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Relationship of Glomerular Basement Membrane Alterations
to Epithelial Cell Structure and Clinical Parameters
in Alport Syndrome
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Purpose : This study was performed to evaluate the relationship between glomerular
basement membrane (GBM) alterations to epithelial cell (EpC) structure and renal function
in Alport Syndrome (AS) patients.
Methods : Fifteen patients diagnosed with AS (4—26yrs) were examined. The GBM in AS
was categorized as: Cl) normal, C2) minor alterations (widening of lamina rara interna
or externa without lamina densa change), C3) nonspecific splitting of lamina densa, C4)
basket—weaving pattern of lamina densa splitting. The length of each GBM portion along
the epithelial side was measured on the systematically obtained electron microscopic pho-
tographs. Furthermore to obtain an objective assessment of the degree of glomerular EpC
foot process change, the number of slit pores along 10 um of peripheral GBM in each
category was obtained.
Results : The percentage of normal GBM portion (C1) correlated inversely with daily pro-
tein excretion (g/day/m? P<0.05) and sum of the percentage of abnormal GBM portion
(C2+C3+C4) had direct correlation with daily protein excretion (g/day/m?, P<0.05). There
were no significant relationships between the percentages of other categories of GBM al-
terations and creatinine clearance or protein excretion. There were no significant rela-
tionships between of creatinine clearance in relation to normal GBM(C1) portion as well
as that in relation to sum of the percentage of abnormal GBM portion (C2+C3+C4). GBM
abnormality did not correlate with age at biopsy.
Conclusion : The extent of GBM structural abnormality is related to proteinuria in AS
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but the epithelial response is uniform even though the GBM ultrastructural lesions are
not. (J Korean Soc Pediatr Nephrol 2010;14:22—31)

Key Words : Alport syndrome, Glomerular basement membrane, Epithelial cell, Renal

function

AlportaF-> Ao ® A HY
9] o) FHkehE XEA AR R e =
A4 AA AgtoltH1]. ofe] A4ES Fote]
Alport &%°] #| IVE collagen?] MZ A&
1 a3(V), ad (IV), Hi= a5 (V) AFES Bdshs
A7) FAWole 7]Q1gte] uhe| |11, of e {4
A= HuE ek thiEe] AlportdFa-2 WH
T4 GElE wolv, XAMA el AT COL4A5
%ﬂx}ﬂ thekst EARol R Qlgte] LpEfu=t] dnt
O 7 A T EAIA o] Az ozt
A= ek 1/}‘5}‘413} 2]. olgdst fAAke] =4
Hol= 3719 ARER o] Fo1R collagen networks
9] A HA 7 A gaks m Rt 3_5]_ 1
2L} Alport TFwrollA AAgke] W] AFHo R
A& E = 7)ot 417e] of = o] whiliz o} AL
TA A2E2] 7HAel AAE A=A = o HEA]
A e ek

by B dpelAs AAl 7
‘ﬂﬁ}@r A7s B il 5] QA

S ATsh, Uk A 714 )
of W& AFAl APAEE] 3 WEE v Al-
port 5ol W] AR o7 Kdsh= W *§E1
of o] IRl 71 el el g staat i

_1>~1

11

REDEEE
AOL

_1
)

Jlm
o,

—I-)
1
sr R

S

e

OFA

O

chat

0

Aaa Mg SAollr e 22 GAF A3t Al-
port oo xE e tdos FEHRl
ATE Atk A 22 HAL 7 2441 2
& AFste] eaes S48kl AdotEd
AR o2 o) LEgIT) okl AAA
& Slal gdst 7IE B3 R A 0 2 Algste] 2hs
dleon, udste g

Treatment of High Blood Pressure Control [6]

ﬂJl

Ee

it

Evaluation and

¥} Task Force on Blood Pressure Control in
Children [7]¢] wgit},

2. Hb

1) =8 =

Al A7 A9 RS 2.5% glutaraldehyde®l
vAste] Ax; dnAdg BES EQlth o] RS
ZEFE thick section (1 um)< 3k toluidine
blue B o= g 242} & 370S] AHAIE Ftohi 2l
1!, ©]E thin sectiong 3} uranyl acetate$}
lead citrate® IAste] F3} HAxEw] JEOL
100 CX electron microscopy) = ARE-8lo] ¥z
sy

