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Editorial

The Promise of next generation sequencing micro RNA for the 
discovery of new targets in contrast induced acute kidney injury
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Contrast induced acute kidney injury (CI-AKI) is 
defined by KDIGO as an increase in serum creatinine by 
1.5 times within 7 days of exposure to contrast, a serum 
creatinine increase of 0.3 mg/dL or a urine output less 
than 0.5 mL/kg of body weight for at least 6 h following 
iodinated contrast exposure (1). Patients with pre-
existing renal disease are at greatest risk for developing 
CI-AKI. Its pathogenesis is thought to be multifactorial. 
Contrast initially causes nitric oxide mediated vasodilation 
of renal vasculature. This is followed by intrarenal 
vasoconstriction that persists for several hours causing 
ischemia, particularly in the outer medulla where the 
oxygen tension is lower than that of many tissues (2).  
As it is water soluble, contrast is freely filtered by the 
glomerulus with little alteration of podocyte or filtration 
barrier function. However, it is taken up by proximal tubular 
cells and results in cellular dysfunction and apoptosis. The 
contrast also permeates into the tubulointerstitial space 
leading to the loss of cellular architecture. Tubular epithelial 
cells slough off into the tubular space, thus reducing the 
clearance of contrast and promoting its deleterious effects. 
The cellular damage also results in the formation of reactive 
oxygen species which perpetuate cellular injury. Since 
the glomerulus is relatively unaffected, the reduction in 
glomerular filtration and rise in serum creatinine associated 
with CI-AKI is mediated by tubuloglomerular feedback and 
occurs well after the renal parenchyma has been injured (3). 
However, the exact mechanism of CI-AKI remains unclear 
and no definitive therapy has been established.

Micro RNA (miRNA) were discovered in 1993 when 
investigating the larval development of Caenorhabditis 
elegans. The decades have since shown that miRNA is a 
vital post-transcriptional regulatory mechanism of gene 
expression. They are short, ~22 nucleotides in length, 
and are derived from non-coding regions of DNA. 
While alterations of DNA chromatin structure serve to 
up or down regulate gene expression, miRNA primarily 
downregulates gene expression. RNA polymerase II 
initially transcribes large ‘pri-miRNA’ hairpins which are 
processed by the Drosha/DGCR8 complex to produce 
smaller ‘pre-miRNA’ hairpins. These are then transported 
to the cytoplasm and the endonuclease Dicer cuts the pre-
miRNA near the loop of the hairpin to produce the mature 
miRNA duplex. This duplex is loaded onto Argonaute and 
the expulsion of one of the duplex strands forms the RNA-
induced silencing complex (RISC). The RISC binds the 
three prime untranslated region of messenger RNA (mRNA) 
at the target binding site and recruits a series of factors that 
suppress the translation and promote the degradation of 
mRNA transcripts. Each miRNA can potentially bind to 
hundreds of unique mRNA, as mRNAs are under selective 
pressure to conserve their target binding sites (4). The 
miRNA seed sequence, a 6–8 nucleotide region, determines 
which mRNA target binding site the miRNA will be 
receptive to. For example, the seed sequence of miR-200a 
and miR-141 (AACACU) differs by the seed sequence 
of miR-200b, miR-200c, and miR-429 (AAUACU) by 
one nucleotide, conferring different target binding sites. 

424

https://crossmark.crossref.org/dialog/?doi=10.21037/atm.2019.07.83


Haq and McCullough. miRNA and CI-AKI

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(18):424 | http://dx.doi.org/10.21037/atm.2019.07.83

Page 2 of 6

However, since mRNA can have more than one target 
binding site, these seed sequences bind different targets on 
the same mRNA. Hence, these 5 miRNA can be classified 
into one family (5). From a clinical and research perspective, 
kidney diseases offer a unique opportunity to assay both the 
plasma and urine for miRNA and along with that, many 
challenges in execution and interpretation (Table 1).

In the present study Liu and colleagues mapped the 
miRNA profile of CI-AKI model. Male Sprague-Dawley 
rats were anesthetized with 10% chloral hydrate (15 mL/kg)  
and subsequently administered furosemide (15 mL/kg) 
intraperitoneally. After 6 h of volume depletion, the rats 
were injected with iopromide contrast (Ultravist, 15 mL/kg)  
via their tail veins, and another 6 h of dehydration was 
sustained. The control was injected with saline instead of 
contrast. Serum creatinine, blood urea nitrogen (BUN), 
cystatin C, neutrophil gelatinase-associated lipocalin, and 
kidney injury molecule 1 concentrations were measured 
at baseline and 24 h after contrast administration. They 
were all significantly elevated in the CI-AKI group and 
unchanged in the control group.

