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domain (GAL4 DNA-binding domain), Salll protein is
capable of repressing transcription on the synthetic re-
porter containing tandem GAIL4-binding sites upstream
of a promoter. The native DNA-binding site and direct
target genes regulated by Salll proteins have remained
1o be determined.

In Drosophila wing development, sal is activated
downstream of dpp (bone morphogenetic protein 4 or-
tholog) and in tracheal development is activated down-
stream of wingless (Wnt ortholog) [5,21-23]. We did
research to determine if mammalian Salll is involved in
signaling pathways related to development. We report
here that Salll synergistically enhanced reporter activi-
ties of the canonical Wnt signal, by localizing to het-
erochromatin. Our evidence indicates that this
mechanism may be related to the cause of TBS.

Materials and methods

Plasmids. The complete coding Sali7 cDNA was fused to the HA-tag
by replacing the PCR fragment amplified using the primer containing
HA-tagged sequence and the Sefl restriction enzyme site (f, GTCGACA
CCATGTACCCATACGACGTCCCAGACTACGCTTCGCGGAG
GAAGCAAGCG; r, GAGCAGAAGGTCTGATAATTC). The Sall-
Noil digested HA-tagged Salll ¢DNA fragment was cloned into the
Xhol-Noil sites of pCAGEN, a mammalian expression vector driven by
the CAG promoter [24,23].

Salll truncated forms were generated as follows; zinc finger region
1{Zn 1) encoding 1-288 amino acids (Sall-Sacl fragment) was inserted
into pCAGEN vector, zinc finger region 2 (Zn 2) encoding 289-598
amino acids (Sacl-A4pal fragment), zinc finget region 3 (Zn 3) encoding
599857 amino acids (4pal-Xhol fragment), zinc finger region 4 (Zn 4)
encoding 858-1105 amine acids (Xhel-Spel fragment), and zinc finger
region 5 (Zn 5) encoding 1106-1324 amino acids (Spel-Nofl fragment)
were inserted into appropriate restriction sites in pCMV-HA vector
{Clontech). The N-terminal half form of HA-tagged Salll encoding 1—
598 amino acids {(Znl-2) was inserted into the pCAGEN vector, and
the C-terminal half form encoding 599-1324 amino acids {(Zn 3-5)
inserted into the pPCMV-HA vector.

The Salll-GFP fusion was generated by inserting the d2EGFP
fragment from pd2EGFP-1 vector (Clontech) at the 3' terminal region of
Salll in pBluescript 1L KS (=) vector in-frame. Sall-No/I fragment of the
Salll-d2EGFP fusion was excised and inserted into the pCAGEN vec-
tor. To generate GFP-fused Salll truncated forms, the pCMV-HA-
NLS-d2GFP vector was constructed. The PCR fragment coding 2 single
nuclear localization signal from SV40 was inserted into the pCMV-HA
vector (pCMV-HA-NLS vectot) and then the fragment coding {2EGFP
following intact multiple cloning sites excised from pd2EGFP-1 vector
was inserted and the pCMV-HA-NLS-d2EGFP vector was generated.
Salll truncated forms fused to A2EGFP were generated as follows; zinc
finger region 1 encoding 1-288 amino acids {Safl-Sacl fragment), zinc
finger region 1-2 encoding 1-598 amine acids {Sacl-Apal fragment),
and zine finger region 3-5 encoding 599-1324 amino acids (Spel-No:I
fragment) were inserted into appropriate restriction sites in pPCMV-HA-
NLS-d2EGFP vector {Clontech) in-frame. The cDNA fragment of zinc
finger region I’ (Zn 1) encoding 1-435 amino acids was generated by the
combination of the Sa/l-Sacl fragment encoding 1-288 amino acids and
the fragment encoding 299-435 amino acids that was amplified using
primers containing Smal restriction enzyme site in the reverse one (f,
ATTAGC ACAGAGCCTTGCTAGC; r, CCCGGGGGACATTTGG
TGGCTTGCTTTTTC). The combined cDNA, fragment was inserted
into the pCMV-HA-NLS-d2EGFP vector in-frame. The ¢cDNA

encoding zinc finger region 1’ (1-435 amine acids) without NLS was
generated by combination of the Sall-Sacl fragment encoding 1-288
amino acids and the fragment encoding 299435 amino acids fused to
d2EGFP, which was excised from the pPCMV-HA-NLS-Zn 1'-d2EGFP
vector, as described above, and inserted into appropriate sites in the
pCAGEN vector. To generate the Zn 1-DsRed? fusion, the Agel-Xhol
DsRed2 fragment without NLS was excised from pDsRed2-Nuc vector
(Clontech), and inserted into the pCAGEN vector with the Sall-Agel Zn
1’ fragment excised from the pCMV-HA-NLS-Zn 1'-d2EGFP vector.

The fragment coding the complete B-catenin cDNA was excised
from pBJ-myc-f-catenin by BamHI [26] and inserted into appropriate
sites in the pCMV-myc vector (Clontech).

Protein interaction assay. BOSC23 cells were transiently transfected
with 4 pg pCAGEN-HA-Salll or each pCMV-HA-Salll truncated
form and 3 pg pCMV-myc-B-catenin. After 48h, cells were washed
with phosphate-buffered saline, lysed for 10min on ice with 600pl
buffer A (10mM Hepes-KOH, pH 7.8, 10mM KC1, 1.5mM MgCl,,
0.05% NP-40, 0.5mM DTT, and 10% v/v protease inhibitor cocktail
for mammalian cell extract {SIGMA)), and spun at 2300g for 1 min.
The supernatant was discarded and then the pellet was suspended in
300 p! buffer C (20mM Hepes-KOH, pH 7.8, 500 mM NacCl, 1.5mM
MgCly, 0.5mM DTT, and 10% vfv protease inhibitor cocktail for
mammalian cell extract), rotated at 4°C for 30min and then spun at
20,000¢ for 30 min, The supernatant was diluted with an equal volume
of buffer C containing 50% glycerol.

For the immunoprecipitation assay, the extract was diluted with
an equal volume of buffer D (20mM Hepes-KOH, pH 7.8, 1.5mM
MgCl, 0.5mM DTT, and 10% v/v protease inhibitor cocktail for
mammalian cell extract), twice the volume of the dilution buffer
(25mM Hepes—KOH, pH7.8, 2.5mM EDTA, 0.1% NP-40, and 10%
viv protease inhibitor cocktail for mammalian cell extract) in a 1.5ml
micro tube and then incubated on ice for 10min, After removal of
particulate cell debris by centrifugation at 20,000g for Smin, the
supernatant was incubated overnight with 2 pg of anti-HA high af-
finity (Roche) at 4°C. HA-tagged protein and its interacting proteins
were isolated by precipitation with protein G-Sepharose beads
{Amersham-Pharmacia) for 3 h at 4°C. The beads were washed three
times with wash buffer (20mM Hepes—KOH, pH 7.8, 375mM NaCl,
1mM ZnCl,, 1 mM EDTA, 0.5mM DTT, 1% NP-40, 10% glycerol,
and 1mM PMSF} and eluted by beiling in Laemmli sample buffer.
HA-tagged protein and its interacting proteins were separated by
SDS-polyacrylamide gel electrophoresis on 8% gels, trausferred to
Immobilon Transfer Membranes (Millipore), blocked in 3% nonfat
dried milk, and incubated with anti-HA antibody {(Roche) or anti-
mye antibody (SC-40, Santa Cruz Biotechnology). Antibody reac-
tivity was detected using horseradish peroxidase-labeled secondary
antibodies anti-mouse (KPL) and horseradish peroxidase-labeled
secondary antibodies antirat (KPL) and ECL detection reagents
(Amersham—-Pharmacia).

Monoclonal antibody for human SALLI. To generate a monoclonal
antibody for human SALLI, we cloned the ¢cDNA fragment of human
SALLI encoding 258-499 amino acids amplified using primers con-
taining Kpnl restriction site at the 5 end (f, GGTACCCGCTTCT
CAGAATGCAGACTTG; r, GGTACCTTGTGTTTGAAGAATGC
CTC). The PCR fragment was cloned into the Xpnl sites of pBACsurf-
1, which is a baculovirus transfer vector designed for expression
of target proteins on the virion surface. Recombinant virus was
produced, purified, and then immunized [27]. Monoclopal antibody
for human SALL! was cbtained after screening by immunoblotting
using the extract from HEK293 cells. These selected clones were cross-
reactive for both human SALLL and mouse Salll proteins.

