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

Measurement of serum TGFf1 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-B1 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 <13.4%, respectively. The assay showed essentially no
cross-reactivity (<1%) with TGF B2, TGF B3, or other cytokines.

Genotype determination

Genomic DNA of peripheral blood cells was isolated by an automatic
DNA isolation system (INA-1000; Kurabo, Osaka, Japan). The geno-
types of C-509T and T869C of TGF $1 gene were determined by
polymerase chain reaction-restriction fragment polymorphism (PCR-
RFLP) as described previously (17, 21). PCR primers for the C-509T
polymorphism were 5-GGGGACACCATCTACAGTG3 {forward)
and 5-GGAGGAGGGGGCAA CAGG-3 (reverse), and those for
T869C were ¥-TTCAAGACCACCCACCT TCT-3' (forward) and 5'-
TCGCGGGTGCTGTTGT ACA-Y (reverse), respectively. The reac-
tion mixture contained 1 x PCR buffer, 1.5 mmol/l MgCly, 200 mmol1

455 —
430 — @
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deoxynucleotide triphosphates (ANTPs), Iunit Taq 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-509T) or at 60°C for 30s (T869C), and
extension at 72°C for 1 min. A final extension was performed at 72°C
for 5min. The PCR products were digested with restriction endo-
nuclease Eco811 (MBI Fermentas, Hanover, MD) for C-509T and
MspAll New England Biolabs Inc., Beverly, MA) for T869C, respect-
ively, and electrophoresed on a 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 25bp fragment, whereas the 455-bp —
509C alleles lacked its restrictive site (Fig.1A). For T869C poly-
morphism, 273-bp and 12.bp fragment were detected for 869C alleles,
whereas 285-bp 869T alleles lacked ifs restrictive site, and the
complete digestion was confirmed by disappearance of the 500-bp
band, which corresponded to the PCR product without MSPAII
digestion (Fig. 1B).

Haplotype estimation and statistical analysis

Haplotype frequencies for sets of alleles were estimated using arLEQUIN
software Ver 2.0, which was based on the maximum likelihood method
(Genetics and Biometry Laboratery, Department of Anthropology,
University of Geneva, Geneva, Switzerland; http:/wwwlgbunigech/
atlequin/). Pairwise linkage disequilibrium coefficients (D) were also

ctT ¢cc TT

285
273

Fig. 1. Polyacrylamide gel elecrophoresis of PCR products after restriction digestion. Each genotype of C509T (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 IY =D/Dmax,
according to Slatkin (22).

STATVEEW 5.0 statistical software (Abacus Concepts, Inc., Berkeley,
CA) was used for statistical analyzes. Hardy-Weinberg equilibrium
was tested by a xtest with 1df Clinical data were compared
between different genotypes of hoth 509 and 869 positions by
Kruskal-Wallis test or Mann-Whitney Utest. Values of P< 005
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
significant.

Results

In total, we genotyped 626 subjects, which consisted of 329 patients
with histologically proven IgAN and 297 healthy controls. Tablel
sumnmarizes the genotype distributions, allele frequencies, and esti-
mated haplotype frequencies of C-509T and T869C polymorphisms
of TGF-f1 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-

Ganotype distributions, allele frequencies, and estimated haplotype frequencles
ot C-509T and T869C polymorphisms of TGF51 gene In patlents with IgAN and
normal controls

IBAN {(1=329} Control {1=297) Pvalue x°

CS09T Genotype CC  89(0.271) 76 (0.256)
CT  174(0529) 157 (0.529)
T 66(0.201)  64(0.215) 0.8637 0.203
Allele [ 0.5635 0.520
T 0.465 0.480 0.6809 0.169
TEESC Genotype CC 86 (0.261) B8O (0.269)
CT 167{0.508) 152 (0.512)
T 760231  65{0.219) 0.9301 0.145
Miele  C 0.515 0.525
T 0.485 0.475 0.7722 0.084
Estimated haplotype of C-509T and T869C
509 869
c c 0.501 0.515 0.6300 0.232
T T 0.451 0.470 0.5158 0.422
Others 0.048 0.015

I2AN, IgA nephropathy,

Table 1
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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 C509T and T869C polymorphisms were in tight
linkage disequilibrium (I¥ =0.8401; P < 0.0001) and that the major
haplotypes for these two loci were C-Cand 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.

Table 2 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-509T 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

“C509T, and P=0.0241 for T869C). Even after Bonferoni correction

n 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 869CT (P=0.0038), respect-
ively. Although the differences were no longer significant after
Bonferoni correction between -509CC vs —509TT (P=00178) and
869CC vs 869TT (P=10.0853), 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 869CC of TGF-
51 polymorphism (x*=0.382, 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-8I
polymorphisms and histopathological findings of kidney biopsy
including glomerular 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-§1. Glomerular
cell proliferation was significantly higher in patients with the —
509CC (Fig.1, Mann-Whitney [ltest, P=0,0054} and with the
869CC genotype (Fig2, P=00052) 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 clinlcal characteristics at tima of dlagnosls among patients with each genotype of the C.509T and TEE9C polymorphlsms

c-509T T869C

Total (n=329) CC (n=89) CT(n=174) TT(1=66) Pvalue CC(n=86) CT(n=167} TF(1=76} Fvalue

Gender (male/female} 148/180 48/41 75/99 26/40 0.1675 41/45 77/90 31/45 0.5350
Age (years) 36,9+13.8 36.8+133 37.1+13.8 37.3+148 09958 368+£129 3754141 3654143 0.8682
Helght (cm) 161.1+95 16054109 1614189 1614184 0.9845 160.74+£9.6 1619187 1600x105 0.4418
Weight (kg) 58.819.7 59.7+10.2 535%9.7 583497 0.3924 598+8.3 §58.7+9.8 57.9+105 05103
Uninary protein (UP) excretion {g/day) 1.39+1.52 1.74+167 1.27+154 1271017 00051 1674167 125+154 1394142 0.0241
Patients with UP of 1.0g/day 48.3 52.8 41.3 41,5 0.0041 60.5 41.6 49.3 0.0092
or more (%)

Serurn creatinine (mg/dl} 0982059 0971044 1024063 0944070 02125 05854044 1.02+063 095+069 03180
Creatinine clearance (ml/min) 88.84£326 91.1+31.6 85.0+31.7 955+350 01283 919+320 8541310 D26x356 02677

Systolic blood pressure (mrHg) 128.3+188 120.5+21.2 12794182 12671164 0.8989 129.3+215 127.7+183 127.4+16.2 0.9948
Diastelic blood pressure (mmHg) 77.4413.7 T77.31+13.0 7794138 759+136 06679 769%x136 T76+13.7 7T7.0+£13.4 08799
Serum gA concentration (mg/d1) 355,61£115.8 375.54+138.7 349.7+105.7 360.6+122.1 0.5447 3746+ 1355 350+1087 359.2+£121.0 0,4978
Time from the first urine abnormality 5.2+6.3 56+7.2 49+6.1 5.2+6.1 06029 87+7.2 5.0+6.1 48+6.0 05228
10 renal blopsy (years)

Table2

prevalence of cases with cell proliferation of grade 2 (diffuse mild) Because several investgators have already reported associations
or more was significantly higher in patients with the -509CC  between TGF-fl gene polymorphisms and the circulating level of
(x*=17095, P=0.0077) and with 869CC genotype of TGF-fI TGF-pl in non-nephritic populations (6, 7, 18, 19), the circulating
(5® =5.651, P=0.0172) than in those with other genotypes. level of TGF-B1 in patients with [gAN was investigated in this study

Estimated haplotyps frequencles in patlents with or without urinary proteln excretion of 1.0 g/day or more

Urinary protein of 1.0 g/day or more

Estimated haplotype of =509 and 863 loci Yes (n=318) No {n=390) P Pvalue
ce 181 148 11.78 0.0008
T 123 175 10.85 0.0010
Others 14 17 - -
Table 3
*P=0.0054 *P=0.0052
1
3.0 3.0
2.0 l 2.0
1.0 1.0
0 o]
CcC CTaT cC TCAT
1.61+0.88 1.28+0.89 1.63+0.88 1.2840.90

Fig.2. Mean values of mesangial cell proliferation in IgA nephropathy (IgAN) patients with the CC ({J) and TC/TT (M) genotypes of the
TGF.51 C-509T (A) and T869C (B) polymorphisms. Glomerular changes were scored for each glomerulus, and the mean score of each was caleulated,
The scores for mesangtal cell proliferation were graded from zero to four as described in Methed. Data are given as mean £5D. *P < 0.05 by Mann-Whitney
U-test.
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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-B1 concentrations among each genotype of
C-509T and T869C (data not shown).