Z¥zke] AR 3,600819) wlE= AbAl] A
ARE 22t Zst 5 A, Adghet ARIS o
Fol AA AHAE SEFE ek w1 ZF AL
TA A 22,000809] &= 20-4072] AAFAn
73 ARg AFAL AAA AEA], 2] (syste-
matic random sampling) & & }ItH8].
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Bje}A wigle] wet (1) 474H(ClL; Fig. 1), (2) mi-

nor alteration: widening of lamina rara interna
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Fig. 1. Electron microscopic finding of glome-
rular basement membrane (x22,000) ; Catego-
ry 1 (C1) : normal GBM.

Fig. 3. Electron microscopic finding of glome-
rular basement membrane (x22,000) ; Catego-
ry 3 (C3): nonspecific splitting of lamina densa.

Fig. 2. Electron microscopic finding of glome-
rular basement membrane (Xx22,000) ; Catego-

ry 2 (C2): minor alterations (widening of la-
mina rara interna or externa without lamina
densa change).

or externa without lamina densa changes(C2;
Fig. 2), (3) nonspecific splitting of lamina
densa (C3; Fig. 3), 181
pattern of lamina densa splitting (C4; Fig. 4) ¢
47F4] M= (category) & Wil 7} Tl sidst
= AFEA 71A ] ZolE KS 400 programe ©]
23 Zeiss image analyser® ©|&3Fo] 5435131
o) o] SRR 84 & 2 Tl sgehs A
) 71Aute)] wlg T3] o] wajo) Az o
/33 A BAE FeIith 1elal wAF A

(4) basket—weave

Fig. 4. Electron microscopic finding of glome-
rular basement membrane (<22,000) ; Category
4 (C4): basket—weave pattern of lamina densa
splitting.

Al2) Yol g} AF7A] 7] A ate)

%ﬂﬂl & §]'9]r3] o BAE TERsith

w3k Mayhewd] A efsrs =Y (stereolo-
gical morphologic method)< ©]8 3}04 7 2
AR 714 2ol A AR 7142 10 umell it 2
A Aol = (slit pore) o] % T-sto] A
TA 7142k wiste] whE AlA] Au AR 29

HslE AT 9] (Fig. 5).
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Fig. 5. Schematic diagram of parts of capillary walls showing GBM and foot
processes which are shown to be normally separated (18 slit pores/10 m)
(A) and fused (3 slit pores/10 m) (B)7).

3) Al Y

AR 7)1 A ek Gz 2] Wske} ALA| o] B

24A17F A Y] i wdgEe] A BAE T
skl o3& A53t7] S8l paired sample cor-
relations ©]-8-8k1 31, P gte] 0.05 v]vkel 3¢ &
AF oz ov] Sli= A o= I8k Al g
A3ES] sk /‘HLXﬂ 7142 wigle] WMol e
kot BEARE Falel Q4 Rk vk

e a

1. 2o o™ 58

W] A o stglon 1 & YAt
7} 14ﬂ401ﬂ AL 4AE] 264 Alolol] 3}

UH(Eebzk: 124, Het; 13.340). 134elA ™
2o EAIE AL, THAA ard o] QI EE

ApE AR 7S 7L LA, 11 F 99
o] 71 Fellxle 2183 Alport S9ro] ]

Atk o152 BF JHAE ZAMIA A $-4
fraekas Bk

AolEd HAEE 5-162 mL/min per 1.73
m”9] 91l AL, 24A1%F 2 F BlRES 0—4.2
g/day per mZ>2] Welolgdr}h n¥o] YR 79
9] gak= AdletEd FAEo] 70 mL/min per

1.73m? ol gic) 29 o] 3Rl =7 o] H
2 ekgkorm 109 A= 1doA 129 B9k 3
2 s o] 10M 9 A5 = e A7

Al 2 g7l geolA 1407018 A3} Al D7) AlF-Hd e
Z 3Pt (Table 1).
2. ARl Z1MBe] HHEjEr 5}