Cell culture, transfection, and RNAL NIH-3T3 cells and HEK293
cells were maintained in Dulbecco’s modified Eagle’s medium
(SIGMA) containing 10% fetal bovine serum. For reporter assay, cells
were plated in a 6-well plate at a density of 1 x 10%cells per well. For
transfection of plasmids, FuGENES6 (Roche Molecular Biochemicals)
was used according to the manufacturer’s direction. For transfection
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of double-stranded (ds) RNA oligos, LIPOFECTAMINE 2000 (In-
vitrogen) was uvsed according to the manufacturer’s direction. Five ds
RNAi oligos for SALL1 were desighed and synthesized by
DHARMACON. Sequences of these oligos are as follows:

No. 6 (§-AAGGUCUUUGGGAGUGACAGU-3Y,

No. 7 (5-AAGAGAAAUACCCUCAUAUCC-3),

No. 15 (§-AAUGAUUCAUCCUCAGUGGGU-3),

No. 18 (¥-AAGGGUAAUUUGAAGCAGCAC-3",

No. 21 (5-AAGUUCCCAGAAAUGUUCCAG-3).

The probe used for Northern blots was the Kpnl fragment of
human SALLI ¢DNA, excised from the pBACsurf-human SALLI
vector described above. For Western blotting, we used a monoclonal
antibody for human SALLI as described and a monoclopal antibody
for GAPDH (Ambion),

Reporter assay. An internal control reporter pRLTKmini, which
has the minimal thymidine kinase promoter, was comstructed by
removing the Bgll-EeoRI fragment from the promoter region of
pRLTK (Promega). TOPflash (Upstate Biotechnology) is a luciferase
reporter containing three copies T cell factor (TCF) binding sites
upstream of the thymidine kinase minimal promoter and FOPflash
(Upstate Biotechnology) is the megative control for TOPflash con-
taining mutant TCF binding sites. In the reporter assay using Wnt
supernatant, 0.5pg TOPflash or FOPflash reporter plasmid, 0.05 ug
PRLTKmini cootrol reporter plasmid were transiently introduced
with 1.0pg Salll or Salll truncated mutant expression plasmids in
NIHAT3 cells, In the reporter assay using HEK293 cells, the same
amounts of reporters were introduced with 0.1ug pCAGEN-HA-
Salll. In the reporter assay using the N-terminal truncated Salll (Za
1) plasmid, 0.1-1.0pg of this plasmid was transiently introduced
with 0.1 pg pCAGEN-HA-Salll in HEK293 cells. After 24h, the
transfected cells were stimulated by threefold-diluted Wot superna-
tants, produced from Wnt3a overexpressing L cells (ATCC) [28).
After 481h, the transfected cells were lysed with 150pl lysis buffer
(50mM Tris-HCl, pH 7.4, 150mM NaCl, 1 mM EDTA, and 0.1%
NP-40), frozen and thawed three times, and then spun at 20,000
for 10min. The supernatant was then assayed using Dual-Luciferase
Reporter Assay System (Promega). Luminescent reporter activity
was measured using LUMAT LB 9507 luminometer (EG&G
BERTHOLD). In the reporter assay using the P-catenin expression
vector, 0.3 pg pCMV-myc-f-catenin with 0.1-1.0 pg pCAGEN-HA-
Salll was transiently introduced into NIH3T3 cells. In HEK293
cells, 0.01 pg pCMV-myc-B-catenin with 0.01-0,1 ug pCAGEN-HA-
Salll was used. Forty-eight hours after transfections, cells were used
in the same way as described above. In the reporter assay combined
with RNA interference, the final concentration 20pM of each si
RNA oligo was transfected in Opti-MEM (Invitrogen) as the serum
free condition using LIPOFECTAMINE 2000 (Iavitrogen). After
6h, the serum free medium was replaced with Dulbecco’s modified
Eagle’s medium (SIGMA) containing 10% fetal bovine serum, then
reporter plasmids were transfected in the same way as described
above. In all reporter assays, EGFP expression plasmid, pCMV-
EGFP, was used to normalize the DNA content of the transfection.
All transfections were normalized to Renilla luciferase activity and
were replicated. All reporter assays were repeated at least three
times and representative data are shown.

Analysis of protein localization by confocal microscopy and immu-
nocytochemistry. Total 1.0ug of Salll-GFP fusion plasmid or Salll
mutant GFP fusion plasmids or B-catenin plasmid was transiently
introduced into NIH3T3 cells plated in Lab-Tek II Chamber Slide w/
Cover RS Glass Slide (Nalge Nunc International). Twenty-four hours
after transfection, cells were fixed in phosphate-buffered saline (PBS)
containing 2% paraformaldehyde, 0.1% Triton X-100, and 2 pg/ml of
4,6-diamidino-2-phenylindole (DAPI) at 4°C for 20min, washed for
5min in PBS three times at room temperature, and then blocked with
10% goat serum at room temperature for 30 min. Cells were then in-
cubated for 1 h at room temperature with an anti-mye antibody diluted
in PBS containing 1% goat serum (1:1000), and detected using a rho-

damine-conjugated secondary antibody anti-mouse (CHEMICON),
The localization of proteins was detected using confocal microscopy
Radiance 2100 (Bie-Rad).

Results

Salll has the potential to activate the canonical Wnt
signaling

As the expression of spalt is regulated by several
signaling pathways (dpp/BMP, winglessfWnt, etc.) in
Drosophila development, luciferase assays were done
using several reporters to examine the potential in-
volvement of mammalian Salll. In following experi-
ments, we selected and used two cell lines; NIH3T3
cells and HEK293 cells. Endogenous Salll was detected
in HEK293 cells, in RNA and protein levels, but not in
NIH3T3 cells (data not shown). Among reporters tes-
ted (BMP, TGF-B, retinoic acid, LIF, and Wnt)}
[25,29-32], the Wnt responsive reporter consistently
showed a synergistic response to Salll (Figs. 1A and B)
in both cell lines. Salll expression vector was intro-
duced with the Wnt responsive reporter (TOPflash)
that contains multiple TCF binding sites or the control
reporter (FOPflash), and these cells were stimulated by
the supernatant from L cells stably expressing Wnt-3A.
Salll alone only weakly activated the TOPflash re-
porter in both cell lines. In the presence of Wnt stim-
ulation, however, Salll synergistically activated the
TOPiflash reporter in both cell lines, but not so the
control FOPflash reporter. Therefore, Salll synergis-
tically activates the canonical Wnt signal. In these
settings, activation status of B-catenin was not altered
as determined by Western blotting, ruling out the
possibility of a secondary production of Wnt ligands
by Salll or Wnt stimulation upstream of B-catenin
(data not shown).

When the canonical Wnt pathway is activated, -
catenin avoids the ubiquitin-protecsome pathway
following the phosphorylation by GSK3-p and accu-
mulates in the cytoplasm to move into the nucleus and
function as the transcriptional coactivator of the TCF/
LEF transcription factor [33]. In NIH3T3 cells, expres-
sion of B-catenin alone activated gene expression on the
TOPflash reporter only slightly, but co-expression of
Salll and B-catenin synergistically increased its reporter
activity in dependent manner regarding the amount of
Salll (Fig. 1C). In HEK293 cells, Salll also enhanced
the luciferase reporter by p-catenin (Fig. 1D). Salll by
itself could not bind to TCF binding sites in the TOP-
flash reporter, as determined by an electromobility shift
assay using nuclear extracts from Salli-introduced
HEK293 cells (data not shown). Therefore, Salll may
possibly function as a coactivator for B-catenin in the
canonical Wnt signaling.
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Fig. 1. Salll synergistically enhanced canonical Wat signaling pathway. (A,B) The reporter assay responsive to Wnt signaling. TOPflash as the
reporter plasmid responsive to Wnt signaling, FOPflash as negative control were introduced into NIH-3T3 cells (A), HEK293 cells (B). These cells
were stimulated by the Wnt supernatant (Wnt sup) from L cell stably expressing Wnt-3A or the mock supernatant (mock sup) from normal L cells.
(C.D) TOPflash reporter assay by expression of f-catenin, with or without Salll. pCMV-myc-f-catenin (0.3 j1g) (the B-catenin expression vector) and
0.1-1.0 pg of pCAGEN-HASalIl were introduced in NIH-3T3 cells (C). pCMV-myc-B-catenin (0.01 pg) (the B-catenin expression vector) and 0.01-
0.1 pg of pPCAGEN-HASalll were introduced in HEK293 cells (D). In all reporter assays, pPCMV-EGFP (the control vector) was used to normalize
the DNA content of the transfection, and pRLTKmini was used as the internal control reporter plasmid.

