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AIMS

microRNA-122 (miR-122) is a hepatotoxicity biomarker with utility in the management of paracetamol overdose and in drug
development. Renal dysfunction and haemodialysis have been associated with a reduction in circulating microRNA. The objective
of this study was to determine their effect on miR-122.

METHODS

Blood samples were collected from 17 patients with end-stage renal disease (ESRD) on haemodialysis, 22 healthy controls, 30
patients with chronic kidney disease (CKD) and 15 patients post-kidney transplantation. All had normal standard liver function
tests. Samples from ESRD patients were collected immediately pre- and post-haemodialysis. Serum alanine transaminase activity
(ALT), miR-122 and miR-885 (liver enriched) were compared.

RESULTS

Circulating miR-122 was substantially reduced in ESRD patients pre-haemodialysis compared with the other groups (19.0-fold
lower than healthy controls; 21.7-fold lower than CKD). Haemodialysis increased miR-122 from a median value of 6.7 x 103 (2.3 %
10°-1.4 x 10*) to 1.6 x 10* (5.4 x 10°-3.2 x 10*) copies ml~'. The increase in miR-122 did not correlate with dialysis adequacy.
miR-122 was reduced in the argonaute 2 bound fraction pre-haemodialysis; this fraction was increased post-dialysis. There was no
change in miR-122 associated with extracellular vesicles. miR-885 was also reduced in ESRD patients (4-fold compared to healthy
subjects) and increased by haemodialysis.

CONCLUSION

miR-122 is substantially lower in ESRD compared to healthy controls, patients with CKD and transplanted patients. Haemodialysis
increases the concentration of miR-122. These data need to be considered when interpreting liver injury using miR-122 in patients
with ESRD on dialysis, and specific reference ranges that define normal in this setting may need to be developed.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
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e microRNA-122 (miR-122) is a sensitive and specific biomarker for drug-induced liver injury that is being qualified for use

in clinical medicine and drug development.

¢ Renal dysfunction and haemodialysis can affect circulating microRNA concentrations.

WHAT THIS STUDY ADDS

e miR-122 is substantially lower in the circulation of patients with end-stage renal disease on haemodialysis.
¢ This decrease is specifically in the miR-122 fraction bound to the microRNA carrier protein argonaute 2.

e Haemodialysis increases the circulating concentration of miR-122.

e Reference ranges that define normality may need to take into account renal function.

Introduction

MicroRNAs are small (~22 nucleotide-long) non-protein
coding RNA species involved in post-transcriptional gene-
product regulation [1]. In blood, microRNAs are stable
because they are protected from degradation by extracellular
vesicles (ECVs), such as exosomes, RNA binding protein com-
plexes, such as argonaute 2 (Ago2), and high-density lipopro-
teins [2, 3]. As they are amplifiable and some are tissue
restricted, circulating microRNAs represent a reservoir for
biomarker discovery. Liver-enriched miR-122 is released by
injured hepatocytes, primarily bound to Ago2, and is a trans-
lational circulating biomarker for liver injury in zebrafish [4],
rodents [5] and humans [6]. In patients with drug-induced
liver injury (DILI), circulating miR-122 is increased around
100-fold [6, 7] and accurately predicts hepatotoxicity when
all current hepatotoxicity biomarkers are still normal [7]. In
the context of DILI there is a strong correlation between
circulating concentrations of miR-122 and miR-885, another
microRNA with a large fold increase following DILI. miR-885
is released directly from hepatocytes as reported by in situ hy-
bridization studies of human liver DILI explants [8]. miR-122
is currently undergoing qualification as a clinical biomarker
for stratification of patients at risk of paracetamol-induced
liver injury and as a translational safety biomarker for use in
preclinical and clinical drug development.

