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MicroRNA-21 in plasma exosome, but not from whole plasma,
as a biomarker for the severe interstitial fibrosis
and tubular atrophy (IF/TA) in post-renal transplantation

Sunaree Saejong,' Natavudh Townamchai,” Poorichaya Somparn,® Pattarin Tangtanatakul, Thunnicha Ondee,
Nattiya Hirankarn,® Asada Leelahavanichkul®

Abstract

Background: Non-invasive diagnosis of interstitial fibrosis and tubular atrophy (IF/TA), a major cause of chronic allograft
dysfunction in post-kidney transplantation (post-KT), is needed.

Objective: Several candidates of microRNAs (miRs) in plasma exosome or whole plasma were evaluated for IF/TA bio-
marker.

Methods: Kidney samples from biopsy and plasma were tested for miRs expression.

Results: Expression of miR-21, miR-142-3p and miR-221 in renal histology with high fibrosis score (Banft classification)
was higher than the samples with lesser score (n = 17/group). However, expression of these miRs from plasma exosome
or from whole plasma of post-KT patients with different severity of IF/TA as determined by percentage of IF/TA in-
cluding; grade I (5-25%) (n = 15), grade II (26-50%) (n = 15), grade III (= 50%) (n = 6) versus stable graft function
(no IF/TA) (n = 15) was not different. However, high expression of miR-21 in exosome, but not from whole plasma, was
demonstrated in IF/TA grade II and III compared with IF/TA grade L. In contrast, serum creatinine (Scr) and protein-
uria, the current standard biomarkers, could not differentiate IF/TA grade I out of grade II/III. There was no correla-
tion between exosome miR-21 versus the current standard renal injury biomarkers, including Scr, blood urea nitrogen
and proteinuria, in IF/TA grade II or grade IIL.

Conclusion: High miR-21 in plasma exosome, but not in whole plasma, indicated high grade IF/TA in post-KT patients.
This non-invasive monitoring biomarker allows the more frequent evaluation on IF/TA than renal biopsy (a standard but

more invasive procedure) resulting in the earlier management. More studies on patients are warrant.
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Introduction

Interstitial fibrosis and tubular atrophy (IF/TA), a major
cause of chronic allograft dysfunction in post kidney trans-
plantation (post-KT), demonstrates in 40% and 65% of pa-
tients after 3-6 and 24 months post-KT, respectively.! Al-
though kidney biopsy is the gold standard diagnosis of IF/
TA,* the procedure is too invasive for the frequent test.
Hence, the non-invasive biomarkers for IF/TA will be ben-
eficial. As such, microRNAs (miRs) is the small non-coding
RNA molecules containing 22-25 nucleotides that regulated
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gene expression by complementary binding 3’UTR of mRNA
leading to the degradation or inhibition of gene expression.
Interestingly, miRs are more stable, easily detectable and fre-
quently enriched in the exosome,*” the 40-200 nm extracel-
lular vesicles protecting several cell compartments including
miRs.*'* Indeed, the communication between cells by cellular
production of miRs through excreted-exosome is demonstrat-
ed.’!* Hence, exosomal miRs is one of the interesting bio-
markers. Due to the uncertainty of the normalization of uri-
nary biomarker including be urine creatinine, total number of
exosome, urine protein or time normalization (eg. 24 h urine
collection),'”*® miRs in plasma exosome might be the proper
biomarkers and were explored here.

Indeed, several miRs are correlated with the pathogenesis
of fibrosis including; miR-21, miR-142-3p and miR-221. The
increased expression of miR-21 in post-KT IF/TA from urine
exosome” and in plasma® possibly due to the activation by
TGEF-p resulting in the increased activated Akt and mesangial
expansion is mentioned.” In addition, the expression of miR-
142-3p from urine, plasma and renal tissue from post-KT IF/
TA is increased”??* and miR-221 involves in TGF-p depen-
dent fibrosis.” Then, we explored the expression of these miRs
from renal tissue and in plasma for the discovery of IF/TA
biomarker.

