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Analysis of glomerular anionic charge status in renal biopsy specimens of

childhood minimal change nephrotic syndrome using confocal laser scanning microscopy

Yoshitsugu SAKAGAMI, Mitsuru NAKAJIMA, Taku UEDA, Hideki AKAZAWA, Yoshiyuki MARUHASHI,
Hironobu SHIMOYAMA, Ken TAKAGAWA, Hidekazu KAMITSUIJI*, and Akira YOSHIOKA

Department of Pediatrics, Nara Medical University,

*Department of Pediatrics, Nara Prefectural Nara Hospital, Nara, Japan

Analysis of glomerular anionic charge in human renal biopsy specimens has been restricted previously
to staining of sites at the electron microscopic level, which is a product that needs skills and precludes a
wide observable area. The introduction of a new tool, confocal laser scanning microscopy together with
FITC conjugated poly-L-lysine as a cationic tracer, which demonstrates fixed anionic sites in thin sections
from routinely formalin-fixed and paraffin-embedded renal biopsy tissue, has now enabled glomerular
charge at light microscopic level. In this method, the patterns of staining in tissue showing minimal change
nephrotic syndrome (MCNS) indicate that the intensity of anionic charge in 4 children with heavy
proteinuria was significantly less than that in 7 children without proteinuria at remission, supporting
previous observations using electron microscopy. Furthermore, staining the serial sections after methyla-
tion or saponification revealed that carboxyl components such as sialic acid may be responsible for
proteinuria. We anticipate that this method may facilitate the investigation of the participation of charged
components in the pathogenesis of MCNS and their role in relation to glomerular proteinuria.
Jpn J Nephrol 2000 ; 42 : 16-23.
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BORBRIRIRZZICHE S EHR O & LT, SRERIARCRETEE
WIEFET 5 size barrier ODZ{LICHIZ T charge barrier D%
{EBEETH 2, %pTHRERIEGREREE D18 H
charge-selective barrier D FE&K %% L, BEHROHEL A
FT2b0LLTHBEISN TS, REREEEEICBT 3
BT R D 434 1%, LART & D polycation D PEE % D3

I FErEHOWTHREINTE D,

WX BEE T Hotev), 1980 4FE R 1 1%, polyethylene-
imine (PEI) 2 v /- EEEERIBIZ "B H A s h, Uizt

B & 7 v —¥ fE & # (minimal change nephrotic syn-
drome : MCNS) T D FLE B2 M4 B D WA, BERO

electron dense deposits |2 35 1F 2 [&MERI R DB R £ DA
Rpggeresngd Lo ko, 26 DORIE, &
MR 2B EEMNCIRZ TS DD, EREMTR

RRESIERRERS/NERE,  * IR Bple/ NER

(FRE 1L 4E 11 H 26 H3zH)
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WZ EPSERBIMEICZ L, £, BUEEOR ICHE
T B 7% EICOWTIRHER A Z IR Tukn, &
S5IC, ETEEECRET 2 ths, HENRESATY
52E%, TOBMECEERT 7=y 7 ELEET L L
% ERTb %0,
SRIbhbIIL, SRERECREEE DR 2 6L ~ v
THEFE» DO ERMICHRE T 5 2 &2 HWIZ, /NE MCNS
DB LT 7 4 Y YJF % FITC #53% poly-L-lysine TH¢
L, HESL — Y —ERTEOEIEMEE (confocal laser scan-
ning microscopy : CLSM) % > TR BRI LR B B 0D YL i
ErBE Lz, 3012, BEMREOHEENS TH 5 Hkkk
EAVRF Y OVEED YL 12T 5 BIE R RRET L 7z,

5% = |

1988 4 10 H 20 & 1997 4F 10 B O e 7= REAR/NE R
5 TNC Z OBEESRRE TR M R T L 7z T~ 18 IR DFeFetE
F 7 u—CHREERE 1L EI(BR B, LR 240 2R e L
Too MBIE bFHEEEVRLIZDBEREZTYL, W
MO THMINERR 2R LT, Zho 2BERICEE
DIREMH G5 g/HUL) 280 7z 4Bl (AMEHE) 270
4 FPELGICUREAVEBMEAL Tl 701 (FREIERE O
2R SrT Te, MREOREZMEOH— 22720, FKAD
B TR S M7 BB OIRZ O 7% WIEF 4 (EHE) %
HAEL L, ZhcHT 2EEE2HO R Lz, &k, IE
BB BRGNS Z L IOV TCIROETRE 25,