In the presence of liver injury, kidney function is one of
the key predictors of death and need for urgent liver trans-
plantation, with serum creatinine concentration being a
component of the King’s College Criteria [9] and the Model
for End-Stage Liver Disease [10] scoring systems that are used
for prognostic stratification. Circulating kidney injury
molecule-1 (KIM-1) is a marker of kidney tubular injury that
predicts outcome in patients with acute liver injury with
higher sensitivity than creatinine and other common
prognostic tools [11]. Renal dysfunction has been reported
to affect the circulating concentration of microRNAs. Neal
et al. reported significantly reduced total plasma microRNA
and reductions in certain specific species (miR-16, -21, -210,
-638) in patients with chronic kidney disease (CKD) [12].
We recently profiled the circulating miRNome in patients
with paracetamol-induced acute liver injury and also demon-
strated a global reduction in circulating microRNA with renal
dysfunction [8]. In our profiling study there was no change in
miR-122; however, an effect of renal dysfunction may have
been undetectable given the high plasma miR-122 concentra-
tions that accompany acute liver injury.

Patients with DILI may need short-term haemodialysis
(HD), for example, as a bridge to possible liver transplanta-
tion. The effect of HD on circulating microRNAs depends on
the species studied, with no effect being reported for some
species (miR-21, -210) [13] but a significant decrease after
HD being reported for miR-499 [14]. In the current study we
measured circulating miR-122 concentrations in patients
with end-stage renal disease (ESRD) before and after HD and
compared them with healthy controls, patients with CKD
and patients with a successful renal transplant. These data
were compared with standard liver injury markers, dialysis
parameters and miR-885.

Methods

Patients

In total, 84 subjects were recruited to this study, 17 with sta-
ble ESRD on maintenance HD from the outpatient dialysis
unit at the Royal Infirmary of Edinburgh, UK (numbers as
per power calculation), 22 healthy volunteers, 30 with CKD
and 15 patients post-transplantation. Healthy controls and
patients with ESRD and kidney transplantation were prospec-
tively recruited for this study. Samples from patients with
CKD were taken from a previously published study [15]. The
study was approved by the local research ethics committee
(Tayside Committee on Medical Research Ethics B) and per-
formed in accordance with the Declaration of Helsinki.
Informed consent was obtained from all participants.

ESRD patients

Inclusion criteria were: age 18 or over, treated with HD for
over 3 months. Patients affected by liver disease or with a his-
tory of hepato-biliary surgery were excluded; other exclusion
criteria were consumption of cytochrome P450-inducing
medications, past medical history of epilepsy, cancer, alcohol-
ism and/or psychiatric disease.

All patients were treated with HD for 4-5 hours per
session, three times per week. Data collected included
demographic characteristics, cause of ESRD, dialysis age and
current medications. All patients were dialysed without hepa-
rin to prevent inhibition of polymerase chain reaction (PCR).

CKD patients
Patients with CKD stages -V (estimated glomerular filtration
rate 6-91 ml min '/1.73 m? calculated using the MDRD
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equation) were matched with ESRD patients for age, gender,
body mass index (BMI) and blood pressure (BP). In brief, sub-
jects were recruited from the renal outpatient clinic at the
Royal Infirmary of Edinburgh. The inclusion criteria were:
male or female CKD patients, 18-65 years old and clinic BP
<160/100 mmHg, whether or not on anti-hypertensive med-
ication. We excluded patients with a renal transplant or on
dialysis, patients with systemic vasculitis or connective tissue
disease, those with a history of established cardiovascular dis-
ease, peripheral vascular disease, diabetes mellitus, respira-
tory disease, or neurological disease, and those with current
alcohol abuse or pregnancy.

Renal transplantation patients

Patients entered the study if their transplant was performed
six or more months prior, their renal function was stable
and their estimated glomerular filtration rate (eGFR) was
greater than 60 ml min~'/1.73m?. Patients with abnormal
liver functions tests or a history of liver disease were
excluded.

Healthy volunteers
Age, gender, BMI and BP matched adults with no medical
complaints and no medication use were recruited.

Blood collection

In healthy subjects blood was collected into three EDTA
plasma tubes (2.7 ml) and processed without delay - centrifu-
gation at 1200 g for 10 min at 4°C. Then one sample was im-
mediately frozen at —80°C. To test miR-122 stability, the
remaining plasma samples were left unprocessed at room
temperature or 4°C for 24 h or 7 days.