Discussion

TGF-B1 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 contributing to the initiation
and progression of renal injury and the production of TGF-81 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-
morphisms of TGF-81 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 hetween IgAN patients and healthy controls, indicating
that the TGF-81 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 IgAN. This may support the notion that the
impact of polymorphisms on phenotype depends on the specific
disease under study.

Both polymorphisms 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-81 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-B1, our result is consistent with a repartina
Japanese population (17). It would be more valuable to assess the
local expression of TGF-Bl in the kidney, because TGF-pl 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-§1 was
significantly assoctated with TGF-Bl mRNA expression 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-81 were specific-
ally associated with marked proteinuria in terms of clinical manifes-
tations of IgAN. The incidence of proteinuria of 1.0g/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-1 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 IV, which may alter the structure
of the GBM and affect its function as a filtration barrier, has been
reported in podocytes in response to TGE-$1 (25).

In the histopathological assessment, the associations 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 mesangtal 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-B1 would
predominantly associate with mesangial matrix increase and inter-
stitial fibrosis, because the expression of TGF-Bl has mainly been
reported to be associated with extracellular matrix expansion and
interstitial fibrosis (29). However, in addition, TGF-p1 is known to
have dual effects on the proliferation of a variety of cells. Indeed,
TGF-$1 at a low concentration promotes mesangial cell proliferation
and at 2 high concentration suppresses it ## vitre (30). Therefore, our
findings suggest that both the CC genotype of C.509T and T869C
polymorphisms of TGF-81 are associated with higher activity of
TGF-p1 in glomeruli with inflammatory injury than in cther geno-
types, but the increased activity is the extent te which mesangial cell
proliferation is stimulated. Alternatively, TGF-B1 also up-regulates
production of platelet-derived growth factor (PDGF) (31), and in the
kidney of TGF-pl gene-transfected rats, mesangial cell proliferation
mereased with extracellular matrix expansion (32). Because PDGF



stimulates the proliferation of mesangial cells (33, 34), the present
result may reflect the effect of TGF-B1l 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 method, 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 C509T 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
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ility that these gene polymorphisms may be in linkage disequilibrium
with an undefined gene variation, which affects the TGF-B1 activity
in glomerular inflammatery 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-P1 may be a target of

transcriptional activity of the TGF-B1 gene. There is also a possib-  therapeutic strategies in the future.
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GENETIC DISORDERS - DEVELOPMENT

Platelet-derived growth factor plays a critical role to convert
bone marrow cells into glomerular mesangial-like cells

AKIRA Suzuki,! HIROTSUGU IWATANI,! TAKAHITO ITO, ENYU IMAI, MASARU OKABE,
HROYUKI NAKAMURA, YOSHITAKA IsAXA, MASAYA YAMATO, and MASATSUGU HORI

Department of Internal Medicine and Therapeutics, Osaka University School of Medicine, Suita, Osaka, Japan;
Osaka University Genome Information Research Center, Suita, Osaka, Japan

Platelet-derived growth factor plays a critical role to convert
bone marrow cells into glomerular mesangial-like cells.
Background. Despite increasing interest in bone marrow-

derived stem cells, little is known about critical factors that de- -

termine their fates both in vitro and in vivo. Recently, we have
reported that bone marrow is a reservoir for glomerular mesan-
gial cells in rats. To find a key factor responsible for the differ-
entiation of bone marrow—derived cells into mesangial cells, we
established a new culture system of rat bone marrow, which is
based on serial replating and differential attachment to collagen
typesYand IV.

Methods. Bone marrow cells that did not adhere to collagen
type I within 24 hours were transferred to collagen type IV-
coated dishes. Then, the cells attached to collagen type IV in the
following 24 hours were maintained in the presence of 2% horse
serum, 200 ng/mL of platelet-derived growth factor (PDGF)-
BB, and 1 umoVl/L of all-trans retinoic acid. In vivo effect of
PDGF-B was also exanuned by introducing human PDGFE-B
gene into glomeruvli.

Results. After cultivation under the above condition for
7 days, approximately 14% of cells expressed Thy-1 and
desmin, both of which are markers for rat mesangial cells.
Thy-1**/desmin* cells were stellate-shaped, and contracted in
response to angiotensin IL When human PDGF-B gene was
overexpressed in the glomeruli of chimeric rats whose bone
marrow was transplanted from ephanced green florescent pro-
tein (EGFP) transgenic rats, the number of EGFP' mesangial
cells increased. This effect was canceled by prior introduction of
a neutralizing molecule that is composed of PDGF receptor-p
ligand binding site and IgG-Fc.

Conclusion. These results indicate that PDGF-B plays a criti-
cal role to direct bone marrow-derived cells toward mesangial-
like cells both in vitro and in vivo.

Mesangial cells, often considered to be equivalent to
pericytes, provide physical support for the glomerular
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capillary lumen of the kidney. These cells are located in
the intraglomerular structure, extend out into the jux-
taglomerular zone, and show a Iow rate of cell divi-
sion in normal mature glomeruli [1]. Since the normal
glomerular capillary is essential to keep efficient ultrafil-
tration of the plasma, loss of mesangial cells due to patho-
logic conditions such as glomerulonephritis and diabetic
nephropathy leads to impaired renal function. The ex-
act developmental origin of mesangial cells is unknown,
but it is generally accepted that mesangial cells come
from the mesenchymal blastema or metanephric mes-
enchyme containing immature mesenchymal cells. Alter-
natively, mesangial cells may be derived from vascular
pericytes, vascular smooth muscle cells, or myofibroblasts
of invading vasculatures during the nephrogenesis {2, 3].
It is noteworthy that mesangial cells are not found in
avascular glomeruli of transfilter-induced mesenchymes,
suggesting that vasculature or blood circulation commu-
nicating with other tissues such as bone marrow may be
crucial for the establishment of the mesanglal structure
[4].

Bone marrow—derived cells, whose contribution to the
healing process of glomerular diseases remains unknown,
attract great interest because of their therapeutic poten-
tials. It has been established that mesenchymal stem cells,
which are derived from bone marrow, have a potential to
differentiate into different lineages in response to differ-
ent environments [5, 6]. By tagging bone marrow-derived
cells with enhanced green fluorescent protein (EGFP),
we have recently reported that the adult bone marrow
carries stem cells for glomerular mesangial cells [7, 8]. It
can be expected that the mesangial stem cells share sev-
eral basic properties with stem cells differentiating into
other types of cells [9]. All stem cells need to proliferate in
response to tissue damage, which should be promoted by
the release of mitogens from injured tissue components,
or by relief from inhibitors normally produced by healthy
tissues. Subsequently, stem cells are engaged in the
differentiation process. There is considerable evidence
that restricted microenvironments, including types of
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growth factors and cell-cellinteractions, influence fates of
multipotent stem cells and give them the competence to
contribute to more specific lineages. So far, however, lit-
tle is known about the events regulating the acquisition
of the competence that is required for bone marrow-
derived stem cells to differentiate into nonhematopoi-
etic cells. Since nonhematopoietic stem cells in the bone
marrow are spatially segregated from target organs that
the stem cells contribute to build up or to regenerate, it
is likely that the target organs secrete factors acting on
nonhematopoietic stem cells.

