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Intrarenal expression of microRNAs in patients with IgA
nephropathy

Gang Wang1, Bonnie C-H Kwan', Fernand M-M Lai?, Paul C-L Choi?, Kai-Ming Chow', Philip K-T Li' and
Cheuk-Chun Szeto'

MicroRNAs (miRNAs) are noncoding, single-stranded RNA molecules that have important roles in a number of
physiological and pathological processes. Previous studies have proved that miRNAs targeting ZEB1 and ZEB2 may
repress epithelial-to-mesenchymal transition. In this work, we studied the intrarenal expression of miR-200 family,
miR-205 and miR-192 in patients with immunoglobulin A (IgA) nephropathy. We studied 43 patients with biopsy-proven
IgA nephropathy (IgA group). The intrarenal expression of miRNAs was quantified and compared with that of 15 patients
with noninflammatory glomerulosclerosis (GS group) and 20 patients with nephrectomy for kidney cancer as controls
(CTL group). The level of intrarenal miR-200c was downregulated, whereas the levels of intrarenal miR-141, miR-205 and
miR-192 were upregulated in IgA but not GS group. Proteinuria significantly correlated with the intrarenal expression of
miR-200c (r = —0.324, P =0.011) and glomerular filtration rate (GFR) significantly correlated with the intrarenal expression
of miR-205 (r = —0.280, P = 0.030). The degree of tubulointerstitial scarring correlated with miR-205 expression (r=0.389,
P =0.021), whereas glomerulosclerosis correlated with miR-192 expression (r=—0.311, P =0.045). The rate of GFR decline
significantly correlated with the intrarenal expression of miR-192 (r=0.373, P=0.015). The intrarenal expression of
E-cadherin significantly correlated with the intrarenal expression of miR-200c (r=0.392, P =0.002). The results show that
intrarenal expression of miR-200c, miR-141, miR-205 and miR-192 was diversely regulated and correlated with disease
severity and progression in patients with IgA nephropathy. These miRNA species may be important in the pathogenesis
and progression of IgA nephropathy.
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Immunoglobulin A (IgA) nephropathy is the most common
form of primary glomerulonephritis throughout the world
and an important cause of end-stage renal disease (ESRD).!
Indeed, 15-40% of patients with biopsy-proven IgA
nephropathy will progress to ESRD in 10-20 years.>”
Tubular atrophy and interstitial fibrosis are the most im-
portant predictors of poor outcome for IgA nephropathy.
Besides preexisting resident fibroblasts, intrinsic renal cells,
such as tubular epithelial cells, podocytes, mesangial cells and
endothelial cells, probably contribute to renal fibrogenesis by
morphological changes to become activated fibroblasts
through epithelial-to-mesenchymal transition (EMT), myo-
fibroblasts transdifferentiation or endothelial-to-mesenchy-
mal transition.*”” In IgA nephropathy, the expression of

fibroblast-specific protein 1, a mesenchymal marker protein,
in tubular epithelial cells was shown to correlate well with
renal function and disease progression.® However, the mo-
lecular pathogenesis of EMT in IgA nephropathy and other
intrinsic kidney diseases remains unclear.

MicroRNAs (miRNAs) are noncoding, single-stranded
RNA molecules of about 21-23 nucleotides in length; miR-
NAs regulate gene expression at post-transcriptional level and
have important roles in a number of physiological and pa-
thological processes.” Although miRNAs were first described
15 years ago, they have not been extensively studied until
recent years.'”'! Previous in vitro studies have shown that
members of the miR-200 family (miR-141 and miR-200b)
and miR-205 regulate EMT by repressing ZEB1 and ZEB2,
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major transcription repressors of E-cadherin, a key marker of
epithelial cells, and thereby prevent tumor invasion and
metastasis.'>"> Another miRNA, miR-192, was also proved to
repress ZEB2 and advance collagen 1-o1 production in me-
sangial cells.'* However, the role of these miRNAs in intrinsic
renal disease has not been explored. In this work, we studied
the intrarenal expression of miR-200 family, miR-205 and
miR-192, together with gene expression of molecules in the
process of EMT in patients with IgA nephropathy.