Two blood plasma samples were collected from each HD
patient, one immediately before and one after a single dialy-
sis session, directly from dialysis needles. For CKD and trans-
plant patients, samples were collected on the study day.
ESRD, CKD and transplant patient blood plasma samples
were immediately processed by centrifugation at 1200g for
10 min at 4°C and then supernatant frozen at —80°C.

Biochemical analysis
The following parameters were measured: full blood count,
urea and electrolytes, creatinine, bilirubin, alanine amino-
transferase (ALT), alkaline phosphatise (ALP) and gamma-
glutamyl transferase (GGT).

MicroRNAs were measured by PCR using SYBR green-
based detection as previously described [8]. RNA was isolated
from 50 pl plasma samples using the miRNeasy Serum/Plasma
Kit (Qiagen, Venlo, Netherlands). RNA was eluted in a fixed
volume of 14 pl, after which 2.5 pl of each eluate was reverse
transcribed into cDNA using the miScript II RT Kit (Qiagen,
Venlo, Netherlands) following manufacturer’s instructions.
The synthesized cDNA was ten-fold diluted and used for
cDNA template in combination with the miScript SYBR
Green PCR Kit (Qiagen, Venlo, Netherlands) using the spe-
cific miScript assays (Qiagen, Venlo, Netherlands). Real-time
PCR was performed on a Light Cycler 480 (Roche, Basel,
Switzerland) using the recommended miScript cycling
parameters.
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Where indicated, results were confirmed by TagqMan-
based PCR. The small RNA eluate was reverse transcribed
using the Taqman assay containing specific stem-loop
reverse-transcription RT primers (Applied Biosystems, Foster
City, CA, USA) for each target miRNA species, following the
manufacturer’s instructions. In the reverse transcription reac-
tion, 1 ul of RNA was used to produce the complementary
DNA (cDNA) template. Then, 1 ul of cDNA was used in the
PCR mixture with specific PCR primers (Applied Biosystems,
Foster City, CA) in a total volume of 10 pl. Levels of miRNA
were measured using the Light Cycler 480 (Roche, Basel,
Switzerland).

Absolute quantification of microRNA was achieved by
generating a standard curve using synthetic target. Standard
curves were generated by reverse transcribing known concen-
trations of miScript miRNA mimics (Qiagen, Venlo, The
Netherlands) in 0.1X TE buffer spiked with 10 ng ul~* Poly-
C (Sigma-Aldirch, Gillingham, UK). The resulting cDNA was
measured using serial dilutions on three different plates to
demonstrate minimal variability.

The Agilent 2100 Bioanalyzer Small RNA kit was used ac-
cording to the manufacturer’s instructions to quantify RNAs
in the 6-150 nucleotide size range.

Extra-cellular vesicle isolation

Human plasma was fractionated by differential centrifuga-
tion to isolate microRNA containing ECVs. Plasma (1 ml)
was centrifuged at 2000g for 30 min then 12000g for
45 min. The supernatant was then ultracentrifuged at
110 000g for 1.5 h to pellet ECVs. The pellet was resuspended
in 2 ml PBS, after which an additional ultracentrifugation
step of 110000g for 1.5 h was performed. The vesicles were
re-suspended for miRNA analysis. ECV presence and number
was quantified by nanoparticle tracking analysis as previ-
ously described [16].

Ago2 isolation

Magna Bind goat anti-mouse IgG magnetic bead slurry, 100 ul
(Thermo Scientific, Waltham, USA), was incubated with 10 pg
of mouse monoclonal anti-Ago2 (Abcam, Cambridge, UK) or
mouse normal IgG (Santa Cruz Biotechnology, Dallas, US)
antibodies for 2 h at 4°C. The antibody-coated beads were
then added to plasma and incubated overnight at 4°C with
rotation. Beads were washed three times and each sample
then eluted in RNAse-free water before QIAzol was added for
RNA isolation.

