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Fig.3. Renal survival of immuno-
globulin A nephropathy (IgAN)
patients with or without hypertension
at the time of diagnosis. In the patients
with hypertension, the PPARY gene
(PPARG) C161T polymorphism
did not affect the renal survival
[(a), Kaplan—Meier, Log rank
HI. test, p=0.3912). However, the
polymorphism had an influence on

the repal survival in the patients

without hypertension [(b), Kaplan-

Meier, Log rank test, p=0.0240).
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in patients with CAD (23), similar to that seen in
IgAN patients in the present study. The mechanisms
whereby the C161T polymorphism, located at exon
6 of PPAR, affects the renal survival rate of I[gAN
are not yet determined. The polymorphism did not
affect the histological changes, at least, at the time
of diagnosis when the renal biopsy was performed.
As this nucleotide polymorphism does not result in
an amino acid substitution, other functional gene
polymorphisms, which are in linkage disequilib-
rium with this polymorphism, may be responsible
for determining the renal survival of IgAN
patients. The findings in the present and the
previous study (23) may suggest that the PPARG
C161T polymorphism is independent of the func-
tions of this gene product, which are related to lipid
metabolism, obesity, and hypertension.

Interestingly, the renal prognosis of the IgAN
patients with hypertension was not affected by
the polymorphism, suggesting that the impact of
hypertension on the progression of renal diseases
might mask the influence of the polymorphism in
the subgroup with hypertension. The possible
mechanisms responsible for this might be, for
example; (1) The change in the renal hemody-
nantics induced by hypertension might affect the
function of PPARY in kidney cells, and (2) the
difference in insulin resistance linked to
the polymorphism does not influence the renal
prognosis because hypertensive patients are
often highly resistant to insulin, possibly through
pathways other than PPARY (26). However, no
direct evidence for these mechanisms was shown
in this study.

In summary, we identified the T allele of
PPARG C161T polymorphism as a predictor of
renal survival in I[gAN patients without hyperten-
sion. Although a large prospective study may be
needed to test the present observations, the
results of this study, if confirmed, may suggest
that the compounds which control the functions
of PPARY such as antidiabetic thiazolidinediones
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ESRD, end-stage renal disease.

could be applied as new therapeutic agents for
IgAN
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Cloning and characterization of a novel gene promoting
ureteric bud branching in the metanephros’
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Cloning and characterization of a novel gene promoting ureteric
bud branching in the metanephros.

Background. The ureteric buds and metanephric mesenchy-
malcells reciprocally induce each other’s maturation during kid-
ney development, and implicated transcription factors, secreted
growth factors, and cell surface signaling peptides are critical
regulators of renal branching morphogenesis. Protein kinase C
(PKC) is a key enzyme in the signal transduction mechanisms
in various biologic processes, including development, because
it regulates growth and differentiation. Inhibition of PKC by
the sphingolipid product ceramide interferes with nephron for-
mation in the developing kidney, but the molecule that controls
ureteric bud branching downstream of PKC is still unknown.

Methods. Differential display polymerase chain reaction
{PCR) of metanephroi cultured with a PKC activator and in-
hibitor was performed. We also examined the role of a novel
gene in kidney development with organ culture system.

Results. A novel gene encoding a 759 bp mRNA was identi-
fied, and we named it metanephros-derived tubulogenic factor
(MTF)/L47. Inhibition of MTF with antisense oligonucleotide
impaired ureteric bud branching by cultured metanephroi, and
addition of recombinant MTF protein promoted ureteric bud
branching in cultured metanephroi and increased cell prolifer-
ation. : . ‘

Conclusion. We identified a novel molecule in developing
kidney that is capable of modulating ureteric bud branching
and kidney differentiation.

Ureteric bud branching is one of the most impor-
tant processes in renmal organogenesis, and reciprocal
induction by ureteric bud and metanephric mesenchy-
mal cells is important for ureteric bud branching and
mesenchyme-to-epithelial conversion [1]. Undifferenti-
ated metanephric mesenchymal cells are rescued from
programmed cell death by a signal from the ureteric buds,
condense atound the tip of the ureteric buds, become po-
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larized epithelium, and form vesicles. The vesicles then
elongate and differentiate to form the proximal nephron
in the kidney. The ureteric buds are in tum rescued from
degeneration by the signal from nephrogenic and stro-
mal progenitor mesenchyme, branch, and then elongate
to form collecting ducts.

In signal transduction mechanisms in various biologic
processes and in controlling gene expression during organ
development, protein kinase C (PKC), a serine/threonine
kinase, is recognized as a key enzyme [2, 3]. In addi-
tion, it is involved in the regulation of growth and dif-
ferentiation during development. Kidney development is
governed by proliferation, differentiation, and apoptosis.
Several isoforms of PKC are expressed during kidney de-
velopment, and inhibition of PKC by a sphingolipid prod-
uct, ceramide, interferes with nephron formation {poor
branching of ureteric buds) and induces apoptosis in the
developing kidney [4]. However, since the molecule that
promotes ureteric bud branching downstream of PKC
was unknown, we performed differential display of PKC-
activated metanephros and PKC-inhibited metanephros
to access a new gene that controls ureteric bud branching
downstream of PKC. _

The metanephros-derived tubulogenic factor (MTF)
gene was originally identified as part of a technique in an
mRNA differential display project designed to identify
genes up-regulated by PKC activation in kidney organ
culture. Subsequent cloning and sequencing of the full-
length ¢cDNA revealed a sequence with homology to the
previously reported human CGI-204 ¢<DNA. We exam-
ined the role of this novel gene during renal development
by using antisense oligonucleotides and recombinant pro-
tein in a metanephric organ culture system.

This study investigated a novel gene, MTF, that pro-
motes ureteric bud branching in kidney organ cultures
downstream of PKC.

METHODS
Kidney organ culture

Kidney organ culture was established from mouse em-
bryo as described previously. Embryos were dissected
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from 12 dpc ICR mice. Metanephroi and associated
ureteric buds were microdissected en bloc and cul-
tured on polycarbonate filters (pore size, 1.0 pm)
(Nuclepore, Pleasanton, CA, USA) in serum-free Ham’s
F12:Dulbecco’s modified Eagle’s medium (DMEM) 1:1
(Invitrogen, Carlsbad, CA, USA) medium with the sup-
plements described [5]. After adding the PKC activator
5 nmol/L phorbol 12-myristate 13-acetate (PMA) or the
PKC inhibitor 100 pmol/L. N-acetyl-D-sphingosine (C2
ceramide) to the medium, and culturing for 72 hours,
the metanephroi were used in the experiments described
below.

Evaluation of ureteric bud branching and
tubule induction

To visualize ureteric bud growth, cultured whole
metanephroi were fixed with cold methanol for 10 min-
utes, washed three times with phosphate-buffered saline
(PBS) with bovine serum albumin (BSA) (PBST), and
incubated overnight at 4°C with monoclonal antipancy-
tokeratin antibody (1:50 dilution) (Sigma Chemical Co.,
St. Louis, MO, USA). After washing samples PBST three
times, they were incubated with Cy3-labeled antimouse
IeG (PA) (1:50 dilution) (Jackson Immuno Research
West Grove, PA, USA), again washed with PBST three
times, and examined with a fluorescence microscope. The
degree of branching morphogenesis of the developing
uretetic bud was assessed by counting the number of
terminal ampullae asdescribed by Li et al [6]. To visual-
ize tubule formation, fixed metanephroi were incubated
with fluorescein isothiocyanate (FITC)-conjugated LT
(Lotus tetragonolobus) lectin (1:50 dilution) (Funakoshi,
Tokyo, Japan) for 180 minutes at room temperature. Sam-
ples were washed with PBST three times, mounted, and
examined.