PATIENTS AND METHODS

Subjects

We studied 43 consecutive patients with IgA nephropathy
confirmed by kidney biopsy in the Prince of Wales Hospital,
Hong Kong, between 2004 and 2007 (IgA group). Patients
with other coexisting renal pathology, and recurrent IgA
nephropathy after kidney transplantation, were excluded.
The study was approved by the clinical research ethical
committee of the Chinese University of Hong Kong, all pa-
tients provided informed consent. Clinical data including
serum creatinine and 24 h urine protein were recorded at the
time of kidney biopsy. Glomerular filtration rate (GFR) was
estimated by a standard equation.'> We studied the renal
biopsy specimen of 15 patients with noninflammatory glo-
merulosclerosis (eight hypertensive nephrosclerosis, seven
focal segmental glomerulosclerosis) (GS group), and normal
renal tissue from the nephrectomy specimen of 20 patients
with renal cell carcinoma (all clear cell type) as controls (CTL
group) for intrarenal miRNA and messenger RNA expression
study. All renal tissues were evaluated by standard light mi-
croscopy to make sure that specimens were mainly renal
cortex and had at least five glomeruli.

After renal biopsy, all patients were followed up every 2
months for at least 12 months. Renal function and the degree
of proteinuria were assessed at least every 4 months. Disease
progression was measured by the rate of GFR decline, which
was calculated by the least-square regression method.'®
Treatment for individual patient was determined by
responsible physician and not affected by this study. All
physicians were masked to the results of miRNA and mes-
senger RNA expression.

Renal Sample Preparation

Immediately after kidney biopsy, the renal tissue was placed
in 10% neutral-buffered formaldehyde overnight and then
dehydrated in alcohol and embedded in paraffin for
intrarenal miRNA and messenger RNA expression. Ten
10 um sections were cut from the formalin-fixed and paraf-
fin-embedded (FFPE) tissue blocks using a microtome and
pooled in a 1.5ml microcentrifuge tube. The sections were
then treated with xylene for 3 min at 50°C and washed twice
with 100% ethanol. Then the pellet was air-dried for 30 min
at room temperature.
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Measurement of miRNA and Messenger RNA Levels

RecoverALL™ total nucleic acid isolation kit (Ambion Inc.,
Austin, TX, USA) was used for the extraction of total RNA
from FFPE tissue, according to the manufacturer’s protocol.

TagMan® MicroRNA Reverse Transcription Kit and High
Capacity ¢cDNA Reverse Transcription Kit (both from
Applied Biosystems, Foster City, CA, USA) were used for
reverse transcription. For miRNA, 5 ul total RNA was mixed
with 3 ul specific primers, 0.15ul 100mM dNTPs (with
dTTP), 1.5ul 10 x reverse transcription buffer, 1 ul (50 U)
MultiScribe™ Reverse Transcriptase, 0.19 ul RNase inhibitor
(20U per ul) and made up to 15ul with H,O. Reverse
transcription was carried out at 16°C for 30 min, 42°C for
30 min and 85°C for 5min. For messenger RNA, 10 ul total
RNA was mixed with 2 ul specific primers, 0.8 ul 100 mM
dNTPs (with dTTP), 2 ul 10 X reverse transcription buffer,
1ul (50U) MultiScribe™ Reverse Transcriptase, 1 ul RNase
inhibitor (20 U/ul) and made up to 20 ul with H,O. Reverse
transcription was performed at 25°C for 10min, 37°C for
120 min and 85°C for 5 min. The resulting cDNA was stored
in —80°C until use.

The intrarenal expression of miR-200 family (miR-200a,
miR-200b, miR-200¢, miR-141, miR-429), miR-205 and miR-
192, together with messenger RNA of ZEB1, SIP1, E-cadherin
and vimentin was quantified by RT-QPCR using the ABI
Prism 7900 Sequence Detection System (Applied Bio-
systems). Commercially available TaqgMan primers and
probes, including two unlabeled PCR primers and one FAM™
dye-labeled TagMan® MGB probe, were used for all the
targets (all from Applied Biosystems). For messenger RNA
expression, the primer and probe set were deliberately
designed across the intron—exon boundary so as not to detect
probable genomic DNA. For RT-QPCR, 10ul universal
master mix, 1ul primer and probe set, 1.33 ul cDNA and
7.67 ul H,O were mixed to make a 20 ul reaction volume.
Each sample was run in triplicate. RT-QPCR were performed
at 50°C for 2 min, 95°C for 10 min, followed by 40 cycles at
95°C for 15s and 60°C for 1 min. f-Glucuronidase (GUSB;
Applied Biosystems) and RNU48 (Applied Biosystems) were
used as housekeeping genes to normalize the messenger RNA
and miRNA expression, respectively.'”'® Results were ana-
lyzed with Sequence Detection Software, version 2.0 (Applied
Biosystems). To calculate the differences of expression level
for each target among samples, the AA“* method for relative
quantitation was used. Average expression level of normal
renal tissue from patients with kidney clear cell cancer was
used as a calibrator for intrarenal expression and the ex-
pression level of targets was a ratio relative to that of the
controls.

