BHYIRRKERURSY =24
> NEEHEN QB < VY
SIERFWHIME NN g 2 HE
BEUVEROL KED T AK
TN KK "o T2
NS RE-DUSS KRR
R < Qe N
o N QIEREWE R e
P EIIE NN R E R e
HERHFBHE PS> mEE
(Zzomoco~ovaoa) KR
QR I° wmL veFiBon
SHNAR —RUVREWAE O RN
AKX PN REN~FROAR
HANAND—RREBELQR RN
NG P NLEKRUVERIVK 8
o R R K2 &R S
O O agse°

VOO HSWBRATBORLY
DWW A+ § cytotoxic T-lym-
phocyte-associated antigen 4
(CTLA-4) SE2xBERVRR
ANENNIgGl S ERRSER
ANLAmMP SN YN~
(CTLA4-1g) R¥LORR° ¥E
BRIBREGRERHCOAZ\BY
oo eE2He0ARVOHE
SO BRI @ # ) A B - EEENTEH

HEBWEBRPQ RPN~
& Phase 1 /I0; proof of concept
SNROKKERE—<md><
NBE(ZOHO ST ONS WD)
BN DR MEImER T NNy
BN a0 —SREVIVao
ol S WD v E-o i~

R REVHERS°

RS HBPERRE S FREEN
S BRKE W anti-MPO 1gG
A m3043 (lipopolysaccharide) ¥
$RIF YU 2 AL B IR AR s
R L EE CHa E DR ub
D7 BRIERA R SR S Bk
BRSNS SE R
QIR EIRR IR R W 5 50°
BChawW NAD—RRIBDEQ
Q@ H A I N RRE IR IR S )
REAE © BiNe I EE-U O WIRHE
HEVes” ERC KKV
WM R Y 5 e°

W4T AR PN QIR fSLE
KREERERKLO BnRCERY
R0 MEE QKR m &
W 500 MEECHIE RFwWE
)R REHRROEE Y
~ B-cell activating factor of the
TNF family (mR<tr)\ a proli-

feration=inducing ligand {(<g¢r«r=
) AR IR AL QK S RN
Ko 48 @ transmembrane acti-
vator and calcium-modulator
and-cyclophilin ligand interactor
(HOR) SRR NSRN-BER
AWM R 5Q°

1) Q40 LIS IR SRR UL
SEREEREK R wl” E

KRECERROERRHEVS

PEEROREB U QMR 0 g
S EOBEUPHIMOLS?
(HB iz HaN-)

DSz ik Cao
1) Hellmich B, et'al ::‘Ann Rheum:Dis
66 :1605,2007..-2) Jayne D, etal © N
Engl J Med 349 : 36, 2003. 3) de
Groot K, et al : Arthritis Rheum 52 ¢
2461,2005. 4) Jayne D, etal - J Am
Soc:Nephrol 18 12180, 2007.5) de
Groot K; et:al . ‘Annlntern Med 150
670, 2009..6) Hiemstra T, et.al :
APMIS Suppl 127 1 77,2009 [Abstract
A23].°7) Flossmann O, et al : Ann
Rheum Dis 681125, 2009.  8) Pag-
noux C, et al::NEngliJ Med 359
2790, 2008.9) Martinez V, et al . Ar-
thritis Rheum '58:308, 2008..10)
Walsh M, et al . APMIS Suppl 127 75,
2009 : {Abstract A18]. '11) Wegener's

Granulomatosis Etanercept Trial
(WGET) Research Group :.N.Eng! J
Med 352 : 351,2005.-12) Walsh'M, et
al' Kidney Int 67 : 1500, 2005. 13)
Jayne D, et al - APMIS 117 (Suppl
127)::3,:2009. 14) Jones R, et al:
APMIS Suppl 127.:.78,.2009 [Abstract
A24]. 15) Huugen'D, et al : Kidney
Int 71646, 2007.

SR

LAZ Q@A TN N
HEREROBEE RO zO«Ein
KOBRWIKR” wZzO< S
KRNI G XAl N PN QR Bg
HER RN G RO FES
SER LIHCHBIREW{(S
R B C SR ( ORL
CZOCH AN L —~NEP RN DN
KAYHS O 420 U O EEIWEE
&0

O o <z O <G
XU 24 SR in vitro 2 B Ese
< Z O« QREEEHIC KR
K RGO O LRI A
DR BN <20 R
Q I — R — 404 s ARI
FHREQUHERONLGH oo
o1 & Chapel Hill € Xiao 0= % S
AOKIE M D KANE S W IE O L

BARESEHE No:4472 (2010 £ 1 B9 H)

49

456




R0’ VeR HEBRWIK
WO V< Z O <ERK O K
WRHEPQEMN (B o~ o
=3 p38HEREHEN ST
S HHERIMN-49) R in vivo S #E
PRV K Y VRIINRT 1) S FEIEEK
L -oNEEA S 0 ° U208
e <zo<ciisok-120
E I R S B 4 B Ao @ 1L 18
S0 e” RO SIIEEBOERS
HRUMNQ R WP 480°
@I Z O <R RIIKSLQ
SV BER— X~ N8 Kain
& molecular mimicry (R-#E)
ROBIV RIZE WAL AN
S WEHE QS FimH -~ S o ifimuy
~ <t = A (lysosomal membrane
protein) ~ ‘R M QLRI EEHSR
T 5 UHEmONL° 1) QB
A O R MR L FimH
URPEESR REELEd
ERUBRRON A< S -
X240 1) VU M S SRR
EPRU 5028 Pa8e° o’
BRI mE MR R R K ©
B ERE - < Z g QIRH
BRIV VORKRFES 048
QS Bamen-d ZO<ERFH S

QAR S FEREIKN
O RDUCZ O RS %
RIKGWEROFULSD SO’
A on AR e QBRI <z ©
IR IR I S BRI O W
R
EEIEYORER RN LR
2@ neutrophil v M EE Q Rub&
TR O L° MBROKIER:
CAKURPREBELE0D N
D PN QEKRE LR e iy
RELLY <zo<8E¥URD
QPR E © SR B AT I R k4
O DA PN MER
EFRUENPRUT V&S mE
HORRPBHE W LRD m
BERBEO LR LR MR LR
EEB W

| R REfr<zo<E8iK
SHER LR S \v E{nERIN 240
Ao H N H AR~ O WD
TORKMPL BHRLKOEHOR
ECK | BURQOKKRIER
AW REESTE | BWEN
KRIVAOLBRERT 0GR
Noom e a NG Scapini OF
Hse HREHEain® oy
OV EEEHIRN (B lym-

phocyte stimulator ; BLyS) sv i
D W IR L K s R b s
HAREAWRT BLyS B S
REWERRD SHBI-BREE
RORNEEZ VMO v 5:0° 5V Q
" H-#-K © Hosino 0% 43 5
A O—Z O <R R E TS
A Q) A A = B g )
R0 - R D o
MR S © ) B 1 o 3K 4
Th17 B 2WERE=~ 0 1) WD
DT R BRI
A3 20 4o BT RN 1) 0 B B AP 4o
REBVERVORER KEE
MMUR SV-0EENQL°

QELOEHIB MY ORE
KRR U NE OS5 % Kidawan
B € LR 8\ S RIN-~Y
SVENC ER U HEER U iTls
Daha RIRREMRw o R W re-
view WL M {° <zO 4 2R e
BEW RO B U C5a i
UHoBMRVEEL0)VR
BURNM 50%° o VL«
Z O <RrR S EHIskiFE IR S\
PC3 O RMELEH VS0
RIEWR ELYPESE VoY
alternative pathway < ¥ s 2 5

SV ERDVRIBRCERVO WY
WS Dahatt” EHOH
KB LYY properdin
RREY N —UOVEBR OVE
¥ Q alternative pathway ‘& #23
2@ 1) AANIRER Q 20 N A KA
SRR O

@S O-=z O« YIRS
BRI UBRESH LRy
BLRRT WU BEIKOEE
FVCZOCRQREEBRE O
SERLI-00 5 1) U B ERRG Q
FBrRU) 0’ mi 01
K S ERERBHORFE RS
WEAINEDNDLY So-=
ZOIRERKEEUREOY 50
RS0 SinK © iR ume
DNBREREREv<ZzO<O
NANH ML= NOIWVERDDY, ¥
HER ORIASERVOWVIES &
Ewl 420 w40 BRI K L H
MR N o — QA R ER A 187
SAO-<ZUO<QEREHVE
REHOHHVERKCEREY
SEEMY O VBT @i
MR O THER © 28 ¢ vt Pk
WIPaLR IR O\ HmyU 2 4I°
ORIER PO = BRNN-RY '

50

BARESEHE No 4472 (2010 1B 9H)

457




'l [i]