Differential display

TRizol Reagent (Invitrogen) was used to isolate
total RNA from metanephroi treated with PMA or C2 ce-
ramide for 72 hours, and it was exposed to DNase (Takara,
Shiga, Japan). After reverse transcription with oligo-dT
primer (mRNA finger printing kit; Nippon Gene, Tokyo,
Japan), an arbitrary primed polymerase chain reaction
(PCR) was carried out with oligo-d T primer and arbitrary
primers. The thermocycle conditions were: one cycle of
3 minutes at 95°C, 5 minutes at 40°C, and 5 minutes
at 72°C; 24 cycles of 15 seconds at 95°C, 2 minutes at
40°C, and 1 minute at 72°C; and 5 minutes at 72°C.
The PCR products were separated by a 2% agarose gel
electrophoresis and stained with ethidium bromide. Dif-
ferentially expressed bands were excised from the gel,
eluted, and reamplified by PCR under conditions follow-
ing the procedure described by the supplier. Reampli-
fied PCR products were subcloned into pT7 Blue vector
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(Novagen, Madison, W1, USA) with the ligation high
(Toyobo, Tokyo, Japan) and then sequenced. The arbi-
trary primer that yielded a different band of PCR product
was 5-GATCGCATTG-3.

Full-length cDNA cloning and sequencing

We utilized a mouse est cDNA. database to estimate
the full-length ¢cDNA based on the 290 bp mouse cDNA
fragment generated by differential display. A 759 bp
full-length ¢cDNA was suspected, and we performed re-
verse transcription (RT)}-PCR with mouse embrycnic
kidney mRNA. with the following primers to obtain it:
forward, ¥-ATGGCTGCGACCAGTCTAGTGGGTA
TT3 (MTF-); reverse, 5-GACACTACITGATTTCC
GTTCTTGAGA-3 (MTF-r). The PCR product was
cloned into pT7 Blue vector (named MTF/pT7Blue) and
sequenced.

RT-PCR and Northern hybridization

After incubating 1 pg of total RNA from the
metanephroi of 12 dpc and 16 dpc mouse or neonatal and
adult mouse kidney with RNase-free DNase, and it was
reverse transcribed into cDNA with random primers and
Moloney-murine mouse virus (Mo-MLV) reverse tran-
scriptase (Invitrogen). The reaction mixture contained
9 pmol random deoxynucleotide hexamers, 1x reverse
transcription buffer, 6.7 mmol/L. dithiothreitol (DTT),
0.624 mmol/L. desoxynucleoside triphosphate (dANTP),
0.8 units of RNase-OUT, and 4 units Mo-MLV reverse
transcriptase. The reaction was allowed to proceed at
37¢Cfor 90 minutes, and the cDNA synthesized was used
for PCR. The primers used for developmental RT-PCR
were MTE-f and MTF-r, and they amplified a 759 bp
PCR product. The amplification was performed in a ther-
mal cycler and included 1-minute denaturing at 95°C,
1-minute annealing at 56°C, and 1-minute extension at
72°C. The PCR was run for 28 cycles for MTF/L47 and
23 cycles for p-actin.

The filter for Northern hybridization was purchased
from Clontech (Multiple Tissue Northern Blots, Mouse
MTN Blot; Clontech, Palo Alto, CA, USA) and was hy-
bridized to the probe made with the EcoRI/Sall MTF/pT7
Blue fragment. The Clontech Multiple Tissue Northem
Blots contained oligo-dT-purified mRNA from different
specific normal mouse tissues. The probe was hybridized
to the filter at 62°C overnight, and after washing the filter
twice with wash solution, BAS 5000 was exposed to it for
60 minutes. After stripping, the same filter was hybridized
to the B-actin probe.

TaqMan PCR

Total RNA was extracted from cultured metanephroi
with TRIzol reagent. Single-strand DNA was generated
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from the RNA by using the TagMan Reverse Transcrip-
tion Reagents {Applied Biosystems, Foster City, CA,
USA), and the product was used as a template for
real-time PCR by using the ABI Prism 7700 Sequence
Detection System (Perkin-Elmer Applied Biosystems).
Expression of MTF/L47 mRNA was quantitatively de-
termined by using the TagMan Universal Master Mix
(Applied Biosystems) according to the manufacturer’s
instructions, and standardization was achieved by us-
ing tRNA representation. The primers and TagMan
probe were designed using the Perkin-Elmer com-
puter program Primer Express. The forward primer
for MTF was GTGCTTGGAGAAGGGACATCT, and
the reverse primer was GAACCGCCTCCTGTTGTAT.
The probe was FAM-TCTGGCACAAATTCAAGCAG
TGGCCTAT. A 50 ng sample of total RNA was used per
reaction, and TagMan ribosomal RNA Control Reagents
(Perkin-Elmer Applied Biosysterns) were used as inter-
nal controls for mRNA expression.

In situ hybridization

For in situ hybridization, metanephroi of 16 dpc mice
were fixed in 4% paraformaldehyde and embedded in
22-oxacalcitriol (OCT) compound (Tissue-Tek, Milano,
Italy). Frozen samples were then cut into 6 pm thick
sections, and the sections were hybridized with cRNA
probes. The cRNA probes were labeled with digox-
igenin and detected with a digoxigenin detection kit
{Boehringer Mannheim, Mannheim, Germany) accord-
ing to the manufacturer’s instructions.

Antisense S-oligonucleotide

To investigate the role of MTF/LA7 in kidney devel-
opment, a 20mer antisense S-oligonucleotide (S-ODN)
of MTF/L47, designed to include the first ATG and
scramble S-ODN, were added to organ cultures. Media
containing S-ODNs were prepared by adding 32 pL of
LipofectAmine (Invitrogen) and an antisense S-ODN or
ascramble S-ODN to 40 uL of Opti-MEM (Invitrogen) to
give a final concentration of 8 pmol/L S-ODN in 800 pL,
and then incubating for 45 minutes at room temperature.
The S-ODN/LipofectAmine mixture was then added to
the culture medium to give a final volume of 800 uL.
After 24 hours, the growth medium was replaced with
fresh mixtures prepared as described previously, After
72 hours, cultured metanephroi were analyzed by
immunohistochemistry and RT-PCR.

Synthesize of recombinant protein

RT-PCR was performed for cloning MTF/1LA7 cDNA
into expressional vector pCDNA 3.1 HisA. (Invitrogen).
The primers were: forward, 5-CATATGGATCCTGG
CTGCGAC-3 and reverse, ¥-GGGGACTCGAGTGA
CACTACT-3. The PCR product was digested with
BamHI and Xhol, and the fragment was cloned into
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pCDNA 3.1 HisA. MTF/LA7 was expressed in a coupled
in vitro transcription-translation system using the TnT-T7
Reticulocyte Lysate System (Promega)} by following the
procedure described by the supplier. A 1 ug amount of
plasmid DNA was used in the 50 uL. assay. The reaction
mixture was incubated at 30°C for 90 minutes.

Detection of apoptosis

Apoptotic cells in cultured metanephroi were detected
by a TUNEL method (DeadEnd Flucrometric TUNEL
System; Promega). Cultured metanephroi were fixed and
embedded in OCT compound (Tissue-Tek) as described
previously [5]. Frozen samples were cut into 6 pm thick
sections, and the sections were incubated with equilibra-
tion buffer for 10 minutes at room temperature and then
at 37°C for 60 minutes with working-strength terminal
deoxynucleotidyl transferase (TdT) reaction buffer. The
reaction was stopped by incubation for 10 minutes in
2x standard sodium citrate (SSC). After washing with
PBS, the sections were mcubated with Hoechst 33342
(10 ymol/L} to visualize the nuclei.

[*H]-thymidine incorporation studies

Metanephroi were cultured for 24 hours with or with-
out recombinant MTF/L47 protein, and then exposed
to 25 pCi/mL [*H]-thymidine for 24 hours. Explants
were washed with cold PBS twice and treated with 5%
trichloroacetic acid for 30 minutes at 90°C {7]. The
hydrolysates were centrifuged, and the supernatants were
counted with a liquid scintillation counter.

RESULTS _
PKC activation promotes ureteric bud branching

C2 ceramide inhibited ureteric bud branching in organ
culture as in the previous report, and PMA promoted it

(Fig. 1).