Assessment of Renal Scarring

Analysis of renal fibrosis was determined on 4 um paraffin-
embedded sections stained by periodic acid Schiff or Jones
silver stain. The severity of renal fibrosis was scored by an
experienced pathologist who was masked to the results of
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molecular studies. The severity of glomerulosclerosis was
represented by the percentage of sclerotic glomeruli in total
glomeruli obtained from biopsy. For tubulointerstitial scar-
ring, 10 microscopic fields were viewed at magnification of
% 200 and scored subjectively from 0 to 100% for each
patient. The severity of tubulointerstitial scarring was
represented by the mean of 10 scores.

Statistical Analysis

Statistical analysis was performed by SPSS for Windows
software, version 13.0 (SPSS Inc., Chicago, IL, USA). All the
results were presented in mean + s.d. for data normally dis-
tributed and median (lower and upper quartiles) for others.
As data of gene expression levels were highly skewed, either
log-transformation or nonparametric statistical methods

Table 1 Demographic and baseline clinical data of the subjects

IgA GS CTL
No. of cases 43 15 20
Sex (M/F) 27:16 6:9 13:7
Age (year) 483711264  5837+1323 5220%830
Proteinuria (g per day) 1.13+£1.13 345%3.90 0.01£0.03
Serum creatinine (umol/l) 175.07 £123.03 190.60 £ 147.26 95.06 + 23.02
GFR (ml/min per 1.73 m?) 5044 +29.50 43.57+2453 76.09%26.02

IgA, immunoglobulin A nephropathy; GS, other glomerulosclerosis; CTL, normal
control; GFR, glomerular filtration rate.

miR-200a

were used. We used Mann—Whitney U-test to compare gene
expression levels between groups and Spearman’s rank-order
correlations to test associations between gene expression
levels and clinical parameters. When no detectable level of a
transcript was found (defined as no detectable level after 40
cycles of RT-QPCR) and there was zero value, a value equal
to half of the minimum observed gene expression level was
assigned. A P-value below 0.05 was considered statistically
significant. All probabilities were two tailed.

RESULTS

The demographic and baseline clinical data of the study
subjects are summarized in Table 1. As compared with CTL
group, the IgA group had significantly higher level of pro-
teinuria and worse renal function. As compared to the GS
group, the IgA group were younger and had less proteinuria,
but their serum creatinine and estimated GFR were similar.
Histological studies showed that the percentage of glomer-
ulosclerosis and tubulointerstitial scarring of the IgA group
were 28.33 £26.97 and 25.60 + 24.06%, respectively, whereas
those of the GS group were 25.94119.84 and
21.00 £ 17.95%, respectively. There was no significant dif-
ference in the degree of glomerulosclerosis or tubulointer-
stitial fibrosis between IgA and GS groups.

Levels of MicroRNAs

The intrarenal expression of various miRNA species is
compared and summarized in Figure 1. The intrarenal ex-
pression of miR-200c was significantly lower in IgA than in
CTL group (0.21 (0.13-0.42) vs 0.53 (0.19-1.93), P=0.007).
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Figure 1 Comparison of intrarenal expression of miRNAs between patients with IgA nephropathy (IgA), other glomerulosclerosis (GS), and normal controls
(CTL). Data are compared using Mann-Whitney U-test. Levels are represented as ratio to the average of controls.
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Table 2 Correlations between intrarenal expression of miRNAs and clinical data