ARHA] 71 A EEe] ZF W wlE-go] AvkE B
Cl& 3t 6.6%, C2+ B+t 40.4%, C3% 3.4%,
18]al C4i 49.6%= SHEATHTable 2). 9]
Ao} gate] QI kY] BAE AR, 24
AIRE & T S i e ARA] 7142k st
e & 5 S adZdy g 7142HCD 9
HIE Alol= oulelEAZ T ARle] Hlar=-0.521,
P<0.05; Fig. 6), & & wlzl vjd=fz) njgd A
T 714 2H(C2+C3+C4) 9] Hl& Alel= Auj &l
A7 AR = AcHr=0.518, P<0.05; Fig. 7). 34
qF A7 GAl AFAL of#-go] 60 mL/min per
1.73 m*oAel saks o7 F9S A &
% Tl w92t 9 urgal AA 714 e
H|E& Afol= B ﬂﬂl‘zl% ZFAAAY HolA| ekt
tHr=-0.525, P=0.18, r=0.527, P=0.17).
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Table 1. Clinical characteristics of patients with Alport syndrome

Cer at . . Renal
tﬁegetirerllte the time U;:ﬂz{z }l;e;rgiy Duration of Outcome:
Patient of biopsy b . Hyper- Hearing y follow—up Cer
of Sex . excretion - of - .
No. biopsy” (mL/min (¢/da tension  defect Kidney since (mL/min
(yt) per }.73 por mg) disease biopsy (yr) per 21.78
m®) m°)
1 20 M 5 - Yes Yes Yes 4 ESRD'
2 13 M 7 0.2 Yes Yes Yes 9 ESRD'
3 12 M 12 2.7 No Yes Yes 3 ESRD'
4 17 M 28 3.3 Yes Yes Yes 9 ESRD
5 20 M 38 2.4 Yes Yes Yes 5 ESRD
6 16 M 43 3.1 Yes Yes Yes 8 ESRD
7 16 M 45 3.7 Yes Yes Yes 2 ESRD
8 26 F 67 0.7 Yes Yes Yes 0 ?
9 12 M 78 0.5 Yes Yes Yes 1 81
10 8 M 83 4.2 No Yes Yes 7 ESRD
11 11 M 85 1.1 No ? Yes 0 ?
12 4 M 90 1.3 No Yes Yes 3 152
13 7 M 111 0 No Yes Yes 5 116
14 10 M 124 0.4 No Yes Yes 12 ESRD
15 7 M 162 0.95 No Yes Yes 5 144
"Note: cases are listed in order of ascending values for Ccr
TESRD at the time of biopsy
Abbreviations : Ccr, creatinine clearance; —, not available
Table 2. Distribution of GBM alterationin Alport 57
syndrome &
E .
Patient % of GBM alteration categories 54 I .
No. C1 c2 C3 c4 5.t
B b
1 0 1.3 0 98.7 g o
2 8.2 66.0 2.5 23.2 £2 ¢
3 0.4 66.6 0.9 32.0 'g 5
4 1.0 22.1 4.7 72.7 1%
5 0.4 6.3 1.2 92.1 = * . .
6 1.1 51.4 6.3 41.1 0 * )
7 11.1 40.0 11.4 39.5 0 5 10 15 20 25 30
8 30 603 17 350 %ofnormalporﬁonofGBM(Cﬂ
9 8.3 39.3 1.7 50.7 Fig. 6. Relationship between the percentage of
10 1.6 72.7 4.9 20.8 normal portion of GBM and urinary protein ex-
11 1.8 10.8 0 87.4 cretion in Alport syndrome (r=-0.521, P<
12 5.6 25.0 3.0 66.4 0.05).
13 25.4 40.5 4.9 29.1
14 271 49.5 3.9 201 0.086, C4: r=0.108, P=0.713), v|AA A4 =
15 2.9 54.3 4.8 37.6 splitting 27 22l C39 C4 HF9 A% &

F i s o) Qi nablsl sttt
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Fig. 7. Relationship between the percentage of
abnormal portion of GBM and urinary protein
excretion in Alport syndrome (r=0.518; P<
0.05).
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Fig. 8. Relationship between the percentage of
splitting portion of GBM and urinary protein
excretion in Alport syndrome (r=0.106; P=
0.719).