Cloning of MTF/L47

We obtained 20 fragments by the differential display
method, one of which was the KIAA0266 gene product,
and another was the aspartate aminotransferase gene.
We identified a 290 bp product that showed sequence
identity to a mouse est database clone. The est search
revealed a 759 bp full-length cDNA with homology to
human CGI-204. To obtain the full-length ¢cDNA of
mouse MTF/L47, we performed RT-PCR of mouse em-
bryonic kidney mRNA with primers MTF-f and MTF-r,
and a 759 bp PCR product with a sequence identical to
that in the est data base was obtained, and we named it
MTE MTF/L47 showed high homology to human CGI-
204, and the amino acid homology was 86% (Fig. 2).
MTF/LA7 showed homology to drosophilla Ricl, with
46% amino acid homology.
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Fig. 1. Ureteric bud branching in protein kinase C (PKC)-activated and -inhibited cultured metanephros. (4) Control. (B) Exposure to 5 nmol/L
phorbol 12-myristate 13 acetate (PMA) promoted ureteric bud branching of cultured metanephroi. (C) Exposure to 100 pmol/L. C2 ceramide

inhibited ureteric bud branching in organ culture.

Nouse 1 MAATSLYGICRRASAFLEAACSLYNPXDAAHSGCRSSLSLLEKNTEHYIS
IIIIII||||l1|||||||||||IIIIIIIHIIHII!!I [ H lll

Hugan NARTSLYGICRRASAPLEAA SGCRISLELLPKS

Nouse 51 FLOCKLLHTTLSRKGLEEFFTDPKNRCERKKSCASHTOOOLRNKSNEDL

Human

i1 IIIIIIIIIIIIIIIIHIIII IIIIIII IIIIIIIIIIIIII
1 FHQYRLLHTTLERKGLEEFFDLP ANTOGGLRNKSHED

House 101 HKLWYVLLXERNNLLTLEQEAKRORLPHPSPERLEXYVDSMDNVDRYYQE

HIllIIIIIlllIIIII[IIIIIIIIIIIIIIlI|||I1I 111
Human 101 EKLWYVLLXERNMLLTLEQEAKRQ ERLDX YVDSHDALDKVYQE

House 151 RED!I_RILQTGQEKPRPGAHRRDIFGRIWHKFKQRPIPNMKRYNRRR

COLLLLEE L WL L E IIHIII
Fusan 151 REDALRLLQTCOERARPGAWRRD LI'GR I IWHKFKQRY IPRHLNIRYN

Mouso 201 FFANPYYDRFIRL-RIEKHARIZARKRSLORKKEKILHAKFPHLEQER-K

L IHII !
Huzan 501 FFALPYVDAFLRLER-EXRARTKARKENLERKK K ILLKKFPHLA-EAGK

Mouse 251 s3S¥
1N
Human 251 SSLy

Fig. 2. Deduced amino acid sequence of mouse metanephros-
derived tubulogenic factor (MTF/L47). The amino acid sequence of
mPOM210 is available from EMBL/GenBANK/DDEJ under acces-
sion number XP_130843. The human homologue (CGI-204) sequence
{EMBL/GenBANK/DDBJ accession number AAGO01157) is written
below the mouse sequence. Human amino acid residues identical to the
mouse residues are shown as dots.

MTF/L47 was increased in cultured
PXKC-activated metanephroi

To confirm that MTF/L47 was regulated by PKC
in cultured metanephroi, we performed an RT-PCR
analysis with PMA-treated cultured metanephroi and
C2 ceramide—treated cultured metanephroi. The in-
creased expression of MTF/LA7 mRNA in PMA-treated
metanephroi was quantitatively confirmed by the laser
microdissection method (LMM) along with real-time
PCR analysis. The level of MTF/LA7 mRNA was greater
in the PMA-treated metanephroi than in C2 ceramide~
treated metanephroi (1.64 £ 0.32 vs. 0.81 £+ 0.11 expres-
sion ratio, control was 1.03 £ 0.20, N = 3) (Fig. 3).

2.0 —

1.0 =

0.0 =

A B c

Fig. 3. Mouse metanephros-derived tubulogenic factor (MTF/L47)
expression in protein kinase C (PKC)-activated and -inhibited cul-
tured metanephros. TagMan reverse transcription-polymerase chain
reaction (RT-PCR) analysis revealed a higher MTF/LA7 expression ra-
tio to rRNA. in phorbol 12-myristate 13 acetate (PMA)-treated cul-
tured metanephroi than in C2 ceramide-treated cultured metanephroi
(N=3). (4) Exposure to PMA. (B} Control. (C) Exposure to C2
ceramide.

Developmental expression of MTF/L47 in mouse kidney

Gene expression of MTEF/LA7 was investigated in
mouse kidney by RT-PCR at various stages of develop-
ment. Strong MTF/LA7 expression was observed on E12
and E16, and it was weaker in necnatal and adult kidrey
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Fig. 4. Analysis of expression of mouse
metanephros-derived tnbulogenic factor
(MTF/L47) by reverse transcription-
polymerase chain reaction {(RT-PCR),
Northern blotting, and in situ hybridization.
(A) RT-PCR analysis of expression of
MTF/1A7 in fetal and postnatal mouse
kidney. Strong MTF/LA7 expression was
observed on E12 and Ei6, and was weaker
in npeonatal and adult kidpoey. Lane A,
E12; Iane B, E16; lane C, PO; and lane D,
adult. (B) Tissue distribution of MTEF/L47
mRNA in adult mouse detected by Northern
blotting. Expression of MTF/LA7 was high
in the testis, brain, liver, and kidney. (C)
In situ hybridization analysis revealed that
MTF/LA7 was expressed mainly in tubutes
in the medulla, and it was not expressed in

(Fig. 4A), suggesting that MTE/LA7 is developmentally
regulated.

In situ hybridization of MTF/L47
Localization of MTF/L47 was restricted to the tubule-

forming cells, and it was not detected in developing
glomeruli (Fig. 4C).

Tissue distribution of MTF/L47 mRNA in adult mice

Several mouse tissues were examined for MTF/LA47
mRNA expression by Northern blotting. A single
~1.0 kbp mRNA transcript was observed on some tis-

developing nephrons.

sues. Expression of MTF/LA7 was high levels in the testis,
brain, liver, and kidney (Fig. 4B). Low level expression
was found in the lung, muscle, spleen, and heart.

Role of MTF/L47 in mammalian metanephrogenesis

We then proceeded to investigate the role of MTF/LA7
in metanephric development by utilizing antisense
S-ODN and the organ culture system. The metanephroi
of the explants exposed to antisense S-CDN for 72 hours
exhibited marked changes. There was an overall reduc-
tion in the size of the explants and a marked reduction
in ureteric bud branching (Fig. 5A). By contrast, there
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Fig. 4. (Continued)

were no differences between scramble S-ODN-treated
metanephroi and control-cultured metanephroi in size or
ureteric bud branching (Fig. 5A). We performed TagMan
RT-PCR analysis to confirm that the inhibition of ureteric
bud branching was attributable to antisense S-ODN, and
results showed less MTF/L47 mRNA in the antisense
S-ODN-treated metanephroi than in the scramble ODN-
treated metanephroi (0.28 + 0.13 vs. 1.22 + 0.39 expres-
sion ratio, N =3) (Fig. 5B). ,

Next, we used the recombinant MTF/L47 protein fo
investigate the role of MTF/L47 in metanephric de-
velopment in greater detail. The explants exposed to
recombinant MTF/L47 protein for 72 hours exhibited
increased ureteric bud branching (Fig. 6) and increased
LT-lectin—positive structures (Fig. 6). The number of am-
pullae increased from 33.7+£3.5 (control) to 48.74+2.5
(recombinant protein) in response to the recombinant
protein (N=3). We used nonincubated reticulocyte
lysate as a control to eliminate the influence of the reticu-
locyte lysate, and the number of LT-lectin—positive struc-
tures increased 1.3 times in response to the recombinant
protein over the control.

