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ZHWT S mutans BRO 7B UYL IR DNA 24 L7z, £ D%, comid
GBI RIN72 7 T A ~— % H W2 PCRIRHRICE T, FERICEBT
% enmBIn T DO EERET LT, £72. WBESNT= S mutans BRZE T
FIUCBIT 2277 URREOHIEZIToTc, SBICA Y 7 AT
— RO Z O TEEBIEARD I 21T - 72,

FE RS, mutansBROITEESRIT TeA BIERFE 84. 0% Td 0  fEFHE (84. 9%)
CIXIERRECTH 7208, cnm BBt S, mutans ORESTEESRIT 1gA
ROEREN 32. 1% ThH V., fEHEED 14. 0% & bl L THEIZERICHhMT
Toho72(K0.05), 6T, FHESNTE cnmBIsFGYE S, mutans BR
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Abstract

Background IgA nephropzthy (IgAN) is the most com-
mon primary chronic glomerulonephritis; however, its
precise initiating pathogenesis remains unclear. Strepto-
caceus nutans is a major pathogen of human dental caries.
S. mutans strains with the cmm gene encoding Com, a
collagen-binding protein, have been reported to contribute
to the development of systemic discases. However, the
contribution of S. metens with Com in the development of
1gAN has not been reported. The aim of this study was to
investigate the prevalence of crm-positive S. mutans in
IgAN patients and clarify the effects of cam-positive S.
mutans on the histological pathalogy of IgAN.

Methods We identified the czom gene In S. mutans isolated

in saliva specimens, which were collected from IgAN .

patients (# = 53) and control subjects (n = 50). We eval-
uated the collagen-hinding properties of S. mutans in I[SAN
patients and controls. The clinical parameters and histo-
logical scores were also assessed in IgAIN patients.

Results 'The rates of §. muans isolation in IgAN and
control groups were $4.0 and 84.9 %, respectively, not
significantly dfferent. cnm-positive strains were sigpifi-
cantly more prevalent in the IgAN group than in controls
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(32.1 vs. 140 %, p < 0.03). Wih regard to collagen-
binding assays, the binding rates of cmm-positive strains
were significantly higher in the IgAN group than in con-
trols (96.6 vs. 30.0, p < 0.05). In addition, the segmental
glomerulosclerosis scores were significantly higher in murjz-
pasitive patients with IgAN than in cnm-negative paticats
with IgAN (0.54 vs. 0.57, p < 0.05).

Conclusion  cnm-positive 5. mutans strains are potentially
associated with the pathogenesis of IgAN.

Keywords IgA nephropathy - cmwm - Collagen-binding
protein . Streprococcis mutans ‘

Introduction

IgA nephropathy (IgAN) is the most common primary
chronic glomerulonephritis worldwide and it is known that
approximately 3040 % of JgAN paticnis progress 1o cnd—
stage kidney disease within 20 years (1, 2. Various treats
menis  (renin-angiotensin  inhibitors, corticosteroids,
immunosuppressive agents, tonsillectomy, efc.) have been
attempted to improve renal outcomes in IgAN. However,
there is no disease-targeted treatment for IgAN [3] because
the mechanism of pathogenesis remains unclear. It is well
known that IgAN patients often mavnifest a deterioration of
macroscopic hematuria in upper respiratory infections such
as tomsillitis [4]. Some bacteria were reported to be the
source of the initiating antigens or are involved in the
pathogenesis of IgAN {5-7]. Periodontitis-related bacteria
were also suggested to be associated with IgAN 3L
Streptococcus mulans, a gram-positive oral steeptacoc-
cal species, is known to be a major pathogen of human
dental caries [9). An association between §. mutans strains
and infective endocarditis is also recognmized [i10]. 5.
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mutans stains with the cnme gene encoding Cam, a colla-
gen-binding protein, exhibit bacterial binding ability to the
extracellular maitix which may be a possible virulence
factor in infective endocarditis [10]. Recent studies also
revealed that §. mutans is associated with other systemic
diseases such as ulcerative colitis [9} and cerebral aneu-
rysm rupture [11]. These results indicated that infection of
cm-positive 5. mutans were significantly more prevalent
in the oral cavities of discase groups than in control groups
using human saliva specimens. Potential virulence of crmn-
positive S. mufans using rodent models was also demon-
strated {9, 11].