Endogenous Salll participates in Wnt signaling in
HER293 cells

To determine if Salll endogenously participates in
canonical Wnt signaling, we depleted the endogenous
human SALL! protein in HEK293 cells via double-
strand RNA (siRNA)-mediated interference and did
reporter assays. We designed five kinds of ds RNAi
oligos for human SALL1 (Nos. 6, 7, 15, 18, and 21), and
assessed their potential to deplete endogenous SALLI1
mRNA, using Northern blot analysis (Fig. 2A). Oligo
No. 18 most effectively, and Nos. 6 and 7 weakly, re-
duced endogenous SALL1 mRNA in HEK293 cells, but
No. 21 had no effect (Fig. 2A). Therefore, we selected
No. 21 as a negative control in following experiments, as
it did not reduce the amount of either SALLI or
GAPDH (Figs. 2B and C). When used in reporter
assays, oligo No. 18 most effectively, oligo No. 6 less
effectively, down-regulated the activity on the TOPflash

reporter, in proportion to their efficiency to reduce en-
dogenous SALL1 mRNA, while a negative control, No.
21, did not do so (Fig. 2D). Therefore, endogenous
SALL] also participates in canonical Wnt signaling, at
least in HEK293 cells.

Salll interacts with B-catenin

We next did immunoprecipitation studies to examine
the interaction between Salll and B-catenin. Nuclear
extracts were prepared from BOSC23 cells, transiently
introduced with both HA-tagged Salll and myc-tagged
fB-catenin expression vectors. In these extracts, Salll ef-
fectively interacted with B-catenin (Fig. 3B). To further
determine the domains of Salll required for interactions
with B-catenin, we also did immunoprecipitation studies
using deletion mutants of Saill with B-catenin. Salll has
a total of 10 zinc fingers including multiple double-zinc
finger motifs and we constructed five truncated mutants
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Fig. 2. RNA interference for endogenous Salll specifically down-regulates the TOPflash activity in HEK293 cells, (A,B) Northern analysis for
assessing the efficiency of five designed siRNA oligos for human SALL] to reduce the amount of endogenous SALL1 mRNA, (C) Western analysis
for assessing the efficiency of SALLI siRNA oligos to reduce the amount of endogenous SALL1 protein. (D) The reporter assay using SALLL siRNA
oligos in HEK293 cells. siRNA oligo, No. 18 most efiiciently, and No. 6 less efficiently, down-regulated the reporter activity on TOPflash reporter in
proportion to its efficiency to reduce endogenous SALL1 mRNA, while No. 21 had no effect.
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Fig. 3. Localization of Salll, which has the potential to associate with B-catenin, does not overlap with those of fi-catenir in the nucleus. (A) Diagram
of HA-tagged full-length Salll and its deletion mutants used in protein interaction assays. Positions of the zinc fingers are depicted as ovals. The
pumbers in parentheses indicate the number of coding amino acids. (B,C) Protein interaction assay by immunoprecipitation using nuclear extracts
from BOSC23 cells, transiently introduced with myc-p-catenin and HA-8alll or its mutants. Immunoprecipitation was done using an anti-HA
antibody and detected using an anti-myc antibody, (D) The localization of Salll in the nucleus did not overlap with that of p-catenin. NIH3T3 cells
on glass coverslips were transfected with full-length Salll-GFP and myc-tagged B-catenin, stained with anti-myc. Cells were viewed using confocal
microscopy.

encoding clusters of each zine finger motif (Zn 1, 2, 3, 4,
and 5) (Fig. 3A). The immunoprecipitation was done
using lysates from BOSC23 cells introduced with these
truncated mutants and p-catenin. The truncated form,

encoding the most C-terminal double-zinc finger (Zn 5),
had the highest affinity with B-catenin, and the form
encoding the triple Zn finger (Zn 3) had a lesser affinity
for B-catenin (Fig. 3B). To confirm these results, we



108 A. Sato et al. | Biochemical and Biophysical Research Communications 319 (2004) 103-113

@ B GFP DAPI merge
The cluster of 2inc tingers 1 2 3 4 5 ‘
Sallt {1-1324) ; L} ¥ Yol e (31?’1224)
NLS-2n 1 {1-288) HLS tL--— ——————————— GFp
NLS-Zn 1' {1-435) NS a!n-—n—n-—- __________ s
NLS-Zn 1-2 (1-598) NLS sL_lmLm— ———————— GFB
. NLS-Zn 1-2
NLS-2n 35 {599-1328) MISm m = = = o U N N N—p—, (1-598)
C 8p
ran NLS-Zn 3-5
o {599-1324)
e ' B oo (Wi
g 51 ] toriwatey
4L ; FOP (Wnt-)
2 NLS-Zn 1
FOP {Wnt
E RN B rorounta (1-288)
2
1
0 NLS-Zn 1*
(1435}
® 4
Salll . .
(1-1328) c GFP Sall1(1-1324)
60
I W Torwaty
NLS-Zn 1 50 E:I TOP {Wnit+)
ntt
{1-435) ] FOP(Wnt-}
s B Fopownts
5 :
i
o
Znt' 2
{1-435)

Y et
e ‘ 017 " el — il

Salit-GFP

Zn 1:DsRed




A. Sato et al. | Biochemical and Biophysical Research Communications 319 (2004) 103-113 109

divided Salll into halves and constructed two other
mutant forms; Zn 1-2, the N-terminal half of Salll,
encoded first and second Zn finger regions, and Zn 3-5,
the C-terminal half, encoded third, fourth, and fifth Zn
finger regions (Fig. 3A). B-Catenin strongly interacted
with the C-terminal half domain encoding Zn 3-5, but
not with the N-terminal half domain encoding Zn 1-2
(Fig. 3C).

‘We next assessed whether the localization of Salll in
the nucleus correlated with those of B-catenin in
NIH3T3 cells, because NIH3T3 cells were useful to
distinguish between euchromatic and heterochromatic
regions than in HEK293 cells by confocal microscopy.
Salll was localized to punctate nuclear foci (pericen-
tromeric heterochromatin) as reported [19,20]. B-Cate-
nin in the nucleus was also localized to the punctate
nuclear foci, but its localization pattern only partially
overlapped with Salll (Fig. 3D). This suggests that not
all Salll in nucleus associates with B-catenin. We also
assessed whether, upon Wnt stimulation, the localiza-
tion pattern of Salll changes to overlap with that of B-
catenin. Salll localization, however, did not change with
or without Wnt stimulation (data not shown). Thus,
Salll is not a simple coactivator for $-catenin on the
TOPflash reporter.

The transcriptional activity of Salll correlates with its
localization in the nucleus

Recently, Salll was reported to localize to punctate
nuclear foci (pericentromeric heterochromatin) and its
nuclear localization to correlate with its transcriptional
repression [19,20]. We categorized 10 zinc fingers of
Salll to five clusters of zinc fingers (Zn 1, 2, 3,4, and 5)
(Fig. 4A). To assess whether the localization of Salll in
the nucleus also correlates with its transcriptional acti-
vation in Wnt signaling, we constructed Salll-GFP or
Salll mutants-GFP (Fig. 4A) and examined localization
of these GFP-fusion proteins in NIH-3T3 cells using
confocal microscopy (Fig. 4B). To focus localization of
those mutants only in nucleus, the nuclear localization
signal from SV40 was fused to the N-terminal of each

-

GFP-fusion mutant. The full-length Salll-GFP was lo-
calized as a small speckled pattern in the nucleus and co-
localized with 4,6-diamidino-2-phenylindole (DAPI)
and heterochromatin protein 1 (HPI1), as reported
[19,20] (Fig. 4B and data not shown). The N-terminal
half of Salll, Zn 1-2, was also localized in a similar
fashion to the full-length Salll, but localization of the C-
terminal half, Zn 3-5, looked different; larger speckles or
aggregates than those of the full-length and N-terminal
half of Salll-GFP (Fig. 4B). It was reported that the
most N-terminal zinc finger domain that binds to
HDAC complex is essential and sufficient for its re-
pressor activity [19]. Therefore, we constructed Zn 1’
encoding 1-435 amino acids, which was reported to be
the minimal truncated form as a transcriptional repres-
sor (Fig. 4A). Unexpectedly, Zn 1’, which was reported
to localize to heterochromatin in COS-1 cells, showed a
uniform localization in the nucleus (Fig. 4B). The most
N-terminal single zinc finger region, Zn 1, also showed
uniform localization in the nucleus (Fig, 4B). Therefore,
its localization to heterochromatin requires both the N-
terminal single zinc finger (Zn 1) and the following
double zinc fingers (Zn 2).

We next did luciferase reporter assays using full-
length Salll protein and these Salll truncated forms.
NIH-3T3 cells, introduced with these truncated Salll
expression plasmids and TOPflash reporter, were stim-
ulated by Wnt supernatants (Fig. 4C). Interestingly,
Zn 3-5 (C-terminal half), that has the potential to bind
B-catenin, had no activity in the luciferase assay. In
contrast, Zn 1-2 (N-terminal half), that has the capacity
to localize to heterochromatin, activated the TOPflash
reporter, regardless of no nteraction with B-catenin
(Figs. 3B and C). This indicates Salll Jocalization to
heterochromatin, but not its association with B-catenin,
correlates with its transcriptional activation in Wnt
signaling. As Zn | and Zn 1’, which have only the first
zinc finger, did not show synergistic enhancement of the
reporter activity nor localization to heterochromatin,
both zinc finger regions 1 and 2 are required for locali-
zation to heterochromatin and its synergistic transcrip-
tional enhancement in Wnt signaling.