The close relationship between mesangial cells and
platelet-derived growth factor (PDGF)-B has been de-
scribed from many points of view. PDGF-B is produced
physiologically or pathologically by several renal cell
types in vivo, which include mesangial, glomerular, and
tubular epithelial, and endothelial cells in addition to
infiltrating macrophages and platelets. PDGF-B, which
mediates mitogenic and chemotactic effects on many
mesenchymal types of cells, including vascular smooth
muscle cells, fibroblasts, and mesangial cells in vitro
[10], plays a pivotal role in the establishment of ma-
ture glomeruli that are structurally supported by mesan:
gial cells. Mice deficient in PDGF-B or PDGF receptor
(PDGFR)-B have primitive glomerular capillaries with
glomerular epithelial cells and endothelial cells, but do
not form the normal mesangium that is composed of
mesangial cells and matrix proteins [11, 12]. Stromal cells
surrounding the vascular cleft of the S-shaped body are
likely to be the developmental precursor of mesangial
cells because they express PDGFR-§ [13, 14]. In our
previous experiment, mesangiolysis evoked by the ad-
ministration of anti-Thy-1 antibody was the key event to
integrate bone marrow-derived cells as mesangial cells
[8]. Several lines of evidence show that PDGEF-B is
responsible for the mesangial proliferation in this ex-
perimental glomerulonephritis. First, the expression of
PDGF-B is up-regulated in this disease model [15].
Second, both the administration of PDGF-B neutral-
izing antibody {16] or oligonucleotide aptamers [17]
and the overexpression of a chimeric molecule that is
composed of the ligand binding site of PDGFR-B and
1gG-Fc portion [18] suppress the proliferation of mesan-
gial cells and inhibit the overproduction of extracellular
matrix. By contrast, PDGF, when exogenously adminis-
tered or overexpressed in glomeruli, induces mesangial
proliferation [19, 20]. Moreover, human glomerular dis-
eases with mesangial proliferation are accompanied by
the up-regulation of PDGFRs {21, 22].

Here, by using a newly established in vitro system,
we confirmed our previous in vivo results that the adult
bone marrow carries stem cells for mesangial cells. In
addition, we have identified that PDGF-B plays a key
role for the recruitment and/or differentiation of bone
marrow—derived mesangial stem cells both in vitro and in
viva,

METHODS
Animals

Wild-type Sprague-Dawley rats and  transgenic
Sprague-Dawley rats that express EGFP throughout
their bodies (EGFPrat) were used [7, 8]. Allrats weighing
150 to 180 g, anesthetized by intraperitoneal administra-
tion of pentobarbital, were subjected to the experiments.
Procedures for the present study were approved by
the Animal Committee at Osaka University School
of Medicine.

Preparation of bone marrow and bone
marrow fransplantation

For culture, bone marrow cells were prepared from
wild type male Sprague-Dawley rats [7, 8]. To estab-
lish bone marrow chimeric rats, bone marrow cells were
harvested from male EGFP rats and were transplanted
into wild-type female Sprague-Dawley rats as described
previcusly [7, 8].

Cell culture

Freshly isolated bone marrow ¢ells were resuspended
in the growth medium [Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco, Invitrogen, Carlsbad, CA,
USA)] supplemented with 10% fetal calf serum (FCS)
(Gibco), 10% horse serum (Gibeo), 0.5% chick em-
bryo extract (Gibco), and 4% penicillin/streptomycin),
and were seeded on collagen type I-coated dishes (BD
PharMingen, San Diego, CA, USA) ata density of 5 x 108
cells/mL. Then, the cells were maintained in the growth
medium at 5% CO2 and 37°C. After 24 hours, the cells
that did not adhere to collagen type I were transferred to
fresh collagen type IV—coated dishes (BD PharMingen).
The supernatant containing cells that did not adhere to
collagen type I'V within another 24 hours were discarded
by changing the medium. The cells that attached to
collagen type IV were maintained for further 7 days
in the growth medium or the differentiation medium
[DMEM supplemented with 2% horse serum, 200 ng/mL
rat PDGF-BB (R&D Systems, Minneapolis, MN, USA),
1 pmol/L all-trans retinoic acid {Sigma, Deisenhofen,
Germany), and 4% penicillin/streptomycin]. The
medium was changed every 3 days. Rat mesangial cells
were obtained from 6-week-old Sprague-Dawley rats
by the sieving method and were cultured in RPMI1640
{Sigma) supplemented with 20% FCS as described
previously [8].

Immunocytochemistry and flow cytometric analysis

For immunocytochemistry, the culture cells were
replated on chamber slides (Nunc, Naperville, IL, USA)
and were fixed with ice-cold methanol for 5 minutes.
Signals were detected by using fluorescein isothio-
cyanate (FITC)- or Texas Red-conjugated secondary
antibody (Vector Laboratories, Burlingame, CA, USA).
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Primary antibodies except for mouse antirat Thy-1
monoclonal antibody (0x-7) were obtained from com-
mercial sources: antidesmin (BioScience Products,
Emmenbruecke, Switzerland), antipancytokeratin
{Sigma), anti-RECA1 (CosmoBio, Tokyo, Japan),
anti-Factor VIII (Neomarkers, Fremont, CA, USA),
anticellular fibronectin (Abcam, Cambridge, UK),
anti-Cd11b (Oxford Biotechnology, Oxford, UK}, and
anti-o-smooth muscle actin (Sigma). Ox-7 was provided
by Dr. Seiichi Matsuo (Nagoya University, Nagoya,
Japan). For flow cytometric analysis, adherent bone
marrow cells on collagen types I or IV were rinsed
with phosphate-buffered saline (PBS) twice and treated
with 0.05% trypsin/0.02% ethylenediaminetetraacetic
acid (EDTA) at room temperature. After 1 minute, the
cells were dislodged by vigorous tapping the culture
dishes, and trypsin was immediately neutralized with
DMEM supplemented with 10% FCS. The dislodged
cells were dispersed as possible by pipetting up and
down, and clumps were removed by passing through
50 pm nylon mesh. It took more than 5 minutes to
dislodge and disperse mesangial cells by treatment of
0.05% trypsin/0.02% EDTA at 37°C. To stain Thy-1
antigen, cells resuspended in PBS containing 2% FCS
and 2% normal rat serum were reacted with anti-Thy-1
monoclonal antibody on ice for 1 hour. After washed in
PBS containing 2% FCS and 2% normal rat serum three
times, the cells were incubated with FITC-conjugated
secondary antibody for 30 minutes on ice in the dark.
Next, after washed in PBS, the cells were fixed in 4%
paraformaldehyde/PBS on ice for 20 minutes in the dark
and were permeabilized with 0.1% NP-40/1% bovine
serum albumin{BSA)/PBS. Then, the cells were reacted
with antidesmin polyclonal antibody on ice for 1 hour
in the dark, which was followed by the incubation with
phycoerythrin-conjugated secondary antibody and sub-
sequent washes. Flow cytometric analysis was performed
by using a FACSVantage SE (BD PharMingen).

Angiectensin Il treatment

The cells were trypsinized and were seeded at a den-
sity of 1 to 10 x 10° per well in 24-well poly-L-lysine-
coated plates. After 24 hours, the medium was replaced
by Hanks’ balanced salt solution supplemented with 10
mmol’L Hepes/NaOH (pH 7.4). Under a VHS video
recording system, the cells were stimulated with 10
nmol/L. of angiotensin IT (Sigma) in the presence or ab-
sence of 1 nmol/L. CV-11974 [an angiotensin II type 1
(AT, ) receptor antagonist] (Takeda Chemical Industries,
Osaka, Japan). Captured images were converted to digi-
talfiles by using video editing software (Adobe Premiere,
Adobe System, Inc., San Jose, CA, USA).