Apoptosis of recombinant MTF/L47
protein-treated metanephroi

Because the recombinant protein-treated metanephroi
were larger than the control metanephroi, we performed
the TUNEL assay, which stains apoptotic cells with
flucrescein-labeled deoxyuridine triphosphate (dUTP).
After 72 hours in culture, metanephroi that have been
exposed to recombinant protein and reticulocyte lysate
were embedded and frozen sectioned. The TUNEL as-
say revealed apoptotic cells among undifferentiated mes-

iy

‘Antisense.

enchymal cells, but no significant difference was found
between control and recombinant protein (Fig. 7).

Cell proliferation of recombinant MTE/L47
protein-treated metanephroi

Since there was no difference in apoptosis between
the recombinant MTE/L47-treated metanephroi and
the controls, we investigated [*H]-thymidine-associated
incorporation by cultured metanephroi. The total
[*H]-thymidine-associated radioactivity incorporated in
the whole explants was greater in the MTF/1A47
recombinant protein-treated kidneys than in the controls
(11343 £ 2412 vs. 18577 £ 6741 cpm/metanephros,

N = 18) (Fig. 8).

DISCUSSION

Cell proliferation, motility, differentiation, and extra-
cellular matrix production are all critical events during
embryonic tissue development. Metanephric kidney de-
velopment is characterized by epithelial cell growth and
differentiation from ureteric buds and induction of the
surrounding mesenchymal cells. Several soluble growth
factors, including hepatocyte growth factor (HGF) [8-
11], glial cell-derived neurotrophic factor (GDNF) [12],
insulin-like growth factors (IGFs) [13, 14], epidermal
growth factors (EGFs) [15, 16], fibroblast growth fac-
tor (FGF) [17], and bone morphogenetic protein-7
(BMP-7) [18], have been thought to be involved in
the mesenchymal-to-epithelial conversion and branching
morphogenesis of ureteric buds. Phosphorylation events
are considered to play crucial roles in determining the
degree of tubule formation during the early development
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of epithelial cells downstream of growth factors. For
example, HGF-mediated induction of branching pro-
cesses in Madin Darby canine kidney (MDCEK) cells can
be modulated by multiple phosphorylation mechanisms,
including PKC, PKA, and Ca2+/calmodulin-dependent
kinase [19].

PKC is involved in regulation of the growth and dif-
ferentiation of many organs during development, and
expression of PKC-alpha, -delta, and -zeta in the devel-
oping kidney has been detected by Northern blot analysis
[20]. Ceramide, a sphingolipid implicated in cellular dif-
ferentiation, growth inhibition, and apoptosis, has been

shown to selectively interact with PKC-alpha and -delta
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Fig. 5. Mctanephros development in vitro assessed by pancyto-
keratin staining with antisense S-oligonucleotide (S-ODN) of mouse
metanephros-derived tubulogenic factor (MTF/L47). (A) Explanted
metanephroi from 12 dpc embryos were grown for 72 hours in a de-
fined medium without S-ODN (control) (A), with scramble S-ODN
{B), or antisense 3-ODN (C). There was an overall reduction in the
size of the explants and an extreme reduction in ureteric bud branching
with MTF/LA7 antisense 8-ODN (D). TagMan reverse transcription-
polymerase chain reaction (RT-PCRY) analysis revealed that antisense
S-ODN inhibited the expression of MTF/L47 mRNA in cultured
metanephroi (N =3). Lane A, scramble $-ODN; lane B, antisense
S-ODN.

in mesangiat cells, and to be capable of inducing apopto-
sis by PKC-alpha inactivation [21]. Addition of ceramide
to metanephric organ culture has been found to induce
apoptosis and impair nephron formation [4].

Although these previous studies pointed to a role of
PKC in renal development, the mediator of the PKC
responses in renal development was unknown. In this
study, we confirmed not only decreased branching in re-
sponse to ceramide, but increased branching in response
to PKC activation by PMA, suggesting the possible ex-
istence of a PKC-related gene that regulates branching
morphogenesis. This led to the identification of a novel
gene, MTF/L47, by the differential display technique.
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Fig. 6. Metanephros development in vitro assessed by pancyto-keratin staining and LT-lectin staining with recombinant mouse metanephros-
derived tubulogenic factor (MTF/L47) protein. Explanted metanephroi from 12 dpe embryos were grown for 72 hours in a defined medium with or
without recombinant MTF/LA7. Ureteric bud branching was promoted in the explants treated with recombinant MTF/L47 protein (B) compared
with the control (A). The explants treated with recombinant MTF/LA7 protein contained more LT-lectin-positive structures (B) than the control
(A). The number of LT-lectin-positive structures increased from 31.0 per metanephros to 39.9 per metanephros in response to recombinant protein

(N=9).

Hoechst TUNEL

Control |

Fig. 7. Apoptosis of metanephroi cultured with and without recom-
binant mouse metanephros-derived tubulegenic factor (MTF/L47)
protein. There was no significant difference in apoptosis between
metanephroi cultured with and without recombinant MTF/LA7 protein
as assessed TUNEL assay.

RT-PCR analysis showed that MTF/I147 mRNA is
strongly expressed in the embryonic kidney at days 12
and 16, coinciding with the timing of tubulogenesis and
glomerulogenesis.

Metanephros organ culture provides a good model
for investigating kidney morphogenesis and branching,
GDNF significantly increased branching morphogenesis
of the E11.5 metanephros and it induced the formation
of ectopic ureteric buds from the base of the bud and
from the Wolffian duct by enhancing cell survival, and
possibly by increasing proliferation in organ culture [22].-
The data from the sequence analysis of MTF/L47 sug-
gested that it was a soluble protein because almost all
the amino acids contained in MTF were hydrophilic. We
then added the recombinant MTF/LA7 protein to organ
cultures. Addition of the antisense ODN of MTF/147
decreased branching of the ureteric bud, whereas addi-
tion of recombinant MTF/LA7 increased it. MTF/L47 may
have the ability to promote branching morphogenesis of
renal epithelial cells, the same as GDNF.

Overexpression of PKC-delta and PKC-epsilon in-
duces apoptosis, while overexpression of PKC-alpha in-
hibits the onset of apoptosis via phosphorylation of Akt
onserine 473 [23). The fact that the metanephroi cultured
with recombinant MTF/LA7 protein were larger than the
controls also suggested that the predominant effect of
MTE/LA47 might be to prevent apoptosis. However, the
metanephroi cultured with recormbinant MTF/LA7 pro-
teinshowed no marked change in apoptosis as assessed by
the TUNEL method in organ culture. PKC has also been
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Fig. 8. Cell proliferation in metanephrof cultured with and without re-
combinant mouse metanephros-derived tubulogenic factor (MTE/L4T)
protein. [°H]-thymidine-associated incorporation was measured in
metanephroi cultured with and without recombinant MTF/LA7. [*H]-
thymidine-associated incorporated radioactivity was higher in kidneys
exposed to MTF/LA7 recombinant protein (N =18). *P < 0.05.

implicated in the proliferation of several types of cells,
and both PKC activation by phorbol ester or lead acetate
and PKC-alpha overexpression increase DNA synthesis
[24-26]. In this study, an increase in thymidine uptake
was observed in metanephroi cultured with recombinant
MTF/LAT protein. Thus, MTF/L47 may play a role in the
cell proliferative function of PKC.