Materials and Methods
Patient samples

The samples of patients with post-KT from the King Chu-
lalongkorn Memorial Hospital, Bangkok, Thailand were col-
lected following the approved protocol by the Ethical Insti-
tutional Review Board, Faculty of Medicine, Chulalongkorn
University, according to the Declaration of Helsinki, with
written informed consent from each individual patient (IRB
No.230/62). The samples were snap frozen in the liquid nitro-
gen and were kept in -80°C before use. Renal histology from
the protocol biopsy of patient post-KT (Table 1 and Figure 1)
with the high score of fibrosis as reported by positive score in
chronic glomerular (CG), chronic tubular (CT) and chronic
vascular (CV) versus lower score were collected for determi-
nation of kidney miRs. Renal tissue was put in the miRNeasy
Mini Kit (QIAGEN, Hilden, USA) before the further miRs
analysis (see below). In addition, the peripheral bloods of an-
other group of patients (Table 2) with the IF/TA score identi-
fied by kidney biopsy in concordance with the Banff classifi-
cation® were collected. Plasma samples were categorized into
4 groups including IF/TA grade I (5-25%), grade II (26-50%),
grade III (= 50%) and stable graft function based on renal
histopathology. Patients with serology positive for BK virus,
cytomegalovirus (CMV) and re-transplanted patients were
excluded.

Plasma exosome isolation, Nanoparticle tracking and Western
blot analysis

All samples from patients (Table 2) were kept in -80°C un-
til analyzed. As such, plasma samples were incubated with of
thrombin to remove fibrin clot, centrifuged for supernatants

collection, precipitated with 24% polyethylene glycol (PEG)
(Manufacturer number DB0433; Thermo Scientific, Waltham,
MA, USA) and incubated at 4°C overnight. Although several
percentage of PEG has been successfully used for the plasma
exosome extraction, PEG at 16-24% is repeatedly used in the
previous publications.””® After that, the samples were centri-
fuged at 1,500 g for 30 minutes for retrieval of exosome pel-
lets, eluted by phosphate buffer solution (PBS) and kept in
RNA later for miRs identification. The presentation of exo-
some in suspended-pellets was supported by nanoparticle
tracking and Western blot analysis. For nanoparticle tracking,
the suspended exosome pellets were homogeneously diluted
in 1:200 particle-free PBS (0.02 um filtered) and the size and
concentration of exosome were measured by NanoSight NS300
(Malvern Panalytical Instruments Company, Malvern, United
Kingdom).

Table 1. The demographic data of patients with less or more
fibrosis (kidney tissue)

Less fibrosis  More fibrosis

Parameters 17) a7)
Recipient age (years) 62+38 72+ 11
Recipient gender (F/M) 11/6 10/7
Dialysis vintage (months) 62 + 46 71+ 54
Post-transplantation time, months 24+ 1% 112 +21
Type of donor (living/deceased) 11/6 7/10
Total ischemic time (min) 628 + 346 763 + 411
HLA mismatch 1.5+ 0.8 2.8£0.9
Highly sensitized PRA (PRA > 30), n (%) 2(12) 7 (41)
Native kidney disease, n (%)
ADPKD 3(18) 2(12)
Chronic glomerulonephritis 5(29) 4(22)
Diabetic nephropathy 8 (47) 10 (59)
Obstructive nephropathy 1(6) 2 (12)
Unknown
Immunosuppression, n (%)
Cyclosporine A-based 0(0) 5(29)
Tacrolimus-based 14 (82) 9 (53)
Rapamycin-based 2(12) 3(17)
Everolimus-based 0 (0) 0 (0)
Azathioprine 0(0) 5(29)
Mycophenolate mofetil 14 (82) 10 (59)
Prednisolone 15 (88) 16 (94)
Advagraft 2(12) 3 (18)