Overexpression of PDGF-B in the kidney

Three weeks after the bone marrow transplanta-
tion, 200 pg of the plasmid pcDNAJ harboring human

PDGF-B gene or the plasmid vector alone was injected
into the left kidney via the left renal artery of the bone
marrow chimeric rats. Immediately, the gene was intro-
duced into glomeruli by using an electroporation tech-
nique [23). This technique introduces an exogenous gene
mainly into glomerular mesangial cells [23]. Neutraliza-
tion of the effect of PDGF-B in rat glomeruli was per-
formed as described previously [18]. Briefly, 200 pg of
pCAGGS-PDGFR/Fc coding a hybrid molecule com-
posed of PDGFR-P ligand binding site and IgG-Fc was
transfected into the skeletal muscle of the right hindlimb
of PDGF-B-transfected rats 24 hours before the trans-
fection of PDGF-B by an electroporation technique [18).
One-week after the introduction of human PDGF-B
gene, rats were thoroughly perfused with PBS followed
by 10% buffered formalin via the abdominal aorta, and
the kidneys were fixed for 3 hours in 10% buffered
formalin at 4°C. The tissues were processed by using
antibodies as follows: rabbit antidesmin polyclonal anti-
body, mouse antirat monocyte/macrophage monoclonal
antibody (ED1)(Serotec, Ltd., Oxford, England), rab-
bit anti-green fluorescent protein (GFP) polyclonal an-
tibody (Molecular Probe, Inc., Eugene, OR, USA), and
corresponding secondary antibodies (Vector Laborato-
ries, Burlingame, CA). Under a fluorescent microscope
with the filter for Texas Red, glomeruli could be identi-
fied by observing faint background fluorescence even in
the absence of Thy-1 staining.

Immunoblot analysis

Lower poles of the kidneys were homogenized in 2 vol-
ume of homogenizing buffer [20 mmol/L. Tris HCI (pH
8.0)/140 mmolL NaCl/l mmol/. EDTA/S mmol/L
dithiothreitol (DTT)/protease  inhibitor  cocktail
(Complete Mini™) (Roche Diagnostics, Mannheim,
Germany). One hundred micrograms of the protein
extract that was prepared from PDGF-transfected
kidneys or control kidneys was subjected to immunoblot
analysis by using antihuman PDGF-B polyclonal anti-
body (Ab-1) (R&D Systems). Signals were detected by
using horseradish peroxidase-conjugated antirabbit IgG
antibody and Renaissance™ chemiluminescence system
{NEN, Boston, MA, USA).

RESULTS
Morphelogic change of bone marrow cells in vitro

Crude preparation of bone marrow cells contains
varicus types of cells, including marrow stromal cells,
mesenchymal stem cells, and blood cells as well as
hematopoietic stem cells. In order to roughly enrich im-
mature stem cells from other types of cells, we followed
and modified a method that is useful to enrich immature
mesenchymal cells that are derived from skeletal mus-
cle [24]. The growth medium, originally defined in that
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Fig. 1. Morphology of bone marrow cells in vitro. Rat bone marrow—
derived cells were cultured as described in the Methods section, Then,
the cells were fixed in ice-cold methanol and were stained with Giemsa.
Light microscopic images are shown {x400). (A) Cells on collagen type
1 in the growth medium. (B) Cells on collagen type IV in the growth
medium. (C) Cells on collagen type IV in the differentiation medium.

study, is capable of preserving the pluripotency of mouse
skeletal muscle-derived mesenchymal stem cells for days
[24].

In our experiments, 0.5% to 5% of bone marrow cells
adhered to collagen type I, which depended on the prepa-
ration. The cells uniformly showed spindle-shape that was
reminiscent of fibroblasts, proliferated fast in the growth
medium, and created very dense culture (Fig. 1A). Next,
the cells that did not adhere to collagen type I within the
initial 24 hours were transferred to collagen type IV. Ap-
proximately, 0.2% to 3% of the cells adhered to collagen
type IV in the following 24 hours, and were maintained in
the growth or the differentiation medium. Although the
cells on collagen type IV proliferated relatively slow in
the growth medium when compared to the cells on col-
lagen type I, both cells looked alike (Fig. 1A and B). We
further focused our efforts on the cells that did not adhere
to collagen type I but later adhered to collagen type IV,
because stem cells for mesangial cells must be less adher-
ent to reach the kidney via the circulation. When main-
tained in the differentiation medium, cells on collagen
type IV ceased proliferation and subsequently changed
into a wide range of shapes from spindle to stellate and
from small to large (Fig. 1C). During the culture in the
differentiation medium, a considerable number of cells
fell into apoptosis and then detached. At the end of
7-day culture in the differentiation medium, simple calcu-
lation revealed that approximately 0.07% to 0.3% of the
original bone marrow cells remained in the dishes. How-
ever, it was difficult to estimate how many numbers of or
what types of cells contributed to the population shown
in Figure 1C because the whole process is composed of
the mixture of proliferation, apoptosis, and differentia-

tion. All-trans retinoic acid induced extensive apoptosis
of cells on collagen type IV when PDGF-BB was omit-
ted (data not shown). By contrast, PDGF-BB alone was
less effective to produce stellate cells, which suggests the
supportive role of all-trans retinoic acid.

Expression of Thy-1 and desmin in cultured bone
marrow cells

Since stellate cells in the differentiation medium
were reminiscent of mesangial cells, the expression of
Thy-1 and desmin was examined. Both molecules are
well-established markers for rat mesangial cells in vitro
[25, 26]. Flow cytometric analysis showed several distinct
populations regarding the expression level of Thy-1 anti-
gen (Fig. 2). Two of them, Thy-1-negative (Thy-1~) and
Thy-1-weakly positive (Thy-1*) populations, were evi-
dent in the histogram of freshly isolated bone marrow
cells and bone marrow cells that did not adhere to col-
lagen type I (Fig. 2A and B). Another distinct group ex-
pressing Thy-1 antigen strongly (Thy-1*+) was seenin the
cells that did not attach to collagen type I within 24 hours
yet attached to collagen type IV in the following 24 hours
(Fig. 2C and D). It is noteworthy that the culture in the
differentiation medium produced more number of cells
with stronger expression of Thy-1 than that in the growth
medium. The increase of Thy-1** cells was accompa-
nied by the reciprocal decrease of Thy-1~ or Thy-17 cells,
which suggested that Thy-17* cells were converted from
Thy-1- and/or Thy-1* cells. Alternatively, the differen-
tiation medium might support the preferential growth
of Thy-1*+ cells. Forward scatter analysis showed that
Thy-1*/** cells were heterologous. Since a value of for-
ward scatter roughly correlates with the size of a cell be-
ing analyzed, Thy-1** cells seemed to contain cells larger
than Thy-1* and Thy-1- cells (Fig. 2F to I). Even cultured
mesangial cells (passage 3) comprised heterologous types
of cells in terms both of Thy-1 expression and of forward
scatter (Fig. 2E and J). Because trypsinization was un-
avoidable to disperse cells before flow cytometric analysis
and because cultured mesangial cells were more adhesive
and cloggier than the cells on collagen type IV in the dif-
ferentiation medium, we could not exclude a possibility
that trypsinization differently affected the preservation of
surface proteins such as Thy-1 and potentially intracellu-
lar proteins such as desmin. At least, however, digestion
time for the cells from 2 minutes t¢ 7 minutes gave essen-
tially identical results (data not shown}.