On the other hand, the relationship between S. mulans
and IgAN has not been reported. We now hypothesize that
crm-positive S. mutans might be associated with IgAN.
Here, we collected human saliva specimens aad evaluated
the prevalence of cnm-positive §. #nttans with histological
lesions.

Materials and methods
Subjects and clinical specimens

The subjects were IgAN paticnts who arc outpatients of
Seirei Hamamatsu General Hospital and control volunteers.
IgAN patients were confirmed by renal biopsy in the past.
The histological diagnosis was based on light microscopy
and immunohistochemistry findings. Paticnts who had
secondary IgAN diseases, such as IgA vasculitis or lupus
nephritis were excluded in this study.

Age-tnatched control subjects were confirmed to have
pormal kidney function (serum Cr < 1.2 mg/dl, no pro-
teintria, no hematuria), no medicine taken regularly and no
history of any other discases, such as diabetes mellitus,
hypertension, stroke, heart failure, rheumatoid arthrids,
liver disease, gastrointestinal disease or anemia. All of the
specimens were collected from October 2013 to April
2014, A total of 53 expectorated saliva specimens from
IgAN patients (IgAN) and 50 saliva specimens from con-
trol subjects were collected.

Nonstimulated expectoraled whole saliva was collected
from each subject in a sterile plastic tube and stored at
~20 °C. :

Clinical data Jurinary protein excretion, urinary occult
blood, serum creatinine, estimated glomerular filiration rate
(eGFR) and serum IgA] from TgAN patients were evaluated
at the time of collecting saliva specimens, and clinical data
from controls were collected during routine medical
checkups within 1 year.

We cvaluated urinary profein excretion and urinary
occult blaod by dipsticks (0, &, 14+, 2+, 34+ or 4+) and

v Springer

assessment was made by US-3100R plus (Eiken Chemical
Co., Tokyo, Japan).

S mutans strains were isolated and confirmed by the
method previously described [12]. Brefly, saliva speci-
mens collected in sterile PBS were diluted and streaked
onto mits salivarius (MS) agar (Difco Laboratories,
Detroit, Mich.) plates containing bacitracin (0.2 Ufml;
Sigma Chemical Co., St. Louis, Mo.) and 15 % {wt/vol)
sucrose. Five colonies from each specimen were randomly
chosen on the basis of rough colony merphology. Genomic
DNA was then extracted from each strain and PCR wag
performed to confirm 8. mutanys identity using S. ‘mutans-
specific sets of primers (forward, ¥-GGC ACC ACA ACA
TTG GGA AGC TCA GTIT-3; reverse, 5-GGA ATG GCC
GCT AAG TCA ACA GGA T-3'), as described previously

{!3‘! PCR wag z2lso nernrmﬂd to detect r-;mz-nnmteve:

strains using cnm- qpeciﬁc sets of primers (forward, 5 -GAC
AAA GAA ATG AAA GAT GT-3'; reverse, 5-GCA AAG
ACT CTT GTC CCT GC-3"), as descrbed previously [11].

Collagen-binding assay

The collagen-binding properties of S muians from samples
were evaluated according to the method described by
Waterhouse and.Russell [14], with some modifications as
described previously [15). Briefly, Type I [type I-collagen
in 0.25 M acetic acid; Sigma Chemicals Co., St. Louis,
MO, USA] or type IV collagen (Celimatrix Type IV; Nitta
Gelatin Inc., Osaka, Japan) were coated onto 96-well tissue
culture plates (Beckton Dickinson) and incubated over-
night at 4 °C. The plates were then washed three times with
PBS and blocked for 1.5 h with 5 9% BSA in PBS at 37 °C.
Next, the wells werc washed again with PBS containing
0.01 % Tween 20. Cells from overnight cultures of 5.
mutans grown in brain heart infusion broth (Difco) were
collected by centrifugation and added to the wells after thie

 bacterial numbers were adjusted with PBS. After 3 h

incubation at 37 °C, adherent cefls were washed threc
times with PBS and fixed with 200 pl 25 % formaldehyde
at room temperature for 30 min. After another three washes
with PBS, the adherent cells were stained with 200
0.05 % crystal violet (Wako) in waler for | min and
washed three times with PBS, The dye was dissolved by
adding 7 % acetic acid (200 p!) before determining the
Asgs. The results for each sirain were expressed a8 a per-
centage compared to the binding properties of 3. mutans
TWE71, which was defined as 100 %.