Fig. 4. The N-terminal half region of Salll has the potential to be localized to heterochromatin and to enhance synergistically Wnt reporter activity.
(A) Diagram of GFP fused full-length Salll and its deletion mutants used in the confocal microscopy. Mutants are fused to NLS in N-terminus and
to EGFP in C-terminus. (B) NIH3T3 cells grown on glass coverslips were transfected with corresponding deletion mutants of Salll-GFP {green) or
Salll-truncated mutants-GFP, counterstained with DAPI (blue) to identify heterochromatin in nucleus, and viewed using confocal microscopy. (C)
The reporter assay responsive to Wnt signaling using Salll-GFP or Salll mutants-GFP plasmids. NIH3T3 cells were transfected with 1.0 pg of each
Salll-GFP or Salll mutants-GFP, and after 24 h, stimulated with Wnt sup or the mock sup.

Fig. 5. Zn 1", which is produced by mutations often observed in human TBS, disrupts the localization of native Salll protein and its transcriptional
activity in Wnt signaling in a dominant-negative fashion. (A) NIH3T3 cells were transfected with corresponding deletion mutants of Salll-GFP
(green), NLS-Zn I'-GFP, or Zn I'-GFP without NLS, and stained with DAPI (blue), and viewed using confocal microscope. (B) Full-length
Salll-GFP was introduced into NTH3T3 cells, together with DsRed (upper panels) or Zn 1-DsRed (lower panels). DAPI staining (blue) shows
hetercchromatin, (C) The reporter assay responsive to Wat signaling using the N-terminal truncated mutant Zn 1’. HEK293 cells were transfected
with 0.1-1.0 pg Zn 1’ plasmid with or without 0.1 pg HA-Salll plasmid in addition to reporter plasmids, and after 24 h, stimulated by the Wnt sup or
the mock sup.
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Zn I', which is produced by mutations often observed in
human TBS, disrupts the localization of native Salll
protein and its transcriptional activity in Wnt signaling in
a dominant-negative fashion

It was recently reported that mice carrying a muta-
tion which caused the production of the truncated Salll
protein, Zn 1, recapitulated the abnormalities found in
human TBS [34,35]. We confirmed that Zn 1I’-GFP
protein without NLS was localized uniformly in the
cyloplasm and in the nucleus, as reported (Fig. 5A). As
Zn 1" was also reported to associate with all Sall family
members, probably through the conserved N-terminal
glutamine-rich domain [34,36], we hypothesized that
Zn 1" without NLS may affect the localization of native
Salll protein and its synergistic enhancement of Wnt
signaling. We constructed Zn 1’ protein fused to
DsRed, introduced it with full-length Salll-GFP fusion
in NIH-3T3 cells, and examined the localization of
these proteins using confocal microscopy. When co-
expressed with the control DsRed protein, full-length
Salll-GFP remained to be localized to heterochromatin
(Fig. 5B). Zn I’ fused to DsRed, however, affected the
localization of Salll-GFP; Salll-GFP was localized in
both the cytoplasm and the nucleus. Salll-GFP in the
nucleus was no longer localized to heterochromatin,
being uniformly localized together with Zn I'-DsRed
(Fig. 5B). This indicates that Zn 1’ functions as a
dominant-negative form for native Salll proteins, by
inhibiting the native Salll from localizing to hetero-
chromatin. To assess whether Zn 1’ also functions as
the dominant-negative form in Wnt signaling, we next
did luciferase reporter assays of HEK293 cells using
the Zn 1’ truncated forms without NLS. As HEK293
cells express endogenous Salll, Zn 1’ intreduction
down-regulated the activity of endogenous Salll on the
TOPflash reporter in a dose-dependent manner
(Fig. 5C). When introduced with exogenous native
Salll, Zn 1’ also efficiently inhibited synergistic acti-
vation of the Wnt responsive reporter by native Salll
(Fig. 5C). This indicates that the N-terminal truncated
Salll, Zn 1', which is caused by high-frequent muta-
tions in TBS, also functions as a dominant-negative
form in canonical Wnt signaling. We propose that this
newly defined mechanism of Wnt signaling activation
by heterochromatin localization of Salll may explain
one of the causative mechanisms of TBS.

Discussion

Sall plays important roles in a variety of organs, but
its molecular mechanisms have remained largely un-
known.

Here we show that Salll functions as a transcriptional
activator specifically in the canonical Wnt signaling

pathway, The luciferase activity on the TOPflash re-
porter stimulated by Wnt-3a was synergistically acti-
vated by the introduction of Salll (Fig. 1). We also
tested other unrelated zinc finger proteins on the
TOPflash reporter, and found that the effect on Wnt
canonical pathway was specific to Salll (data not
shown). The synergistic activity on TOPflash reporter by
Salll was also observed by transfection of B-catenin and
Salll. The intreduction of ds RNAI oligo for human
SALLI1 to HEK293 cells not only reduced the amount
of endogenous SALL] protein, but also led to down-
regulation of the TOPflash reporter activity (Fig. 2).
Activation of Wnt signaling by Salll did not correlate
with its localization with B-catenin, but rather with its
localization of heterochromatin (Figs. 3 and 4). Further,
the N-terminal truncated form of Salll (Zn 1), which
was reported to lead human TBS abnormalities in mice
[34], disturbed localization of the native Salll and also
down-regulated the synergistic activity on TOPflash
reporter by native Salll (Fig. 5).

In two previous reports, Salll was seen to function as
a transcriptional repressor on the artificial promoter
containing tandem GAL4 binding sites, when linked to
the heterologous GAL4 DNA-binding domain, and also
that Salll associated with HDAC and several compo-
nents of the chromatin remodeling complex (MTAL,
MTA2, and RbAp46/48) {20,34]. Therefore, Salll could
repress gene expression by recruiting the HDAC com-
plex. It was not, however, reported that native Salll
functions as a transcriptional repressor. We found that
the native form of Salll could function as a transcrip-
tional activator in Wnt signaling essential for many
developmental processes and that its activity correlated
with its localization to heterochromatin [37]. The in-
crease of Salll proteins may squelch some transcrip-
tional repressor complex, including HDAC, or be
associated with chromatin remodeling factors to alter
the chromatin structure near the promoter region of
Wnt target genes.

Another C2H2 type zinc finger protein Ikaros func-
tions as both transcriptional repressor and activator,
and is localized to pericentromeric heterochromatin
[38—40]. Ikaros associates with DNA-dependent AT-
Pase Mi-2 included in the NuRD chromatin remodeling
complex [41]. Ikaros has six C2H2 type zinc fingers; the
N-terminal zine finger cluster consisting of four zinc
fingers functions as the DNA-binding domain and C-
terminal two zinc fingers as a dimerization domain [42].
When linked to a heterologous GAL4 DNA-binding
domain, Ikaros functions as a transcriptional repressor
on the reporter containing tandem GAL4 binding sites.
On the other hand, the native form of Ikaros enhances
activity of the reporter that contains tandem Ikaros
binding sites upstream of the thymidine kinase pro-
moter, and also enhances activity of the reporter con-
taining no Ikaros binding sites but only Spl
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transcription factor binding sites. When Ikaros is not
localized to heterochromatin caused by point mutations
in its DNA-binding domain or dimerization domain,
Ikaros does not enhance activities of these reporters.
Therefore, localization of lkaros to heterochromatin
correlates with its transcriptional activation [38]. It was
also reported that Sall proteins interact with all family
members through its conserved glutamine-rich domain
[36]. Therefore, a similar mechanism may function both
for Salll- and Ikaros-dependent activation. As the
Zn 1-2 region of Salll was required and is sufficient for
its heterochromatin localization (Fig. 4), these zinc
fingers may bind to target sequences in heterochroma-
tin, directly or indirectly. The identification of DNA
sequences or molecules in heterochromatin compart-
ments, which are required for heterochromatin locali-
zation of Salll, would elucidate the mechanism of
heterochromatin localization of Salll and eventually
the mechanism of the activation of Wnt signaling by
Salll.