A-recent cDNA sequence analysis has shown MTF/LA47
to be a homologue of mitochondrial ribosomal protein
L47 [27]. Nearly half of the ribosomal protein transcripts
were found to undergo statistically significant nerve
growth factor (NGF)-promoted alteratior in relative
abundance, with changes up to fivefold in PC12 cells [28].
PKC may regulate many ribosomal protein transcrip-
tions, similar to NGF. Some ribosomal proteins undergo
changes in expression in response to various tissite con-
ditions. Heparin/HS interacting protein (HIP/RPL29) is
a small, highly basic, heparin/heparan sulfate interact-
ing protein, identical to ribosomal protein L29, and its
expression depends on the growth/differentiation state
of the luminal epithefum [29]. Recombinant human
HIP/L29 decreased basic FGF-induced proliferation in

Araki, Hayashi, and Saruta: Cloning of ureteric bud branching promoting gene

fibroblasts from normal gingiva by inhibiting basic FGF
stimulation of mitogen-activated protein kinase (MAPK)
p44 (Erk-1) [30], and apoptosis-related protein [death-
associated proteins (DAP3)] has been shown to be a
ribosomal protein [31, 32]. Thus, there may be other ri-
bosomal proteins that control not only apoptosis but also
cascades of growth factors, the same as HIP/PRL29, and
MTE/L47 may be one of them.

The pathway by which MTF/L47 induced cell pro-
liferation in the metanephroi was not identified in the
present study, and it is also unknown whether endoge-
nous MTF/L47 produced the by metanephros is secreted
into the extracellular fluid. The precise characteristics of
this protein should be determined in future studies.

CONCLUSION

We identified a novel gene, MTF/L47, by differen-
tial display and demonstrated that MTF/L47 is capa-
ble of regulating kidney development by controlling cell
proliferation.
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Genetic Polymorphism of NPHS1 Modifies the Clinical
Manifestations of Iy A Nephropathy

Ichiet Narita, Shin Goto, Noriko Saito, Jin Song, Daisuke Kondo, Kentaro Omori,
Hiroshi Kawachi, Fujio Shimizu, Minoru Sakatsume, Mitsuhiro Ueno, and
Fumitake Gejyo

Division of Clinical Nephrology and Rheumatology (IN, SG, NS, JS, DK, KO, MS, MU, FG), and Departrment of Cel
Biology (HK, FS), Institute of Nephrology, Niigata University Graduate School of Medical and Dental Sciences,
Asahimachi-dori, Nilgata, Japan

SUMMARY: Nephrin, the molecule responsible for congenital nephrotic syndrome of Finnish typs, Is cruclal in malntaining the
glomerular fittration barrier, Recently, its complete gene structure and common gene polymorphisms In its exons have been
reported, although tha functional and cfinlcal significance of these polymorphisms has not yet been elucidated. We investigated
a possible assoclatlon of the NPHST polymorphisms with the development of 1g A nephropathy (IgAN), as well as the clinical and
histalogic manifestations in IgAN. A total of 464 Japanese subjects, including 267 patients with histologically proven IgAN and

187 healthy controls with normal urinalysis, were genotyped for the NPHS? G349A, G2289A, and T3315C polymorphisms. The

frequencies of the genotypss, alleles, and estimated haplotypes of NPHST polymorphisms were no different between patients
with IgAN and the controls. Within the IgAN group, patlents carrylng at least one G allele of G349A tendad to present with more
proteinuria, lower renal function, and more severe histopathologle injury than those with ths AA genotype, although the time from
the first urinary abnormality to the renal biopsy was no different between both groups. The logistic regression analysis indicated
that even after adjusting for the effect of proteinuria and hypertension the GG genotype of NPHST G340A was an independent
risk factor for the deteriorated renal function at the time of diagnosis. This study suggests that the NPHST G349A polymaorphism
may be assoclated with heavy proteinuria and a decfine in renal function in patients with IgAN. (Lab Invest 2003, 83:1193-1200).

g A nephiropathy gAN) is one of the major causes
of end-stage renal disease (ESRD) and the most

common form of primary glomerulonephritis among -

patients undergoing renal bicpsy throughout the world
{Maisonneuve et al, 2000}, It is characterized by mes-

angial proliferative glomerutonephritis with predomi- .

nant deposits of IgA in the mesanglal area. The
actuarial renal survival in Japanese patients with IgAN
at 10 years and 20 years is assumed to be 85% and
61%, respectively, from the time when the first renal
abnormalities are detected {(Koyama et al, 1997). Fa-
milial clustering of IgAN and interindividual differences
in the clinical course suggests that genetic factors
may contribute to both the development and progres-
sion of this disease {Galla, 2001; Hsu et al, 2000). It
has been well documented that impairment of renal
function, severe proteinuria, and arterial hypertension
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at the time of diagnosis are the strongest and most
reliable clinical predictors of progression to ESRD
(¥ Amico, 2000; Koyama et al, 1997).

The nephrin gene, NPHS1 (AF035835), has recently
been identified as the gene responsible for congenital
nephrotic syndrome of the Finnish type (NPH1) (Kes-
tila et al, 1998), an autosoma! recessive disorder
characterized by the onset of nephrotic syndrome,
which usually oceurs before 3 months of age (Hallman
et al, 1956). NPH1 previcusly resulted in death before
age 2 years, but it can now be treated by kidney
transplantation, without the development of extrarenal
symptoms (Holmberg et al, 1995). The NPHS? gene
consists of 29 exons spanning 26 kb in the chromo-
somal region 19¢13.1 {Mannikko et al, 1995). In the
kidney nephrin expression is observed only in visceral

epithelfal cells of the glomeruli, indicating its impor-.

tance in the develcpment or maintenance of the
glomerular filtration barrier (Holthofer et al, 1999). In
fact an mAb {(mAb 5-1-6), which reacts with the slit
diaphragm, induces a massive proteinuria (Orikasa et
al, 1988), and the antigenic molecule recognized by
mAb 5-1-6 has been identified as nephrin (Kawachi et
al, 2000). The complete genomic structure for NPHS 1
was reported, and a total of 50 mutations in the coding
region of NPHST or the immediate 5'-flanking region
have been identified in patients with NPH1 (Lenkkeri et
al, 1999). In addition to these mutations, several
sequence variants were published in Caucasian
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(Belicheva et al, 2001), as well as in Japanese control
individuals (Hirakawa et al, 2002} (an online database
of Japanese single nuclectids polymorphisms [SNPs]
can be found at http://snp.ims.u-tokyo.ac.jp). Al-
though the functional significance of these gene poly-
morphisms remains unclear, it might be important to
explore the phenotypic consequences imposed by the
NPHS1T polymorphisms, not only In congenita! ne-
phrotic syndrome, but alse in common glomerular
diseases.

In this study to investigate the possible role of the
NPHS1 polymorphism on the development of IgAN, as
well as on the clinical manifestations of the diseass,
we performed a case control study for the NPHST
G349A, G2289A, and T3315C polymorphisms in pa-
tients with IgAN and healthy controls in the Japanese
population.

Results

In total we genotyped 464 subjects, which consisted
of 267 patlents with histologically proven IgAN and
197 healthy controls who were genotyped for NPHS?
G349A, G2289A, and T3315C. Table 1 lists the geno-
type distributions and the allele frequencies of these
gene polymorphisms In both groups. The expected
frequencies of the genotypes in both groups, under
the assumption of Hardy-Weinberg equilibrium, did

not differ from the observed genotype frequencies. No
difference was recognized in the genotype and allele
frequency between the patients with igAN and the
healthy controls without any history of renal disease or
hypertensian, Table 1 also shows estimated frequen-
cies of four major haplotypes for the three SNPs lociin
NPHS1. The frequencies of these haplotypes were no
different between IgAN patients and controls. A com-
plete linkage disequilibrium was observed between
the loci 349 and 2289 (D' = 1.0000, p < 0.0001), but
not between 3315 and the other two loci (349 and
3315, D' = 0.6513, p = 0.0732; 2288 and 3315, D' =
0.7480, p = 0.1030).