Histological studies

The Oxford classification was propased by the Working
Group of the Intemational IgA Nephropathy Network and
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the Renal Pathology Society and has gained worldwide
acceptance [16]. Oxford classification of IgAN includes
four pathological variables: mesangial hypercellularity
(MO/M1t  lesion), segmental glomemlosclerosis (S0/51
lesion), endocapillary hypercellularity (EQ/E1 lesion), and
tubular atrophy/interstitial fibrosis (TOTI/T2 lesion) [17.
18], that independently determine the risk of developing
progressive renal disease [18, 19). We compared the renal
histology of cnm-positive and negative groups of IgAN
patients using the Oxford classification in a blind test

Ethics regarding subjects

This study was conducted in full adherence to the Decla-
ration of Helsinki, and study protocols were approved by
the Fthics Committee of Seirei Hamamatsu General Hos-
pital {148G) and Osaka University Graduate School of
Dentistry (H25-F24). Al subjects were informed of the
protocols ard gave their writien consent prior to partici-
pating in the study.

Statistical analysis

All results are expressed as mean + standard deviation
(8D). When a significant difference was found, further
statistical analysis was performed using Fisher's PLSD
test, the Mann-Whitney U test or Fisher's exact test

between two groups. The results were considered signifi-

cantly different at p < 0.05. All statistical analyses were
performed with the STATVIEW software (SAS Institute,
Cary, NC, USA).

Results
Characteristics of IgAN and control groups

Ar presentation, JgAN patients and control subject groups
were similar in distribution of age and sex. Urinary protein
excrction and urinary occult blood were significantly
greater in the IgAN group than in the control group. Renal
function {serum creatinine levels and estimated Glomerular
Filtration Rates (€GFR)] were significantdy lower in the
TgAN than contrel groups (Table ).

Frequency of S. muttans and crm-positive S, mutans
infection in TgA nephropathy patients and control
subjects

The rates of §. mtdans isolation in the IgAN and control
groups were 84.C and 84.9 %, respectively. cnm-Positive
strains were significantly more prevalent in the IgAN group

Table 1 Churacterstics of IgA nephroputhy paticuts aad control
subjects

Control IgAN paticats  p value
subjecis {n =53}
{1 = 50
Age (year, 387 % 08 386 % 13.2 097
mean &= 8D) ‘
Gender (M/F) 25/25 27726 10
% Urinury protein G 54.7 <0001
1+ or higher :
% Urigury cecult blood O 41.5 <0.003"
14 or higher )
Serum creatinine (mg/ 092 £ 0.16 .94 & 0.38 nme
dl; mean £ SD) ‘
eGFR (ml/min/ 882 £ 136 76.7 £ 266 0.0t
172 m3-
mean 3= SD)

* Statisticully significant

Tahle 2 Frequency of S. mutans wod com-expiessing 5. mutans
infection in IgA nephroputhy patients and control subjects :

Control - Is AN p valte
subjects paticats :
{n == 50 {n = 53)
S. mustans isoluated/total 84.0 4.9 1.00 -
subjects (%) :
cnm-positive S. muransftotal  14.0 321 0.04%
subjects {%)
cnm-positive S. mutansftotal 16,7 378 0.03"
S. mutuns isoiated subjects )
(%)

# Stutisticafly significant

thag in the control group (32.1 vs. 140 %, p = 0.04 of
total subjects, 37.8 vs. 16.7 %, p = 0.03 of total subjects
with §. mutans isolates) (Table 2). .

Analysis of the type I collagen-binding propertics

The binding rate was higher in the IgAN group than in the
control group but not significantly different (31.0 vs. 4.2,
p = 0.06) (Fig. 1a). The binding rate of cnm-positive
specimens was significantly higher in the IgAN group than
in the control group (96.6 vs. 30.0, p = 0.02) (Fig. Ib). We
also compared the collagen-binding properties of 8. mulans
isolated from cmmn-positive patients with IgAN and cam-
negative patients with IgAN, which showed that the col-
lagen-binding properiies were significantly higher in the
cnm-positive  patients  with IgAN than cam-negative
patients with TgAN (96.6 vs. 0, p < 0.0001) (Fig. 1c).