(C3+C4: r=0.106, p=0.719; Fig. 8). A#lo}¥]
d A A ARA Z1AEHCD & vlEte]
W= AR g7t /I (r=0.460, P=
0.085), BIZ A4l 714 =HC2+ C3+C4) 2] H]
S EAH SR 7t 3 eHr=-0.465, P=
0.080).

tfgkiotalgers]x] - Al 144 A 13 2010

3. MM TAID| Liolof THE AR
7Ixte] HEqsty ws|

HAREES 0w sto] A FA19] ol
S} Al 714 Ere] gEferA wstkele] Al
ARSI ARA] Z1A ] Zh e wEa A
A ZAE Yel= v gl Azt I3l aL(CL:
r=—0.377, P=0.184, C2Z2: r=-0.449, P=
0.107, C3: r=—0.050, P=0.864, C4: r=0.505,
P=0.066), B]77¢ AFA] 714 2HC2+C3+C4) 2]
HE s EAZ 0% o7t glolvh(r=0.383, P=
0.176).

4. AHH| HmlMZES] Het

AFFAL 7148 10 pmell gk ] Al s£2] Ao
=0l W E A% Ayl ClolM Fo 4.7+3.07,
C20lM B 4.942.97), C3ollA Ht 4.422.77,
83l C4old Hat 3.7+1.70% ZF MFTke] A
ol gllom, Tl Feoleld &) Azt
=2 Uk Afolol e FAIAQ AT YERA]
AcH(Table 3).

a

et

AFFA] 714 8] G323 Al TVE collagen,
ek (laminin, fibronectin, entacin), proteo-
glycan, 18] 1 heparan sulfate 5°|H, o5 $2
3 501 A IVE collagen®AR= 3702) a (V) A}
&=z 49 A (trimer) 24 AU (triple
helix) 9] ¥ej= ZEA3tc}. Collagene lamina
densa°l] vlAgt 1ERFOT EAsIe] THEA}|
gt AxHAR1 AR |eS sk Fow AztEct
[10, 11].

Alport T 4714 2o frigo] vl
Fedl, B2k oF 80%+= AGXA ] Aol
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Table 3. Number of slit pores/10 m of GBM in
each Category

No. of slit pores/10 m GBM

C1 C2 C3 C4
1 13.9 2.7
2 3.3 3.5 3.1 6.9
3 0 2.9 2.5 1.8
4 8.7 4.4 3.3 4.4
5 0 0.7 0 1.5
6 11.1 3.2 1.0 1.4
7 5.3 6.6 7.5 4.9
8 5.4 5.6 2.5 3.0
9 5.4 3.9 3.1 5.0
10 5.4 4.5 6.9 1.4
11 5.3 5.2 5.2
12 2.1 3.8 6.7 3.9
13 5.5 5.7 8.0 3.6
14 5.9 4.8 4.5 4.7
15 2.6 5.0 8.0 4.5

o] $kxb= Aol A T s A =
Eolt— ’dAAA) 94 (X—linked dominant)
9] o WAl ER=H], o]= #| IVE collagen?]
a5(IV) AVes Hdehs Xg22 F9lel EAlshE
COL4A5 717k2] Wole] eJsfiA] deojdri(2, 10,
11]. AFAA e 4 FAls Hol= vwH]
A= A ee) 7%, T8]al oA 821719 leiomy-
omatosisE EHFR=U], a5 IV) 2} a6 (V) AKES
Hshs COL4A59 COL4A6 f+33Ake] 5 ek
AEo] ogt Zlow A Avk[12]. 12l 4
FAA B e THE BaE =T
T A T A B SAlehks Blom deEAa
Atk AAA e HHE fAAE 22 AVE
collagen® a3(IV) S} a4 (V) A& @9sh=
COL4A3%} COL4A4 737ttt Alport S5
o] ARPA e P e AEE HoluA 75
= flaL 53] ool Azt At A RS St
AIE Hol= A9 49 A 94 (autosomal re-
cessive) 4 k= Alport =315 AZslof

sl JAA 407 FdEE Alport ST R

Alport ZFZA ATA /AT Frjst Wsksl PPALS B

ZEA B Hugivh[10-12].