Clinical characteristics of patients with IgAN at the
time of renal biopsy are listed in Table 2. The compar-
isons shown in this table were made between patients
with the homozygote of NPHST 340A [n = 102) and
those with either the heterozygote or homozygotes of
349G (n = 165). There was no differencein the gender,
age, body mass index, time from the first urine abnor-
mality to renal biopsy, and blood pressure at the time
of renal biopsy between the two groups. Urinary
protein excretion at the time of renal biopsy in patients
with the AA genotype tended to be less in comparison
to patients with the other genotypes, but the differ-
ence was not statistically significant. The incidence of
nephrotic range proteinuria (NS; urinary protein of

Table 1. Genotype Distributions and Allele Frequencies of Gene Polymorphisms In Patiénts with Histelogically Proven

{gAN and Healthy Controls

igAN Control
Genotype N=287 N=197 X o Value
G34%A GG 37 34
GA 128 87
AA 102 76 1.210 0.5460
G2289A GG 178 143
GA 82 51
AA 7 3 2.130 0.3447
T3315C ™ 71 124
TC 82 67
cc 14 6 1.676 0.4326
Allele N=1534 N =394
G349A G 0.378 0.393
A 0.622 0.607 0.219 0.638
G2289A G 0.821 0.880
: A 0.179 0.140 2.687 0.101
T3315C T 0.793 0.802
C 0.207 0.198 0.711 0.137
Haplotype estimated
G349A G2289A T3315C N=>53 N=394
A G C 0.136 0.156
A G T 0.483 0.442
G A T 0.145 0.146
G G T 0.166 0.188
Others 0.070 0.068 1.841 0.765

IghN, ig A nephropathy,
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Table 2. Clinical Characteristics of Patients with 1g A Nephropathy

Al patients Genotype of NPHST G349A
N =267 AAN=102 GAGEN=165 pValue 2
Gender (male %) 48.5 46.1 80.0 NS
Age (year) 371 = 134 369+ 126 372+ 138 NS
Body mass index 2256 +3.20 22.89 = 3.52 22,34 + 3,69 N3
Time from the first urine abnormality to renal 57.6 = 67.7 56.3 = 55.7 584745 NS
biopsy (month)

Urinary protein excretion (g/day) 13x13 11+09 15+15 NS
Incidence of nephrotic range proteinuria (%) 7.9 2.0 11.5 0.0088 6.858
Serum creatinine (mg/dl) 1.0+09 10+£13 11+086 0.0333
Creatinine clearance (ml/min) 875 +323 917 £ 31.2 849328 0.0223
Incidence of advanced GN (%) 29.2 17.6 36.4 0.0012 10477
Blood pressure (mmHg)

Systolic 128.0 + 186 129.1 = 195 127.4 = 181 NS

Diastolic 77.1 =139 784+ 141 764 +13.8 NS
Incidence of hypertension (%) 378 36.3 38.8 NS
ACE-1 or ARB administration {%) 8.6 9.8 79 NS

ACE-l, anglotensin-converting enzyme Inhibitor; ARB, angiotensin-I! receptor blocker; GN, glomerulonephritis.

more than 3.5 g/day) was significantly higher in pa-
tients with at ieast one G allele of the NPHST G349A
polymorphism.

The level of serum creatinine at the time of renal
biopsy was lower and the 24-hour creatinine clear-
ance (Cer) was higher in patients with the AA genotype
than those with the GA or GG genotype. Maoreover, the
incidence of advanced glomerulonephritis (GN) was
significantly higher in patients with the GA or GG
genotypes of the G349A polymorphism than those
with the AA genotype. Table 3 lists the frequencies of
dlleles for the NPHST polymorphisms in IgAN patients
with or without NS, and those with or without ad-
vanced GN. Again, the G349A polymorphism was
significantly assoclated with both NS and advanced
GN. In contrast, T3315C was not assoclated with NS
or advanced GN. In the haplotype analysis, in which
haplotype frequencies for the G349A and G2289A loci

wers estimated in IgAN patients, the haplotype A-G
was observed more frequently in the patients without
NS and in those without advanced GN (Table 3). The
T3315C polymorphism was not included in the haplo-
type estimation because this locus was not In linkage
disequilibrium with the other two locl and was not
associated with NS nor advanced GN.

The G349A in the NPHST were likely to ba associ-
ated with both urinary protein excretion and renal
function at the time of renal biocpsy. However, these
two clinical phenotypes were actually comrelated to
each other (data not shown). Therefore, to investigate
whether the NPHS1T polymorphism affected the renal
function at the time of renal biopsy independently of
urinary protein excretion, the muitivariate logistic re-
gression analysis was used (Table 4). Because not all
of the patients could be unequivocally assigned to
have a particular haplotype and because the G349A

Tahle 3. Frequencies of Alleles for the NPHST Polymorphisms in Ig A Nephropathy Patienis with or without Nephrotie

Syndrome and Those with ar without Advanced GN

Nephrotic syndrome

Advanced GN

Yes No Yes No

SNP Alele N=42 N=492 ¥ pValue N=156 N =378 1% p Valug

G349A G 0.524 0.366 0.474 0.339
A 0.476 0.634 4.105 0.0428 0.526 0.661 8.651 0.0033

G2289A G 0.714 0.829 0.795 0.831
A 0.286 011 3.470 0.0625 0.205 0.169 0.961 0.3270

T33156 T 0.738 0.799 0.769 0.804
(M 0.262 0.201 0.8M1 0.3506 0.231 0.196 0.827 0.3631

Haplotype of G349A and G228%A

A-G 0.476 0.634 4105 0.0428 0.526 0.662 8.651 0.0033
G-A 0.286 0.171 3.470 0.0625 0.208 0.169 0.961 0.3270
GG 0.238 0.195 0.443 05027 0.266 0.169 6.929 0.0085

GN, glomerutenaphritis; SNP, single nucleotide polymermphlsm.
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Table 4. Multiple Logistic Regression Analysis for a Deteriorated Renal Function at the Time Ranal Biopsy

» p Value Odds ratie 95% Cl

Urinary protein excretion

<1.0 g/day Referent

1.0 to 3.5 g/day 4.205 0.0403 1.969 1.030-3.763

>3.5 g/day 10.443 0.0012 7.315 2.188-24.456
Hypertension

No Referent .

Yes 13.677 0.0002 3.194 1.726-5.911
Genotype of NPHST G349A

AA Refarent

AG 3.560 0.0452 1.982 1.032-4.033

GG 6.341 0.0118 3.209 1.303-8.354

polymorphism was most significantly assoclated with
a deteriorated renal function, the G349A genotype
was included in the multivariate analysis. In this anal-
ysis, the NPHST G349A genotype was found to be an
. independent risk factor for advanced GN at the time of
renal biopsy after adjusting for the effect of urinary
protein excretion and hypertension. The odds ratios
for the deteriorated renal function in patients with the
AG or GG genotype versus those with AA as the
reference were 1.982 (95% confidence interval, 1.032

to 4.033, x* = 3.560, p = 0.0452) and 3.299 (95%
confidence interval, 1.303 to 8.354, ¥® = 6.341,p =

- 0.0118), respectively.

Next, any possible associations between the NPHS
genotype and histopatholegic findings were investi-
gated. Figure 1 shows the mean values of each
histopathologic grading score in patients with the AA
and AG/GG genotypes of NPHS1 G349A. Patients
carrying at least one G allele of the NPHST G349A
polymorphism had more severe histopathologic dam-

c Endo
16 3 03
h x 2
12 2 I
08 0.2
04 1 0.
0 0 0
AA AGIGG AA AG/IGG AA AG/IGG
131+ 009 1494+ 008 238+ 010 251+ 0.08 018+ 005 028+ 0.05
Dup Cres Ad
+*
0.6 I ) 1.0 1.0
08 I 08 X
0.4 1 0.5 0.6
0.4 04
62 0.2 02
0 o+ 3}
AA AG/GG AA AG/IGG AA AG/IGG
’ 031+ 007 050 0.06 073+ 009 081+ 005 C.79+ 009 087+ 0.08
Int
1.0 T
0.8
06
0.4
02
0
AA AG/IGG
082+ 009 1034 003
Figure 1.