& Springer
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¥ig. 1 Anulysis of type I collugen-binding properties. a Collagen-
binding propettics in the IzAN group and the contral group did not
significantly differ (31.0 vs. 4.2, p = 0.06). h When we compared
enmepositive specimens of the IgAN group with cam-positive
specimens of the coatrol group, collugen-binding properties Were
significantly higher in the JgAN group than in control grotp (96.6 vs.
300, *p = 002). ¢ Collagen-binding properties were significantly
higher in the crm-positive paticats with IgAN thun in camrnegative
patients with [gAN (96.6 vs. (L **p < 0.0001)

Analysis of the type IV collagen-binding properties

The binding ratec was higher in the IgAN group than in
control group but not significantly higher (29.4 vs. 5.0,
p = 0.14) (Fig. 2a). The binding rate of cmm-positive
specimens was significantly higher in the IsAN group than
in the control group (91.5 vs. 35.5, p = 0.05) (Fig. 2b). We
also compared the collagen-binding properties of cum-
positive and cnm-negative patients with IgAN, which
showed that collagen-binding propertics were significantly
higher in the cam-positive patients with 1gAN than cnm-
negative patients with IgAN (915 vs. 0, p < 0.6001)
{Tig. 2c).
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Fig. 2 Anslysis of the type IV collagen binding propertics. a Calla-
gen-binding propettics i the IgAN group and the controt group did
not significantly differ (294 vs. 50, p = 0.14). b When we coinpared
crum-positive specimens of the IgAN group and enm-pasitive spec-
imens in the control group, the collagen-binding propertics were
significantly higher in the [gAN group than o the contral gronp (91.5
vs. 35.5, *p = 0.05). ¢ Collagen-binding properties werc signi ficundly
higher in the crm-positive paticnts with IzAN than in cam-negative
putients with IgAN (91.5 vs. 0, **p < 0.0001) :

A comparison between the cm-positive and enm-
negative groups with [gAN

The ages were significantly higher in cum-positive paticnis
(n = 17) than cnm-negative patients (n = 36}, whereas
cnm-positive patients and cmm-negative patients were
similar in distribution based om sex, urinary protein
excretion, urinary occult blood and serum IgA. No differ-
ence was observed between the two groups in the use of
ACE inhibitors, anamnesis by toasillectomy or steroid

. therapy or the durstion following kidney biopsy. In addi-

tion, enal function [serum creatinine levels and estimated
glomerular filtration rates (eGFR)] were lower in cumn-
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Table 3 Comparison between the cnm-positive and cam-negative
groups of IgA nephroputhy patients

‘Table 4 The analysis of the Kidney biopsy specimens of EgA
nephropathy patieats using the Oxford classification

chmt chm— p valie crumt chm— 7 velue
n=17) {n = 36} =15 {n = 30}
Age (year; meun + 8Dy 472 £ 137 3464110 <(.001° Mesungial hypercellutarity . .31 033 1.0
Gender (M/F) 107 17419 0.56 scofe
% Urinary protein 14 or 588 528 077 Segental glomerulosclerosis — 0.94 0.57 002"
higher : scaic :
% Usinury ocealt blood 35,3 454 0.57 Endocapillary hypercelluluity 038 0.30 0.74
1+ or higher score
Sertm crestinine (mg/ 106 & (.69 089 =051 0.30 Tubulur atcophy/interstitial 0.69 0.47 0.22
df; mean & SDY) . fibmsis score
cGFR {mifmin; 66.5 & 24.0 81.5 4 267 0.05 * Statisically significant
mean £ SD)
IgA (mg/dl; 3234 £ 1283 2943 £ 1065 036 1gAN patients harbor cn-positive S. mutens. In our pre-
mean 3 §D) vious studies, approximately 10 % of S. mutans straing
R”’?-} medication rate 88.2 718 0.47 were shown to possess collagen-binding properties due {0
Ai") . the presence of the cmm gene encoding the 120-kKDa cal-
mﬁf:;:o?ny e (%) 4L 41.7 a7 lagen-binding adhesion' (Cnm) [15, 20, 21]. The Com
Anuanesis of Steoid | 882 63.9 0.10 protein binds to iype T collagen of the extracellular matrix,
thesapy rate (%) ' ’ ’ which may be a potential virulence factor in several dis-
Duration from kidney  60.6 530 0.67 eases [9-11]. Therefore, we used type I collagen-binding

biopsy (month)

RAS-I repin-angiotensin system inhibitors
* Buuisticully significant

positive patients than cmm-pegative patients but not sig-
nificantly different (Table 3).