5 & |

1. BB/ N5 7 1 o eSS
B A M RH #% 1% Formol-Mercury 5 X UF Dubosqu-Brasil
solution IZ CREE L, EHED T &L T/ — )V THiAEK
77 4 VICUH U, S OCHRERE ICHE L 721, AR
BFELTHo7 a0y s 3~6um/EDNT 7 4 VIR
REYIL, ¥YIva—F 4> 7 A7 4 F(DAKO #:8)) 12
#{& T poly-L-lysine feta izt U7z, i, FHELX L/ZIE
BELALT 10% KL~ ) VI CREER, /ST 74 vall
LTRESRTW 7 ay 7 S REBRICEYT L THW,

2. BARERAMREFEERR LR ENEIE
BRSNS 7 4 YR Fy VTN 74 L, E
EoZel ¥y = VRINITIALTZ, 02%Y VMG T
V7S HN0.05M b ) A-HglR (BT, BSA-Tris) & 8 #
pH 7.0 T 0.5 mg/m/ 12 #5F L 7z FITC 5 poly-L-lysine

fl 8 4 17

(Sigma #8812 TE=IR T | K SE S ¥ 7242, BSA-Tris
FEEWR T S 433D 3 EPEEH L, #MEiL 72,

3. BURIKAREFEERSMMEICRITIMEBEDH 2 W (I

HIVKRF D IINENDESNDEZE

FYVYTHAT 74 LEBHMBYIFA T4 R %
100% =% 7 —)i2 10 3R E L7z, 0.15 N ifE- 2 ¥
J— VIR L, 37°C, 4 KEEIULEE (methylation) 3% 2
W&, ANVKRFYNVEEXF NI AT ML Thilks:
BEAILIP, 72, 0.ISNEM- X ¥ / — VIS T, 60
C, 4RFLER T 2 2 21ck D, ANVRFYVER XTIV
IATIMET % & L b ICHRIEE X 5/ — VR L Tl
L7t 1%KEBEA Y 7 A-T0%T 8 ) — VIR CTE
i, 20 43 [EALEE (saponification) 975 Z LI L D A VR F
SNWEERT AT MEL TEIEX ¥, AR F IV HE %2
AL 722, BRlBEED 2 W0IX 7V R F v VISR L 7- B
WUIFAZ4 FELy 7 —)RIITHAKE, BSA-Tris #E
i 0.5 mg/m/ WAL 72 FITC £23% poly-L-lysine 12
TER, KIS S 72, BSA-Tris fF K T 5 453
O 3 [y L7, RS L 7o,

4. EEBEICHTDBERVIBROREKA RIS E

NERZE

FYVUTHINT 7 4L, BEOZEL LY ) —NVR
FIThiA L 72 IEH B A %2 0.01 M )~ RiEME K pH
7.4(LLF, PBS) T 1 mg/m/ i 4 R L 7z chondroitinase
ABC, neuraminidase, heparitinase » % \» |& hyalur-
onidase(\» 3 41 & Sigma #18) T 37°C, 1 FEALEE L 7z,
PBS T¥i{%, BSA-Tris £ T 0.5 mg/ml AL 72
FITC #Z3; poly-L-lysine 12 CTZ=ER, 1 FFE KL & ¥ 72,
BSA-Tris fFH W TS M & D 3 L 72, WL
720 A TEFRALE L O B R BRARGRERBERR M1 ¥R O W E EIE R
QU D SRR LR BFEE D IR MR 10 3 2 BER LB R O
PR O LR TRIR L T2,

5. dr bO—ILEER

FYVITHINT 7 4L, BEOZEL LY ) —VR
FIThAK L7 BHEBYIR % % 3 BSA-Tris fE ¥ T 0.5
mg/m/ 12 FHU 7z KA poly-L-lysine 12 CE i, 1 K
ROt & ¥ 7z, Z D%, BSA-Tris fEE# T 0.5 mg/m/ 12 7
L 72 FITC 3% poly-L-lysine 12 TE &, 1 KK IG &
¥, BSA-Tris fEfWK T S 43MI 97D 3 vk L 7218, M
L7z,