(),

EREEHB VLS 0-<Zz0
<TH R ORI BEERERKVWEL Y &
WK BFEOWEENHUERR S
A O G AmA 0 1) A3 SR I
~ RSO ZINUDLHR
REY SEXRECEMEHILR
0 S A O Ot EXFHN BB E L
1o~ v SRR ER © AH v k-8 4 °
OBEK SITERIRHT P P
SHEBER W INRAWE 5 LIEE
BFEUYs” KREUENURS
FREEHK VS OEEEORR
1K g BRER © i BX S BRI D 4
@KEK - REREECHEBRER

HOB S~ <ERS ELXVES M

= - » = (macrophage-colony
stimulating factor)” —=1-%"
—-0” F 0 A~ (monocyte
chemotactic protein~1) 384K

BERHVER P SIBH - R

R G USIVE--Z0 SRIG 2. =) FEN
KA B b d 42°
@Debate B[ <z 0O <Rk &

HRRRRR ] VSR~ PP’

3 Bl Chapel Hill € Falk, A< »
™ Groningen € Kallenberg, ™ ™
N X - L =& Phillippe Lesavre &
HEVRKLON ERSRVY

Ao L3 LURMMBREIH X R 1K
S LA BRI U ez 0«
HHE Ba o BEERHE OB
O BRHAHREAN = DEHES
A o N AR R4S AU S BELE U
S42° TR BRCEVOY
HSEHEr Y O IMERIE K L o
Z O <R RWRMOJEET O
CERVEEECERHHERCH
BRVRIRAQ 1A &7 IRSK R
R KCER Y S O-<
Z.O <WEH LR @ 1) AU
RIDEQN ) ROCRE
EERHINEBROV<ZO <R
#3U R @ secondary autoimmuni-
zation @ B WEEE UK L°
O Q o<z O <R
B KRbes BEibe
Hipse EEXEHEiEdy ErEtiEghie
HHORIKEN QEE RS QI
HEOBEIKRREEDSVEERKL
R <z <SR SNEE
BB e SV QRE
RARINK G QBERRHOERINGS
HHONQUT HEKQHARIG
SEFKI S R RWEH XN R
A8 R F) AW RAEE YU O d°
(B-%Emt 1)

OmOs7 gt om0

1) Xiao H, et:aliJ:.Clin-lnvest. 110
955, 2002. . 2) Kain R, et al | Nat Med
141088, 2008..-3) Nathan C : Nat
Rev Immunol 6 1173, 2006, 4) Scapi-
ni-P.etal : JExp-Med 197 : 297,2003:
5) Hoshino A, et al .J Autoimmun 31
79,2008. '6) Schreiber A, et al . JAm
Soc Nephrol 20 :289,2009."7) Yoshi-
da'M, et al - Clin exp Rheumatol 27
$28,:2009.

L BVEN

IR OB - REMEURS
W FEBRESNRoOR HXK1
A SIEM-ICHR - ERHR 4
HORTEE © B {5 BV © HE R e
Xt MV OES TV
SR OM I RELDH R o
HRAIAN H — P N e H A K EEKgr
BEH VK ERPEEREG0 L
v S BB O mK Y SR
URAQRIEREW O L° IS
IR VK C SR SRR
ROT BRIEE - <ZO<ERES
i BT SR 5 4 R R
R OB ORI O
B ONERH OREH
S © M ORISR

AAORAL T NERKS |1 O
SSrO-<ZOCENSR A~
wni<! {enzyme-linked immunosor-
bent assay) 4 N~ R mEVE K
VRIS S S VRIBEEROE Y
MRLTO P 1) L4 RO
SERQ O 042 FIEREE © SRy
BoRe
DRDT W RAODL P N
PP VoM S HUNRERR
QUBEIRE O TR 1)
oMM RIBME N S %%
H s 0 bR e” MmO 40
A QIR EWE-D0 VS
o m oy < & (the European
league against rheumatism, BE
=D PR N <O (Ameri-
can college of rheumatology, ¥
E= D b)) o f-o i mim o
CHREREENRN cocowol
enmAS MR~ NA UL S
VRPN <O R
&8 - NEET - REBHE - N
£ Q4 (Development EULAR
/-ACR endorsed of points to con-
sider in the diagnosis, definition
and classification of systemic
vasculitis EULAR House, Ziirich;

HAREEHRH No4472 (2010 FE1 B9 &)

51

458




REFBELHEECRT 88

#2

FERERS BEERDLELT

BE-FTUvY J—EvF BEOMBLAOBERICOVWTOSER

2004 5

AE .
I (HSABARID

BROBIFREIC L2 BAEND
B, lG. B,

R,

FERA

B3

2004 5~ 2007 &

7N
]

A

BEOMEROEEICDOVTOH

EHE -y TUwY

2004 %
20055
2005

HEOHAREICLZARENORE
Watts, Scott DIREDEMEAD 7 7« 7

Bl

i}

IR,

BR

B
BEOMEXRDMEICDOVWTOER
12 [E ANCA 255

ILDOWTO

CINA TN D

THE

20054

e

HEOMTE I LD BRERODE

2351

(1=
R (EEXEE),

B,

20064
2007 &

£7.9
EL)

5

RO E IC LB MBREXAD
B LUBABRAOHE

Bl

EULAR/ACR D&% : New classification IcBd 555

PR

New classfication ICBI 9 2 X OFHESE

AA A Fallvk
AARA-FaUvk
AARA-Falyvk

20064
20084
20084
20094

EEER

Bd 550
New classfication ICRIT 1R RS

{5

New. classfication |

HEEERE

i

{59

{

New classfication LT 21RE4E ANCASRE

BULLEEERE

BRI

7 N

ADT—F

D OMEED = DB
New classfication (CET 2IRRE & FEBBE DR

=n,
=174

< KE - BAOIHIEOHE

2009 %
20094

TA4TTNMT 4T

March 3rd ~4th; 2008) ‘&
Myt () ° MK
SERR SR - HiKHEKS
AR L 18 i e
KOMKBEL - UK - RE
HAS A S FHER R S B
2 RRER O 240
5% WIS D
PR« Bty

b (TR o C I (RN e B
S M5 agre° OO RE
B0 O MO ORI RS
RS VO EUY” Ts
W VOV BRIV SS
SHELBE NS IKE S
O WVEERURC

B O QuUmm” =
X 240 v ERiEHE
i IR S SRS
VIR SRV
REFIR" ¥ [HHUL0
IS KM | WRENVR
B SRR i LI
UEPBEHG L L8R REAO
RN BIRERKER
(unclassified) BEERSR W 4%
SEE SNECUIE -
WP - CRB v RIE O L

1)) (definite, probable, possible)”
SHKHEER S #HR ww
BRI REQERI N WO
RESLIVVRS” SRRy
B A VORBEMBERUNXEN
SNRERE (“classification tree”)
UREN R4
RECHESERVBEIRKS D
MNP XUSe IREEQIIRS
OB R L A
AVREOR IS 0 42° QSR
BBl QLB ORENE
3 BINORS SREMEwE
R4 A0 495 AP0 2 42° 4
SHERMURLORY fENUD
PRV R QMR A80° 0L
NOMERCEIWQUBEKR L
BE - KE - MK CREERCH
BEUSoEREU LR SR
5407 Watts10O 6 O\ B ET
KRR S @< (european medici-
nes agency) R &
classification VB IXEN L0268
g (BKER)
OmOs7 R omo

1) Ite-thara T, et al . Clin Exp Rheuma-
tol 261027, 2008.

o
0

AAEEHI No.4472 (2010F1 B9 H)

459




NEWS & VIEWS

diffuse proliferative lupus nephritis. Chin. Med.
J.(Engl.) 118, 705-709 (2002).

4. Chan,T. M. et al. Efficacy of mycophenolate
mofetil in patients with diffuse proliferative
tupus nephritis. N. Engl. J. Med. 343,
1156-1162 (2000).

5. Ginzler, E. M. et al. Mycophenolate mofetil or
intravenous cyclophosphamide for lupus
nephritis. N. Engl. J. Med. 353, 2219-2228
(2005).

6. Chan,T. M., Tse, K. C., Tang, C. S. 0., Mok, M.-Y.
& Li, F. K. Long-term study of mycophenolate
mofetil as continuous induction and
maintenance treatment for diffuse proliferative
lupus nephritis. J. Am. Soc. Nephrol. 16,
1076-1084 (2005),

7. Moroni, G. et al. The long-term outcome of
93 patients with proliferative lupus nephritis,
Nephrol. Dial. Transplant. 22, 2531-2539
(2007).

8. Hill, G. S. et al. Predictive power of the second
renal biopsy in lupus nephritis: significance of
macrophages. Kidney Int. 59, 304-316 (2001).

9. Korbet, S. M., Schwartz, M. M., Evans, J. &
Lewis, E. J. Severe lupus nephritis:
racial differences in presentation and outcome.
J.Am, Soc. Nephrol. 18, 244-254 (2007).

10. Mok, C. C. et al. Treatment of diffuse
proliferative lupus glomerulonephritis:

a comparison of two cyclophosphamide-
containing regimens. Am. J. Kidney Dis. 38,
256-264 (2001).