It is to be noted that Salll-dependent activation is not

general but rather it is specific to Wnt, at least among
several pathways tested (BMP, TGF-J, retinoic acid,
and LIF). The Wnt signal is regulated by multiple steps
and large numbers of agonists and antagonists bind to
f-catenin and TCF [26,43-48]. In addition, there is
emerging evidence that more complicated mechanisms
function in Wnt activation, including the transcriptional
regulation by remodeling chromatin structure and by
sumovylation [49,50]. In the former mechanism, it was
reported that Brahma (Brm)/Brahma-related gene-1
(Brg-1), a component of mammalian SWI/SNF or RSC
chromatin remodeling complex, binds to [-catenin,
changes the chromatin structure by its ATPase activity,
and then enhances Wnt-dependent transcription [49].
On the other hand, when an ARID domain protein Osa
is contained in the Brm/Brg-chromatin remodeling
complex, it tightens the chromatin structure and re-
presses Wnt-dependent gene expression [50]. In the latter
mechanism, the sumoylation of Lef-1 by PIASy, a
member of E3 SUMO ligase, transfers Lef-1 to the nu-
clear body, a specific subcompartment in the nucleus,
and then suppresses its transcriptional activity [51). Tef-
4 is also sumoylated by PIASy, transferred to the PML
nuclear body, and activates Wnt-dependent transcrip-
tion [52]. It is to be noted that Salll also interacts with
SUMO-1 and ubiquitin-conjugation enzyme UBE2I
(human homolog of yeast UBC9), and is sumoylated
[53], though its physiological relevance to Wnt signal
remains to be determined. In this study, we propose
another mechanism of Wnt signal activation by het-
erochromatin localization of Salll. Further elucidation
of this mechanism will lead to better understanding of
not only the Wnt signal but also phenotypes observed in
various species ranging from Drosophila to humans
lacking SALL/spalt functions.
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Transforming growth factor-31 gene
polymorphism modifies the histological
and clinical manifestations in Japanese

patients with IgA nephropathy

Abstract: Transforming growth factor (TGF)-B1, a multifunctional cytokine,
which regulates proliferation and differentiation of a variety of cell types, has
the central role in the development and progression of renal injury in both
animal models and human. Although it has been suggested that genetic
variations in the TGF-A1 gene are associated with the activity of the gene
product, their clinical significance in glomerular disease is unknown. We
investigated whether the polymorphisms of C-509T and T869C in TGF-81
account for interindividual variation in manifestations of IgA nephropathy
(IgAN) using 626 Japanese subjects including 329 patients with histologically
proven JgAN and 297 healthy controls with normal urinalysis, The
frequencies of genotypes, alleles, and major haplotypes were similar between
the patients and controls. The C-509T and T869C polymorphisms were in
tight linkage disequilibrium, and the major haplotypes were C-Cand 7-7,
which accounted for more than 95% of the total. In patients with ~509CC and
in those with the 863CC, urinary protein excretion was higher than in those
with other genotypes, whereas no difference in other clinical manifestations
was noted. Moreover, patients with ~509CC and those with 869CC genotypes
presented with a significant higher score of mesangial cell proliferation than
in those with other genotypes. These results suggest that TGF-p1 gene
polymerphisms are specifically associated with heavy proteinuria and
mesangial cell proliferation in Japanese patients with IgAN, although they do
not confer susceptibility to this disease.

Transforming growth factor-p1 {TGF-B1) is 2 multifunctional cyto-
kine, which regulates proliferation and differentiation of a wide
variety of cell types. In vitro studies have suggested that mesangial
matrix accumulation, increased fibrosis, and cell proliferation are
promoted by TGF-B1 (1, 2} The central role of this cytokine in the
development and progression of renal injury has been well documen-
ted in both animal models and human diseases (3). Recent evidence
indicates the functional roles of TGF-Bl signaling in mediating
apoptosis and epithelial-to-mesenchymal transdifferentiation, which
have been proposed as putative primary pathomechanisms of pro-
gression of renal disease {4). In addition to the central roles of this
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cytokine in the progression of renal disease, TGF-B1 is known to
be involved in the class switching to immunoglobulin (Ig)A in
B-lymphocytes (5). Because it has been shown that the concentration
of TGF-B1 is predominantly under genetic control (5, 7), genetic
polymorphisms, which influence the gene transcription or the activ-
ity of TGF-B1, may account for the development, as well as the
interindividual variation in manifestations of glomerular disease
such as primary IgA nephropathy (gAN).

IgAN, characterized by mesangial proliferative glomerulonephritis
with predominant deposits of IgA in the glomerular mesangial area, is
the most common form of primary glometulonephritis, and one of the
principal causes of end-stage renal disease (ESRD). Almost 40% of
IgAN cases progress to ESRD during the initial 20 years after the onset,
whereas the remaining patients have benign renal prognosis (8-10). It
has been suggested that, both environmental and genetic factors are
involved in the development and progression of this disease (11, 12).

The human gene encoding TGF-BL (MIM 190180), located on chro-
mosome 194q13, is highly polymorphic. Five polymorphisms in Cauca-
sian populations have been identified: two in the promoter region at
position ~800 and —509, one at position +72 in a non-translated
region, and two in the signal sequence at positions +869 and +815,
which change codon 10 (T or C, leucine—proline) and codon 25 (G or C,
arginine-+proline), respectively (6). For codon 25, the C alelle encoding
proline for these polymorphisms is associated with lower TGF-$1
synthesis i vitre and iz vivo. However, there is no gene variation at
codon 25 in Japanese (13, 14). In this study, we evaluated two poly-
morphisms, C-509T and C869T of TGF-$1, because both of them
have been reported to be associated with some clinical phenotypes
(15-19). Grainger etal. (7) found that the C-505T polymorphism was
associated with the circulating concentration of TGF-81, which was
significantly lower in subjects with CC genotype than with other
genotypes in Caucasian womern. On the other hand, CC genotype of
the 7869C polymorphism was associated with higher TGF-B1 con-
centration than other genotypes in Japanese (18, 19).

Little is known about the linkage disequilibrivm between these
two genetic polymorphisms, or their significance in the patients with
IgAN. Therefore, in this study, we have investigated the possible
association of genetic polymorphism of C-509T and T869C in TGF-
f1 with the development, as well as the clinical and histopathelogical
manifestations, in Japanese patients with IgAN,

Materials and methods

Study subjects

The ethics committee of our institution approved the protocel for the
study, and informed written consent for the genetic studies was
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obtained from all participants. Japanese patients were eligible for
inclusion in the analysis when (1} they had been diagnosed as having
IgAN by kidney biopsy at our institute between 1976 and 2002 (2),
they had no evidence of systemic diseases such as hepatic glomer-
ulosclerosis, Schinlein-Henoch purpura, and rheumatoid arthritis (3),
written informed consent for genetic study was obtained. Among
4587 patients who underwent renal biopsy at our institute between
1976 and 2002, 582 were diagnosed as having IgAN. In total, 329
patients fulfilled the above criteria and were recruited for this study.
In all cases, the diagnosis of IgAN was based on a kidney biopsy that
revealed the presence of dominant or codominant glomerular mesan-
gial deposits of IgA as assessed by immunofluorescence. The major-
ity of the 253 patients, who did not enter the study, were not included
because written informed consent for genetic study was not avail-
able.

To provide a control for the local genotype frequency being exam-
ined, 297 Japanese volunteers (146 female and 151 male) aged 40
years or older with no history of renal disease and with normal
urinalysis were also recruited.

Clinical and histological manifestations

Clinical characteristics of the patients with JgAN at the time of
diagnosis including gender, age, body mass index (BMI), urinary
protein excretion (g/24 h), serum creatinine (sCr, mg/dl), 24-h creatin-
ine clearance (Cer, ml/min), serum IgA (mg/dl), and office blood
pressures were investigated from their medical records. The time
from the first urine abnormality to renal biopsy (month) was also
recorded for 245 of the 329 patients, where the first episode of urine
abnormality (proteinuria or hematuria} could be clearly defined.

Histopathological findings were classified according to the classi-
fication described previously (20). 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 patient was calculated. The scores for cellular proliferation and
the matrix increase in the mesangium were graded from zero to four
as follows: grade 0, no light-microscopic abnormalities; grade 1,
segmental mild proliferation of mesangial components; grade 2, seg-
mental moderate or global mild proliferation of mesangial compon-
ents; grade 3, segmental sclerosis or global moderate proliferation of
mesangial components; and grade 4, global sclerosis or global
marked proliferation of mesangial components,

Other glomerular changes including endocapillary proliferation,
duplication of glomerular basement membrane (GBM), crescent for-
mation, and adhesion of tufts to Bowman's capsule as well as tubu-
Iointerstitial lesions were graded from zero to four according to their



incidence as follows: 0-4%, 5-24%, 25-49%, 50-74%, and 75-
100%.

Measurement of serum TGF-§1 concentration

We could examine serum sample at the time of biopsy, before any
specific treatment performed, from only a portion of the patients
studied In 78 patients with IgAN, whose serum samples at the
time of diagnosis were available, serum levels of TGF-Bl were
measured by an enzyme-linked immunosorbent assay (ELISA) kit
(Amersham Bioscience, Pisctaway, NJ). According to the manufac-
turer’s instruction manual, the detection limit of this assay was 4 pg/
ml, and the intra-assay and interassay coefficients of variance were
<39 and <134%, respectively. The assay showed essentially no
cross-reactivity (<1%) with TGF p2, TGF B3, or other cytokines.