Statistical analysis

The primary outcome was difference in serum miR-122 before
and after HD. Out of five microRNA species, the smallest dif-
ference between ESRD and control that was reported by Neal
et al. was a two-fold reduction [12]. Therefore, this cutoff was
used as the minimal effect size for the power calculation. We
calculated the sample size as follows: alpha-level 0.05;
beta-level 0.8; standard deviation 0.203; we estimated that
to determine a minimal difference in miR-122 ACt of 0.165
(corresponding to a two-fold change in copy number/ml)
we would require 17 participants. All data are presented as
median with interquartile range as D’Agostino & Pearson
omnibus normality test failed to demonstrate a normal



distribution for the data. Statistical analysis was performed
using Graphpad Prism (GraphPad Software, La Jolla,
California, USA). Nominal statistical significance was set at
P <0.05.

Results

Firstly, the stability of miR-122 was determined. After process-
ing human blood into plasma, storage at room temperature or
4°C for 24 h or 7 days had no significant effect on miR-122
concentration (Figure 1). Subject demographics and medica-
tions are shown in Table 1. As expected, the patient groups
had significantly lower haemoglobin concentrations and
were prescribed multiple medications. Erythropoietin, iron,
la-calcidol, phosphate binders and calcimimetics were more
commonly used in the ESRD group. The aetiologies of CKD
were polycystic kidney disease (n = 8), glomerulonephritis
(n = 6), obstructive uropathy (n = 5), Alport Disease (n = 1),
with one unknown cause. The aetiologies of ESRD were
obstructive uropathy (n = 5), diabetic nephropathy (n = 4),
glomerulonephritis (n = 3), polycystic kidney disease (n = 1),
pyelonephritis (n = 1), hypertensive nephropathy (n = 1), in-
terstitial nephritis (n = 1) and one unknown cause. The dis-
eases that resulted in need for transplantation were IgA
nephropathy (n = 3), hypertensive nephropathy (n = 1), inter-
stitial nephritis (n = 1), nephrolithiasis (n = 2), adult polycys-
tic kidney disease (n = 1), Alport syndrome (n = 2), reflux
nephropathy (n = 3), diabetic nephropathy (n = 1) and focal
segmental glomerulosclerosis (n = 1). In the transplanted pa-
tient group the median eGFR was 80 ml min~'/1.73m? (IQR:
67-95; range: 60-97), as calculated by the MDRD equation.
Total circulating microRNA was lower in patients with
CKD (Figure 2). Serum ALT activity was lower in CKD and
ESRD compared with healthy controls and transplanted

NS
1000000 *
~EJ Jr—
S 8000004
a .
o
g 6000004
E
'S 4000004
w
o
g 2000004 | T
3 I
c T L L) Ll Ll
o & ¢ & ¢
\bo & @ &
Q > & ) )
»° \al A &
¥ o
L J
Delay and storage condition
Figure 1

miR-122 is stable in plasma. Plasma samples were collected from
healthy volunteers (n = 3) and immediately centrifuged to isolate
plasma. One plasma sample was stored at —80°C without delay
and the remaining tubes were left at room temperature (RT) or 4°C
for 24 h or 7 days. Data presented as a Tukey plot
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patients (healthy ALT: median 18 IU 1"' (IQR16-30); CKD
111U 17! (6-13); ESRD 12 IU 17! (9-19); transplant 23 IU 1"
(14-38)). (Figure 3A). Haemodialysis induced a statistically
significant, but clinically insignificant, increase in ALT from
12 (9-19) to 13 (11-21) IU 1. By contrast with ALT,
miR-122 was not different when healthy controls were
compared with CKD (Figure 3B). Pre-HD miR-122 circulating
concentration was 19-fold lower compared with healthy con-
trols (pre-HD median value of 6.7 x 10% (2.3 x 103-1.4 x 10%);
healthy controls 1.3 x 10° (7.6 x 10*-3.8 x 10°) copies m1™};
P < 0.0001). Compared with healthy subjects, miR-122 was
5.0-fold lower pre-HD when PCR was performed using
Tagman (Supplementary Figure S1). HD induced a 2.4-fold
increase in miR-122 (post-HD: 1.6 x 10* (5.4 x 103-3.2 x
10% copies ml™'). In patients with renal transplantation,
miR-122 was comparable to the healthy controls (post-trans-
plant: 4.7 x 10* (2 x 10*-2.3 x 10°) copies ml ). miR-885 was
also reduced in ESRD patients (4-fold compared to healthy
subjects) and increased by haemodialysis (from a median
value of 5 (2-14) to 10 (5-18) copies ml~') and renal trans-
plantation (294 (224-436) copies ml™h (Figure 3C). In the
30 patients with CKD, there was no significant correlation be-
tween eGFR and miR-122 (Figure 4). In ESRD there was no
correlation between change in miR-122 and fluid removed
by HD, urea reduction ratio (URR) or change in ALT. There
was a significant correlation with change in miR-885
(Figure 5).