END-STAGE RENAL DISEASE

GFR and albuminuria as
predictors: two is better than one

Enyu Imai

Identifying patients at risk of end-stage renal disease relying only on
measurement of both glomerular filtration rate and albuminuria could
greatly decrease the number of patients flagged for renal surveillance
without increasing the risk of overlooking high-risk individuals.

As prevalence and incidence of end-stage
renal disease (ESRD) increases worldwide,
health-care expenditure to treat ESRD and
its complications, including cardiovascular
diseases, is ballooning. Early identification
of patients at risk for developing ESRD
could offer an opportunity to.reduce inci-
dence of the disease and the cost associated
with preventing and treating it. Stein Hallan
and colleagues' demonstrated for the first
time that a combination of estimated glom-
erular filtration rate (eGFR) and albumin-
uria is the best prognostic predictor of
chronic kidney disease (CKD) progression
to ESRD. The researchers introduce a classi-
fication system that could lead to referral
for risk of ESRD of only ~1% of the general
population. This patient subset would still
include about two-thirds of those expected
to progress to ESRD.

The Kidney Disease Outcomes Quality
Initiatives (K/DOQI) of the National
Kidney Foundation defines CKD as a clini-
cal condition lasting more than 3 months
associated with kidney damage—assessed
by blood or urine analysis or imaging
tests—or reduction of eGFR to less than
60 ml/min/1.73 m2.2 Screening for CKD
can be done by measuring serum creati-
nine levels and by dip-stick testing for

proteinuria. However, the simplicity of CKD
definition might result in over-reliance on
the screening results and overtreatment
of patients, particularly those with eGFR
45-59 ml/min/1.73 m?

A major incentive to categorize patients
according to CKD stage is to stratify risk of
adverse outcomes. The majority of indivi-
duals with'CKD-have eGER just below
60 ml/min/1.73-m?, but ESRD risk level
across this patient subset differs widely.
In fact, CKD stage 3 (GFR 30-59ml/
min/1.73 m?) comprises 45-80% of the CKD
population and 7-10% of general popula-
tion,”* In individuals with eGFR 50-59 mi/
min/1.73m? the risk of progression fo ESRD
was shown to be low; particularly among
elderly patients.*” In addition; most patients
with CKD stage 3 do not have proteinuria,
an independent and strong risk factor for
ESRD: According to the third National
Health And Nutrition Examination Survey
(NHANES 111 1999--2004), 92% of patients
with stage 3 CKD have normal urine and
only 7.4% and 0.8% have microproteinuria
or macroproteinuria, respectively. In the
Japanese annual health screening program,
CKD stage 3 comprises 10.4% of the general
population; and 92.3% of patients in this
category do not have proteinuria.! Patients

without proteinuria could be at a consider-
ably reduced risk of ESRD compared with
those with proteinuria. A 17-year follow-up
study enrolling 106,177 individuals from
the general population of Okinawa clearly
shows that 1+ proteinuria measured by
dipstick is a significant risk factor for pro-
gression to ESRD compared with trace or
absence of proteinuria.® In a Japanese study,
eGFR was measured twice over 10 years in
each of 120,727 participants recruited from
the general population. Presence of protein-
uria was found to more than double the
rate of GFR decline.®

Proteinuria is a strong and inde-
pendent risk factor for cardiovascular
disease as well as for ESRD.? An increase
in proteinuria results in a proportional
increase in cardiovascular events. Patients
with proteinuria and stage 1 (>90ml/
min/1.73 m?) or 2 (60-89 ml/min/1.73 m?)
CKD might have a worse cardiovascular
prognosis than patients with stage 3 CKD
without proteinuria.

Hallan et al.! analyzed data on 65,589
adults from the Norwegian general
population who participated in the Nord-
Trondelag Health 2 (HUNT 2) study. After
a mean follow-up of 10.3 years, 124 partici-
pants progressed to ESRD. The hazard ratio
(HR) of progression to ESRD increased
with the reduction of eGFR as well as with
the increase of albuminuria, as mea-
sured by albumin:creatinine ratio (ACR).
Furthermore, the HR of the best clinical
model for ESRD.progression, which was
composed of age, gender; physical activ-
ity, diabetes; systolic blood pressiire, anti-
hypertensives and HDL cholesterol, was
not significant after accounting for eGFR
and ACR: If individuals with eGFR 260 ml/
min/1.73 m?and normal ACR are taken as
reference, the adjusted HR of individuals
with normal (260 ml/min/1.73 m?) eGFR
was 27.3 and '196.3 for participants with
microalbuminuria and macroalbuminuria,
respectively. The adjusted HR of indivi-
duals with normal ACR was 23.4, 51.9, and
368.7 in association with eGFR 45-59 ml/
min/1.73 m? 30-44 ml/min/1.73 m?,
and 15-29 ml/min/ 1.73 m?; respectively.
The HR of ESRD progression of patients
with eGFR 15-29 ml/min/1.73 m? and
macroproteinuria was 4,146.0.

The researchers also analyzed sensi-
tivity and specificity of various indicators
by the receiver operating curve (ROC)
analysis. The partial area under the ROC is
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Box 1 | End-stage renal disease risk stratification in developing countries

s Chronic glomeru!onephntis is the !eadlng cause of end stage renal dcsease (ESRD) in many

_developing countties

= Chronic glomerulonephritis is Initially associated with nermal renal function in the context of

hematuria, protemuna or both

= Riskof progressnon 10 ESRD should be stratmed by measunng albuminuria

= Given the hxgh cost of measurmg a!bumm :creatinine ratm in urine, patients with chromc ;
kidney dvsease,stage 3 should be screened for albuminuria by dipstick urinalysis

= Patients with chronic kidney disease stage 3 and 1+ proteinuria should be considered at

high risk of ESRD

a measure of the proportion of patients
classified correctly in terms of progression
to ESRD. The partial area under the clini-
cally relevant part of ROC (false-positive
rates 0.0-0.10) was 0.704 for the best clini-
cal model alone, 0.786 for ACR alone, 0.821
for eGFR alone, and 0.844 for the combina-
tion of ACR and eGFR. Referring all study
participants with CKD stage 3~4 to a spe-
cialist would have meant the referral of 4.7%
of the entire cohort and 69.4% of patients
who would actually progress-to ESRD.
Consequently, the number of patients not
progressing to ESRD referred for every case
of actual ESRD (NNTF) would have been
35.4..On the other hand; patientsat moder-
ate or high risk of ESRD, as measured by
a combination of eGFR and ACR, com-
prised 1:4% of the study cohort and 65.6%
of patients eventually progressing to ESRD
(NNTEF=11.4). Cleatly, the combination of
eGFR and albuminuria improves ESRD risk
stratification by considerably reducing the
number of potential referrals (and associ-
ated cost) while still highlighting the major-
ity of patients who will progress to ESRD.
However, the screening system proposed by
Hallan and colleagues needs tobe validated
in a different participant cohort.
Screening for CKD has been mainly
focused on disease caused by lifestyle.
Although this approach might be reason-
able for developed countries with high
prevalence of hypertension and diabetes,
in' many developing countries chronic
glomerulonephritis is the leading cause
of ESRD.!% In its early phase, chronic
glomerulonephritis is generally associated
with urinary abnormality; including hema-
turia or proteinuria, in the context of normal
renal function. ACR screening of patients
with CKD stage 3 could help identify high-
risk patients and decrease the incidence
of chronic-glomerulonephritis-associated
ESRD. However; given that ACR mieasure-
ments are expensive and time consuming,

dipstick urinalysis should probably be used
to estimate ESRD risk (Box 1).

Risk stratification by two-dimensional
information on eGFR and proteinuria can
improve the prediction of progression to
ESRD; revision of CKD classification by
including albuminuria, particular in patients
currently categorized as having stage 3 CKD,
could resolve the argument of whether CKD
staging is a practical approach to decreasing
incidence and prevalence of ESRD.
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TRANSPLANTATION

Pregnancy after kidney donation:
more questions than answers

Michelle A. Josephson

Two recent reports in the American Journal of Transplantation focus on
the maternal and fetal outcomes of pregnancies in kidney donors and

provide tantalizing, if somewhat worrisome, observations.

he findings

also leave us with several important unanswered questions.