The rats were then sacrificed, and their kidneys were 
harvested and histologically examined. Total RNA was 
isolated and treated with DNase I and then enriched for 
mRNA with oligo (dT) magnetic beads. The mRNA 
was used to created double-stranded cDNA, which was 
amplified and sequenced by Illumina HiSeq™ 2000 and 
analyzed by Illumina Genome Analyzer II. These reads 
were filtered for quality with a false discovery rate (FDR) 
of ≤0.001 and non-miRNA sequences were identified and 
excluded. Known miRNA and potential miRNA with 
edited seed sequences were identified, with 100 that were 
upregulated and 107 that were downregulated in the CI-
AKI group. The criterion for differential gene expression 
was set at two-fold or greater (log2-ratio ≥1) and 19 
significantly upregulated and 22 significantly downregulated 
miRNA were identified. Potential targets of these miRNA 
were identified by miRanda and RNAhybrid and mapped 
to cellular pathways, including those of inflammation, 
endoplasmic reticular stress, and apoptosis.

For verification, RNA samples were independently 
collected and 13 of the differentially expressed miRNA 
were examined by quantitative real-time polymerase chain 
reaction (qRT-PCR). U6 was employed as a control for 
miRNA and the 2–ΔΔCt method was used to determine 
relative gene expression.

We considered the three miRNA that showed the 
greatest upregulation and downregulation as they were least 

likely to be ‘bystanders’ (4). These were miR-3558-5p (~30-
fold increase), miR-34c-3p (~13.5-fold increase), miR-384-
5p (~9.5-fold increase), miR-31a-5p (~4-fold decrease), 
miR-328a-5p (~13-fold decrease, miR-377-3p (~41-fold 
decrease). A brief literature search reveals that these miRNA 
(excluding miR-3558-5p) have been associated with tumour 
suppressive functions in various cancers, except for miR-
31, which has been more strongly associated with tumour 
promotion (18-22). The lack of kidney specific functions led 
us to believe these signals are “reporting the news” and may 
not be playing a role in either pathophysiology or adaptive 
cellular protection.

Furthermore, determining the relevant mRNA targets 
of the differentially expressed miRNA is another quandary. 
An analysis of miR-233 targets in phenotypically normal 
mice revealed that 150 of 192 examined targets had greater 
variability between individual mice than the median 
magnitude of miR-223 mediated suppression. Thus, these 
targets were unlikely to be significantly suppressed by miR-
233. Since, miRNA mediated suppression itself is moderate, 
only a subset of the remaining targets would be sensitive 
enough to miRNA suppression to produce phenotypic 
change (4). These ‘sensitive targets’ would be among the 
most highly conserved. However, some highly conserved 
targets may exist to ‘soak-up’ miRNA and prevent the 
over-suppression of sensitive targets. Other reasons for 
target conservation besides direct phenotypic change likely 
exist as well, hence, current computational miRNA target 
prediction methods are insufficient to delineate relevant 
miRNA targets (17).

Similar analyses of renal tissue by microarray assay were 
recently performed by Gutiérrez-Escolano and colleagues  
who found 17 differentially expressed miRNA and Sun and 
colleagues who found 11 differentially expressed miRNA 
(12,13). Both the present study and Gutiérrez-Escolano et al.  
found downregulation of miR-24 and miR-200 isoforms. 
However, there was no agreement in upregulated miRNA. 
Furthermore, the present authors found upregulation of 
let-7a and let-7f, while Gutierrez-Escolano et al. found 
downregulation of let-7c, an isoform with an identical 
seed sequence (23). The report by Sun et al. is similarly 
incongruent with the present study, with upregulation of 
let-7b being the only common miRNA. A brief comparison 
of the findings of Gutiérrez-Escolano et al. and Sun et al. 
reinforces the lack of reproducibility with only two miRNA 
families (miR-30 and let-7) in common. A 2016 review of 
miRNA in AKI is similarly disappointing since many of the 
most extensively studied miRNA (miR-210, miR-21, miR-
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Table 1 Sources of error in miRNA profiling with NGS in the CI-AKI model

Source of error Mechanism Proposed solution References

Disparate experimen-
tal models

Different AKI etiologies have differing, if  
overlapping, mechanisms

Robust reproducibility studies will be needed to 
build a consensus of miRNA profiles in the  
different AKI models

(6)

Different species (humans, mice, rats, etc.) 
and conditions (ex vivo, in vitro) have different 
miRNA profiles

Small sample size High rate of false-positive and false-negative 
detection of differentially expressed miRNA