* p < 0.01; %%, p < 0.001
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Figure 1. The expression of microRNA in renal tissue with more or less fibrosis (A) and the pathological score following Banff

criteria of “more fibrosis” versus “less fibrosis” following the record from pathologist reports (B) were demonstrated.
G, glomeruli; CG, chronic glomeruli; T, tubular; CT, chronic tubular; V, vascular; CV, chronic vascular; AH, arteriolar hyaline thickening; MM, mesangial matrix
expansion; PTC, cells in peritubular capillary area; C4d, complement 4d

Table 2. The demographic data of patients (plasma samples)

IF/TA 11 IF/TA III

Parameters (n=17) (n=6)

Recipient age (years) 47 + 4 46 +4 53+3 54+5
Recipient gender (F/M) 10/4 5/11 7/11 2/4
Dialysis vintage (months) 64 + 34 58 + 36 77 + 45 65 + 38
Post-transplantation time, months 19 £ 6** 89+ 19 102 =20 79 £27
Type of donor (living/deceased) 10/4 10/16 4/14 3/3
Total ischemic time (min) 580 + 632 517 +221 617 + 317 677 £ 322
HLA mismatch 2.6+0.5 1.7+0.3 2.6+0.4 2.7+0.2

Highly sensitized PRA (PRA > 30), n (%) 1(7.1) 1(6.7) 5(29.4) 1(16.7)
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Table 2. (Continued)

Parameters

IF/TA 1

IF/TA 11 IF/TA III

Native kidney disease, n (%)

ADPKD 0 (0)
Chronic glomerulonephritis 3(22)
Diabetic nephropathy 7 (50)
Obstructive nephropathy 2(14)
Unknown 2 (14)
Immunosuppression, n (%)

Cyclosporine A-based 3(21.4)
Tacrolimus-based 10 (71.4)
Rapamycin-based 1(7.1)
Everolimus-based 2 (14.3)
Azathioprine 0(0)
Mycophenolate mofetil 14 (100.0)
Prednisolone 14 (100.0)
Advagraft 2 (14.3)

(n=15) (n=17) (n=6)

2(13) 0(0) 1(17)
3(20) 6(35) 2(33)
9 (60) 8 (47) 3(50)
0(0) 2(13) 0(0)
1(7) 1(5) 0(0)
4(25) 6(33.3) 1(16.7)
10 (62.5) 8 (44.4) 5(83.3)
3(18.8) 2(11.1) 0 (0)
0 (0) 0(0) 0(0)
1(6.3) 2(11.1) 1(16.7)
11 (68.8) 14 (77.8) 0 (0)
15 (93.8) 15 (83.3) 5(83.3)
2 (12.5) 3(16.7) 0 (0)

**, p <0.001 vs. other groups

In addition, the standard procedure of Western blot anal-
ysis was performed. In short, the starting plasma volume for
the exosome extraction in all samples was 250 pL following
a previous publication.””?® Then, the suspended pellet was
mixed with 100 mM of dithiothreitol (DTT) (Thermo Scien-
tific) at 95°C 5 min, loaded in 10% of SDS-polyacrylamide gel
electrophoresis, transferred onto a polyvinylidene difluoride
membrane (PVDF) (GE Healthcare, UK) and blocked with
5% of bovine serum albumin (BSA). Then primary antibody
against exosome proteins® (Abcam, Cambridge, MA, USA)
including anti-CD9 (ab92726), anti-CD63 (ab193349) and
TSG101 (ab83) was incubated overnight at 4°C, washed, in-
cubated with secondary antibody linked horseradish at room
temperature for 1 hour and detected the signal by Super Sig-
nal West Femto substrate (Thermo Scientific) and analyzed
with Image Quant TL (GE Healthcare, UPPSALA, Sweden).
The concentrations of primary and secondary antibody were
1:1,000 in 5% BSA and 1:5,000 in 2.5% BSA, respectively.