Mean values of each histepathologic grading score in Ig A nephwopathy patients with the AA ([]) and AG/GG (M) genotypes of the AIPHST G349A polymorphism.
Glomerular changes were scored for sach glomerulus, and the averaga scorg of each was calculated. The scores for mesanglat cell proliferation {C) and mesangial
matrix increase (M) were graded inta five grades ranging from 0 to 4, Other glomerular changes Including endocapillary profiferation (Endo), duptication of glomerttar
basement membrane (Dup), crescent formation (Cres), and adhesion of tuts to Bowman's capsule {Aa), as well as tubulointerstitial leslons {/nf, were graded 0 to
4 acearding to their incidence. Data are given as mean = s, “p < (.05 by Mann-Whitney U/ test,
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age, In particular, with respect to duplication of the
glomerular basement membrane (AG/GG versus AA;
0.51 + 0.70 versus 0.31 * 0.58, p = 0.0307, by
Mann-Whitney U test). No significant deference was
observed between patients with the AA and AQ/GG
genotype in mean values of other histologic scores
Including mesangial cell proliferation, matrix increase,
interstitial fibrosfs, adhesion of glomerular tufts to
Bowman's capsule, crescent formation, and endocap-
illary proliferation. However, patients with AG/GG ge-
notype had a tendency to present with numerically
higher grades In all respects to the histologic scores
evaluated.

Discussion

The results of the present study Indicate a role of the
genetic polymorphism of NPHS1, not in the develop-
ment, but in the clinical manifestations of IgAN. The
IgAN patients with the AG/GG genotypes of NPHS?
G349A presented with more protefnuria, as well as an
increased deterioration In renal function compared
with those with AA genotypes. The results of the
histopathologic assessments of the patients were in
accordance with the clinical data. T3315C, which is
20-kb distant from G349A and 13kb from G2289A,
was nelther in linkage disequilibrium with the other two
loci, nor assoclated with these clinfcal phenctypes.
Although G349A and G2289A were in tight linkage
disequilibrium, the significance of the association with
heavy proteinuria and a deteriorated renal function
was higher in G349A than in G2289A. This is thought
to be due to the difference in allele frequency of these
two SNPs, because it has been reported that In
assoclation studies SNPs with high allele frequencies
are more statistically informative than those with low
allele frequencies (Martin et al, 2000). In the haplotype
analysis, the A-G haplotype was found to be a protec-
tive haplotype both for NS and for advanced GN.
These clinical phenotypes are well known as signifi-
cant risk factors for the progression to ESRD, How-
ever, to establish the prognostic significance of this
gene polymorphism, a prospective randomized con-
trolled study with a long-term ohservation is needad.

The filtration barrier of the glomerulus consists of a
fenestrated endothelium, a layered glomerular base-
ment membrane, and visceral epithellal cells, podo-~
cytes. Accumulating evidence indicates that the podo~
cytes, with their primary and secondary foot
processes, as well as the interpodocyte slit mem-
branes, are the final glomerular barrier, which prevents
the leakage of clrculating macromolecules, Nephrin is
a major molecule in the podocyte filtration slits. The
remarkable regulation of nephrin-specific mRNA levels
in experimental models has been reported (Luimula et
al, 2000). More recently, a typical down-regulation of
nephrin expression has been reported in the glomeruli
of samples from patients with IgAN, membranous
nephropathy, and membranoproliferative glomerulo-
nephritis (Aaltonen et al, 2001; Kim et al, 2002; Wang
et al, 2002). The predicted protein product of the
NPHS1 is a transmembrane protein with eight 1g-like

Nepkrin Gene Polymorphism in JpAN

extraceliular repeats and a uniquely structured intra-
cellular domain (Kestila et al, 1998). The SNP G349A
exists In exon three of the nephrin genes and is
accompanied by the substitution of amino acid Lys for
Glu117, whereas the other two SNPs do not cause
amino acid substitution {Lenkkeri et af, 1999). Consid-
ering the pivotal role of the molecule in maintaining
glomerular permselectivity, it Is not surprising that the
polymorphism has an association with urinary protein
excretion and the Incidence of heavy proteinuria
caused by glomerular injury. Although, to date, there is
no evidence available on the functional significance of
the NPHST polymorphism, an afteration In the function
of the nephrin molecule, even to aminor extent, would
lead to an alteration in both the physiolegic and
pathologic states of the glomerular podocyte, This in
turn may affect the response of intrinsic renal cells to
immunclogical injury such as IgAN, resulting in the
clinical phenotype, whereas it would have no effect on
the clinical phenotype in normal physiological condi-
tions. There is also the possibllity that other gene
polymorphism, which is in linkage disequilibrium with
the G349A in NPHST, has a direct impact on expres-
sion or function of the gene and is responsible for the
association observed in this study. We cannot provide
the molecular mechanism by which the NPHS? poly-
morphism affects the renal function, as well as the
urinary protein excretion. It might be argued that the
association between the NPHST polymorphism and
the detericrated renal function observed at the time of
renal biopsy was a indirect conseguence of the
heavier proteinuria In patients with a 349G allele of the
NPHS1 polymorphism, because proteinuria is well
known as a factor for renal damage. However, the
result of the logistic regression analysis indicated the
effect of the SNP on renal function was Independent to
proteinuria. This may suggest that nephrin plays an
important role not only in maintaining the glomerular
filtration barrier, but also in regulating podocyts func-
tion and its cell behavior In the disease state. It is
crucial to clarify the functional significance of this
genetic polymorphism especlally on the podocyte
function both It the normal physiological condition
and in the inflammatory response.

Qur recent investigation has demonstrated that
podocyte Injury accompanied by down-regulation of
nephrin is one of the important factors in bringing on
imreversible glomerular alterations (Moricka et al,
2001). Itis possible that an alteration in the expression
of nephrin in the pathologic state, which might be
assoclated with the NPHS? polymorphism, is followed
by more severe glomerular injury. The limitation of the
present study is that we could not clarify the mecha-
nism by which the NPHST was associated with severe
histologic injury and that we could not provide direct
evidence for an association between the NPHST poly-
morphism and the expression of nephrin protein in
patients with IgAN. However, the histologic investiga-
tion In this study may support the possibility that the
NPHS1 polymorphism has a direct or specific effect
on podocyte In the disease state.
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We selected IgAN patients as the subjects of this
investigation because they are the largest population
of patients with an identical histologic disease entity.
Moreover, the patients with IgAN in this study were
diagnesed at a single center, and the records of their
clinical data at the time of renal biopsy were available,
The effect of the genetic polymorphisms in NPHST on
the clinical manifestations of glomerular disease ob-
served in this study may not be specific to IgAN. It is
rather likely that the gene polymorphism investigated
in this study affects the clinical phenotypes in other
types of glomerular diseases. Aithough, if no associ-
ation Is found with other disease groups, that may
provide an Important negative control. However, it is

thought that small sample size groups with heteroge-

neous disease entities are inadequate for proving any
negative or positive association between genotype
and phenotype.

There Is a possibility that the NPHST polymorphism
merely provides a fortunate marker of other differ-
ences In the genetic background that serves as ge-
netic modifiers. A further large population-based and
genome-wide study is necessary to clarify the genetic
factors contributing to the development of IgAN, and
this would be helpful In understanding the pathoge-
netic mechanism of IgAN as well as developing a new
strategy for treatment of the disease,

Although further study is necessary to elucidate the
functional significance of the NPHST polymorphism
on nephrin expression or podocyte function, the find-
ings of this study support the important role of podo-
cyte damage for developing and progression of glo-
merular injury in 1gAN.

Materials and Methods
Patients

The protocol for the genetic study was approved by
the ethics committee of the institution involved, and
Informed written consent for the genetic studies was
obtained from all participants.

Genomic DNA of peripheral blood cells from 464
Japanese individuals Including 267 patients with his-
tologically confirmed IgAN was isclated using an au-
tomatic DNA isclation system {(NA-1000, Kurabo,
Osaka, Japan). Schénlein-Henoch purpura and sec-
ondary 1gAN such as hepatic glomerulosclerosis were
excluded from the analysis. Diagnosis of IgAN in all
cases was based on a kidney biopsy that revealed the
presence of dominant or co-dominant glomerular
mesangial deposits of IgA as assessed by an immu-
nofluorescence examination. The mean age at diag-
nosis was 37.1 = 13.4 {range from 9 to 74) years.