Genotype determination

Genomic DNA of peripheral blood cells was isolated by an automatic
DNA isolation system @NA-1000; Kurabo, Osaka, Japan). The geno-
types of C-509T and T869C of TGF pI gene were determined by
polymerase chain reaction-restriction fragment polymorphism (PCR-
RFLF} as described previously (17, 21). PCR primers for the C-509T
polymorphism were 5-GGGGACACCATCTACAGTG-3 (forward)
and 5-GGAGGAGGGGGCAA CAGG-3 (reverse), and those for
T869C were 5-"TTCAAGACCACCCACCT TCT-3 (forward) and 5'-
TCGCGGGTGCTGTTGT ACA-3 (reverse), respectively. The reac-
tion mixture contained 1 x PCR buffer, 1.5 mmol/l MgCls, 200 mmol/l

A

455 — o
430 —
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decxynuclectide triphosphates (dNTPs), 1unit Tag DNA polymerase
(Takara, Kyoto, Japan), 10pmol of each primer, and 50-100ng of
genomic DNA. The PCR amplification reaction consisted of a cycle at
94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 30s,
annealing at 64°C for 30s (C-5097) or at 60°C for 30s (T869C), and
extension at 72°C for 1 min. A final extension was performed at 72°C
for 5Smin. The PCR products were digested with restriction endo-
nuclease Eco811 (MBI Fermentas, Hanover, MD) for C-509T and
Msp ALl (New England Biolabs Inc., Beverly, MA) for T869C, respect-
ively, and electrophoresed on 2 polyacrylamide gel. The gel was
silver stained with using the DNA Silver Staining Kit (Pharmacia
Biotech, Pisctaway, NJ). For C-509T polymorphism, the T alleles
resulted in a 430-bp and 25-bp fragment, whereas the 455-bp -
509C alleles lacked its restrictive site (Fig.1A). For 7869C poly-
morphism, 273-bp and 12-bp fragment were detected for 869C alleles,
whereas 285bp 869T alleles lacked its restrictive site, and the
complete digestion was confirmed by disappearance of the 500-bp
band, which corresponded to the PCR product without MSPAILI
digestion (Fig. 1B). '

Haplotype estimation and statistical analysis

Haplotype frequencies for sets of alleles were estimated using arLEQUI
software Ver 2.0, which was based on the maximum likelihood method
(Genetics and Biometry Laboratory, Department of Anthropology,
University of Geneva, Geneva, Switzerland; http.//www.igb.unigech/
arlequin/). Pairwise linkage disequilibrium coefficients (£Y) were also

cT cc  TT

285 ——
273 T &

Fig. 1. Polyacrylamide gel elecrophoresis of PCR products after restriction digestion. Each genotype of C-509T (A) and T869C (B) was clearly

defined by the method described.
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calculated using ARLEQUIN Ver 2.0 and expressed as the Y = D/Dmax,
according to Statkin (22).

staTviEW 5.0 statistical software (Abacus Concepts, Inc, Berkeley,
CA) was used for statistical analyzes. Hardy-Weinberg equilibrium
was tested by a y*test with 1df Clinical data were compared
between different genctypes of both —509 and 869 positions by
Kruskal-Wallis test or Mann-Whitney {'test. Values of P<0.05
were considered to indicate statistical significance. When it was
significant by Kruskal-Wallis test, we performed the Mann-Whitney
Utest to compare each pair of genotype groups, adjusting by
Bonferoni correction, where P < 0.0167 was considered statistically
sigmificant.

Results

In total, we genotyped 626 subjects, which consisted of 329 patients
with histologically proven IgAN and 297 healthy controls. Tablel
summarizes the genotype distributions, allele frequencies, and esti-
mated haplotype frequencies of C-509T and T869C polymorphisms
of TGF-B1 gene in patients with IgAN and normal controls. The
genotype distributions were similar between the patients with IgAN
and controls, and the allele frequencies were in accordance with
previous reports in a Japanese population (19}, The expected frequen-
cies of the genotypes, assumed to be under Hardy—Weinberg equili-

Genotype distributions, allele freq les, and estimated haplotype frequencles

of C-509T and T863C pelymorphisms of TGFA1 gene In patlents with IgAN and

normal controls

IgAN (n=329) Control (n=297) Fvalue x°*

C-509T Genotype CC  89(0.271) 76 (0.256)
CT  174(0.529) 157 (0,529)
T 66 (0.201) 64 (0.215) 0.8637 0.2093
Allele c 0.535 0.520
T 0,465 0.480 0.6809 0.169
T869C Genotype CC  86{0.261) B0 (0.269)
CT 187(0.508) 152(0.512)
i 76 (0.231) 65 (0.219) 0.9301 0.145
Allele ¢ 0.515 0.525
T 0.485 0.475 0.7722 0.084
Estimated haplotype of C-509T and T869C
509 869
c [4 0.501 0.515 0.6300 0.232
T T 0,451 0.470 . 0.5158 0.422
Others 0.048 0.015

IgAN, lgA nephropathy,

Table1
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brium, were no different from the observed genotype distributions in
both the patients with IgAN and the controls {data not shown). We
found that the C-509T and T869C polymorphisms were in tight
linkage disequilibrium (¥ =0.9401; P< 0.0001) and that the major
haplotypes for these two loci were C-C and T-T, which accounted for
more than 95% of the total chromosomes. The frequencies of these
two major haplotypes were similar between patients with IgAN and
healthy controls.

Table2 summarizes the demographic data and clinical character-
istics at the time of diagnosis among IgAN patients with each
genotype of the C-509T and T869C polymorphisms, There was no
significant difference among patients with each genotype of both
polymorphisms in gender, age, height, weight, and time from the
first urine abnormality to renal biopsy, serum creatinine, creatinine
clearance, serum IgA, or blood pressures, However, in patients with
CC genotype of C-5092T polymorphism and in those with the CC of
T869C, urinary protein excretion was significantly higher than in
those with other genotypes (Kruskal-Wallis test, P=0.0051 for
C5097T, and P=0.0241 for T869C). Even after Bonferoni correction
in the Mann~Whitney [-test, patients with the —-509CC and 869CC
genotypes had significantly higher urinary protein excretion than
those with -509CT" (P=0.0011) and 859CT (P=0.0038), respect-
ively. Although the differences were no longer significant after
Bonferoni correction between —509CC vs -509TT (P=0.0178) and
869CC vs 869TT (P=0.0853), we further examined the association
between these polymorphisms in the incidence of proteinuria of 1.0 g/
day or more. The percentage of patients with urinary protein excre-
tion of 1.0 g/day or more was significantly higher in patients with the
-509CC {x* =11.003, P=0.0041) and those with the 8659CC of TGF-
81 polymorphism {x*=9.382, P=0.0092) than in those with other
genotypes. Table3 summarizes estimated haplotype frequencies in
patients with or without urinary protein excretion of 1.0g/day or
more. The C-C haplotype of these polymorphisms was significantly
more frequent in patients with urinary protein excretion of 1.0 g/day
or more than in those with less proteinuria (%= 11.782, P=0.0006).

Next, we investigated possible association between the TGF-§1
polymorphisms and histopathological findings of kidney biopsy
including glomerutar and interstitial changes. Figures1 and 2 show
the mean scores for mesangial cell proliferation, mesangial matrix
increase, endocapillary proliferation, duplication of GBM, crescent
formation, adhesion of tufts to Bowman’'s capsule, and tubulointer-
stitial lesions in patients with each genotype of TGF-81. Glomerular
cell proliferation was significantly higher in patients with the —
509CC (Fig. 1, Mann-Whitney [ltest, P=00054) and with the
869CC genotype (Fig2, P=0.0052) than that in those with other
genotypes, whereas no difference was detected in terms of any
other histopathological scores (data not shown), Moreover, the
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Demographlc data and ¢linlcal characteristics at time of dlagnosls among patients with each genotype of the C-509T and T869C polymorphlsms

C-509T T869C

Total (n=329) CC (n=89} CT(n=174) TT{n=66) Pvalue CC (n=23886) CT(n=167) TT(n=786) Paalue

Gender {male/female) 149/180 48/41 75/99 26/40 0.1675 41/45 77/90 31745 0.8950
Age (years) 36.9+13.8 3IBE+133 3IT.1+138 3I7.3+148 09958 36.8+129 3¥5+141 3651143 0.8682
Height (crm) 161.14£95 160.5+109 161.4+8.9 1614+84 ©.9845 160,7£96 1619187 160.01105 0.4418
Weight (kg) 58.8%9.7 59.7Y+10.2 58549.7 58.3+9.7 03924 598+93 58.719.8 57.9+105 0.5103
Urinary protein {UP) excretion (g/day) 1.39£1.52 1.74%1.67 1.27+1.54 1.27+0.17 0.0051 1.67+1.67 1.25+154 1.39%1.42 0.02491
Patients with UP of 1.0 g/day 48.3 62.8 41.3 47.5 0.0041 €0.5 41.6 49.3 0.0092
or more (%)