6. CLSM (T & 2 B REKMAREFEERS T B DERZE
FITC %5 poly-L-lysine THuh & 7z BRI R %,
/100 Tris SRR 2B A LI 7Y ) v CE#EL,



18 /N MCNS O B R ER AR BT ERR M 7 7E

B LT, FERE 7 VT v —F—%2H\, 488 nm D
RCPE R TRIEBNC D & 3D LB % 400 5 THIZ L
720 V—H—EEITa V2 —FHETICTY, XY iz
WL $ 2 ZHEENC 1 um R TR F v > L1z 5~10 1%
DM EGRE 2V 2 — Y Ik LTz, ZDRMD
3O EHEEO LW E SR 2 AL, ORI D
& 10 A P OFREFEEDVFEMEE 2 £ 2~ 7T A% F v THl
E LTz BEERFICHIBTH 2 IEH B OFHMERE b R
K22 LWk EBOH—2KY, FERFIOIEE B
TR 2 OREM E Lz,

7. WRETSFRURET

B 5 7z HIE{E % Mann-Whitney ® U 5 Xk THi S
L, S%AR2AREAGEL Lz,

& R I

1. CLSM TH#I2 L /- FITC #Z & poly-L-lysine ) &
e R Z e
IEFEEORBRETIE, FREER X XY ¥ v L5880

Fig.1. Confocal laser scanning microscopic
(CLSM) findings of renal tissue stained by
FITC conjugated poly-L-lysine at pH 7.0

The signal of labelling along the glomerular capillary walls
from normal portions of adult kidney tissue (la) or
childhood minimal change nephrotic syndrome (MCNS)
without proteinuria (lc) is similar, whilst the signal of the
glomerular capillary walls from childhood MCNS with
proteinuria (Ib) showed less intensity.

FIFEEE 2 Juh X 177 (Fig. 1la), MCNS O 4 ERE T, %
BHEE & X9 > X v AEES 2 ORE H G BECI3Es <
(Fig. 1b), EfEHI(REABMH BT ERE LIZIZHEL
B Iz (Fig o), —7, TRERECFHHE (meth-
ylation) D IEH & TIEMFZ AP 25 < frta S iz 0zt
L, fREFEEL X9 > % 7 LI5S < e S iz (Fig.
2a), MCNS O&MIRES & OCVERIAREL, 1EWE & FE
Bzt sh, ZOMmEICHHS » %X 7% h -7z (Fig
2b,¢), FETz, HIVIRF VILEIZFHFN (saponification) D
IEEBIIREEE » X > XY AHBSRRE RO s he
(Fig. 3a), MCNS O 2MHIFECI1E, REEEL XX
LHERE SIS P s DS, ORI I E AR
W EEABA S 202 Jf55 L T 7z (Fig. 3b,¢), IEHEE 2D TR
{, MCNS Q&R > NI EMRBHEOSYIF IcB T
B SRERA OB 1 7813 70 <, BRI IRIEFEE D YR i
TV HICEEZE SN, TOREME X IZIZHY—T
» -7z (Fig. 1~3),

2. BRIRAREFEERS MR E DRI

Table 1 & Table 2 12 FAEG] D B 5 B4 (5 B BE o i 75
OWEE %R T, SHEHA 4 610 E 0.81410.091 12 56
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Fig. 2.
FITC conjugated poly-L-lysine after methyla-

CLSM findings of renal tissue stained by

tion
The intensity of labelling along the glomerular capillary
walls from normal portions of adult kidney tissue (2a) or
either childhood MCNS with proteinuria (2b) or without
proteinuria (2c) is similar.

Fig. 3.
FITC conjugated poly-L-lysine after saponifica-

CLSM findings of renal tissue stained by

tion
The glomerulus of normal portions from adult kidney
tissue (3a) or childhood MCNS with proteinuria (3c) is
stained less than that without proteinuria (3b).
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/N MCNSS O B SR ER AR 7 i 1 7 7R