Analysis of kidney histology in IgA nephropathy

We could oblain 46 renal biopsy samples from 53 TgAN
patients and compared the renal histology of the crm-
positive (1 == 16) and cnm-negative (n = 30) groups of the
TgAN patients using the Oxford classification. It was shawi
that no difference was observed among the two groups in
the mesangial hypercellularity, endocapillary hypercellu-
larity and tubular atrophy/interstitial fibrosis scores, How-
ever, the segmental glomerulosclerosis scote  was
significantly higher in the cnm-positive group than in chm-
negative group (0.94 vs. 0.57, p = 0.02) (Table 4.

Discussion

This is the first study showing the distribution of S. mufans
strains with collagen-binding proteins in the oral cavity of
IgA nephiropathy patients. In this study, we found that crm-
positive 5. mutaits strains were significantly more prevalent
in IgAN patients than in contral subjects, though the fre-
quency of 5. smtans infection in TgAN patients was similar
to that of control subjects. Surprisingly, about 32 % of

assays to determine whether or not the cnm gene coded for
collagen-binding properties. We showed that the collagen-
binding rates for S. mutans stains were significantly higher
in the cnm-positive patients with IgAN than in the cum-
positive control subjects when we compared the two cum-
positive groups. This suggests that collagen-binding pro-
teins were expressed very weakly in control subjects cven
when harboring §. mutans strains containing the cnm genc.
In fact, coon mRNA expression was demonstrated to be
positively corrclated with the intensity of collagen binding
[15]. We alsc demonstrated that the collagen- binding
properties were significantly stronger in the S. rudgans
strains from cum-positive patients with IgAN than strains
from cnm-negative patients with IgAN. In addition, the
collagen-binding properties of strains from cam-negative
patients with IgAN was negligible. These results indicated
that the cnm gene is involved in collagen-binding in these
sirains.

IgAN is characterized by the predominant deposition of
IgAl in the mesangium area, and the extracellular matrix
proteins coosist of type IV collagen, fibronectin, etc., [22
231. Glomerular basement membranes (GBM) also consist
of type IV collagen [24]. Therefore, we investigated type
IV collagen-binding activities of the strains. These results
were similar to those using type I collagen-binding assays.
and regression analysis of type T and type IV collagen-
binding assays indicated R* = 0.84, p < 0.0001 (data not
shown).

We reported previously that emm-positive 5. nudans
binds to collagen fibers of endothelial celis or the extma-
ccliular matrix of cercbral arteries and this may aggravate
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hemorrhagic stoke in a rodent model [11} Collagen-
binding proteins arc associated nol only with collagen
binding but also adhesion to. and invasior of, artery and
vein endothelial cells [10]. Therefore, we suggest the
possibility that interaction between glomerular components
and crm-positive §. mfans might be important in aggra-
vating glomerulonephritis via a similar mechanism. Such
reporis indicated that “intravenous administration of S.
mtans into rabbits led to severe nephritis involving
glomeruli, tubules and interstitium [25, 26]. These lesions
involved immune complex-mediated inflammation. Albini
et al. [25] reported the observation of glemeruli with
documented diffuse endocapillary proliferative glomeru-
lonephritis accompanied often (65 %) by epithelial cres-
cents, and fibrin deposits with sclerosis evident in the
glomeruli of some rabbits. This model is distinct from that
of IgAN which has immune complex formation mainly in
mesangial areas; however, we congider that this model
might be helpful in understanding the mechanism involved
when we hypothesize that cnm-positive S. mutans is an
aggravating factor of IsAN and not the direct cause of
IgAN. Therefare, we expected that the endocapillary by-
percellularity scores following renal histology would be
significantly higher in the cnm-positive group. However,
we could not observe any differences among the bwo
groups in terms of endocapillary hypercellularity scores in
this study. We confirmed that the segmental glomerule-
sclerosis score was significantly higher in the cnm-positive
group than in crm-negative group by remal histology.
However, we do not have sufficient data to explain how
chm-positive S. mutans affects the induction of glomeru-
loselerosis at present. We need to clarify these mechanisms
in subsequent studies. These results may also indicate the
importance of c¢um-positive S. mutans infection in the
development of JgAN. -