While 50 ng/ml. of PDGF-BB was enough to protect
cells from retinoic acid—induced apoptosis but not to pro-
duce Thy-1** cells, the effect of 500 ng/mL of PDGF-BB
was indistinguishable from that of 200 ng/mL of PDGF-
BB as long as flow cytometric analysis was performed
(data not shown). Therefore, there might be a critical
concentration between 50 and 200 ng/mlL.
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Fresh bone marrow preparation was completely
desmin-negative, and only a smal! portion of cells that did
not adhere to collagen type I within 24 hours expressed
desmin weakly (Fig. 3A and B). In contrast, a significant
number of the cells that attached to collagen type IV
clearly expressed desmin (Fig. 3C and D). Among them,
the expression level of desmin or Thy-1 was diverse, and
most of Thy-1* or Thy-1** cells did not express desmin
(Fig. 3C and D). In the differentiation medium, however,
approximately 14% of the cells on collagen type IV ex-
pressed Thy-1 and desmin strongly (Thy-1*/**/desmin™).
This number was remarkably higher than the number of
cells under the growth condition. In case of mesangial
cells (passage 3), 45% of the cells expressed Thy-1 and
desmin simultaneously (Fig. 3E). Again, these numbers
might be underestimated because trypsinization would
compromise the antigens.

Expression of Thy-1 and desmin was confirmed by im-
munocytochemistry (Fig. 4A). The expression level of
Thy-1 was considerably diverse as shown in Figures 2 and
3, Here, we arbitrarily classified the cells into three classes
again: Thy-1-, Thy-1*, and Thy-1**, Thy-1**desmin*
cells were mostly flat and stellate. These cells were hardly
found in the cells on collagen type I or in the cells on col-
lagen type IV in the growth medium (data not shown).
In consistence with flow cytometric analysis, Thy-1+/*+
cells were larger than Thy-1 cells.

To further characterize the cells in the differentiation
medium, expression of pancytokeratin, RECA1, factor
VIII, cellular fibronectin, Cd11b, or x-smooth muscle
actin was tested with mesangial cells as the control
(Fig. 4B). Neither epithelial cells nor endothelial cells

Thy-1 signat intensity

Fig. 2. Phenotypic changes of bone marrow
culture. Rat bone marrow—derived cells and
rat mesangial cells were stained with anti-
Thy-1 antibody and were subjected to flow-
i cytometry. (A and F) Freshly isolated bone
o 4 marrow cells, (B and G) Bone marrow cells
g that did not adhere to collagen type [ within
24 hours (before replating to collagen type
IV-coated dishes). (C and H) Bone marrow
cells that adhered to collagen type IV (after
7-day culture in the growth medium). (D and
I) Bone marrow cells that adhered to collagen
type IV (after 7-day culture in the differenti-
ation medium). {E and J) Rat mesangial cells
[cultured in RPMI 1640/20%fetal calf serum
(FCS), passage 3].
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Fig. 3. Expression of Thy-1 and desmin. Cultured bone marrow—
derived cells and rat mesangial cells were subjected to flow cytomet-
ric analysis after stained with anti-Thy-1 antibody and anti-desmin an-
tibody. The percentage of cells expressing both Thy-1 and desmin is
shown in each panel. (A) Freshly isolated bone marrow cells. {B) Bone
marrow cells that did not adhere to collagen type I within 24 hours (be-
fore replating to collagen type IV—coated dishes). (C) Bone marrow
cells that adhered to collagen type I'V (after 7-day culture in the growth
medium). (D) Bone marrow cells that adhered to collagen type IV (af-
ter 7-day culture in the differentiation mediumy). (E) Rat mesangial cells
[cultured in RPMI 1640/20% fetal calf serum (FCS), passage 3].
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Fig. 4. Mesangial properties of differenti-
ated cells. (4) Rat bone marrow—derived cells
that were cultured on collagen type IV in
the differentiation medium for 7 days were
stained with anti-Thy-1 antibody and anti-
desmin antibody. Immunocytochemical im-
ages are shown. (A) Panel a is Thy-1 {x200);
pane! b is desmin (x200); panel ¢ is the
merge (x200); and pane! d is a larger im-
age of the Thy-1*+desmin™ cell (x400). Var-
ious types of cells such as Thy-1*desmin-
cell (yellow arrowhead), Thy-1~desmin* cell
{white arrowhead), and Thy-1**desmin™ cell
{white arrow) are seen. (B) Rat bone marrow—
derived cells and rat mesangial cells (passage
3) were stained with various antibodies (origi-
nal magnification x200). Panels 1 to 6 are cul-
tured mesangial cells; panels 7 to 12 are bone
marrow—derived cells on collagen type IV in
the differentiation medium for 7 days. Panels
1 and 7 are pancytokeratin; panels 2 and 8 are
RECALI, paneis 3 and 9 are factor VIII; pan-

els 4 and 10 are cellular fibronectin; panels 5
and 11 are Cd11b; and panels 6 and 12 are
oc-smooth muscle actin, (C) Time-lapse im-
ages of a cell that contracts in response to an-
giotensin II. Bone marrow—derived cells that
adhered to collagen type IV were cultured in
the differentiation medium for 7 days. Then,

the cells were replated and then exposed to
10 nmol/L. of angictensin II. Representative
sequential images are shown (total recording
time was 1 minute and 27 seconds, Quick-
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were found in the cells as long as determined by the ex-
pression of pancytokeratin (Fig. 4B1 and B7), RECA1
(Fig. 4B2 and B8), and factor VIII (Fig. 4B3 and B9).
Although a small rumber of round Cd11b-positive leuko-
cytesexisted (Fig. 4B5 and B11), they were rather remark-
able in the mesangial culture (passage 3). The stellate
cells in the differentiation medium clearly expressed cel-
lular fibronectin (Fig. 4B4 and B10) and e-smooth muscle
actin (Fig. 4B6 and B12), which highly resembled cultured
mesangial cells.

Contraction of cultured bone marrow cells in response
to angiotensin I1

Mesangial cells in vitro have some characteristics that
include stellate shape in culture and contraction in re-

01:27

Time movie is available upon request). Time
is indicated as min:second. Angiotensin IT was
added at 00:10.

sponse to vasoactive peptides such as angiotensin IT and
vasopressin [27]. As shown in Figure 4C, angiotensin
Il induced dramatic contraction of the stellate cells.
ATj-receptor antagonist, CV-11974, completely abol-
ished this effect of angiotensin II, and vehicle alone had
no effect on the cells (data not shown). Following the
video recording, the stellate cells that confracted in re-
sponse to angiotensin II were fixed and stained. Finally,
they were confirmed to express Thy-1** or Thy-1* and
desmin (data not shown).

In vivo differentiation of bone marrow cells
into mesangial cells

Our in vitro experiments revealed that PDGF-BB
might play a role to convert bone marrow-derived cells
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into mesangial cells or at least into cells with mesangial
properties. In order to examine the relevance of PDGF-B
in vivo, human PDGF-B gene was transiently overex-
pressed in the left kidney of bone marrow chimeric rats
by using the electroporation technique. This technique al-
lows us to introduce a gene of interest mainly in glomeruli
when the gene is administered via the renal artery [23].
Since normal glomeruli express collagen type IV, PDGF-
transfected glomeruli would produce a condition at least
partly mimicking the in vitro culture condition in the
differentiation medium. One week after the electropo-
ration, proliferation of mesangial cells in response to