A IVE collagena 3719 a(IV) ARE2] NC1 <
Artole] Ajto R 35 YAHAFRE A o] 3
N ARE & ol g AkEel 722291 Agto] EAst
Wb sk 3% WTR] gAdo] o] Folx A gkot
A @A A TVE collagend] 7-%2¢1 ATHS x4
SHA T 10, 11]. F2491 43hs 71X+ colla-
gen networkst 18] #g& Fall ZelEo] A
= Zow F5E 1 "o w Ak 4
W AAGAA AR 4 Q% Alport =55 7}
G2 @R AbA] 1A el ol (V) 3 a2
(IV) A+&E2 EAHAIT a3(1V), a4 IV), 18]I a
5V) AR EAsHA] ¢h= Zlo] grsiRitH 10, 111.

Alport S5wollA o] xA8t4] W= AvRd
Fet An|Folvt A3 WGl Aol 544
Q1 o] yehb] ekt AxF dAnl e wA
758 Wshs 5 AR, AFA 714 uko] vhekst

thinning, thickening, lamellation, ~12]1 lamina

==

densa’} membranous strands®] heterogeneous
network® WH3}E o] 913 20—90 nme vhFst A
719] 38 E335H= electron—lucent area’} =
AsH= basket—weave 2] M-S HIth oY
St basket—weave¥sh= Alports$-2] ziwto|
- f-2)gh AR} #Av) A Ao Wl sl
o]Zlo] ZArg o] of|Frof] F7FA]l ou]E A dthal B
ok} T3k basket—weave 3o AT} A=
a3(IV) 9] Hesleta] s} vhe- v
£ HeItH13].

WY H A BAE AL JIHE F57] (foot
process) 9] &3S g, AFA BAIE T 9
o] ATHE = W APA 0T BFe OIS 1
Qich FHLsE AFEA] 714 9] thinningS ©1H &
of gkxfollA] #zE] 31, po] 7} 5575 thickening ¥t
basket—weave o] @A A& IS Ho|
=, thinning®| AFHA] 7149 H3ke] A AAd A
olgb= F7go] At 14-17].

Alport S5 A A1 S48 e AA
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7149kl A IVE collagen®] a3/a4/a5V) col-
lagen networks?] FAZ <&l 7] A uto] kol 11
Z71ell 71A ko] =AA]]) Bdo] dojik= 1A |t
o] FHeRde| 71Q1sk Aoz Ay 4 QIrH10,
11]. Z2vh vk AA Agka= g2 Alport &
S A= AFEA Z1A el Al TVE collagen] a
1(IV) 3 a2 AV)AREo] #AVE T A VIE collagen

= et FA o] HA Al 714 Hte] o] AREEA]
TAEA Ak AA A dEEe] weEt o
1AV) 3 a2 AV)ARES ARFAIARE AIVE 2 Al VI
& collagene A% Holglo] F2jo] Hri[10, 11].
Jey g ow Yo7t F55 I3 E = 714
9] thickening¥ basket—weave %A}, Wiy 7
il A 52 Adsh] ook

Rumpelt [18]+& Alport %t $kx}o|A] wh
9] At ARA 714 9] splittingd = Aol
Anld A7 AR NE Selo] e} 7] et
9] thinnings ¥&o] gles w8]a, 7]A 9
splittingo] Fad8d o] oS Zefste] T
= et el & AT A3 8 5 O

A ok A ALA 7130 2lake odle) 2
AZE dRSaL, A v ARrAl 714 249
= AgulE AL Rshck. el mgg AA
7]x1t_q— 24 = 7—1]'7]'ﬂ 1@29} Q= D}-ﬂﬂ;ﬂ HHHBk
Thz A4 WAZE e ek3kaL, Alport S5
oM Hlad SHH O e 7]A 99 splitting
& Mol F WF(C3% C4) 9 BASKE 37 2

7} gl&o &2 YeERhbA, Rumpeltd] Aol 44
splitting¥} Tl 2}o] Auld] #ASl= o A
5 B3tk Alport S37-2 Alto] A ¥ste] uje}
AREA] 7141918 splitting®] B2 @A s YRt
] ST Esh=, 7141 9e] splitting O Q1
3l Wl S| Rohs whe R Q1S split-
tinge] O Xash= AU 5 QT ARFAlelA] o
W o] Fafolli= ARA] 71 A EEe] T, Fjute]
A a2, 71Aute]] 2hgsh= A8k aeal &