Table 1. Intensity of glomerular anionic charge in MCNS with proteinuria
Proteinuria Pixel Ratio
Case Age Sex - o
(g/day) pH 7.0 Methylation Saponification
| 9.6 4 M 0.755 |.105 0.83l
2 5.8 9 M 0.944 0.958 0.632
3 13.0 12 M 0.748 0.744 0.579
4 4.6 6 M 0.808 0.774 0.725
Mean (% | SD) 0.814+0.091 0.895*+0.169 0.692%x0.111I
Table 2. Intensity of glomerular anionic charge in MCNS without proteinuria
. Pixel Ratio
Case Proteinuria Age Sex - ——
pH7.0 Methylation Saponification
5 (=) 6 M 1.863 0.945 n. d.
6 (=) Il M |.730 0.539 0.848
7 (=) 12 M 1.519 0.871 1.038
8 (=) 12 M 1.104 0.623 1.045
9 (=) 14 M |.366 0.942 0.900
10 (=) 18 F 0.965 0.926 0.905
Il (=) 10 F |.472 0.865 1.007
Mean (% SD) 1.431%+0.320 0.816*+0.165 0.957%+0.083
n.d. : not done
Pixel Ratio : p<0.01 | Pixel Ratio : N.S. -
27 1.2 7
i o ]
- B o]
1.8 7 o 1.1 7]
1.6 1 1]
J 8 o] e
1.4 7 ) 97 °
2 .8 7
1.2 ] o o
T o ° 7]
o]
8 —§ 6]
1 o]
.6 .5
proteinuria(+++) proteinuria(-) proteinuria(+++) proteinuria(-)
PH7.0 Methylation
Pixel Ratio p<0.05
1.1 I I
1.05 7 =}
‘I - o
.95 1
.9 7 o
.85 7 fo) [¢]
.8 7
75 7 °
77
.65 o
.6 1 fo)
55 Fig.4. Comparison of glomerular

U, EEfEHH T EON9E I 1.431+0.320 T, AR
FEIIEEICHL LA R (p<0.01) BB T dH > 7z (Fig. 4)

proteinuria(+++) proteinuria(-)

anionic charge in MCNS between

Saponification with and without proteinuria

3. BREEEDH D W I HIARF S IIVEIZEE DB RIKE
(REFEE R E TR DBIE
Table | & Table2 IZAREED 5 W ITH VR F ¥V FEIiC
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AN D A HE 5] 0D B S5 TR A R s R o 1 i 7 D Y A i % 7
T o WRERENCFE A1 (methylation) D7l 1%, AMEIHEE
0.895+0.169 |23 U & il HIEE 0.816+0.165 T, Wit HE
EERBD R IoI, — T, VR F ¥ EICHE R
(saponification) O ¥ 1%, Mk HIEE0.692+0.111 12 %f
U EfRIARE 0.957+0.083 T, AN EMIATRCHELE
B (p<0.05) IZ{&fE = 7~ L 7 (Fig. 4)

4. EBBICET 2BRNIBE DR REFEIR RS

DEIE
BRI O YR IL R & O Yty — T

Fig. 5.
stained by FITC conjugated poly-L-lysine

CLSM findings of normal renal tissue

after enzyme digestion
The intensity of labelling along the glomerular capil-
lary walls pretreated with chondroitinase ABC (5a),
neuraminidase (5b), heparitinase (5¢c) or hyalur-
onidase (5d) is less than that without enzyme diges-
tion (5e).

B o7z (Fig. 5)n8, SRERIRARIEGEE O G R 13 RLEL D b
DL TIE S, % OMIEEX chondroitinase ABC JLE]
# 0.802, neuraminidase /L B ££ 0.816, heparitinase 4L B
# 0.598 7% & (NZ hyaluronidase fILF%% 0.881 TH - 7z,

5. ar bO—ILEE

RAER poly-L-lysine TRIALE T2 Z Lz X D, KBk
TREGEE DY EBE NI L, CLSM TO I Y Ea—F
DEY AHFRAFETH - 7z,
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2 = |

fesk oY a1 XY fili 2 P & 3 2 2 FREE b O
2%, CLSM i3 12 ZEiHE~NDOHEREL B T2 2 L %
FH L 32 AU TH 2, EVRBOEEOEIICE
2 NFWER 2 EG CBET 2 2 L3 TE, @EOHN
SR CHOoND 7V T DREIND T2, L ELR
BESNB, $72, CLSMIZ X 2#HAEHIZTY 2 ikl
CaAYEa—FIKPVAATE=Y — L TCHET 270
ZOAYE =Y IO AARHMEE R EA N7 T LT
ERT DI ENARETH L, LrbRABOEROHESDE
M S DADHEEIE L TT Y I MET 27:8, Mk
VR ORS WX 2EN %, EREICENTHLEY,

poly-L-lysine iZ5 WG HEMEZ b -7 7 2 VBT, i
F, &auvA NRF° FITC 2183 L C cationic probe &
LTWB0WBRGETHOL ST WS99 B2 poly-L-
lysine-4x 2 1 A F | cationic colloidal gold & FEiF#, ¥