miR-122 circulates bound to Ago2 and encapsulated in
ECVs. ECVs were isolated from plasma (Figure 6); there was
no difference in miR-122 when ESRD patient samples were
compared to healthy controls (Figure 6). By contrast, when
Ago2 was isolated from plasma, the miR-122 fraction bound
to this protein was significantly lower in ESRD patients
pre-HD compared to healthy controls and post-HD samples
(Figure 6).

Discussion

An essential part of biomarker development is the definition
of normal reference ranges that allows patients with disease
to be identified with a level of accuracy that is fit for purpose
given the biomarker’s context of use. In this paper we demon-
strate that Ago2-bound miR-122 is substantially reduced in
patients with ESRD on HD who have standard liver function
tests (such as ALT) within the normal range. Furthermore,
HD increases miR-122, which may reflect hepatocyte injury
given the concomitant increase in ALT and miR-885 and the
lack of correlation with measures of dialysis adequacy. These
data need to be considered when interpreting miR-122 con-
centrations in patients with ESRD on dialysis, and specific ref-
erence ranges that define normal in this setting may need to
be developed.

Before commencing recruitment into this study, we con-
firmed that miR-122 was stable in plasma. This is consistent
with the general view in the literature that microRNAs are sta-
ble in the circulation, a property that makes them attractive
biomarker candidates. This stability is believed to be due to
their binding to carrier proteins or encapsulation in vesicles.
In the specific case of miR-122 we have recently
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Table 1

Subject characteristics

Healthy controls CKD Haemodialysis Post-transplant

Age (years) 55+10 48+ 10 58+13 43+10
BMI (kg m_z) 26+5 26+6 27+6 25+4

ALT(UI ")

CRP (mg dl )

Medications, n (%)
ACE-1 12 (40) 4 (20) 5(33)
ARB 5(017) 1(6) 0 (0)
Beta-blockers 13 (43) 8 (47) 4(27)
Statins 9 (30) 8 (47) 2(13)
Antiplatelets 6 (20) 6 (35) 1(7)
Warfarin 13) 3(18) 0(0)
CCBs 14 (47) 4(20) 7 (47)
Diuretics 1) 0 (0) 0 (0)
Corticosteroids 0(0) 0 (0) 10 (67)
Calcineurin inhibitor 0 (0) 0(0) 15 (100)
Mycophenolate mofetil 0 (0) 0 (0) 12 (80)
Erythropoietin 2(7) 17 (100) 0 (0)
Oral iron supplement 8(27) 16 (99) 0 (0)
1-0 calcidol 8(27) 16 (99) 9 (60)
Phosphate binders 4 (13) 11(65) 4(27)
Calcimimetics 0(0) 3(18) 0 (0)
alpha blockers 0 (0) 0 (0) 2(13)

Age, gender; haemoglobin and medications of the 84 enrolled subjects (Healthy Controls, Chronic Kidney Disease (CKD) Haemodialysis and
Post-transplant) are shown. ACE-I, ACE inhibitors; ARB, angiotensin receptor blockers; ALT, alanine aminotransferase; Bil, bilirubin; BMI, body mass
index; CCB, calcium channel blockers; CRP, C-reactive protein; SBP, systolic blood pressure. Values are expressed as mean + SD.

demonstrated that this microRNA species circulates predom-
inantly bound to the carrier protein Ago2 [8].