Marginal increases in blood pressure and
diminished kidney function have been
noted in kidney donors.»? As a result of
these observations, Reisater ef al. were
concerned that female kidney donors
might be at risk for hypertensive disorders
of pregnancy. To test their hypothesis, the
authors analyzed data from the Medical
Birth Registry of Norway; a database that
contains information from all pregnancies

in Norway that were viable at 16 weeks,
from 1967 onwards.’ The Norwegian Renal
Registry provided kidney transplant records
of all kidney transplantations performed in
Norway between 1967 and 2002. These two
data sources were linked and 326 donors
were identified, with 620 pregnancies reg-
istered before donation and 106 pregnancies
registered after donation. Pregnancies before
donation served as controls as did 21,511

NATURE REVIEWS|NEPHROLOGY

© 2009 Macmillan Publishers Limited. All rights reserved

461

VOLUME 5 | SEPTEMBER 2009 | 495



CKDE®H C3#7-% 3 RH

KEY WORDS

I. BHAMRTO—ERE
DER

370 —BERERE, 197345FICEA
B R R 7 U — VRN
WiTEREIhTWEY, REH
3.5/ Bl LR L, »oMERE
£16.0g/dLBVT % 7248, M7 7 3
VE3.0g/dLE T TH B LW, 27
O —EEERICIMVEEE Ch b, L
HEBCIE VY, FEEIEELTR
ThHb, WERBERS  OERICRE
B, BHEECHITENR TV,
BELEGCLEAHETERY, 7
O VREREATAEIC L D ET A S
LEEMREWID, ALLAT7u—E
SEBRERAM RIS TI974E 12D &
N EENRHNEREOERERILR
T, COEMOERITHARLKETIE
BoTw5h, bPEOZEERIIE
HROHEETH Y, K TDremis-
sionl30.3g/H-(0.2e/H) Rifhlc e B &
LThb, T/, 1HOREAN
I 0g/HRBIZIRT T 5L THBHS

462

3 7 U — YhEREE

wRBRE AR RN SHE (Bl

PR ET LD, 1.0g/BRBIIR
BIEETEEEM T ML, RE
BAHAT B b, 1.00/H B L% R5
SERIBLRIL TS, BOKTHE
partial remission & \»\, - 3,5/ H Kiffj
WAL, BEIC I TRREHEDN
50% AT Ic ko L E L BB SN B,

HARK B 5 8EME RS 7 O —YiERE
g, [6» AU LA OFEE (AT O
4R RIEHIRIE YA 2L THBE
LTAREEMI I EERIN
RESLRWEEA] LEET S, EBO
BROB T, 2704 RTHREYH
LT, 2BHE AT CBECEME
FHETHIENSL, 67 AOMI
BREDPERESNL L SEETH S,
1.0mg/kgeRED AT A FIZKS 4
BEOEEFAN CTRVWEEICHE, A
Fu4 N ERT 5. BHIER
BEAEEY BT EAL RS C, B
kickBwid, BRUTHE(ESRE, L)
W THBEOFSES IS Tna 2
Ebdh, AREMT AWREDCDH 5,
PREH H%4.0g/ H K O B FIE

Pharma Medica Vol.28 No.2 2010 35




®1. RT7O0—-CEBRBHOABRHERENESR

&N HA
REHHE, WERHOWE, BIV
MOFERDOBEESHOND D

I8 BB OEFL & ERERD
HEFBDO LN LD, REHI T
5b0, REH<.0g/H

SIEHIIEE & O BEESTTbATY
5, BlEbHET, BiEtr 70—¥
FEBRE A U CIRIBEBIGTTRE 2 b D,
VIBARYEIVSYESTHDY,

4B T4 FEESLTHREN
DAEEEMR TR TS 5 2 WER

EEEMR  REN<0.3g/H(<0.2¢/H)

REE<3.5/ B0

REHDS50% UL EDimd

R REH=3.5¢/H

DA : BREIR AT 2%, 584

ERIBMIELLEVLD
FRIZECRIE LWL

6 » HEIFIREE, ACE-1, ARB, &
§F 2 TCHEBEL, ATOA4 FRRED
fZEzERAL 2 TEEEALI LD
HIEINTNEY,

. FREBROHYEBE

HAETIE200741C B AEHE RS
REEEER RV LC - T, B
ERBEOVIA M) —2HE L,
BE, 6,00061 % B R 5 B ITHON
T 5,

20074E7> & 20094E N BEEXT A 7 1 —
VIEFRILZ OL o205 %50 5,
BACBOTHEEEESRDZ <,
WNEACEE, BRI LES Ch

12Fe <o

1. REBE

BRI AR 7 o= BERED
LHT2% % HD, BbEV,

PR 138920~ 30 % A EEIEE T H
BRI AL ubRTwh, BEARIG
54ETI5%; 109ET8I%,  15%ET80%,
0 T59% THEH, T2, BRkOBA
FRIGARLD BEL, 10 T20~
IBVEAEE X T EVbRE,

BHEEE, BREYLFoT, HE
JEERBICRIBEEROLEN AL R,
REESEET 2 RETH 5, REM

36 Pharma Medica: Vol.28:No.2:2010

BRI, BRIRDIEG, C3ANLA
L, BHEMICIZdense depositd LT
HoNb, BEUHFEORASBIIE T
BEHHIZ & B Ehrenreich-Churg/M ¢
AT—=Y 1 ~NETIZo@EIN, ITh
bVIZHEA o TH#ITT 5. Yoshimoto
5%, BB ED» S %5
— &l (homogeneous) &1 ~ IV O & @ Ht
HENBED %, {BAE (heterogeneoirs)
ETHEL, FRERELRLIZEEHEL
TWh, REEIH—RE BT,
B

2009FE KA PCHEET S
Phophlipase A252 4K (PLA2R) IS 4%
HZEHOCHAESTE, nsini CRIEES
FERET S &I L BEREEENY
0% % EOLRAE 25 LB
N7z¥ Z OPLAZRYLAIZBE O
RIHEL, BRICLVEERTSLIL
b SN TV B, PLAZRPUKASHE
BHLBEET I AE I PEABETH S,
JREBREOVREIT A 7 04 FEE
ETbOEMTHL L v, brETO
HEDDHDY, BEATOA FEMD
BEFET 4 AMEERBSRS, A
THA FORIGHEEART, $hRFZ
B RIEIIREE S B ES b, Bk
D7 ¥ ¥ ALRBHEBROME TIE, A
TUA FOBBERITEREAIAR
TRZWIEDPRENRTEYY, EF

463

WA LT, AFuA FEDHHOER
HICHET 5T 7 AR ER AT b
nTwib,

A7 0 A FIC RIS 2 8mL 7
BERETo b, REHDL.0g/H
DLEast B aEiaELr 7o —¥E
PR E BRSNS, BEEBEOBENE
70— BEEROBE FFITEs
WHRIE) ZERERIRIAZ L%
PR LT AT B 4820~ 10mg 12 i
WLT2~3EHETLHELD D,
F7z, PEPRREC Y b — T
REehiud, AFEA FPERTH S
S LAk LT, BE%
HBGEES BB, MOV TIRA
FOLREYIORAKE) Y ETTYE
YO 3FBEAbTb RS, BKTH,
VYR TORBHERNTbRAT
BY, REEDHS0BIEE O EHH
H3hTtna?,

2. BRRRBRMATE(LIE

BRI (Focal Segmental
Glomerulosclerosis: ;» FSGS) i, %7
U — VIERH % & 7o TR B MR REE
RO6%REDD,

FSGSIZEB BREMII 1L, BEF
L 54785.3%, 104£T70.9%, 15
H£T60.9%, 209 T43.5% TH 5",

B REE AR O R BRR O —EB
CE DR R LRENEO SN L b D
THhbo WL L7zARFEDI I NE
{EBEA 7 OB L L BTHEY, Rk
BOFAZXHPRENZ L E, YA



F ORZHEDBAE DA O ND, BH
IO Z L b H DA, gMAIHE
ThaZedbd b,

B, D'Agatib il £ o C, FSGSD
variant DR R S, FREAL
LFRICET ARl R ShTw Y,
IS EOp lesionld FEA L EW
b, collapsingld FHEMVE VLD
NTw5, BRICIREET, il
SRPEREROENAGND Z &, RE
B OBEREAET T 5 2 & R
By, BHETETH 5,

BRIV EEERE-ERTEE
1R FE - 7-FSGSOTFHITRIFC
o120, BEERERFILETH S,
AF 04 NEREEOFNEEED 5
NTWwab00, BRIIEATELE
TOBMEIPPBEI EFDPS TWY
5% 45 AU EDOATFT A NGRS
0% DIERI THETH B, £ V7
0 2R v & OfERRE THIMES R
HoHNTEY, HERIhTVwE, A7
A FERBTELRELELLE
Thb,

AT 04 FEFEOEST, I
A7 0= VIILE%Z &8 L TV HIHEIC
&, LDL7 7 x L= A %179,

FSGSOBREMHEICHE, 70X
Ky v x7u4 ROPREERICH LY,

FSGSOIA, AT uA Fikbiikz
MRLEBA, ZHITOIRRICUSLEZ
WIBEIE, BRERBEEECER L
WY, FREMCEEL CWiw)y
s8¢ 51 A~actinind; podocin, WT-1,
NHYORBTRI A EFMBNTVS,

3. WuhEEE R D O—UIERES

MBS 70— EEREE
(Minimal Change Nephrotic Syndrome';
MCNS) ix, A D% 70— LIERE

DI6% FEH D, B, SHEED
MCNST, HERGHEATEC, g
B 2 S S5 2R R WEFIAHE 2
Twb, ZhbDEFIERTERIE
{, A7uAF, REHHZEOMMIC
Iy, BYHEICTHTT ST — AN A
b,