TIZ IV )L T O B R BRARELES SR 1 i B oD - 1 = AR
b A TWw 3, —7, FITC 3 poly-L-
lysine 3 ZEMTIL DR EORKICH VT2 HRE 3H 2 b
DD, BARIEEDEMEREOWZEIC AV X v,

L Ebhb ik, FITCZ poly-L-lysine % cationic
probe & LTy, CLSM TBRBRAIREGBER /R %
Emkﬁgbho$&%mwtﬁﬁﬁ%@ﬁﬁ%@ﬁm
R Z A9, DILbNOTANIZRY TIEHID TOHRE
Thbo REIINFLV NNV THETE 220, BIEVIERE
CHIETH 2 L, HEEOLKAKZFRRFICEEZ TS, B
B e swCEalREoRRE L EBE x5 2 L,
E7z, T 7 4 YR TCOREPURER 2D, RELTH
LT T7 4 v7uy 2 ERHTESLZ L, REDOHENH
%o 801, CLSM EEX N I AR 0wE Z 2L D,
BRI BT O E RIS AIRETH 5 o

RFIWC X B IEHE % & CI/NE MCNS OB BRI G4
B, EEAFENELLLO0, BEEFEOSAICKE
KEWIEAONG oIz, Lieddo T, FEEEMEREIX
FEEHEOEDICL 2ELZZFIC WbDOEFEZ SN
72 —H, /IR MCNS OB RERIR(RETRERE AT 2 8
BRCHET L 7CRER, SRS SRR C L TREL
BWEER LI, 2P RIGEERIC & 2 EHEHY LDk
HE LFEIRRT, APEE O REH ORI SRR AR GR B R
HRIEDETHES L T3 2 L ZM RT3 b0 LE
Zohlz, 7z, SEIOMHELY 0V TOBETIE, FE
B W CRERARICREEDZEIR R L, WTFhoREkED

—RRICEMREETORE LT TWE LR rhibh
720

REREREFEE I > 7 VIR, ~oXT VR, 2 FuAd T
ViR, ETVRYBBLIUT IR THEINTE
DO RHTEH YT IVEEE T VRES BV R E %
BHLTWS EFHZ 6N TWw3Y, 4[E 0 chondroitinase
ABC, neuraminidase, heparitinase % % > (% hyaluronidase
TEESRALER U 72 IEH RERMAY] - oD B 1 BRI G fIE 3 AR ALER
DHDIHNBEILTBEY, ChoDBEOREETH
YRuAg FURg, YT VR, T URRBE S ICET
nvarignl, BUREEE T 2 8WEHRERIERERREIC
FEL TWw 5 Z RSNz, 512, FOmMBED 5
WIE A VR F S OVERICEREI L 72 MCNS O B SR BRI GR B BE
BRI ER 2 MR U 7o RER, BRERIRICEAI L7z b O TR
e L IR EES A SN o Tens, AIVEREY
NVEIZFHBI L7z b O TRIMFEHICEREZ 20 72, RIERE
TREFEE Z WL T 5 D THVBEEAEZH T 2WED 5
b, HBEEZ L ODFANT VB, £, ANVKRFY
WER S ODIEY 7 NVEESFHY T 51520, MCNSIZBWT
¥ T IVER DA & o TRIERUELREREE O F b1 23 7T
L, ZUPIREADRERTSH 5 &3 2HwE 350, 45
HOLNONORES CNEXFFT 2D EHFz ol
I EDZ &<, FITC 3% poly-L-lysine ¥ CLSM % Fj
W 7 BORERRETBERR M R O LB BIZ 1, M CER
HicER, FEEREOEHBBEEMEOREICEM L
2 BTz,

& &

1) /NRDMCNS OF4EM T 7 4 YR 2R D
WA v oR F v OV E AN, FITC £ 5% poly-L-
lysine THAE L7z, CLSM CTHEOMEE 2812, EHL, &
PEHA & BRI 3 2 CRIBREE DR B & HEBRET L 72,

2) KECTERLUIEERAEL IhFE COBEEL IV
DR L R AEAP BN ENERICE T L, S
LEBIZER L Z £ s, MCNS OREHO HIHE
Fe AR IEFRE DR ME T BE D B S 550 < IR S 7z,

3) /N MCNS OEHHEOW I VR F v VED
RIS DRE S /e,

4) REZEMWEELEL NV TRE, FRTE, &
FEBE B OB AR B 1 2 ABREEMFEOREICE
HATH%,
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