Reverse Transcription Polymerase Chain Reaction (RT-PCR)
and Real-time PCR

Total RNA was isolated from renal tissue or plasma exo-
some pellets by the miRNeasy Serum/Plasma Kit (QIAGEN,
Hilden, USA). Then, quantification of miR was based on the
total RNA quantification as measured by NanoDrop 1000
(Thermo Scientific). The ratio of absorbance at optical densi-
ty (OD) 260 divided by OD 280 more than 1.8 indicated the
adequate purity for the further test. Total RNA (10 ng/pl) was
reverse-transcribed into cDNA using reagent from TagMan®
MicroRNA Reverse Transcription Kit and specific stem loop
primer from TagMan microRNA assay (Thermo Scientific)

including; miR-21 (ID 000397), miR-142-3p (ID 000464),
miR-221(ID 000524), RNU-44 (house-keeping miR for renal
tissue, ID 001094) and cel-39 (exogenous control for plasma
sample, ID 000200). Real-time qPCR is performed on the Ap-
plied Biosystems™ 7500 Real-Time PCR Systems.

Statistical analysis

All data was analyzed by SPSS software (version 22, IBM
Corporation, New York, USA) and Graph Pad Prism version
7.0 software (LaJolla, CA, USA). The results were presented as
mean + standard error (SE). The differences between groups
were examined for statistical significance by one-way analysis
of variance (ANOVA) followed by Tukey’s analysis or Student’s
t-test for comparisons of multiple or 2 groups, respectively,
and p < 0.05 was statistically significant.

Results

Expression of the interesting miRs in renal tissue of patients
with post-renal transplantation was explored and the miRs
from the whole plasma (plasma) or the exosome-fraction of
plasma (exosome) was examined to see if these miRs could be
used as the invasive biomarker for the identification of IF/TA.

The expression of miRs in renal histology from 34 patients,
including 17 samples from the first time of protocol biopsy
(2 £ 1 months post-KT) (less severe fibrosis) versus 17 samples
of the more severe IF/TA (112 + 21 months post-KT) (Table
1) were evaluated. Indeed, the post-transplantation period
and the HLA mismatch score were higher in the patients with
more fibrosis in comparison with the patients with less fibrosis
(Table 1) supporting the previous publications.*® On the other
hand, the expression of all selected miRs in renal tissue with
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the higher fibrosis score was more than the sample with less
severe fibrosis (Figure 1). However, the difference in the ex-
pression of miR-21 was higher than miR-221 and miR-142-
3p (Figure 1A). The fold change between the average value of
miR in patients with more fibrosis compared with less fibrosis
in miR-21 and miR-221 were 1.50 and 1.25, respectively, and
in miR-142-3p was 1.15. Due to the increased expression of
the miRs in IF/TA kidney samples, these miRs in plasma and
in exosome fraction were tested in the samples from the oth-
er groups of patients with the IF/TA classification following
Banft criteria®® (Table 2). The demographic data of these pa-
tients was similar except for the lesser post-translation period
in patients with stable graft function supporting the previous
publications.* A simple plasma exosome extraction by PEG
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with the centrifugation (as in method section) is selected be-
cause of procedure simplicity and low cost which is suitable
for the clinical use. As such, the existence of exosome in the
extracted fraction from prepared plasma by this method was
demonstrated by i) the visualization of exosome (40-200 nm
diameter) by nanoparticle tracking analysis identified most
plasma exosome in 131 + 85 nm in diameter similar to other
articles®>* (Figure 2A) and ii) the abundance of several exo-
some markers including CD9, CD63 and TSG101 following
the previous publications* (Figure 2B). This data supported
the clinical use by this simple exosome extraction. Of note,
protein abundance of CD63 from the exosome fraction of IF/
TA grade I was highest among other groups (Figure 2D) sug-
gesting a possible role of inflammatory process in early IF/TA.%
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Figure 2. The representative figure of microvesicles in plasma as evaluated by nanoparticle tracking analysis demonstrated the
vesicle range of exosome (30-150 nM) (A), the Western blot analysis to determine exosome by the protein abundance of exosome
biomarkers (B) and the band intensity score (C-E) (n = 3-6/group for C-E) were demonstrated. *, p < 0.05
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From plasma sample, the allograft dysfunction in patients
with IF/TA could be identified by the conventional biomarkers;
blood urea nitrogen (BUN) and serum creatinine (Scr), but not
proteinuria (UPCI), in comparison with samples from patients
with stable allograft function (Figure 3A-C). However, both
BUN and Scr could not differentiate the different severity of
IF/TA (Figure 3A-B). In parallel, the expression selected-miRs
in neither whole plasma nor plasma exosome of patients with
IF/TA was not different from the control (Figure 3D-I), despite
the higher expression in kidney samples (Figure 1).

