, SE – sensitivity, SP 
–specificity

(b): miR-21 copy number is expressed in per µl eluted RNA, M1 – mesangial score > 0.5, 
M0 – mesangial score < 0.5

FIGURE 1. Prognostic value of miR-21 for mesangial hypercellularity in IgA nephropathy.

(a): AUC – Area under receiver operating characteristic curve, SE – Sensitivity, SP 
– specificity

(b): miR-21 copy number is expressed in per µl eluted RNA, T1 – tubular atrophy/intersti-
tial fibrosis ( T2 is included) > 25 %, T0 – Tubular atrophy/interstitial fibrosis ≤ 25%

FIGURE 2. Prognostic value of miR-21 for tubular atrophy/interstitial fibrosis in IgA 
nephropathy.
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reference gene in IgA nephropathy in plasma samples for quantitative PCR-based gene 
expression study. We used miR-155 as reference gene and studied miR-21 through relative 
and absolute experimentation. miR-21 was found overexpressed in IgAN cases than the 
HC and here we do not have any conflict with previous studies carried on IgAN. 

The PCR amplification is an exponential process and it should not be compared with 
linear form of data produced in histopathological and biochemical experiments. We 
used a copy number of miR-21 to see its potential as a prognostic tool to differentiate the 
different stages of disease defined by histopathological and biochemical parameters. The 
copy number is calculated by transforming the Ct values, which is exponential by nature, 
into linear arithmetic values. 

miR-21 has been associated with renal fibrosis [36-38]. It was also found that miR-21 
increased with the disease (IgAN) severity in previous studies carried on serum, urine, 
kidney tissues and it was able to differentiate the segmental sclerosis (S) stages [39-41]. 
Our result partly verified the previous studies. We, too, found miR-21 level elevated in 
IgAN. We could not find miR-21 differentiating the S score in IgAN. Further, we found 
that miR-21 was able to differentiate the mesangial proliferation and tubular atrophy/
interstitial fibrosis (T) stages in IgAN. We got a contradictory result in our experiment. 
miR-21 level was higher in T0 stage than T1 stage. Out of all the 40 IgAN patients, T2 
score was found only in four patients and, so, we included T2 score in T1 score category.  
T score is considered an independent strong prognostic parameter of MEST-C Oxford 
histological score of IgAN. Increased level of each element in MEST-C score indicates the 
severity of IgAN. But, miR-21 level was increased in M1 and decreased in T1 conditions. 
All the M0T1 score IgAN patients have reduced miR-21 level as well as in M1T1 than the 
M0T0 and M1T0 conditions. It was observed that T1 superseded M1 and brought the 
miR-21 level down. It is an unusual result and first time seen in IgAN cases. We could not 
find any significant correlation between miR-21 and serum creatinine or with any other 
histopathological or biochemical parameters. The cutoff value of miR-21 copy number 
for M and T stage differentiation is 58 and 68 and in opposite direction to each other. So, 
we can use 58 and 68 copy number of miR-21 as a range to confirm IgAN condition. The 
lower and upper values to confirmatory range of miR-21 can be used for the prognosis of 
the disease. There is a need to study miR-21 in IgAN patients at different population level 
to know the exact role of miR-21 in IgAN.

5.  Conclusion
miR-155 can be used as an internal reference gene for gene expression studies on IgAN. 
Mean expression value reduces the variation within and between groups without changing 
the mean value. Copy number of miRNAs should be used for statistical analysis purpose 
when miRNA is compared with clinical, pathological, or biochemical parameters. miR-21 
has potential to be used as diagnostic and prognostic marker for IgAN.
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