FREARAI I, LR R IR
T, BEFHAMBE CHEEDORIEHE AL
has,

EREBE IR ORI A7 — A
Hdh b, REHOFERMEESEV,

RAEICHEHES N2 1gGIRA Wiz d
PAsb 54, MPgGIET L Tws
FEBI A\,

A5 Pt s sE &<, 2
BELWCEEERICED, TEER
RIF0% A ETH B, L L, HENS
BREHYETESDH0BEFEET 5,

a7 o —EEREE, AT0
4 FrOVARESER T 5, MCNSO
TREAS, 1) Y ERPFUT B5TFTH
BEEZLNRTBY, AFa4f FV
AFEREEY) UK ERS T,
Lyhic TR L, BERE
MHTENTED,

BRI ATOL FER
TEHIHIEE R VSRR, IR AN T
b, EEIE L mEplc, pikTE
THBOATUA FIZY 7 ORARY »
ZHERT A BEAMERL L Tfib s,

4. RMEETEMERIRFER

[ R M R ERAAE S (Membranao-
proliferative
MPGN) i, HA % 7 80— PRI
5%k b5, %< IETREOMPGN
THbe

AV EY A O LRERER
BFREDILIE, SRIREOFELL, SHIRME

Glomerulonephritis 5

464

ETICKD % 8 < 5 ¥ 7= 1 5 6 |

BENREOHMEPARENE, AF Y
F ABA & BEEE B R
HTHhb, AP TIE, C3, 1gG,
IgM#%i EHGET 5,
CRIF£IZENHT 2 bOFE Doz
B, sty F< —7TRA, HEY)
T, BYHE, BYEREEREEEE,
) CIRERBERR, 70407
) U MLER E TR b FRBOET
PHIHPEETH b,

HWE, FRBOGEEZELT L,
B, LS hTnhiv, BRY
> 70— PEERETH, A70O4 R
NABEER GO, YU TART T
IF, Yru xRy v B ol B
Pirbha,

. SHHE - BRICKD
EER

F 70— VAR OAPHE I LR
BETUEIC X B e, EMEREE, BYYE
LEWH D, KEDREEME TS
KR MERES 07 ) Y ORDHH
bi, AFuAF, REMHIEEER
$520, HEFEOREH L, &
HEEEEFHEORET, 3.4%
AL TWAEY, RETEDOHES
Bk s Z L b MEINY T
WaA, F7u—EEERHEHRICERE
B oBErH L LR ELT
v»5, MCNS & Hodgkini, MEMEEAE
O, WALEREMIER L OBES R
HENTVD, BEETFOESEHR,
MAERBKEZ SICX y sfEER Y
RTWIREICH Y, 1.1% OEPEERD
ESNTVE, FHIICANT Y,
g7 7 ) v oRb bbb, BE
IRASIE D AHHTIREBVEMT 5.
BRI 1.9% A SN, TR ERD

Pharma Medica: Vol.28No:2 *2010 37



RS

AR 7 O - PRI EIE A
7O FRGEENHELERT 5720,
FHNC L HRIEREHIML, 6.1%12
HoNb, AT 0L P2 BHERFR
E, FEE, KBRS IRIEIE, AR,
BN, HiEE RENHECLAE
BRI, PERREIH), HmiEREREs, B
B SEERET S,

& b b ([

70— PHEEREOEREFAI21993
Fi b, BIHER D &9 T20024
HRE SR CESE, B Tbh Ty
a7z, 20084 EOEITHEBEER
M CEBEROBRFRAL Y
APY— - BAERLYA N —ZEM
TAHECTAERR 70— BiEE#Ea R~
MFFEONSCS) A HESE L /2, Co LY
AMU—Ly, FERESR BHE &
FREAAER T AR, £ORMMES
ERbPLLEEbILE INSCSNDE
FBHERGIEPBEZB0DT, TEERY
LBME BV LZV,

38 Pharma Medica  Vol.28 No.2 2010

1)

3)

4 73

ROFAN BN OB FHEEHE b
BT 70— BIEEE(RAR) 02
Fasl. HERE 441 751761, 2002

Troyanov S, Wall CA, Miller JA, et
al.i. ldiopathic- membranous.: nephro-
pathy . definition and relevance of a
partial remission. Kidney.Int 66.31199
—1205,72004

Cattran DC, Alexopoulos E, Heering
P, et al
glomerular disease associated with the

. Cyclosporin in idiopathi¢

nephrotic syndrome . workshop recom-
mendations.” Kidney Int 72 1429 =
1447, 2007

Yoshimoto K, Yokoyama H, Wada T,
et al : Pathologic findings of inilial
biopsies reflect the outcomes of mem-
branous nephropathy. Kidney Int 65 :
148—153, 2004

Beck LH Jr., Bonegio RG, Lambeau
G, et al . M-type phospholipase A2 re-
ceptor as target antigen in idiopathic
membranous nephropathy. N Engl ]
Med 361 1 11—21, 2009

Cattran DC, Delmore T, Roscoe J, et
al - A randomized controlled trial of
prednisone in patients with idiopathic
membranous nephropathy. N Engl ]
Med 320°7 210—215, 1989

465

7) Bomback ‘AS; Derebail VK M¢Gregor
JG, et al I Rituximab therapy for mem-
branous nephropathy : a systematic re-
view. Clin J Am Soc Nephrol 4 734—
744, 2009

8) D'Agati VD :
segmental glomerulosclerosis :

The. spectrum. of foecal

new in-
sights. -Curr :Opin. Nephrol: Hypertens
17 1 271—281, 2008

9) Rydel JJ, Korbet SM, Borok RZ; et:al :
Focal segmental glomerular sclerosis in
adults :
sponse to treatment.”Am J Kidney Dis
25 :534—542, 1995

10) Schwartz MM, Evans ], Bain R, et al :
Focal segmental glomerulosclerosis :

presentation,. course,: and re-

prognostic. implications of ‘the cellular
lesion. J Am Soc Nephrol 10 : 1900 —
1907, 1999

11) Hildebrandt F, Heeringa SF : Specific
podocin. mutations. determine age of
onset of nephrotic syndrome all the
way into adult life. Kidney Int 75 :
669—671, 2009

12) Ohtani I, Wakui H, Komatsuda A, et
al © Distribution of glomerular IgG-sub-
class.  deposits in. . malignancy-assoc-
iated membranous nephropathy.
Nephrol Dial Transplant 19 @ 574 —
579, 2004



Original Report: Laboratory Investigation

American i Journal of
Nephidlogy

e

Am J Nephrol 2009;30:1-11
DOI: 10.1159/000195722

Received: September 4, 2008
Accepted: November 27, 2008
Published online: January 22, 2009

Amelioration of Diabetic Nephropathy
in OLETF Rats by Prostaglandin |; Analog,

Beraprost Sodium

Maho Watanabe? Hitoshi Nakashima?® Shizue Mochizuki® Yasuhiro Abe?
Atsunori Ishimura® Kenji Ito?® Takao Fukushima? Katsuhisa Miyake?

Satoru Ogahara® Takao Saito®

apivision of Nephrology and Rheumatology, Department of internal Medicine, Faculty of Medicine,
Fukuoka University, Fukuoka, °Department of Pathology, Tohoku University Hospital, Sendai, Japan

Key Words
Prostaglandin I, - Beraprost sodium - Diabetic
nephropathy « Otsuka Long-Evans Tokushima Fatty rat

Abstract

Background: Strict control of blood glucose and blood pres-
sure levels sometimes fails to delay the development of dia-
betic nephropathy, and an effective therapy is not yet avail-
able. The present study aimed to examine whether the
prostaglandin I, analog beraprost sodium (BPS) ameliorates
diabetic nephropathy in Otsuka Long-Evans Tokushima Fat-
ty (OLETF) rat. Method: Fifty-week-old OLETF rats were di-
vided into three groups according to treatment; 400 wg/kg
body weight (BW) BPS, 200 j.g/kg BW BPS, and 0.9% saline
administration. Kidney histology, index of glomerulosclero-
sis, and glomerular volume were determined, and urine and
serum chemistry were assessed. Results: The valuesfor urine
protein excretion and serum blood urea nitrogen in BPS-
treated rats were significantly lower than those in untreated
rats. In rats treated with 400 pg/kg BW BPS, neither sclerotic
changes nor inflammatory cell infiltration were observed. In-
dex of glomerulosclerosis and glomerular volume were also
significantly reduced compared with untreated rats. Intrigu-
ingly, BPS reduced the level of serum triglyceride. In the
glomerulus of treated rats, advanced glycation end product

formation and macrophage influx were suppressed in a
dose-dependent manner. Conclusion: These findings indi-
cate that BPS has a therapeutic effect on diabetic nephropa-
thy in the OLETF rat, which suggests a potential application
of this drug in the treatment of human diabetic nephropa-
thy. ‘Copyright © 2009 S. Karger AG, Basel