Generally, 5. mutans is acquired in the mal cavity from’

mother’s saliva in early childhood {27]. We speculate that
individuals with en-positive S. muzans in their oral cavity
tend to develap IgAN. If this is the case, we should con-
sider how children minimize infection from cnm-pogitive S.
mmtans in their mother's saliva to prevent the omset of
IgAN. We cannot rationalize why age appears to be a
significant factor in the cnm-positive IgAN group com-
pared to the cwmr-negative IgAN group. In this swdy, we
collected specimens from outpatients in our hospital, so
there was a possibility that a cextain bias was invalved. For
example, stable IgAN patients were not included in these
studies. Thus, we speculate that 5. »uians strains might, in

part, have association with IgAN. Since this study was-

designed in a retrospective manner, there are some limi-
tations. Prospective and larger studies should be designed
to confirm these results. We also need to confirm whether
or not persistent stimulation by cmme-positive S. mulans
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infection will induce IgA nephropathy by using cxpcri:-
mentzal rodent models.

Conclusion

The distribution rate of S. mufens strains with collagen-
binding proteins in the oral cavity is significantly greater in
IgAN patients than in healthy controls, suggesting that
these strains are potentially involved in the mechanism of
IgAN development.
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Streptococcus mulans strains with collagen-binding protein may cause IgA-like

Taro Misaki', Shuhei Naka®, Ryota Nomura®, Taisuke Isozaki' and Kazuhiko Nakano®
'Division of Nephrology, Seirei Hamamatsu General Hospital, Hamamatsu, Japan,

*Department of Pediatric Dentistry, Osaka University Graduate School of Dentistry

ABSTRACT

Background: The precise pathological mechanisms of [gA nephropathy (IgAN) remain
unclear. It is known that 10-20% of healthy subjects harbor strains of Strepfococcus
mutans, a known pathogen of dental ‘caries, that possess Cnm, a cell surface
collagen-binding protein encoded by the cnm gene. Furthermore, it is widely accepted
that an associati(;n between S. mutans with Cnm protein and systemic diseases exists.
We previously found that the rate of cnm-positive S. mutans organisms isolated in saliva
specimens was significantly higher in an IgAN group as compared to the controls, and
reported those findings at ASN Kidney Week 2014 and in Clinical and Experimental

Nephrology in 2014.
Objective: The aim of this study was to investigate whether nephritis is induced by

Cnm-positive S. mufans strains inoculated into the oral cavity of a rat model of dental

caries.

Materials and Methods: Cnm-positive S. mutans strains (JD-17R, JD-52R, JD-74R)

were isolated from the oral cavities of 3 [gAN patients. Those along with MT81438, a
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standard oral isolate, were inoculated into the oral cavities of 2-week-old

. S

Sprague-Dawley rats fed a 56% sucrose-containing die
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strains were harbored in the oral cavity of each rat 1 week later. From 10 weeks of age,
findings of severe dental caries were confirmed in all rats. They were euthanized at 24
weeks of age, then kidney tissues were extirpated and stained with PAS, and

immunohistochemistry with the IgA antibody was performed for histopathological

Rgsults: Dental caries in nearly all of the rats were found extending to the pulp space,
which contains nerves and blood vessels. In rats harboring Crun-positive strains in the
oral cavity, mesangial cell proliferation was observed and immunochemical staining of '
the IgA antibody was seen in the para-mesangial area. However, no abnormal findings
were observed in extirpated kidnéy tissues from rats harboring MT8148 in the oral

cavity.

Conclusion: Our results indicate that Cnm-positive S. mutans strains harbored in the

oral cavity may cause IgA-like glomerulonephritis.
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