Fig. 5. Effects of the overexpression of
human platelet-derived growth factor-B
(PDGF-B) on glomeruli of chimeric rats.
(A) Immunoblot analysis is shown. Protein
extract obtained from mock-transfected kid-
neys or human PDGF-B-transfected kidneys
was subjected to immunoblot analysis to see
the expression of human PDGF-B. The arrow
indicates PDGF-B. (B) Paraffin sections were
stained with anti-GFP antibody (brown).
Then, the sections were counterstained with
bematoxylin-eosin  (x400). PDGF(-) is
mock-transfected kidneys (vector alone);
PDGF(+) is PDGF-transfected kidneys.
The inset shows representative brown
cells with a higher magnification, which
is indicated by yellow arrows. {C) Fixed
frozen sections were stained with anti-Thy-1
antibody (red). Enhanced green florescent
protein (EGFP) provides green (x400).
Bone marrow—derived Thy-1-positive cells
provide yellow color. Representative cells are
indicated by yellow arrowheads. PDGF(-)
is mock-transfected kidneys (vector alone);
PDGF(+) is PDGF-transfected kidneys. (D
and E) Fixed frozen sections prepared from
PDGF-transfected kidoeys were stained
with  apti-monocyte/macrophage  (ED1)
antibody or anti-CD435 antibody followed by
Texas Red-conjugated secondary antibody
(red). EGFP provides green. Glomeruli
are surrounded by gray arrowheads for the
reference. (D), EDI; (E), CD45. White

_ arrowhead and arrow indicate ED1YEGFP*
cell and CD45TEGFP* cell, respectively
{(x400). ‘

Fig. 7. Effect of the neutralization of human
platelet-derived growth factor-B {PDGF-B)
frozen sections were prepared from PDGF-
transfected kidney with or without the neu-
tralization by PDGFR/Fc and were stained
with anti-Thy-1 antibody (red). Representa-
tive images are shown. (A) Human PDGF-
B-transfected kidneys. { 8) Human PDGF-B-
transfected kidneys with the neutralization by
PDGFR/Fc {x400).

overexpressed PDGF-B was compatible with our pre-
vious report that exogenous PDGF-B gene induced
mesangial proliferation when transfected to glomeruli
by hemagglutinating virus of Japan (HVJ) liposome
(Fig. 5B)[20]. The increase of bone marrow-derived
Thy-1* cells (Fig. 5C, yellow cells) was observed in the
PDGF-transfected glomeruli without significant infiltra-
tion of macrophages or CD45" blood cells (Fig. SD and
E). These cells were identified as bone marrow-derived
mesangial cells according to our previous methods {8].
Each glomerulus had a quite different yet significant
number of bone marrow—derived mesangial cells, which
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Fig. 6. Number of cells in platelet-derived growih factor (PDGF)-
transfected glomeruli of chimeric rats. (A) The number of glomeru-
lar cells was counted by staining nuclei of frozen sections with 4, 6
diamidino-2-phenylindole (DAPI). The results are shown as mean +
$D after 50 glomerular sections were counted. Lane a is mock-
transfected kidneys; lane bis human PDGF-B-transfected kidneys; and
lane ¢ is human PDGF-B-transfected kidoeys with the neutralization
by PDGFR/Fc. SB) The numbers of enhanced green florescent protein-
positive (EGFPY )-glomerular cells (m) and EGFP* Thy-1*-glomerular
cells (0) were counted. The results are shown as mean = SD after 50
glomerular sections were counted. Lane a is mock-transfected kidneys;
lane b is buman PDGF-B-transfected kidneys; and lane ¢ is human
PDGF-B-transfected kidneys with the neutralization by PDGFR/Fc.
Statistical significance was analyzed by f test, and is designated by as-
terisks (*P < 0.05, **P < 0.01).

presumably reflected the different transfection/express-
ion level of human PDGF-B among the glomeruli (Fig. 6).

When a PDGF-neutralizing molecule, PDGFR-}
ligand-binding domain fused with IgG-Fc was overex-
pressed in the skeletal muscle of the hindlimb of the
chimeric rats 24 hours prior to the introduction of human
PDGF-B, the increase of bone marrqw—derived Thy-1*
cells were prevented (Figs. 6 and 7).

DISCUSSION

We demonstrated here that bone marrow—derived cells
can differentiate into mesangial-like cells in response to
PDGF-BB, retinoic acid, and collagen type IV in vitro.
These cells were identified mainly by the expression of
Thy-1 and desmin, and by the appearance. Bone marrow—
derived Thy-1t*/desmin* cells seemed more mesangial-
like because they were stellate and contracted in
response to angiotensin II. We, however, could not con-
clude that bone marrow-derived Thy-1/desmin-double
positive cells were equal to cultured mesangial cells at
least in terms of the expression level of Thy-1 (Hg. 2).
Although about half of the cultured mesangial cells ex-
press both Thy-1 and desmin (Fig. 3), most of them
seemed to be Thy-17 but not Thy-1** (Fig. 2). At the
present moment, we do not know the detail of what
makes the difference between Thy-17/desmin™ cells and
Thy-1**/desmin™ cells, or how different their properties
are. Because both types of cells were observed even in
cultured mesangial cells, the expression level of Thy-1
in culture might not matter as a property of mesangial

cells. Uncharacterized cells such as fibroblasts also ex-
isted in the bone marrow culture, Probably, the expected
percentage of mesangial stem/precursor cells in the bone
marrow culture must be lower than the percentage of
Thy-1**+/desmin® cells.

We also found that PDGF-B whose local concentration
was increased by an in vivo gene transfer technique pro-
moted the integration of bone marrow—derived mesan-
gial cells in the glomeruli. These in vitro and in vivo data
strongly support our previous result that bone marrow
is a reservoir for mesangial cells {8], and highly suggest
that PDGF-BB is an important factor for the differenti-
ation. Various types of cells were produced in the differ-
entiation medium, which is reminiscent of the fact that
a single factor can induce differentiation of embryonic
stem cells in vitro but produce a heterogeneous popula-
tion [28]. Reportedly, effects of PDGF on cells seem to
be modified by environmental factors. Functions of the
PDGF-B/PDGFR-B system depend on microenviron-
ments. The function served by the PDGF-B/PDGFR-p
system in the reactive connective tissue formation is dis-
sociated from that served during development of meso-
dermal lineages [29, 30]. PDGF (1 to 25 ng/mL} is shown
to facilitate proliferation of bone marrow stromal cells,
which are expected to comprise mesenchymal stem cells
[31, 32]. However, although small yet significant amount
of PDGF must be provided by FCS, horse serum and/or
chicken embryo extract in the growth medium of our
experiments, the medium did hardly convert bone mar-
row cells into mesangial-like cells. We used 200 ng/mL
of PDGF-BB in the differentiation medium. Taking the
effect of in vivo PDGF-B overexpression into considera-
tion, we may assume that the conversion of bone marrow-—
derived cells into mesangial-like cells required higher
concentration of PDGF. It is also possible that unknown
factors that are included in FCS or chicken embryo ex-
tract in the growth medium interfere with the action of
PDGF-BB.

It is not known yet whether human PDGF-B that was
overexpressed in the rat glomeruli reached the bone mar-
row and induced the recruitment of stem cells. Itis rather
unlikely. Currently, we think that the following hypothesis
is more plausible. Bone marrow—derived stem cells in cir-
culation lodge in the interstitial area of the kidney. Then,
in response to PDGF-BB that is locally up-regulated,
the cells are recruited to glomeruli and are promoted to
become mesangial cells. PDGF might function both as a
chemoattractant within a short distance and as a differ-
entiation factor, which remains to be clarified. We identi-
fied bone marrow—derived mesenchymal cellsin the renal
interstifum of bone marrow chimeric rats [7, 8]. Stem
cells with mesenchymal multipotency are shown to en-
ter the circulation [33). Experiments to prove whether
functional bone marrow—derived stem cells reside in the
kidney are currently under way.
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Microenvironment mentioned above includes matrix
proteins. In this study, we fractionized bone marrow cells
by serial replating in combination with collagen types I
and IV. Collagen type IV was chosen because it is the
major matrix protein of the normal mesangium and pro-
tects cultured mesangial cells from apoptosis while col-
lagen type I that is overexpressed in diseased glomeruli
does not promote the survival of mesangial cells [34].
Differential adhesion to substratum or matrix seems to
be a useful approach to separate mesenchymal stem cells

- from differentiated cells. Lee et al [24] purified cells with
mesenchymal multipotency from skeletal muscle by serial
replating onto collagen type I-coated dishes. Cells with
similar characteristics are also obtained from the bone
marrow [35). It is premature to say that the lower affin-
ity to specific matrix proteins is a definitive trait of tissue
stem cells in vitro. Nevertheless, the trait seems to be
favorable if bone marrow-derived stem cells are re-
cruited to the glomeruli in vivo.