Introduction

The population of diabetic patients is growing signifi-
cantly, and diabetic nephropathy is a leading cause of
end-stage renal disease in Japan [1]. Strict control of blood
glucose and blood pressure (BP) levels sometimes fails to
delay the development of diabetic nephropathy, and an
effective therapy for diabetic nephropathy is not yet avail-
able. It has been suggested that glomerular hyperfiltra-
tion is strongly involved in the progression of incipient
diabetic nephropathy, and the main mechanism is inap-
propriate dilatation of afferent arterioles, which may in-
duce glomerular hyperfiltration and hypertrophy fol-
lowed by thickening of the glomerular basement mem-
brane and accumulation of mesangial matrix [2, 3].
Prostaglandin I, (PGI,) is known to have a relaxant ac-
tion on vascular smooth muscle [4], and inhibitory ac-
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tions on platelet aggregation [5] and neutrophil function
[6]. In fact, prostaglandin was shown to alleviate angio-
tensin II-induced constriction of efferent glomerular ar-
terioles in vitro [7]. Recently, the PGI, analogue beraprost
sodium (BPS) was shown to reduce urinary albumin
(Alb) excretion in streptozotocin (STZ)-induced diabetic
rat [8], and cause a decrease in urinary protein in human
type 2 diabetes mellitus [9]. The efficacy of long-term 24-
month administration of BPS for reduction of albumin-
uria in patients with incipient diabetic nephropathy was
demonstrated in clinical studies. In this study, we exam-
ined the clinical usefulness of BPS for the overt diabetic
nephropathy in Otsuka Long-Evans Tokushima Fatty
(OLETF ) rats, and confirmed improvement by histologi-
cal analysis of the kidneys.

Materials and Methods

Animals

Male OLETF rats, a model of spontaneous non-insulin-depen-
dent diabetes mellitus, and male Long-Evans Tokushima Otsuka
(LETO) rats, the nondiabetic control model of OLETF rats, were
kindly supplied by Otsuka Pharmaceutical Co., Ltd. (Tokushima,
Japan). Rats were maintained in the Laboratory of Animal Ex-
periments at Fukuoka University. The present experiments were
initially reviewed and approved by our Institutional Animal Re-
search Committee and conformed to the animal care guidelines
of the American Physiologic Society.

Drug

The stable PGI, analogue, beraprost (sodium-2,3,3a,8b-tetra-
hydro-2-hydroxy-1-1-[(E)-(3S)-3-hydroxy-4-methyl-1-octen-6-
ynyl]-1H-cyclopentabenzofuran-5-butyrate) was provided by
Toray Industries, Inc. (Tokyo, Japan).

Experimental Protocol and Laboratory Assessments

Fifty-week-old male OLETF and LETO rats were divided into
3 groups according to the treatment type: group H, 400 pg/kg
body weight (BW; OLETF n = 10, LETO n=7); group L, 200 ng/kg
BW (OLETF n =7, LETO n = 5), and group C, equivalent volume
of 0.9% saline (OLETF n = 10, LETO n = 7). Every 4 weeks, the
solutions were subcutaneously administered using an osmotic
pump (ALZA Co., Palo Alto, Calif., USA). Urinary protein, blood
urea nitrogen (BUN), serum creatinine (Cr), plasma total choles-
terol (TC), plasma triglyceride (TG), serum total protein (TP),
serum Alb and blood glucose were assessed every 4 weeks. Plasma
lipoproteins were analyzed by an online dual enzymatic method
for simultaneous quantification of cholesterol and TGs by high-
performance liquid chromatography (HPLC) as previously de-
scribed: [10, 11];

Histopathology of the Kidney and Liver

Rats were sacrificed at 16 weeks after the beginning of admin-
istration. The kidneys and livers were fixed in cold 95% ethanol
or 10% formaldehyde for 24 h and embedded in paraffin. Sections

2 Am J Nephrol 2009;30:1-11

(2-3 wm) were treated with periodic acid-Schiff and Sudan-1V
staining [12]. The severity of sclerosis in the glomerulus was eval-
uated in a blind manner by histological examination of the sec-
tioned kidneys, and the results were expressed as an index of glo-
merulosclerosis (IGS). The glomerular pathology was carried out
by assessing 50 glomerular cross-sections per kidney, and the de-
gree of sclerosis in each glomerulus was subjectively graded on a
scale of 0-4: grade 0, no change; grade 1, sclerosis area less than
or equal to 1/4 of glomerulus or distinct adhesion present between
capillary tuft and Bowman’s capsule; grade 2, sclerosis of 1/4 to
172 total glomerular area; grade 3, sclerosis of more than 1/2 glo-
merulus but not global, and grade 4, global sclerosis. IGS was cal-
culated using the following formula:

IXNI4+2x N2 +3Xx N3+ 4x N4
NO+ NI+ N2+ N3+ N4
where N is the number of glomeruli in each grade of sclerosis.
Glomerular volume (GV) was determined by the mean glo-

merular diameter, which was calculated from the value of diam-
eters of 50 glomeruli for each kidney specimen (x400).

IGS =

Immunopathological Studies of the Kidneys

After deparaffinization in xylene and ethanol, and washing in
phosphate-buffered saline (PBS), the paraffin-embedded sections
were incubated with mouse anti-rat advanced glycation end prod-
ucts (AGEs) Ab (Trans Genic Inc., Kumamoto, Japan), mouse
anti-rat CD68 Ab (Hycult biotechnology, Uden, The Nether-
lands), anti-rat endothelial NO synthase (eNOS) Ab (Abcam Inc.,
Cambridge, Mass., USA), and neuronal NO synthase (nNOS) Ab
(American Research Products, Inc., Belmont, Mass., USA) at the
concentration of 1" jug IgG/ml PBS including 1% bovine serum
Alb. Staining was performed using anti-mouse IgG-HRP-labeled
polymer (DakoCytomation Inc, Carpinteria, Calif, USA). The
magnitude of immunostaining for AGE was quantitated using
computer-assisted image analysis, as previously described. [13,
14]. The proportion of the brown peroxidase-stained area for
glomerulus, and the numbers of cells stained with mouse anti-rat
CD68 Ab were quantitated on 50 glomeruli per animal. They were
expressed as the mean *+ SE per glomerular cross:section.

Real-Time Quantitative PCR

We assessed the transcription level of the monocyte chemoat-
tractant protein-1 (MCP-1) gene (Ccl2) and angiotensin II type I
receptor gene (Agtrl) relative to the levels of actin in the kidney
cortex. Reverse transcription reactions and TagMan PCRs were
performed in accordance with the manufacturer’s instructions
(Applied Biosystems Japan, Tokyo, Japan). Sequence-specific am-
plification was detected with an increased fluorescence signal of
FAM during the amplification cycles, using an ABI Prism 7500
sequence detection system (Perkin Elmer Japan, Yokohama, Ja-
pan). Oligonucleotide primers and probes were designed using
the Primer Express program (Applied Biosystems Japan) and syn-
thesized: Rn01456716-g1 for Ccl2, Rn01435427-m1 for Agtrl.

Statistical Analysis

Quantitative data were given as the mean value £ SE, ANO-
VA, followed by Fisher’s method (StatView version 5.0), was per-
formed to analyze the differences between groups. A p value of
less than 0.05 was considered statistically significant.

Watanabeetal.
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Results

Laboratory Assessment Data

In OLETF rats at 4 weeks after the start of drug ad-
ministration, urine protein excretion in the BPS-treated
groups was significantly decreased compared to the con-
trol group: group H, 10L.7 * 15.9; group L, 122.7 * 23.3,
and group C, 215.3 * 33.5 mg/day (group H vs. C, p <
0.001; group L vs. C, p < 0.05). The urine protein values
in group C were always more than 200 mg/day 4 weeks
after the beginning of the administration. On the other
hand, those of group L and H at 12 weeks after the begin-
ning of the administration were still lower than those be-
fore administration. In total, there was a significant dif-
ference between group H and C (p < 0.05; table 1). The
BUN value in group H was also significantly lower than
in group C. Although the levels of Alb in groups L and H
were significantly higher than those in group C (group H
vs. C, p <0.05; group Lvs. C, p < 0.05), the level of TP in
group H was significantly higher than that in group C.
There were no significant differences in the levels of Cr
and blood glucose.

Glomerular Volume

GVs of groups H, L, and Cin OLETF rats were 4.57 +-

3.81,6.14 * 2.33,and 9.86 * 8.63 (X10* wm?), respec-
tively. There were significant differences in GV between
BPS-treated and untreated groups (group H vs. C, p <
0.0001; group L vs. C, p<0.001). GVs of LETO rats were
almost the same in the three groups (fig. 1a).