oFx} WY A

g4l ¢, a2l e =dY B

tfgtaobal g etsl A - Al 14 4 Al 13 20109
L 5o] #ojgitt Alport TF k] AlAl=
A4l a3— ad— a5(V) collagen networks”}
AR Aol thx|ste] F2w = Al VEI Al VIE
collagen® = Q18] Q1 4=o] A7t &=
woba] o 7hsAdo] Q= AAl Z1A Hke] 7
A Ag0] Fhhel whE A7 E I3 f f+
&3} qtelo] Tk = ik o] 2 <18l AFHA] 714
o] g oIstA L4 (hemodynamic injury) < 92
T =], 8232191 collagen networks® 735
o] QK| 9k A}A| 7| A HRE & = =4S QS
7Fs/do] slew, o]F Eal FxIAow dH el &
W7t F7FsHA Ee, o34 0 & 7144t thinning,
thickening, basket—weave %J 12|31 tearing
&2 W7t dold 7ksAde] Atk = AR 714
ko] splittinge E3e FEIeH2Ql Wsh= Wil
9] Al Al Hts a4 ol o
=0 AR ol 7t e Aol

AbA| 714k FEetA] kel AeotEld g
AEE YY) ARA o382 Al B 714
ok Aoy v 71 2 B ARRA| of
The Avdol /ISt Kim 5 [19]12 Alport 5%
T FRpel| Al FeotEld A

ume fraction, cortical interstitial volume frac-

¥} mesangial vol-

tion, 18]l percent global glomerular sclero-
sis &9 FEietA] Wskzo] SulEleAlel o,
surface density of peripheral GBM¥} =#|o}E]
< e wAlel Sls= SRSkt ol
e G ASold A AAl
I8} Alport
Olb‘r e e
AFFAINS T2 St g Rl Wiske] A4
Leof vlal] ojak&o] Wbt o AetA vehdd o
2hA o]t FEetA W= Alport S9-ollA
AFFA] o12HEe) Zhdel L3RR Bofshis AoR
y7ks L, Wske A 7|4 Ba e eta)

i
4
ol
_>|~l_,
=2
X

:
o
oX,
2
ok
o[}l

2,

%5 (hydraulic conductivity) 2] nephron

o] AHAQ 7hA = atubular glomeruli®] &
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7} &0l o2 el wele Alolekal 4513l
TH19]. ¥ A9 A ol S SIvlel
™, Alport S5 $kAFe] AlA] o 3-5-2] W e 8
& Hel7] fleiM= 84 A& nephron
#} atubular glomeruli® & 5 AF7A| o Z-&o <
S vAE v QRlEel gt 1AL A9t 2
@3 ok

AFHA] 2 A e] FEjetE] WskE dEal] 9
3l o]9] TP ARl A xE FEE = Aol dx
= TeIQleh & A7 A3 ARA 714 eke] et
2 WA ske} AU AR Aol =] W= Zh WSttt
H|S28E 202 Kol AR ul7t gllar, Alete]
=9 Y 9} A FdH=E #Hdol it Ga-
boardi 5 [20]> Alport 5ol AF A 5=
719l &o] izl ARl 714 Hto] ke F-9] oA
Jofupm] G 714 HelellM= | ‘ja“gb'}‘?h_ Els
%3, Kim 5[19]2 Alport <
Fiksol Alftoi=e] Wigl WS oulEl A ol

glor] o9l At B AFet G A
% 293 v AR e AFFE BN A 8

AFER AuAEe] Ashs el s o244
o7 st Zolehs A9kg wlck et & A
T A3} A AFA] 714 RS Hols A s A
5 7] x1 ok P2k BAE Ar R 579 &
A5G 31, ARo] w7} 9= s} Feo}E]
%i% 1 AR SN go] WxiE o]
Uit Q13 AAEe] Wgo] ek Tl
73 w2 w= A BRItk o= Alport &%
TollA gz Wigel dulishs te J1de
Z 8y e slsAo] 98-S AA}E)

White %5211 AlportzFolA A4 714
ko] Fejsha] wistel Q] wAE Aun
ob=t] Aek FA 9] Yo|u} A n) AlEA] 7] A uke)

AN 2A3= o] oty B st 2
AFA TN = Ak FA2] 1ol o} v Al
ngate] A BAHCR ourh fdvher=
0.383, P=0.176).
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