Pilot studies can be used to determine the  
necessary sample size for a specific magnitude of 
change and FDR

(7)

TRIzol reagent Degradation of certain miRNAs during the RNA 
extraction process

Employ alternative reagents in the RNA extraction 
process

(8)

High sensitivity of 
NGS 

NGS has increased rates of type 1 error  
compared to conventional methods

Employ more conservative p-values for a stringent 
FDR

(7)

NGS adapter ligation 
methods

Systematic error from RNA ligases preferring 
certain substrates over others can create bias 
in library preparation

Randomization of the 3’ end of the 5’ adapter 
and the 5’ end of the 3’ adapter may reduce this 
systematic error

(8,9)

qRT-PCR is a  
suboptimal control for 
NGS

Variable U6 expression Employ an internal control with less variable  
expression

(10,11)

2-ΔΔCt method assumes perfectly efficient PCR Compensate for PCR inefficiency and variable 
background fluorescence with a modified  
algorithm, such as the one proposed by Rao et al.

Variable background fluorescence can  
confound result

miRNA nomenclature miRNAs are named in the sequential order of 
their discovery, not for their seed sequences 

Maintain strict nomenclature, including  
annotation for isoforms and 3p/5p strands

(4)

The 5p and 3p strands can have different  
targets

Identify the seed sequence and targets for  
miRNAs of interest

Temporal expression 
of miRNA in CI-AKI

CI-AKI is a dynamic process and expression of 
the key mediating miRNA will change over time 

Frequent miRNA sampling (every 2–4 h) after 
contrast administration sustained for a minimum 
of 48–72 h

(12,13)

Anatomical variation 
of miRNA expression 
in CI-AKI

Glomerular, proximal tubular, distal tubular, and 
collecting ductal cells play different roles in  
CI-AKI with corresponding miRNA expression

Localize the expression of miRNAs of interest with 
immunohistochemical or in vitro analyses

(14-16)

Short length and high 
homology of miRNAs

Random errors of only a few nucleotides can 
cause the misidentification of the miRNA

Larger sample sizes and multiple assays with 
averaging will minimize this random error

(7)

Computational miRNA 
target prediction 

Many, if not most, conserved miRNA targets 
undergo mild suppression without associated 
phenotypic change 

Confirm target predictions with selective  
knock-out and overexpression studies of both the 
miRNA of interest and its predicted targets to  
confirm phenotypic correlation

(17)

Extra-renal miRNA in 
renal tissue

miRNA in serum may undergo renal elimination 
and be inappropriately detected within renal 
tissue

Simultaneous measurement of serum and renal 
miRNA expression

(14)

Compare in vitro and ex vivo CI-AKI miRNA  
expression

CI-AKI, contrast induced acute kidney injury; miRNA, micro RNA; NGS, next generation sequencing; FDR, false discovery rate; qRT-PCR, 
quantitative real-time polymerase chain reaction; PCR, polymerase chain reaction.
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320, miR-192, etc.) have been found to be upregulated 
in some studies and downregulated in others (6). Hence, 
there is an immediate issue of a lack of concordance in both 
miRNA and the direction of up/down regulation in similar 
models of AKI from one lab to another.

The lack of reproducibility is not isolated to CI-AKI  
models. A review of miRNA in coronary artery disease 
found 29 studies, with the majority contradicting each  
other (7). Part of the incongruency can be attributed to next 
generation sequencing (NGS). Current adapter ligation 
methods can introduce bias into library preparation, which 
will skew miRNA detection compared to microarray assay. 
NGS is also more sensitive than microarray assay and will 
detect a larger number of ‘bystander’ miRNA. This is 
evident as the present study detected more than twice the 
differentially expressed miRNA as compared to Gutiérrez-
Escolano and Sun et al. Additionally, TRIzol reagent, which 
was used in all three studies, can degrade certain miRNAs 
during the extraction process leading to further bias in 
library preparation (8,9).

miRNA themselves present unique challenges to high-
throughput sequencing. They are short in length and have 
a high degree of homology, sometimes differing by only a 
few nucleotides. Undetected errors early in the sequencing 
process can result in the misidentification of miRNA (7).  
Conversely, some miRNA seed sequences may be more 
closely related that their name suggests, as is the case of 
the miR-200 family. Hence, there may be a higher degree 
of congruency than initially evident due to evolving 
nomenclature.  