Index of Glomerulosclerosis

IGS of group H, L, and C in OLETF rats were 0.80 £
0.14, 1.28 * 0.20, and 1.91 * 0.17, respectively. There
were significant differences in IGS between BPS-treated
and untreated groups (group H vs. C, p <0.01; group L
vs. C, p <0.05; fig. 1b). Histological analysis showed that
in group C, sclerotic change in the glomerulus was prom-
inent and inflammatory cell infiltration was notable in
the interstitium. On the other hand, the histological find-
ings in group H were almost normal. Glomerulosclerosis
-was hardly seen in the LETO rats (fig. 1c).

Immunohistological Studies of the Kidneys in

OLETF Rats

Reducing sugars, including glucose, fructose and tri-
oses, can react nonenzymatically with the amino groups
of proteins to form reversible Schiff bases and subse-
quently Amadori products. These early glycation prod-
ucts undergo further complex reactions such as rear-
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rangement, dehydration, and condensation to become
irreversibly cross-linked heterogeneous fluorescent de-
rivatives, termed advanced glycation end products (AGEs)
[15, 16). The area of AGEs in the glomerulus of BPS-treat-
ed rats was apparently reduced compared to untreated
rats. The proportions of AGEs area for glomerulus in
group C, group L and group H were 12.94 * 2.04,7.86 *
1.87, and 2.29 * 0.22, respectively (group H vs. C, p <
0.001; group L vs. C, p < 0.01; fig. 1d). Intraglomerular
macrophages were detected by anti-CD68 Ab. Macro-
phage influx and foamy change of macrophages were
found in some glomeruli of untreated rats (fig. 1d, arrow),
while in BPS treated rats a few macrophage influx was
observed. The numbers of intraglomerular macrophages
in groups C, L and H were 3.65 £ 0.19,2.42 % 0.18, and
1.72 *+ 0.1, respectively (group H vs. C, p <0.001; group
Lvs.C, p<0.01).

Reduction of Ccl2 and Agtrl mRNA Expression in the

Kidney of BPS-Treated Rats

The RNA expressions of Ccl2 and Agtr] were reduced
in the kidney cortex of BPS-treated rats compared with
the untreated rats; relative abundance of Ccl2 mRNA
normalized by B-actin in groups C, L, and H was 2.65 *
0.90,1.22 * 0.67,and 0.65 * 0.45, respectively (group H
vs. C, p < 0.05). The abundance of Agtr] mRNA expres-
sions was 0.17 = 0.04, 0.09 *+ 0.03,and 0.04 * 0.04, re-
spectively (group H vs. C, p <0.05; fig. 2a).

eNOS and nNOS Expression in the Kidney Was

Suppressed by BPS

Intraglomerular eNOS expressions in the kidneys of
BPS-treated rats were apparently reduced compared to
untreated rats (fig. 2b). In group C, the expression of
nNOS was clearly upregulated in the macula densa. The
expression was significantly suppressed in the kidneys
of BPS-treated rats in a dose-dependent manner
(fig. 2b).

Serum TG Concentration Was Improved by BPS

It was unexpected that there were significant differ-
ences in the levels of TG, but not in the levels of choles-
terol, between BPS-treated and control groups in a dose-
dependent manner. In fact, at 16 weeks after the begin-
ning of administration, the TG of groups H, L, and C was
277 + 43,377 * 65, and 578 + 140 mg/dl, respectively
(group H vs. C, p < 0.01; group L vs. C, p < 0.05; fig. 3a).
Similarly, in LETO rats, significant differences in the lev-
els of TG among BPS-treated and control groups were
confirmed (data not shown). The results of HPLC analy-
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Table 1. Chemistry values in OLETF and LETO rats

(BPS4w  BPSSw  BPSow  BPSdew  p

Urinary protein, = OLETE 176.7 £ 36.9 21531+335 240.9%34.1 250.6 £36.4 201.2%x34.6

C
mg/day L 1682+27.6 122.7%23.3 152.3+20.1 142.7 +26.2 176 £27.0
H 1659+24.1 1017+ 159 121.2%£16.0 162.9%21.7 145.41+22.8 <0.05
LETO (& 7.9+£07 93205 9.6 0.6 8.2+0.7 10313
L 79108 52304 72108 113%16 8.7£0.38
H 821038 49%05 712038 46%07 8.6%t14
BUN, mg/dl OLETE C 2952 0.8 33,9425 332132 375+4.1 392453
L 273%1.2 281+22 283*14 346%1.9 31.3x1.9
H 27.5+1.2 253x16 336+14 31.3%1.0 31.5%0.9 <0.05
LETO c 297209 31,1208 30,309 31.8x0.7 302104
L 29.8+£0.9 344+09 302207 347110 314%12
H 309+13 271%210 344*06 31.7%1.2 28.8+1.0
Cr, mg/di OLETE C 0.29+0.01 0.29+0.02 0.30+0.03 0.33+0.05 0.39£0.07
L 0.27+0.02 0.30£0.03 0.34%£0.02 0.31+0.02 0.31£0.02
H 0.26 £0.01 0.34+0.01 0.28 +0.01 0.3020.01 0.36 £0.01
LETO C 0.34 +0.01 0.36+£0.01 0.36 £0.01 0.37+£0.01 0.37£0.01
L 0.351+0.01 0.48+0.03 0.40+0.01 0.43£0.01 0.39£0.01
H 0.34:+0.01 0:44+0.02 0:38+0.00 0.45£0.07 0.44 +0.03
TP, mg/dl OLETE c 69102 7.1x02 78+04 7.8+04 7.6%0.4
L 6.7i0.2 7.1x01 7.5%+03 7.3%£0.2 7.6%£0.2
H 67104 66102 7.3+£02 7.1%0.1 7.3+0.2 <0.05
LETO (& 62102 6.8+0.1 66102 6.6 0.1 7.0%0.1
L 63+03 6.6%0.1 60+02 6.5%0.1 6.5+0.1
H 62101 621+0.1 58%+0.2 6.7%0.3 6.5%0.1
Alb, g/dl OLETE C 3902 39101 39%+01 39%0.1 3.6%0.1
L 40%x0.1 42+0.1 43+0.1 40%0.1 40+0.1 <0.05
H 39+02 42+0.1 42+0.1 4,1+0.1 42101 <0.05
LETO C 42401 44+0.1 43+0.1 43%+0.1 45+Q
L 42401 43+01 41+0.1 42+0.1 42+01
H 42+0.1 42101 39101 43%0.1 42+0
Glucose, mg/dl OLETE C 152.1 %230 18831187 1754+ 406 178.3x37.6 146.4+23.6
L 142.7+10.2 110.3*%6.4 1244%55 1284 %175 127.1£8.8
H 125.1 %127 1199*6.5 129.3+10.6 135.7+£52 146.5+6.6
LETO C 108.4%3.1 99.3+5,5 99.3% 8.4 107.0+3.0 111.4%£3,5
L 91.6%£10.6 99.6x7.7 116.7x6.1 79.9+£6.8 89.3+3.21
H 93.0x7.1 68.2+12.5 116058 122.4%38 ‘98.4%17.7
Data are mean = SEM.
sis of plasma lipoproteins showed that the chyromicron Abnormal Lipid Depositions in Liver and Renal

and very low density lipoprotein (VLDL) fractions in Glomeruli Were Attenuated by BPS

group H were apparently reduced compared with those Lipid was exhibited as russet deposit with Sudan IV
in group C (fig. 3b), and there were significant differenc-  staining, and abundant deposits were detected in the
es in the levels of TG of each fraction among BPS-treated  glomerulus of the kidneys from group C. The degree of
groups and the untreated group (fig. 3c). lipid deposition in the glomerulus of the kidneys from
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Fig. 1. BPS reduced IGS and GV, and improved histological find-
ings of the kidneys in OLETF rats. a GV was significantly reduced
in BPS treated OLETF rats compared to that in untreated OLETF
rats. Evaluation conditions were equal to those for IGS determina-
tion. * p < 0.01; ** p < 0.001. b IGS was significantly reduced in
BPS-treated OLETF rats compared with IGS in untreated OLETF
rats. IGS was determined in kidneys from each group of rats sac-
rificed at 16 weeks after the beginning of BPS administration.
* p < 0.05; ** p < 0.01. ¢ Histological findings of glomeruli were
different in OLETF rats among the three groups. Neither scle-
rotic change nor inflammatory cell infiltration was observed in
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the glomeruli of BPS-treated OLETF rats, similar to those in neg-
ative control, LETO rats. PAS. X400. d The area of AGEs in the
glomerulus and the numbers of intraglomerular macrophages of
BPS-treated rats were reduced compared with untreated rats. The
proportions of AGE area for glomerulus were presented by mean
+ SE%. The number of intraglomerular macrophages was pre-
sented by mean number % SE of anti-CD68 Ab-positive cells per
glomerulus. The evaluations of AGE formation and macrophage
influx in the glomeruli of the OLETF rats were performed by im-
munohistological method using anti-AGE Ab and anti-CD68 Ab.
%400. Arrow indicates intraglomerular foam cell.
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Fig. 2. BPS reduced the mRNA expression of Ccl2 and Agtrl, and inhibited the expression of eNOS and nNOS
of the kidneys in OLETF rats. a Real-time RT-PCR quantifications of Ccl2 and Agtr] mRNA expressions in the
kidneys of rats in groups C, L, and H (n = 7 each). The relative abundance of mRNAs normalized by B-actin is
shown. * p <0.05. b Representative findings of eNOS and nNOS expressions in the kidneys of rats in groups
G, L, and H. Arrows indicate upregulation of nNOS in the macula densa.