The total circulating microRNA concentration was re-
duced in patients with CKD. This is consistent with data from
Neal ef al. who also reported a significant decrease [12]. Neal
et al. presented data supporting a possible mechanism for this
global reduction: patients with CKD have increased RNAse
activity in their blood. The primary objective of our study
was to explore miR-122 concentrations in patients with im-
paired kidney function. This liver-specific biomarker was re-
duced in the group with the worst kidney function, patients
with ESRD. This is clinically important, as normal reference
ranges may need to take into account the patient’s GFR.
Patients with CKD had miR-122 concentrations that were

588 Br] Clin Pharmacol (2017) 83 584-592

no different to controls. This is consistent with our previous
published data that demonstrated no reduction in miR-122
in patients with CKD [6]. However, in the present study pa-
tients with CKD had lower serum ALT activity. This demon-
strates a disconnect between ALT and miR-122 (which
typically track each other, albeit with miR-122 having more
rapid kinetics), and possibly reflects differences in the effect
of renal dysfunction on mechanisms of ALT cellular release
and clearance. Our published data demonstrate that miR-
122 and miR-885 are related; both species are released from
injured hepatocytes and their circulating concentrations are
tightly positively correlated [8]. When compared with
healthy controls, miR-885 was also substantially lower in
patients with ESRD but not those patients with CKD.
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Total circulating microRNA is lower in chronic kidney disease (CKD)
stage IV. microRNA in plasma was quantified by Agilent 2100
Bioanalyzer. Patient groups were healthy controls (n = 17), CKD
(n = 20), and end-stage renal disease immediately before and after
haemodialysis (pre-HD and post-HD, respectively, both n=17)

HD has been reported to reduce the circulating concentra-
tion of certain microRNA species, which could relate to their
being cleared in the dialysate fluid [14]. The data presented in
this article are the first to demonstrate an increase in
microRNA after HD. The increase in miR-122 did not corre-
late with parameters of dialysis adequacy or fluid removal,
which argues against volume changes being the explanation
for the increase. Serum ALT activity and miR-885 also in-
creased after HD, which suggests that there is mild hepato-
cyte injury during the HD session.

In the field of drug-induced liver injury, miR-122 has sig-
nificant promise as a new sensitive and specific biomarker of
hepatocyte injury. More broadly, across a wide range of dis-
ease areas, circulating microRNAs are being proposed as bio-
markers. However, their kinetics in the circulation are
poorly defined, specifically their clearance. Following acute
liver injury miR-122 is elevated in concentration earlier than
ALT and decreases before ALT. However, this kinetic profile is
not consistent across all microRNAs that change significantly
following liver injury, with some changing later and having
longer ‘half-lives’ in the circulation [8]. Future studies should
investigate the clearance mechanisms of microRNA when
combined with their different circulating carriers. Such stud-
ies would include defining the contribution of the kidney.
The present study clearly demonstrates that the Ago2-bound
form of miR-122 is substantially reduced in patients with
ESRD. Mechanisms that underlie this are yet to be defined
but may include reduced production of microRNA. However,
if this were the case, the ECV-bound fraction would also be
expected to fall. Neal ef al. have reported that ESRD is associ-
ated with increased circulating RNAse activity [12]. The
Ago2-bound form of miR-122 may be more sensitive to enzy-
matic digestion compared with ECV-encapsulated miR-122.
A priori it could be hypothesized that the ECV fraction would
differ between patients with ESRD and healthy controls be-
cause work by our group [17], and others [18], has clearly
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Figure 3

miR-122 is lower in end-stage renal disease and is increased by
haemodialysis. Plasma was isolated from healthy controls (n = 22),
chronic kidney disease (CKD) stage IV (n = 30), end-stage renal
disease immediately before and after haemodialysis (pre-HD and
post-HD, respectively, both n = 17) and patients with renal
transplantation (n = 15). Serum ALT activity (A), miR-122 (B) and
miR-885 (C) were measured. Data are presented as Tukey plots