Serum creatinine {mg/dl} 0.98+£059 0972044 1.02+0.63 0.94+£070 0.2125 0951044 1021063 0.96x0.69 0.3180
Creatinine clearance {ml/min} 88.8+326 91.1+316 8504317 9554350 01293 9194320 8541310 9261356 02677
Systolic blood pressure {mmHg} 128.3+188 1295x21.2 1279+182 12671164 0.8989 12934215 127.7+18.3 127.4+162 0.8948
Diastolic blood pressure (mmHg) T7.4+137 T7.3+130 7793138 7594136 0.6679 T6.9+136 776137 T7.0+134 0.8799

Serum IgA concentration (mg/dl) 355.6+115.8 375.5:£138.7 340.74105.7 360.6+:122.1 0.5447 374.6+135.5 35041087 359.2:+:121.0 0.4978
Time from the first urine abnormality 5.246.3 5.6+£7.2 49461 52161 06029 57+7.2 5.0+6.1 48+6.0 0.5228

to renal blopsy (years}

Table2

prevalence of cases with cell proliferation of grade 2 (diffuse mild) Because several investigators have already reported associations
or more was significantly higher in patients with the -509CC  between TGF-Bl gene polymorphisms and the circulating level of
(F=7.095 P=00077) and with 869CC genotype of TGF-8I TGE-Bl in non-nephritic populations (6, 7, 18, 19), the circulating
{x*=5.651, P=0.0172) than in those with other genotypes. level of TGF-B1 in patients with IgAN was investigated in this study

Estimated haplotype frequencles In patients with or without urlnary proteln excretion of 1.0 g/day or more

Urinary protein of 1.0 g/day or more

Estimated haplotype of =509 and 869 focl Yes (n=318} No (n=390) x2 Pvalye
cC 181 148 11.78 0.0006
T 123 175 10.85 ©.0010
Others 14 17 - -
Table3
*P=0.0054 *P=0.0052
3.0 | 3.0 I E
2.0 2.0 [
1.0 1.0
0 o]
CC CTaT cc TCAT
1.61+0.88 1.28+0.89 1.6310.88 1.2810.80

Fig. 2. Mean values of mesangial cell proliferation in IgA nephropathy (IgAN) patients with the CC (0) and TC/TT (W) genotypes of the
TGF-f81 C-509T {A) and T869C (B) polymorphisms. Glomerular changes were scored for each glomerulus, and the mean score of each was calculated.
The scores for mesangial cell proliferation were graded from zero to four as described in Method. Data are given as mean £ SD, *P < (.05 by Mann-Whitney
{Ftest,
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by ELISA. In only 78 patients, the serums at the time of biopsy were
available before any specific treatment. There was no significant
difference in serum TGF-P1 concentrations among each genotype of
C-509T and T869C (data not shown).

Discussion

TGF-§1 is an attractive and promising candidate for genetic studies
of glomerular diseases, because this cytokine has been well docu-
mented to be one of the key mediators confributing to the mitiation
and progression of renal injury and the production of TGF-B1 has
been reported to be under genetic control (6, 7). Moreover, this
cytokine acts on B-lymphocytes in IgA class switching. Therefore,
this study examined possible associations between the genetic poly-
motphisms of TGF-f1 and the development of IgAN, as well as the
clinical and histopathological manifestations of patients with histo-
logically proven IgAN. There was no difference in genotype, allele
frequencies, or estimated major haplotype frequencies of these poly-
morphisms between IgAN patients and healthy controls, indicating
that the TGF-§1 polymorphisms investigated in the present study
have no major involvement in the initiation of IgAN, while they were
associated with heavy proteinuria and mesangial cell proliferation
within patients with JgAN, This may support the notion that the
impact of polymorphisms on phenotype depends on the specific
disease under study.

Both polymerphisms investigated in this study, C-509T and
T869C in the TGF-f1 gene, have been reported to be associated
with the transcriptional activity of the gene or the serum level of the
gene product (7, 19). Although G915C polymorphism, which results
in the change of codon 25 from arginine to proline, is another gene
variation in the first exon of TGF-BI and is the best evaluated in
Caucasian populations, it has been known that there is no C allele of
this polymorphism in Japanese (13, 14).

The haplotype analysis revealed that C-509T and T869C loci are
in tight linkage disequilibrium, and the major haplotypes were C-C
and T-T. Although the present study could not confirm or completely
refuse the possible association between these polymorphisms and
circulating level of TGF-P1, our result is consistent with a reportina
Japanese population (17). It would be more valuable to assess the
local expression of TGF-p1 in the kidney, because TGF-Bl acts as an
auto- or paracrine factor in local tissue injury rather than as a
systemic circulating factor (3, 23). In fact, Melk et al. (24) have
recently reported that the T869C polymorphism in TGF-81 was
significantly associated with TGF-pl mRNA expressicn in normal
kidney but not in kidneys from chronic allograft nephropathy.
Although it is important to prove the direct association between
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TGF-B1 gene variation and its expression in local renal tissue, in
this study, we could not measure the TGF-f1 mRNA expression in
the renal tissue, because this study was retrospective. In addition, it
is assumed that immunohistological study is not sufficient for pro-
viding convincing and quantitative data, partly because of the large
interglomerular variation.

The T869C and C-509T polymorphisms in TGF-§1 were specific-
ally associated with marked proteinuria in terms of clinical manifes-
tations of IgAN. The incidence of proteinuria of 1.0 g/day or more
was significantly higher in patients with CC genotype than in those
with other genotypes of both C-509T and T869C polymorphisms.
Moreover, C-C haplotype of these polymorphisms was significantly
more frequent in patients with urinary protein excretion of 1.0 g/day
or more than in those with less proteinuria. We have no data available
indicating that the increased amount of urinary protein in -509CCand
869CC genotype was due to increased activity of TGF-Bl in local
tissue. However, there is evidence that, in glomerular podocytes, TGF-
Bl increases the production of vascular endothelial growth factor
{(VEGF) (25}, which has a role in enhancing vascular permeability via
nitric oxide and prostacyclin (26), as well as in proteinuria {27, 28). In
addition to the effect on VEGF expression, TGF-B1 has a substantial
effect on collagen synthesis in glomerular podocytes. A relative
increase in the ¢«3-chain of collagen TV, which may alter the structure
of the GBM and affect its function as a filtration barrier, has been
reported in podocytes in response to TGF-B1 (25),

In the histopathological assessment, the assoctations of the TGF-
B1 genotypes were detected only with mesangial cell proliferation,
whereas no significant association was observed with respect to any
other histopathological features including mesangial matrix increase
and interstitial fibrosis. We could not clarify the underling mechan-
ism in which the association was restricted to mesangial cell prolif-
eration. We hypothesized that the polymorphisms in TGF-BI would
predominantly associate with mesangial matrix increase and inter-
stitial fibrosis, because the expression of TGF-B1 has mainly been
reported to be associated with extracellular matrix expansion and
interstitial fibrosis (29). However, in addition, TGF-pl is known to
have dual effects on the proliferation of a variety of cells. Indeed,
TGF-B1 at a low concentration promotes mesangial cell proliferation
and at a high concentration suppresses it iz #itre (30). Therefore, our
findings suggest that both the CC genotype of C-509T and T869C
polymorphisms of TGF-$1 are associated with higher activity of
TGF-Bl in glomeruli with inflammatory injury than in other geno-
types, but the increased activity is the extent to which mesangial cell
proliferation is stimulated. Alternatively, TGF-Bl also up-regulates
production of platelet-derived growth factor (PDGF) (31), and in the
kidney of TGF-B1 gene-transfected rats, mesangial cell proliferation
increased with extracellular matrix expansion (32). Because PDGF



stimulates the proliferation of mesangial cells {33, 34), the present
result may reflect the effect of TGF-pl on PDGF expression in
glomeruli. There is also a possibility that the influences of TGF-B1
on mesangial matrix increase and interstitial fibrosis were less
detectable than mesangial cell proliferation in the methed, which
we employed for the assessment of histopathological changes. In
fact, both scores for mesangial matrix increase and interstitial fibro-
sis were consistently, but not significantly, higher in the CC genotype
of C-509T and T869C polymorphisms of TGF-f1. Although this
study could not reveal the functional significance of the gene poly-
morphisms, the findings of this study suggest that both the C-509T
and T869C polymorphisms have a direct or indirect influence on the

Sato et al : TGF-B1 gene polymarphisms In IgAN

ility that these gene polymorphisms may be in linkage disequilibrium
with an undefined gene variation, which affects the TGF-B1 activity
in glomerular inflammatory injury.