The most primitive hematopoietic stem cells are
CD34~. Recently, murine hematopoietic stem cells that
do not express CD34 differentiate into mesangial cells
in vivo [36]. However, it is reported that both CD34%
and CD34" stem cells can convert to CD34* and CD34*
cells, respectively [37, 38). Another type of stem cells in
the bone marrow, mesenchymal stem cells, can give rise to
multiple mesenchymal components such as chondrocytes,
osteoblasts, and myoblasts [6]. This type of stem cells be-
longs to bone marrow stromal cells that produce various
growth factors and also interact with hematopoietic stem
cells at intercellular level [39]. Mesenchymal stem cells
make an adherent monolayer of fibroblast-like cells on
plastic dishes, and therefore lock different from classical
hematopoietic stem cells. Interestingly, plastic-adherent
CD34-/1°% hematopoietic stem cells can produce both
CD34* cells with hematopoietic activity and cells with
mesenchymal plasticity [40, 41]. At the present moment,
we have no data to tell what type of cells, CD34% or
CD34-, was converted into mesangial-like cells in vitro.
Reyes and Verfaillie {42] and Jiang et al [43] have recently
established multipotent adherent cells from bone marrow
of human, mice, and rats. The cells, called multipotent
adult progenitor cells, can proliferate without senescence
in vitro and can contribute to all three germ layers in vivo,
including hematopoietic lineage. After all, it seems to be
difficult to distinguish stem cells with mesenchymal mul-
tipotency from the most primitive hematopoietic stem
cells.

The significance of all-trans retinoic acid was uncer-
tain. Basically, vitamin A plays indispensable roles for the
nephrogenesis [44], and high concentration of all-frans
retinoic acid induces the in vitro formation of pronephros
from the animal cap of Xenopus eggs [45]. All-trans
retinoic acid enhances the ex vivo maintenance of long-
termn repopulating stem cells [46], and stimulates tran-

scription of PDGFR-«x in a certain type of cells [47).
However, there was no significant change in the number
of bone marrow-derived Thy-1* cells in the glomeruli
even when all-trans retinoic acid (10 mg/kg) was subcuta-
neously administered for 7 days from the day of the elec-
troporation (data not shown). Although endogenously
produced all-frans retinoic acid might be sufficient, we
have no answer yet.

Events of cell fusion should be considered especially
when one performs fate mapping of given cells. Y chro-
mosome fluorescent in situ hybridization (FISH) might
be useful to detect the fusion when applied in combi-
nation with cells that are simultaneously labeled with
other methods. Masuya et al [36] successfully performed
Y chromosome FISH to exclude cell fusion in their
male-to-male transplantation mice. They concluded that
hematopoietic stem cell-derived mesangial cells in vivo
are not due to fusion of two cells because only a single Y
chromosome can be detected in EGFP* intraglomerular
cells. However, at least in rats, we failed to obtain con-
vincing signals by the combination of FISH and EGFP
staining, Instead, our data that significant number of bone
marrow—derived cells can be converted into mesangial-
like cells in vitro under the specific condition strongty
support that the generation of bone marrow-derived
mesangial (-like) cells resulted from differentiation, not
from the event of cell fusion.

CONCLUSION

We have successfully converted rat bone marrow—
derived cells into mesangial-like cells, which share sev-
eral properties with mesangial cells Qur in vitro and in
vivo data indicate that PDGF-B plays a critical role to
orchestrate the event.
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Relationship between tonsils and IgA nephropathy as well as
indications of tonsillectomy. 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 IzAN and poly-
meric IgA1 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 encugh and may
not change the prognosis in IgAN patients with marked renal
damage.

Immunoglobulin A nephropathy (IgAN), that is,
nephropathy with mesangial IgA-IgG deposits, was first
reported 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 immunohistologically 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 conditicn 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 lymphceytes in
patients with IgAN is mainly polymeric IgAl, about half
of patients with IgAN their serum IgA levels increase
[16] and tonsillectomy decreases the levels of serum IgA,
suggesting 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 tonsils, 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 mesanginm were at least in part
of tonsillar origin, and present the indications of tonsil-
Iectomy 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 onesin
four types of tonsils in human beings. Histologicaily, tonsil
tissues consist of four well-defined microcompartments,
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Fig. 2. Histologic structure 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-
munchistochemistry 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 tonsiilitis show that the percentage
ratios of IgG1:IpG2:1gG3: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 organs. They contain pre-
cursors of dendritic reticulum cells and Iymphoid 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 uvltimately 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
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Table 1. Difference of tonsils with {+) and without (=) IgA

nephropathy (IgAN)
Reference

Characteristic of tonsils IgAN(+) IgAN(-) number
T cell area (T nodules) Expanded Not expanded 29
Reticulization of crypt Reduced  Not reduced ki

epithelium
IgA cells:lgG cells >1 <1 32-34
Polymeric IgA cells Increased Not changed 3234
Polymeric IgA:IgA Increased Not changed 35
Follicular dendritic cells IgAl+ IgAl— 36
J chain mRAN-positive cells  Increased Notchanged 37
Adhesion molecules CD31, Increased Notchanged 38

CDs4
CD5+ B cells Increased Not changed 39

signals, but also on the expression of various complemen-
tary adhesion and costimulatory molecules [19]. In addi-
tional, Mitogen-triggered T cells from tonsils produced
both of Thl- and Th2-type cytokines, clearly exhibit-
ing their pluripotentiality for support of cell-mediated
and antibody responses. The antigen-specific T cells pro-
duced interferon-gamma (INF-y) and lower levels of
interleukin-5 (IL-5). These results suggest that tonsils
of the nasopharyngeal-associated lymphoreticular tissues
represent a distinct component of the mucosal-associated
Iymphoreticular tissues with features of both systemic
and mucosal compartments [20],

DIFFERENCE OF TONSILS WITH
AND WITHOUT IgA NEPHROPATHY

There are significant differences in histologic structure,
proportional ratios of cells, and cell adhesion molecules
in tonsils with and without IgAN (Table 1).

Difference of tonsillar histologic structure

The enlarged primary T nodules in tonsils, which are
defined as sum of the small areas of accurnulating T lym-
phocytes and apparent nodule, composed predominantly
of small T lymphocytes, were a characteristic feature of
tonsils in patients with IgAN. Most T nodules in pa-
tients with IgAN were enlarged, especially in younger
patients, and a few T nodules contain high endothelial
venules and nonlymphoid cells. In contrast, T nodules
in patients with habitual tonsillitis do not expand, and
nonlymphoid cells and high endothelial venules are dis-
tributed peripherally around the nodules [29]. The basic
structure and functional unit of reactive lymph nodes is
composed of two separate T nodules and B-lymphoid
folticles. These composite nodules play a major role in
the triggering, helper T-cell-dependent stimulation and
subsequent maturation of antigen-responsive B cells into
antibody-secreting plasma cells [30]. With regard to his
relationship between T-cell and B-cell domains, the en-
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larged primary T nodules reminds us that extrafollicular
maturation of the stimulated B lymphocytes into plasma
cells may occur more frequently in the tonsils of patients
with IgAN than in patients with habitual tonsillitis An-
other study demonstrated abnormal reticulization of ton-
sillar crypt epithelium in patients with IgAN. Tonsils of
controls with recurrent tonsillitis or tonsillar hypertro-
phy showed well-developed reticular crypt epithelia with
lymphoepithelial symbiosis, and the nonreticulated area
was less than 7% of the total crypt epithelia per overall
section. In IgAN tonsils, however, nonreticulated crypt
epithelium was frequently observed and, in the advanced
stage of I[gAN, exceeded 50% of total crypt epithelia [31].