Clinical characteristics of the patients with IgAN,
including gender, age, body mass index, duration of
observation {in months), level of urinary protein excre-
tion (g/day), serum creatinine (mg/dL), and Cer {ml/
min}, were investigated before the start of any treat-
ment. The time from the first urine abnormality to renal
biopsy (month) was also recorded for 213 of the 267
pationts, whera the first episode of urine abnormaility
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{proteinuria or hematuria) could be clearly defined.
Advanced GN was defined by a 24-hour CCr of < 70
ml/min/1.73 m? body surface area. Hypertension was

. defined by the use of one or more antihypertensive

medications and/or a blood pressure greater than or
equal to 140 mmHg systolic or 90 mmHg diastolic.
Only 23 of the 267 (8.6%) patlents were administrated
angiotensin-converting enzyme Inhibitors and/or an-
glotensin receptor antagonists before the diagnosis.

To provide a control for the local genotype ire-
quency being examined, 197 Japanese volunteers (98
female and 99 male) with no history of renal disease or
hypertension and with normal wrinalysis were also
recruited. The mean age of healthy controls was 39.2
* 10.6 years, and this was no different from that of the
patients (p = 0.0817).

Defermination of the Genolypes

After investigating the clinical characteristics from
past medical records, genotypes for the NPHS?
G349A, G2289A, and T3315C polymorphisms, which
are located in exon 3, 17, and 25 of the gene,
respectively, were Independently determined in a
double-blind fashion by allele specific oligonuctectide
hybridization after PCR (PCR) using allele specific
primers as shown In Table 5. These SNPs were
selected for analysls because the frequencies of their
minor alleles were more than 0.1 in a preliminary
analysis, in which 100 heaithy controls were geno-
typed. A DNA fragment containing the SNP region of
the NPHST was amplified by PCR, with two allele-
specific sense primers and biotin-labeled antisenss
primers or vice versa, which were designed based on
the published sequence (GenBank accession number
AF035835). The second base from the 3'-end of the
allele specific primer had each allele specific se-
quence, and the third base had an artificial mismatch
sequence. The artificial mismatch was a mixture of
nucleotides G or C to obtain the highest specificity in
the following hybridization reaction. The reaction mix-
ture in KOD plus buffer (25 pl) contained 0.02 g of
DNA, 5 pmol of each oligonuclectide primer, 0.2 mm
each deoxynucleoside triphosphate, 0.9 mv MgSO,,
and 1 unit of DNA polymerase (KOD plus, Toyobo,
Osaka, Japan). The amplification protocol comprised
of an initial denaturation at 94° C for 5 minutes; 35
cycles of denaturation at 95° C for 15 seconds, an-
nealing at 65° C for 30 seconds, and an extension at
68° C for 30 seconds, with a final extension at 68° C
for 2 minutes. Amplified DNA was denatured with
Nz20H, and then hybridized at 37° C for 30 minutes in
hybridization buffer containing 30% formamide with
allele-specific capture probes fixed to the bottom of
the wells of a 86-well plate (Table 5). The wells were
then washed thoroughly, and alkaline phosphatase-
conjugated streptoavidin added to each, before the
plate was incubated at 37° C for 15 minutes. After
washing each well thoroughly, 0.8 mm WST-1 (2-@2-
iodophenyl)—B-(4~nitrophenyl)-5-(2,4-disulfophenyl)-
2H-tetrazolium, monosadium salt) and 0.4 mm BCIP
(5-bromo-4-chloro-3-indolyl phosphate p-toluidine
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Table 5. The Nucleotide Sequences of Primers for Allele Specific PCR and Hybridization Probes

SNP
G349A Forward primer 5'-CCAGGTCGGCCRCTCNGA-3
5’-CCAGGTCGGRCCGCTOXAA-3!
Reverse primer 5'-biotin-CCATACCCAGGATGGAGAGBATCAC-3’
Hybridization probes 5'-CCBCTCXGAGATRGGGCC-3
5'-CCGCTCXAAGATGGRGCCCT-3
G2289A Forward primer 5’-biotin-TGGATCCTCACCAGTCTCTCC-3!
Reverse primer 5'-TGTGGACATAGTCTGCACTAXCS-3"
5'-TGTGGACATAGTCTGCACTEXTG-3
Hybridization probes 5-TCTGCACTGXCGATGCCAAT-3
§'-TCTGCACTGXTGATGCCAAT-3*
T3315C Forward primer 5'-biotin-TGGCTCTCCTCATATTCGTTC-3'

Reverss primer

Hybridization probes

5'-CCTTCATCCTGGAAGGTXAG-3
5'-CTTCATCGTGGAAGGTXGG-3'
5’-CTGGAAGGTXAGAAGAGGACC-3’
5’-CTGGAAGGTXGGAAGAGGACC-3!

SNP, single nucleotide polymorphism.

salf), a substrate for alkaline phosphatase, were
added and the colorimetry was measured.

To confirm the accuracy of the genotyping method,
we also performed direct sequencing of the PCR
products from 48 individuals (24 IgAN patients and 24
healthy controls randomly selected) using the TagDNA
polymerase cycls sequencing method. A BigDye Ter-
minator Cycle Sequencing FS Kit was used according
to the manufacturer’s instruction (Perkin-Elmer, Foster
City, California). The pairs of oligonucleotide primers
as described previously were used for the bidirectional
sequencing {Lenkker! et al, 1999). An automated DNA
sequencer (mode! ABl PRISM 310, Perkin-Elmer) was
used for the analysls. The results of the direct se-
quencing were completely consistent with those of the
allele-specific PCR method described above.

Histopathological Analysis

Histopathologic findings of kidney biopsy specimens
of 1gAN patients were classified according to the
classification described previously {Suzuki et al, 1692),
A single pathologist evaluated all specimens by light
microscopy in a double-blind fashion. Glomerular
changes were scored for each glomerulus, and the
average score of each was calculated. The scores of
cellular proliferation and the matrix increase in the
mesangium were graded into five grades ranging from
0 {minimal change) to 4 {diffuse global marked). Other
glomerular changes including endocapillary prolifera-
tion, duplication of glomerular basement membrane,
crescent formation, and adhesion of tufts to Bow-
man's capsule as well as tubulointerstitial lesions were
graded 0 to 4 according to their incldence. Grades O to
4 represent an incidence of the lesion in 0% to 4%,
5% to 24%, 25% to 49%, 50% to 74%, and 75% to
100% of cases, respectively.

Statistical Analysis

Haplotype frequencies for sets of alleles were esti-
mated using ARLEQUIN software version 2.0, which

was based on a maximum-likelihood method. {Genet-
ics and Biometry Laboratory, Department of Anthro-
pology, University of Geneva, Geneva, Switzerland:
hitp://igb.unige.ch/arlequin/). Pair-wise linkage dis-
equilibrium coefficients (D') were also calculated using
ARLEQUIN version 2.0 and expressed asthe D' = D/D
max, according to Slatkin (Slatkin, 1994),

Statview 5.0 statistical software (Abacus Concepts,
Inc., Berkeley, California) was used for statistical anal-
yses on a Macintosh G4 computer. Chl-square anal-
ysls was used when comparing allele frequencles and
categorical variables between the groups. Hardy-
Weinberg equilibrium was tested by a Chi-square test
with 1 df. The adjusted odds ratios and 95% confi-
dence interval for advanced GN at the time of renal
biopsy with multivariate factors were calculated using
logistic regression analysis. Variables that achieved
statistical significance (p < 0.05) In the univariate
analysis were subsequently included in a multivariate
analysis using a stepwise forward logistic regression
procedure and the effects of these covariates were
expressed by an odds ratio. A p value of < 0.05 was
considered statistically significant.
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