In conclusion, the present results indicate that CC-509 and CC869
genotypes, as well as C-C haplotype, of TGF-B1 gene polymorphisms
are specifically associated with marked proteinuria and increased
mesangial cell proliferation, both of which are risk factors of progres-
sion to ESRD in Japanese patients with IgAN. Although a prospect-
ive randomized controlled study with a long-term observation is
needed to establish the prognostic significance of these gene poly-
morphisms, this translational approach supports a concept that com-
ponents in the secretion/activation of TGF-Bl may be a target of
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Relationship between tonsils and IgA nephropathy as well as

indications of tonsillectomy
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Relationship between tonsils and IgA nephropathy as well as
indications of tousillectomy. Although there are many papers
about IgA nephropathy (IgAN) and tonsils, respectively, re-
views about the relationship between tonsils, tonsillitis, tonsil-
lectomy, and IgAN are limited. In this review, we introduced
the structure, development, and function of tonsils, difference
of tonsils with and without IgAN, consistency of both tonsil-
lar IgA and glomerular IgA, the effect of tonsil stimulation,
tonsil infection, and tonsillectomy on IgAN showed some evi-
dences in which tonsils were closely related to IgAN and poly-
meric IgAl deposited in glomerular mesangium were at least
in part of tonsillar origin. Tonsillectomy can improve the uri-
nary findings, keep stable renal function, improve mesangial
proliferation and IgA deposit, have a favorable effect on long:
tern renal survival in some IgAN patients, and do not cause
significant immune deficiency and do not increase incidence of
the upper respiratory tract infections, and can be used as a po-
tentially effective treatment. The indications of tonsillectomy
in patients with IgAN include mainly the deterioration of uri-
nary findings after tonsillar infection, mild or moderate renal
damage. However, tonsillectomy may not be enough and may
not change the prognosis in IgAN patients with marked renal
damage.

Immunoglobulin A nephropathy (IgAN), that i,
nephropathy with mesangial IsA-IgG deposits, was first
teported by Berger and Hinglais in Frence in 1968 [1]
and described by Berger in English in 1969 [2]. Studies
for more than 30 years demonstrated that primary IgAN
is an immune complex-mediated glomerulonephritis de-
fined immunochistologically by the presence of glomeru-
lar IgA deposits [3]. It is now generally known to be
the most common form of primary glomerulonephritis
throughout the world [4-6]. Although primary IgAN was
considered a benign condition for many years, it is now

Key words: tonsils, tonsillectomy, IgA nephropathy, treatment, indica-
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clear that a large number of cases eventually progress to
renal failure [7-11)]. Indeed, IgAN is the main cause of
end-stage renal disease (ESRD) in patients with primary
glomerular disease who require renal replacement ther-
apy [12, 13]. However, the cause of primary IgAN, source
of IgA deposited in glomeruli and the mechanism under-
lying mesangial IgA deposition in IgAN, is unclear and
there is no effective treatment available for patients with
IgAN [14].

The IgA deposited in glomerular mesangium in pa-
tients with IgAN appears to be exclusively of the IgAl
subclass [15] and IgA produced by tonsillar lymphcytes in
patients with IgAN is mainly polymeric IgAl, about half
of patients with IgAN their serum IgA levels increase
f16] and tonsillectomy decreases the levels of serum IgA,
sugpesting there is any relationship between tonsils and
IgAN. Recently, we demonstrated that the tonsillectomy
has a favorable effect on long-term renal survival in pa-
tients with IgAN [17].

Although there are many papers about IgAN and ton-
sils, respectively, reviews about the relationship between
tonsils, tonsillectomy, and IgAN are limited. In this re-
view, we introduce the structure, development, and func-
tion of tomsils, difference of tonsils with and without
IgAN, consistency of both tonsillar IgA and glomerular
IgA, the effect of tonsil stimulation, tonsil infection, and
tonsillectomy on IgAN, show some evidences in which
tonsils were closely related to IgAN and polymeric IgAl
deposited in glomerular mesangium were at least in part
of tonsillar origin, and present the indications of tonsil-
lectomy in patients with IgAN.

STRUCTURE, DEVELOPMENT, AND
FUNCTIONS OF TONSILS

Structure of tonsils

Human tonsils include the palatine tonsils, nasopha-
ryngeal tonsil (adenoid), lingual tonsil and the tubal ton-
sils {18] (Fig. 1). The palatine tonsils are the largest ones in
four types of tonsils in human beings. Histologically, tonsil
tissues consist of four well-defined microcompartments,
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Fig. 2. Histologicstructure of tonsils. The sample originated from ton-
sil tissues after tonsillectomy because of chronic tonsillitis in 8-year-old,
male patient. The cellular nuclei of the section were stained with hema-
toxylin (original magnification x50).

which all participate in the immune response: the retic-
ular crypt epithelium, the interfollicular (extrafollicular)
area, the mantle zone of lymphoid follicles, and the fol-
licular germinal center [19] (Fig. 2). Cell biologically, im-
munocyts of tonsil tissues contain predominantly B cells
(approximately 65%), approximately 30% CD3* T cells,
and 5% macrophages. The T cells were primarily of the
CD4+ subset (approximately 80% ) [20]. Quantitative im-
munohistochemistry reveals that IgG-containing B cells
predominate in all lymphoid compartments, including
follicles, extrafollicular areas, and reticular epithelium,
whereas IgA cells are found predominantly in extrafol-
licular areas, especially subepithelial area, and IgM cells
are in follicles. J chain is present within IgM and some IgA
cells. The IgG:IgA:IgM class ratios of the overall tonsillar
immunocyte population are 13:8:2. Cells containing IgD
and IgE are rare [21]. In clinically normal tonsils, the over-
all percentage distribution of these cells is 65:30:3.5:1.2
for the IgG, IgA, IgM. and IgD classes, respectively.
In recurrent tonsillitis, these figures are 53:39:4.7:4.4; in
hyperplastic tonsillitis, 67:25:4.0:4.5; and in idiopathic
tonsillar hyperplasia, 50:33:7.2:10, respectively [22]. In
comparison with the clinically healthy tonsils, the num-
ber, the size of the germinal centers and the density of the
immunocytes in tonsils are very large in the hyperplastic
tonsils, large in chronic cryptic tonsillitis, but remarkably
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decreased in acute tonsillitis [23]. The study regarding
the distribution and proportion of Ig subclasses produc-
ing cells in chronic tonsillitis show that the percentage
ratios of IgG1:1gG2:1gG3:IgG4 were 53.1:35.9:4.7:6.3, re-
spectively. Proportional ratios of IgA1:IgA2 are approx-
imately 80:20 [24].

Development of tonsils

The development of the palatine tonsils starts during
the 14th gestational week when the mesenchyme underly-
ing the mucous membrane of the tonsillar cavity becomes
invaded by mononuclear wandering cells. In fetuses of
about the 16th gestational week epithelial crypts grow
down into the connective tissue and are infiltrated by T
lymphocytes. At the same time, precursors of interdigi-
tating cells can be identified among the epithelial cells.
Primary follicles develop in earlier fetal stages than in
all other secondary lymphoid corgans. They contain pre-
cursors of dendritic reticulum cells and lymphoid cells
that belong to the B-cell line. These primary follicles may
be considered as the first assemblage of B-cell regions in
human fetal lymphoid tissue [25]. The formation of the
follicular germinal centers reflecting B-cell activation by
exogenous antigens takes place shortly after birth [26].
The immunohistochemical study show the morphomet-
ric features of tonsils below the age of 8 years are more
active than those above the age of 8 years. Total number
of IgA immunocytes is the highest at the age of 5to 7
years with a decline by age. The serum IgA and salivary
secretory IgA concentrations reach to adult’s level at the
age of 11 to 13 years. These results suggest that tonsils in
preschool children are important as a local immunologi-
cal defense mechanism [27].

Functions of tonsils

Tonsil tissues are located at the gateway of the respi-
ratory and alimentary tract and belong to the mucosa-
associated lymphoid tissue. The generation of B cells in
the germinal centers of the tonsil is one of the most es-
sential tonsillar functions. The major function of tonsils
is as a first line of defense against viral, bacterial, and
food antigens that enter the upper aerodigestive system.
Secretory dimeric IgA produced by B cells has particu-
lar hydrophilic properties and is capable of preventing
adsorption and penetration of bacteria and/or viruses
into the upper respiratory tract mucosa [28]. With the
uptake of antigen by microfold cells (membrane cell, M
cells) present in the cryptepithelium a process is initiated,
which ultimately results in the generation and dissem-
ination of antigen-specific memory and mainly dimeric
IgA-producing effector B lymphocytes. This process re-
quires successful cognate interactions between antigen-
presenting cells and lymphocytes and mutually between
lymphocytes, which depend not only on antigen-specific