Difference of tonsillar cells

Primary IgAN is characterized by renal deposits of
polymeric IgA (J chain-positive), the origin of which is
not confirmed, yet. The study by Bene et al [32] showed
that in controls with recurrent tonsillitis, IgG secreting
cells were predominant (IgG secreting cells 65% and
IgA plasma cells 29%), while in the IgAN patients, the
plasma cells percentages was of an inversion (IgG 37%
and IgA 56%). This increment in the IgA population was
paralleled by an augmentation of the number of dimeric
IgA secreting cells (75% of IgA plasma cells), stained
both for cytoplasmic IgA and J chain [32)]. The study by
Nagy and Brandtzaeg [33] and a later multicenter study
by Bene et al [34] also demonstrated a similar result. In
additional, after 7 days of culture with pokeweed mito-
gen, the percentage of tonsillar cells producing polymeric
IgA issignificantly higher in the IJgAN patients thanin the
controls suffering from chronic tonsillitis [35]. The IgAl
subclass was found in follicular dendritic cells (FDC)
of the tonsil of IgAN patients, but not in FDC of non-
IgAN controls. On the other band, IgA2, IgG, IgM, and
C3 did not show any differences in distribution between
the two groups [36]. In situ hybridization (ISH) study
for the detection of J chain mRNA within IgA plasma
cells revealed J chain mRNA-positive cells were identi-
fied in germinal centres, and within the subepithelial and
interfollicular zones of tonsils. Combined immunofluo-
rescence and fluorescent ISH showed a greater propor-
tion of J chain mRNA-positive interfollicular IgA cells in
the patient tonsils compared with the controls. In addi-
tional, the finding of excess numbers of J chain-positive
IgA-negative cells was found within germinal centers of
tonsils in IgAN patients [37]. These results demonstrate
immune abnormalities within the tonsil as a central fea-
ture of abnormal polymeric IgA biclogy in IgAN, which
is in keeping with the hypothesis favoring a tonsil origin
for the mesangial IgA present in their kidneys.

Abnormalities in the partition of IgA- and IgG-
producing cells in the tonsils of patients with IgAN have
been suggested to result from a dysregulation of cell
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trafficking and homing through high endothelial venules
in this lymphoid tissue. Study demonstrated a significant
enbancement of cell adhesion molecules, CD31 and
CD54, expression on high endothelial venules of tonsils
from patients with IgAN compared with controls [38].
In additional, the number of CD5* B cells isolated from
the tonsil germinal centers of IgAN patients is increased.
These CD5* B cells are likely IgAl antibody-producing
cells. Moreover, these CD5" B cells show a reduced sus-
ceptibility to Fas-mediated apoptosis [39).

RELATIONSHIP BETWEEN TONSILLAR IgA
AND GLOMERULAR IgA

Both IgA produced by tonsil cells and IgA deposited
in glomernlar mesangium with IgAN are mainly J chain-
positive polymeric IgA [35, 37, 40, 41]. Studies demon-
strated they were consistent in some cases The antibodies
eluted from renal tissues of patients with IgAN specifi-
cally bound with the nuclear regions of tonsillar cells.
The binding of eluted antibodies and tonsillar cells was
completely inhibited by the addition of antihuman IgA
antisera, but not inhibited by human IgA myeloma pro-
teins. The eluted antibodies bound with tonsilfar cells
from the same patients, but only 10% of them bound
with the tonsillar cells obtained from other patients with
IgAN. This result suggests that IgA antibodies deposited
in glomeruli specifically bind with tonsillar cells obtained
from patients with IgAN [42]. The study by Tokuda et al
[43] offered another evidence of binding of IgA produced
by tonsillar B lymphocytes to the glomerular mesangium
of IgAN. They first made heterohybridoma cells of hu-
man tonsillar B Iymphocytes from IgAN patient with
mouse myeloma cells and cultured them. The culture
medium was analyzed by Western blot analysis using an-
tihuman IgA antibody, and both IgAl and IgA2 were
demonstrated to be produced. The specimens of the biop-
sied kidney tissue of IgsAN were washed with 0.02 mol/L.
citrate buffer (pH 3.2) to remove deposited IgA from
glomerulus. The specimens were then incubated with the
culture media of hybridoma cells, and immunofluores-
cence analysis using fluorescein isothiocyanate (FITC)-
conjugated antihuman IgA antibody was performed. The
result demonstrated that IgA deposit was efficiently re-
moved by washing with citrate buffer and was recovered
after incubation with the culture medium of hybridoma
cells [43].

TONSIL STIMULATION AND IgAN
Method and judging criteria of tonsil provocation test

The methods of tonsil provocation test include direct
orindirect tonsil stimulation using Tonsil Provocator pro-
ducing an ultrashort wave (each tonsil for 5 minutes), me-
chanical tonsil stimulation (tonsil massage, each tonsil for
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5minutes) and injecting hyaluronidase (2000 U/mL, each
tonsil for 0.5 mL) into tonsils. In general, four criteria are
used to judge the results of tonsil provocation test. Any
one of four criteria positive is regarded as tonsil provo-
cation test positive: (1) an increase of white blood cell
count over 1200/mm? after 3 hours; (2) an increase in
body temperature over 0.55°C after 15 minutes; (3) en-
hancement of erythrocyte sedimentation rate over 12 mm
after 1 hour; and (4) worsened skin eruption or deterio-
ration of urinary findings after 3 hours, which is defined
as urinary protein increased by more than 30 mg/dL or
erythrocyte count in the sediment increased by more than
10/hpf, as compared with that before the test [44, 45].

Effect of tonsil stimulation on IgAN

Although the pathogenesis of IgAN still remains un-
certain, it is well known that IgAN patients often show
gross hematuria or deteriorated urinary findings after
upper respiratory tract infections such as tonsillitis, it is
supposed that tonsil inflammatory stimulation may be
related to IgAN. Masuda et al [46] reported that a ten-
dency of decreasing levels of serum complement com-
bined with an increase of CIC was cbserved within 1 week
after tonsil provocation test in severa! cases of IgAN as-
sociated with chronic tonsillitis [46]. Shiraishi et al [44]
performed the tonsil provocation test in 11 cases with pus-
tulosis palmaris et plantaris (PPP) and seven cases with
IgAN. Analysis of the provocation test proved positive
in three of 11 cases (27%) with PPP and in five of seven
cases (71%) with IgAN [44]. Yamabe et al [45] studied
effect of ultrashort wave stimulation of tonsils on uri-
nary findings in patients with IgAN. In 62 patients with
IgAN and 20 patients with other renal diseases, tonsils
were directly stimulated by Tonsil Provocator producing
an ultrashort wave to 40.68 MHz each tonsil for 5 minutes.
Forty (65%) of 62 patients with IgAN showed deteriora-
tion of urinary findings after the stimulation compared
with 6 (30%) of 20 patients with other renal diseases. The
deterioration of urinary findings was significantly more
frequent in IgAN than in other renal diseases. In addi-
tional, previous episodes of gross hematuria following
upper respiratory tract infections and the level of serum
secretory IgA were higher in IgAN patients with deteri-
oration of urinary findings after tonsil stimulation than
in those without deterioration [45]. Matsuda et al [47]
evaluated the effects of the mechanical tonsil stimulation
on the serum and urinary concentrations of macrophage-
colony-stimulating factor (M-CSF) in patients with [sAN
associated with chronic tonsillitis. The serum and urinary
levels of M-CSF in the groups with mild and severe IgAN
were significantly higher than those in the chronic tonsil-
litis group without IgAN. Enhanced urinary excretion of
M-CSF prolonged for 7 days after tonsil stimulation in
the severe IgAN group; in contrast, the urinary M-CSF