As such, miR-21 in whole plasma (plasma miR-21) of pa-
tients with IF/TA II was lower than the group with stable graft
function (Figure 3D) and miR-21 in plasma exosome fraction
(exosome miR-21) could differentiate between IF/TA I and
IF/TA 1II (Figure 3G), different from the previous studies.*
The differentiation between high grade IF/TA (grade II and IIT)
out of IF/TA with the lower severity (grade I) with exosome
miR-21 (Figure 3G) might be beneficial in the clinical prac-
tice. In addition, the expression of exosome miR-21 was not
correlated with any current biomarkers of renal injury, includ-
ing Scr, BUN and proteinuria (Figure 4), but showed a ten-
dency to be positively correlated with BUN and Scr in patients
with IF/TA grade II and grade III, respectively (Figure 4B, C).
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Figure 3. The evaluation of IF/TA as determined by blood urea nitrogen (BUN) (A), serum creatinine (B), urine protein creat-
inine index (UPCI) (C), microRNAs from whole plasma (D-F) and microRNA from plasma exosome (G-I) from patients with
stable allograft function (Stable: n = 14), interstitial fibrosis/ tubular atrophy (IF/TA) grade I (n = 15), IF/TA grade II (n = 17)
and IF/TA grade III (n = 6) were demonstrated. * p < 0.05, ** p < 0.01
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(B, D, F) were demonstrated.

Discussion

The frequent monitoring of renal fibrosis after renal trans-
plantation, as refer to IF/TA, with the non-invasive monitor-
ing procedures will be clinically beneficial. The expression of
miR-21 in plasma exosome, but not from whole plasma, could
be used for the differentiation between high versus low grade
IF/TA which possibly allow prompt therapeutic managements.

Plasma exosome, an interesting non-invasive biomarker of
kidney transplantation

Most nephrologists avoid frequent renal biopsy which is
an invasive procedure causing pain and some complications.
However, the detection of post-KT IF/TA currently depends
on the kidney biopsy. The frequent follow-up of IF/TA pro-
gression is tremendous beneficial to the patients because the

earlier manipulation of IF/TA provides the better renal al-
lograft function.' Exosome is an interesting source of bio-
marker because it contains interesting molecules on plasma
membrane and protects the degradable contents (eg. nucleic
acid and transcription factors) that make it easier for the de-
tection as refer to “cell biopsy” or “liquid biopsy”’** Because
the normalizations of urine biomarkers are necessary due to
the possibility of the alteration in urine concentration from
the accumulation of urine in bladder before urine collection,”
plasma exosome might be an easier and proper biomarker for
the real clinical use. Although miRs are quite stable, several
reports prefer the determination of exosome miRs.*®* Inter-
estingly, the burdens of exosome proteins by CD63 was low-
er in stable graft function and IF/TA grade III in comparison
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with IF/TA grade I, while the burdens of CD9 and TSG101
were not different between groups suggesting the limitation
of using exosome proteins for the determination of exosome
numbers. Also, it is possibly that microvesicle is one of the
inflammatory process in the early phase of fibrosis as CD63
(membrane protein that associated with intracellular vesicles)
is an essential cofactor to leukocyte recruitment.*® Moreover,
the evaluation of exosome number by Nanosight also showed
the high variability in the measurement on the same sample
(data not shown). Hence, the development on quantitatively
measurement of plasma exosome is interesting.