demonstrated that systemically injected ECVs are excreted
in urine. This would suggest that their clearance may be
altered in ESRD. However, the miR-122 concentration in this
fraction did not change. Defining the kinetics of miR-122 will
be a priority if it is to be adopted into clinical practice and
drug development.
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Circulating miR-122 is not related to the estimated glomerular
filtration rate (eGFR) in patients with CKD. Each point represents a
patient with CKD. eGFR calculated by the MDRD equation. Pearson
correlation data are presented

miR-122 is being qualified as a biomarker for a range of
diseases. In patients with established paracetamol-induced
acute liver injury, miR-122 is increased on average around
100-fold [6]. In patients with ESRD, our study demonstrates
a reduction in miR-122 of 19-fold compared with matched
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healthy controls. Therefore, the miR-122 signal associated
with established ALI may still be appreciable even if the pa-
tient’s baseline miR-122 concentration were lower than
normal due to ESRD. An important future clinical applica-
tion of miR-122 may be the stratification of patients at
first presentation to hospital after paracetamol overdose
with regard to their risk of subsequent ALI. In this
‘pre-injury’ context of use, the fold difference in miR-122
between high- and low-risk groups is smaller (around
17-fold) [7]. Therefore, pre-existing severe renal impair-
ment may have a significant impact on the interpretation
of miR-122. We propose that future qualification should
include defining reference ranges in patients with reduced
renal function.

There are some limitations to our study. Although recruit-
ment was based on our pre-study power calculation, this is a
discovery study that needs to be built on in larger patient co-
horts. As is to be expected, patients with ESRD were pre-
scribed multiple medications, which could potentially affect
circulating microRNA concentrations. Such confounding by
medication has been demonstrated for platelet-derived
microRNAs and anti-platelet agents [19]. There are no data re-
garding the effect of anti-hypertensives on miR-122. Liver
toxicity with ACE inhibitors, angiotensin receptor blockers
and beta blockers is rare and all the patients in this study
had normal standard liver function tests. Furthermore, our
study included a CKD group who were prescribed similar
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Haemodialysis-induced change in circulating miR-122 correlates with change in miR-885. In patients with end-stage renal disease,
haemodialysis increased plasma miR-122. This increase did not have a significant relationship with volume of fluid removed during dialysis
(A), urea reduction ratio (URR) (B) or change in ALT (C). There was a significant relationship with the dialysis-induced increase in plasma

miR-885 (D)
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miR-122-5p in the extracellular vesicle fraction and Ago2 bound fraction. (A) size and number of particles measured by nanoparticle tracking
analysis (NTA) following isolation of extracellular vesicles from human plasma by differential centrifugation. (B) Tukey boxplot of miR-122-5p
measured in the extracellular vesicle pellet after ultracentrifugation of plasma samples from healthy volunteers and end-stage renal disease
immediately before and after haemodialysis (pre-HD and post-HD). (C) Tukey boxplot of miR-122-5p measured in the antibody-isolated Ago2
fraction from healthy volunteers, pre-HD and post-HD. The y-axis represents the 2-ACt value obtained from the Ago2 pull-down minus the 2-A
Ct value obtained from IgG control pull-down from the same sample. All miR-122-5p measurements were normalized to spiked-in synthetic

miR-39

cardiovascular medications but had substantially higher
circulating miR-122 in comparison with ESRD patients.
There is no evidence in the literature to suggest that the
medications used more in the ESRD group (erythropoietin,
iron, lo-calcidol, phosphate binders and calcimimetics)
have any effect on the liver or microRNA, at least in ther-
apeutic doses.

In summary, miR-122 is lower in ESRD and haemodialysis
restores the concentration of circulating miR-122 to healthy
levels, which may reflect dialysis-induced hepatocyte injury
given the concomitant increase in ALT and miR-885. These
data need to be considered when interpreting liver injury
using miR-122 in patients with ESRD on dialysis, and specific
reference ranges that define normal in this setting may need
to be developed.
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