Glomerular scar Tubulointerstitial scar

Proteinuria GFR Rate of GFR decline

MiR-200c r=0.204, P=0.196 r=0.227, P=0.190
MiR-141 r=0.002, P=0.990 r=-0.101, P=0.564
MiR-205 r=0279, P=0.074 r=0.389, P=0.021*
MiR-192 r=-0311, P=0.045* r=-0.275,P=0.110

r=-0324, P=0.011*
r=0.234, P=0.072
r=0.238, P=0.067
r=0.116, P=0.377

r=0.152, P=0.245

r=0.050, P=0.702
r=—0.280, P=0.030*

r=0.003, P=0.980

r=0.054, P=0.733
r=0.120, P=0.448
r=-0.147, P=0.352
r=0373, P=0.015*

GFR, glomerular filtration rate.
*Statistical significance with P<0.05.

On the contrary, as compared to CTL group, IgA group had
higher intrarenal expression of miR-141 (1.57 (0.95-3.24) vs
0.87 (0.63-1.86), P=0.017), miR-205 (1.99 (0.82—4.05) vs
0.83 (0.35-1.89), P=0.033) and miR-192 (1.77 (1.08-4.20)
vs 1.24 (0.54-1.87), P=0.027). The intrarenal expression of
miR-200a, miR-200b and miR-429 was similar between IgA
and CTL groups (details not shown). In contrast, IgA group
had significantly higher intrarenal expression of miR-200a,
miR-200b, miR-141, miR-429, miR-205 and miR-192 than
the GS group (see Figure 1).

MicroRNA Levels and Clinical Data

As intrarenal expression of miR-200c, miR-141, miR-205 and
miR-192 was significantly different between IgA and CTL
groups, we further explore the relation between their level of
intrarenal expression and clinical parameters. The result is
summarized in Table 2. In short, proteinuria significantly
correlated with intrarenal expression of miR-200c
(r=-0.324, P=0.011). GFR significantly correlated with
intrarenal expression of miR-205 (r=—0.280, P=0.030).
There was significant correlation between tubulointerstitial
scarring and intrarenal expression of miR-205 (r=0.389,
P=0.021). In contrast, glomerular scarring significantly
correlated with the intrarenal expression of miR-192
(r=-0.311, P=0.045).

MicroRNA Levels and Renal Function Decline

The average duration of the follow-up was 33.4112.6
months; the average rate of GFR decline was —0.24 £ 0.62 ml/
min per month. The rate of GFR decline of the IgAN group
significantly correlated with the intrarenal expression of miR-
192 (r=0.373, P=0.015) (Figure 2), but not other targets
(Table 2). In contrast, the rate of GFR decline in the
GS group did not correlated with the intrarenal miRNA
expression (details not shown).

MicroRNA Levels and EMT

As the miRNA targets we identified may affect the process of
EMT, we explore the relation between intrarenal miRNA level
and the corresponding gene expression of targets related to
EMT. The result is summarized in Table 3. In short, the
intrarenal expression of vimentin inversely correlated with
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Figure 2 Relation between the rate of change in estimated glomerular
filtration rate (GFR) and intrarenal expression of miR-192. Data are
compared by Spearman’s rank correlation coefficient. Negative change in
GFR indicates worsening of renal function.

the intrarenal expression of miR-141 (r=—0.275, P=0.032)
whereas the intrarenal expression of E-cadherin significantly
correlated with that of miR-200c¢ (r=0.392, P=10.002). The
intrarenal expression of ZEB1 and SIP1, however, did not
correlate with the intrarenal expression of any miRNA tested
in this study (Table 3).

DISCUSSION

Accumulating evidence suggests the involvement of miRNAs
in the pathogenesis of kidney diseases. In mice with dia-
betic nephropathy, intrarenal miR-192 and miR-377 levels
were upregulated and facilitated tissue collagen 1-x1 and
fibronectin production.'®' In rats with polycystic kidney
disease (PKD), multiple renal miRNAs were discriminately
regulated and were suggested to have an important role in
specific pathways underlying PKD.** Further, microarray
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Table 3 Correlations between intrarenal expression of miRNAs and molecules related to epithelial-mesenchymal transition