In the present study Liu and colleagues do not indicate 
a sample size nor do they report observed power for the 
main hypothesis being tested, however it is fair to mention 
that small sample sizes were used by Gutiérrez-Escolano 
and Sun et al. at 9 and 12 animals respectively. Small sample 
sizes have been shown to dramatically increase the rate 
of false-positives and false-negatives in high-throughput 
miRNA sequencing (7). While qRT-PCR was used to verify 
the NGS and microarray assay results, there is evidence 
that this may be suboptimal as well (10,11). Finally, the 
p-value assigned to the FDR can vary from study to study, 
and hence miRNA that would be screened out in one 
study could be reported as a significant finding in another 
study.  Hence, at this early stage it is prudent to select 
more conservative p-values to guard against Type 1 error 
and thus, have fewer candidates move forward as potential 
signals of disease. Different experimental models invariably 
contribute to heterogeneity and external incongruency. 

Gutiérrez-Escolano et al. found upregulation of serum 
miR-320 in their mouse model, but not in their human 
case-control analysis. Furthermore, there is evidence that 
miRNAs circulating in serum are renally eliminated (24).  
As dehydration and contrast administration have systemic 
sequela, some of the detected miRNAs may have extra-renal 
origins (3).

Lastly, miRNA expression in AKI is temporally 
dependent. Analysis of miRNA levels at a single point in 
time is insufficient in detecting differentially expressed 
miRNAs. Notably, miR-30 levels were shown to peak 4 h  
after CI-AKI and decline thereafter (13). The temporal 
rise and fall of certain miRNA may corresponding to 
vasoconstriction/ischemia, chemotoxicity, cell-cycle arrest, 
oxidative stress and cell to cell wavefront injury, recovery, 
and then ultimately tubule regeneration.  Detailed studies 
are needed with long timelines after contrast exposure in 
order to be optimally informative about miRNA behavior in 
CI-AKI.

Gutierrez-Escolano et al. found significantly elevated 
levels of miR-30a, miR-30c, and miR-30e in the serum of 
CI-AKI mouse and human groups within 3–6 h of contrast 
administration. Receiver operating characteristic (ROC) 
analysis revealed specificity >98% at a sensitivity of 85–60% 
at the optimal cutpoint. Sun et al. found similar results 
with significantly elevated levels of miR-30a and miR-
30e in the serum of the CI-AKI mouse group 4–6 h of 
contrast administration. A follow-up case-control analysis 
of patients who received an elective cardiac angiogram and/
or PCI and developed CI-AKI confirmed elevated levels of 
miR-30a and miR-30e in the serum 4–6 h post-procedure 
with specificities >93% at a sensitivity of 52–65%. By 
comparison, the US Food and Drug Administration cleared 
NephroCheck® test used in critically ill patients has a 
sensitivity of 92% and specificity of 46% at the lower cut-
off of 0.3 for AKI within 12 h (25). Hence, miR-30 and 
its isoforms have the potential to serve as highly specific 
adjunctive markers for the very early diagnosis for CI-AKI.

A series of studies highlight the potential for NGS 
in the progression of chronic kidney disease. Shi and 
colleagues reported that when Dicer was postnatally (post-
organogenesis) deleted from mice renal podocytes, the mice 
developed early glomerulopathy, proteinuria, and end-stage 
renal disease (ESRD) at an average age of ~8 weeks (14). 
Postnatal deletion of Dicer from mice renal collecting ducts 
similarly produced tubulo-interstitial fibrosis, ESRD, and 
death by a median of 6 months (15). Yet, when Wei et al. 
postnatally deleted Dicer from mice renal proximal tubular 
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cells these effects were not observed. Furthermore, after 
renal ischemia, these mice had lower serum creatinine and 
BUN, decreased renal cortical apoptosis, decreased tubular 
injury, and increased survival at 14 days compared to wild 
type animals (16). Renal ischemia is a mechanism of CI-AKI 
and renal proximal tubular cells play an intimate role in the 
pathogenesis of CI-AKI (3). Hence, these findings suggest 
that miRNA activity could be maladaptive at one time point 
and yet protective at another in models of CI-AKI.

In summary,  miRNA signals  detected by NGS 
techniques hold great promise for creating new knowledge 
and new insights into the pathogenesis of disease and 
recovery from illness. CI-AKI is a unique model since we 
understand the timing of injury. This is very important in 
the clinical development of both in vitro diagnostics and 
for pharmacotherapeutics. We look forward to much larger 
studies with more detailed measurement both in plasma and 
in urine with stringent false detection methods and detailed 
analyses of relevant miRNA targets. Something must be 
known about the function of candidate miRNA such as 
regulation of cell-cycle arrest, renal tubular cell stress, 
oxidative injury, apoptosis, autophagy, and recovery. We 
anticipate this approach will ultimately fulfill the promise of 
this breakthrough technology.
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