BPS-treated groups was attenuated in a dose-dependent
manner. The deposition was hardly seen in the glomeru-
lus of the kidneys from group H. Similarly, apparent lipid
depositions around the central vein were revealed in liver
specimens of group C, but not group H (fig. 4).

Discussion

OLETTF rat was established as an animal model of hu-
man type 2 diabetes that exhibits obesity, hyperinsu-
linemia, hypertriglycemia, and hyperglycemia [17]. The
pathological changes in the kidneys were described as
follows: mesangial cell proliferation at 25 weeks of age,
mesangial expansion accompanied by the accumulation
of extracellular matrix and thickening of glomerular cap-
illary walls after 45 weeks, and fully developed diabetic
glomerulopathy accompanied by nodular sclerosis at 65

6 Am ] Nephrol 2009;30:1-11

weeks. In LETO rats, there were no obvious findings ex-
cept minor alterations due to aging in the glomeruli even
at 65 weeks [18].

In this study, we demonstrated that BPS attenuated the
severity of diabetic nephropathy in OLETF rats. There
were significant differences in urinary protein and serum
levels of BUN, Alb and TP between the BPS-treated group
H and the untreated (group C) OLETF rats (table 1). IGS
and GV among the 3 groups also showed significant dif-
ferences in a dose-dependent manner (fig. 1a, b). Light
microscopic examination showed the kidneys of BPS-
treated rats were protected against glomerulosclerosis
(fig. 1b). Wang et al. [6] reported that the value of albu-
minuria excretion in STZ-induced diabetes rats was re-
duced by administration of BPS. They demonstrated that
BPS corrected glomerular hyperfiltration and decreased
albuminuria of early diabetic nephropathy. It was also
demonstrated that BPS decreased the expression of endo-
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Fig. 3. BPS altered plasma lipoprotein levels in OLETF and LETO rats. a Serum levels of TC and TGs were de-
termined every 4 weeks. Data shown are mean £ SE of each group. b Representative results of HPLC analyses
of plasma lipoproteins in group C, L and H OLETF rats. CM = Chyromicron; VLDL = very low density lipopro-
tein; LDL = low density lipoprotein; HDL = high density lipoprotein; FG = free glycerol. ¢ TG levels in lipopro-
tein subclasses (CM, VLDL, LDL and HDL) were determined. Data shown are mean * SE in each group. Sig-
nificant differences are indicated as follows: * p<0.01; * p < 0.05.

thelial cell nitric oxide synthetase in afferent arterioles
and improved glomerular hyperfiltration in STZ-in-
duced diabetic rats [8]. In the current study, the efficacy
of BPS on diabetic nephropathy of OLETF rats was con-
firmed. The sclerotic changes due to extracellular matrix
accumulation or capillary wall thickening in the glo-
meruli of BPS-treated rats were significantly suppressed
(fig. 1b) and GVs were clearly reduced. These histological
alterations may result from the improvement of glomeru-
lar hyperfiltration by BPS.

BPS Ameliorates Diabetic Nephropathy
in OLETF Rats

There is evidence indicating that formation and accu-
mulation of AGE in diabetic nephropathy mediates pro-
gressive alteration in renal architecture and loss of renal
function [19-21]. Hyperglycemia induces overproduction
of superoxide by the mitochondrial electron transport
chain, and this superoxide partially inhibits the glycolytic
enzyme glyceraldehyde phosphate dehydrogenase [22,
23]. Thereby, upstream metabolites of glycolysis are di-
verted into glucose-driven signaling pathways of glucose
overuse [23, 24]. Especially the accumulation of glyceral-
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Central vein area
in the liver

Fig. 4. BPS attenuated abnormal lipid deposition in the kidneys and liver. Representative results of specimens
stained with Sudan IV. Apparent russet deposits were detected within the renal glomerulus and central vein

area in the liver from group C OLETF rats.

dehyde-3-phosphate accelerates intracellular AGE forma-
tion [25], which promotes the secretion of MCP-1 in me-
sangial cells [26]. Monocyte/macrophage infiltration has
been observed in the glomerulus in human and experi-
mental diabetes and is involved in diabetic nephropathy
[27-29]. AGE-induced vascular wall cell apoptosis could
predispose the neighboring endothelial cells to thrombo-
genesis by impairing PGI, production and thus be impli-
cated in the development and progression of diabetic mi-
croangiopathies [30]. In the current study, immunohisto-
logical findings revealed that the formation of AGEs in the
glomerulus of BPS-treated rats was apparently reduced in
a dose-dependent manner (fig. 1d). Intraglomerular mac-
rophage influx and subsequent foamy changes are found
in some glomeruli of untreated OLETF rats. In contrast,
the glomeruli in BPS-treated rats were protected against
macrophage influx, and did not contain any foamy cells
(fig. 1d). Monocytes are recruited and activated by MCP-1
at the inflammatory sites [31], and BPS could suppress
MCP-1 production by reduction of AGE formation. In
fact, a significant reduction in the expression of mRNA
for MCP-1 in the kidneys of the BPS-treated rats (fig. 2a)
is further evidence that BPS inhibits the MCP-1 signaling
pathway in the kidneys of OLETF rats.

8 Am ] Nephrol 2009;30:1-11

Among many enzymatic systems that are capable of
producing superoxide, the nicotinamide-adenine dinu-
cleotide phosphate (NADPH) oxidase and the uncoupled
eNOS are the main sources of superoxide in the vascular
wall in diabetic patients [32]. It was also reported that
NADPH oxidase and uncoupled eNOS were major sourc-
es of glomerular superoxide in rat diabetic kidney [33]. It
was indicated that early diabetic proteinuric nephropathy
was associated with increased expression of p47phox
component of the reduced form of NADPH oxidase and
eNOS with increased H,0, formation in the kidney, and
treatment with an ACE inhibitor or ARB reversed these
changes with amelioration of proteinuria [34]. Many
studies have shown increased eNOS expression [35-37]
and eNOS activity [38, 39], especially in kidneys from ear-
ly stages of diabetes. In this study, histopathological ex-
amination showed that eNOS expression in the glo-
merulus of untreated OLETF rats was increased and that
BPS treatment suppressed this expression. Furthermore,
nNOS expression in the macula densa was also suppressed
by BPS treatment (fig. 2d). It is well established that cyclo-
oxygenase-2 and nNOS are coexpressed in macula densa
cells [40, 41], and it has been described that nNOS expres-
sion in the macula densa was inhibited by cyclooxygen-
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ase-2-derived prostaglandin E, [42]. This study showed
that PGI, also inhibited the expression of nNOS in mac-
ula densa. The expression of nNOS is stimulated in vari-
ous high-renin states including salt restriction [43-45]
and administration of loop diuretics [43]. These findings
confirmed the strong angiotensin-NO interactions in the
kidney. In fact, the expression of AgtrI in the kidney of
OLETF rats was also reduced by BPS, like NOS expres-
sions (fig. 2b). It has been already reported that impaired
endothelial dysfunction in STZ-induced diabetic rats was
restored by oral administration of BPS [46].

Besides the effects of vasodilatation and reduction in
vascular smooth muscle cell remodeling, BPS inhibits
platelet activation and reduces the risk of thrombosis.
These actions are in many ways opposite to thrombox-
ane, which causes platelet activation, vasoconstriction
and smooth muscle cell proliferation [47]. In this study,
monitoring of systemic BP was not performed. It was ob-
scure actually that BPS did not affect the level of system-
ic BP of OLETF rats. It was reported that 250-300 pg/kg/
day of BPS does not affect systemic BP in rats [48]. While
we treated 50-week-old OLETF rats with 400 pg/kg per
day (group H) and 200 pg/kg per day (group L), it is suf-
ficiently possible that the levels of systemic BP in OLETF
rats would have been lowered by BPS treatment. Al-
though it was described that temporary angiotensin II
blockade did not affect glucose metabolism or the devel-
opment of hypertension in OLETE rats but significantly
suppressed proteinuria and ameliorated glomerular in-
jury [49], decrease in systemic BP would be a significant
factor for the improvement of diabetic nephropathy in
OLETF rats.

Intriguingly, BPS reduced the level of serum TG in not
only OLETF, but also LETO rats (fig. 32 and data not
shown). Although it is ambiguous whether or not lipo-
protein profiles in rats are similar to those of humans, the
reduction in the VLDL fraction was obvious (fig. 3b). Ab-
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