Vimentin

E-cadherin

ZEB1 SIP1

MiR-200c r=0.208, P=0.108 r=0.392, P=0.002**
MiR-141 r=-0.275 P=0.032* r=0.078, P=0.552
MiR-205 r=0.095, P=0464 r=-0.126, P=
MiR-192 r=-0211, P=0.102 r=-0.166, P=

r=-0.031, P=0.815
r=-0.029, P=0.824
r=0.110, P=0.400
r=-0.151, P=0.246

r=-0.096, P=0.462
r=0.189, P=0.146
r=0.021, P=0.873
r=-0.016, P=0.901

0.333
0.201

*Statistical significance with P<0.05.
**Statistical significance with P<0.01.

studies revealed different miRNA expression profiles in a
number of human kidney diseases, such as acute kidney re-
jection, lupus nephritis and IgA nephropathy.”'>> In line
with the previous pilot study of Dai et al,”* we found
that the level of intrarenal miR-200c was downregulated and
miR-141, miR-205 and miR-192 was upregulated in the IgA
group. In this study, intrarenal expression of all miRNA
targets, except miR-200c, was lower in patients with
other forms of glomerulosclerosis as compared to IgA ne-
phropathy. Taken together, these studies suggested that var-
ious miRNA species might have specific roles in different
kidney diseases.

In this study, we found that intrarenal miR-200c is
downregulated in the IgA group (and probably GS group, see
Figure 1), and its level inversely correlated with proteinuria,
suggesting that this miRNA species is lost nonspecifically in
the presence of kidney injury. On the contrary, intrarenal
miR-205 may be involved in the pathogenesis of IgA
nephropathy because it is upregulated in IgA but down-
regulated in the GS group, and its level inversely correlated
with GFR and positively correlated with tubulointerstitial
scarring. Further studies would be needed to clarify the role
of miRNAs in kidney diseases.

Previous studies proved that the expression of miR-200
family and miR-205 was downregulated in cells undergone
EMT and overexpression of these miRNAs prevented devel-
opment of EMT. Direct inhibition of E-cadherin repressors
ZEBI and SIP1 might be the possible link between these
miRNAs and EMT.>** In fact, mRNAs of ZEB1 and SIP1
might be targets of miR-200 family and miR-205. In fact,
there were multiple binding sites of ZEB1 and SIP1 for these
miRNAs as revealed by computational searches. In this study,
we found that intrarenal miR-200c positively correlated with
E-cadherin, further suggesting the pathophysiological effects
of these miRNAs in IgA nephropathy attribute, at least in
part, to the prevention of EMT.

There are a few shortcomings of our study. First, we de-
tected the expression levels of the studied miRNAs using
whole renal tissue without determining the cellular sources
for each of them. The miR-200 family and miR-205 were
suggested to be expressed in an epithelial-specific manner
and miR-192 expression was previously found in mesangial
and tubular epithelial cells.">'* Future studies would be ne-
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cessary to investigate miRNA expression level in specific renal
cell type.

Secondly, FFPE tissue was used for the intrarenal expres-
sion of miRNAs and mRNAs in this study.”® Good amplifi-
cation plots could be obtained for both miRNA and mRNA
expression from FFPE tissue only if the amplicon of mRNA
was shorter than 100 nucleotides. It has been proved that
there is good correlation between miRNA expression of RNA
extracted from fresh frozen and FFPE samples.27 However, it
should be born in mind that nucleic acid modifications and
varied degree of nucleic acid fragmentation caused by tissue
fixation and embedding might induce errors for relative
quantification of the targets.”® Lastly, the sample size was
small in the GS group, and our result does not exclude the
effect of miRNA on the renal function decline through a
nonspecific (ie independent of the diagnosis) mechanism.

It could also be argued that the expression of housekeeping
genes may not be the same in the control tissue and the IgA
group, where there would be mesangial hypercellularity,
glomerular injury and so forth. For this reason, we chose two
housekeeping genes (GUSB and RNU48) according to other
published reports.”'® As the concentration of the total RNA
varies between specimens, it is difficult to use exactly the
same quantity of the total RNA for RT-QPCR. We did not
compare the expression of the two housekeeping genes be-
tween the groups.

In summary, we found in this study that the intrarenal
expression of miR-200c, miR-141, miR-205 and miR-192 was
diversely regulated and correlated with disease severity and
progression in patients with IgA nephropathy. The results
suggested that these miRNAs might have important roles in
the pathogenesis and progression of IgA nephropathy.
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