Exosome miR-21 in plasma and renal fibrosis

The selected miRs associate with the pathogenesis of fi-
brosis by different pathways?** which is supported by the de-
tection of these miRs in renal tissue with IF/TA (Figure 1).
Indeed, exosomal miR-21 has been previously mentioned
as a fibrosis biomarker as identified by the micro-array data
from the renal histology of the post-KT patients.?>?44 As
such, miR-21 associates with TGF-f, a well-known cytokine
of fibrosis pathogenesis,> and miR-21 could be detectable in
urine exosome' and in plasma® of post-KT patients with IF/
TA. Here, miR-21, from plasma exosome fraction but not
from whole plasma, could differentiate IF/TA grade I out of
grade II and III, despite level of the gene expression was not
different between stable allograft control group and IFTA
grade I. Nevertheless, our data support the fibrosis produc-
tion through miR-2 and the micro-vesicles transportation of
miR-21 into blood circulation.” As such, the delivered miR-21
is demonstrated to decrease the Phosphatase and tensin ho-
molog (PTEN) leading to phosphorylation of Protein kinase
B (AKT) signaling which decreases the expression E-cadher-
in and increases the expression of a-SMA and fibronectin in
renal tubules.*? Although we expected to see increased plas-
ma miR-21 due to the impact of miR-21 in both inflammato-
ry process* and fibrosis generation® as previously reported,”
plasma miR-21 in IF/TA was not higher than the stable al-
lograft. In contrast, plasma miR-21 in IF/TA II was lower than
the control group (Figure 3D), while exosome miR-21 in IF/
TA II show a tendency to be higher than the control but did
not reach the significant level (Figure 3G). The inconsis-
tency in the benefit of miR-21 in whole plasma as the IF/TA
post-KT biomarker that is previously demonstrated” and
the less benefit in our data might due to the limited number
of patients in our cohort. In addition, the advantage of exo-
some miR-21 over plasma miR-21 implies that miR-21 in the
exosome fraction with, protective exosome-membrane, might
be more stable than miR-21 in the fraction of whole plasma.
More studies in the larger number of patients are interesting.

Proposed of the clinical use of exosome miR-21 in plasma for
high grade IF/TA detection

Although exosome miR-21 could not be used for the di-
agnosis of IF/TA post-KT from our data, the detection of
high grade IF/TA by this non-invasive biomarker will be clin-
ically beneficial. The increased exosome miR-21 from the
baseline indicates the prompt management to explore sever-
al causes of IF/TA such as calcineurin inhibitor toxicity, high
urine protein excretion and several renal underlying diseases.

Currently, the frequency for IF/TA evaluation is limited by
the invasiveness of renal biopsy. The frequent monitoring by
plasma exosome will be tremendously helpful. In addition,
miR-21 was not correlated with any of the current biomarkers
in the clinical practice. Then, the value of miR-21 could not be
postulated from the more severe injury by these parameters
and miR-21 should be analyzed along with the current bio-
markers, not only in the patients with the more severe renal
injury. Despite several ongoing-researches for the discovery of
post-KT IF/TA biomarker* the solid conclusion is still lack-
ing. Therefore, we propose to add the regular monitoring
of plasma exosome miR-21 for the early detection of IF/TA
grade II/III into the current post-KT clinical follow-up as an
indicator for the additional urgent renal biopsy to confirm
IF/TA diagnosis. Further clinical study on miR-21, at least in
Thai patients, for IF/TA monitoring is warrant.

In conclusion, plasma exosome miR-21 is an interesting
non-invasive biomarker of IF/TA grade II/IIT which is better
than the current biomarkers (serum creatinine and protein-
uria). The increased exosome miR-21 indicates for urgent re-
nal biopsy to confirm high grade IF/TA and the prompt IF/TA
managements.
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