NECA-2|27|22HY 7t

NECA-R-23-001-32 (2024. 1.)

o|=7| S B7HE 1A 2024

MAAH'ES Ao

NEC/\

NECHEELETY



SRIIST T &
A AR A Hog gyl B
18 F=EA0lR AT BA0S 7 IIER AE7 AR T

re
ol
rA

™ re
ol 'Ll
e

Kl og
&, of
o

HARATY AP R AT

re
n
rio

™ of

lon o1
rol
i

oY I

B R AT AFIAAGE 7Y

x 9l

1. o] HI A= st=2H A F A oA 3435t o7 7|EAFH7}
AFA(NECA-R-23-001)9] Z3tE 1Ayt

2. 0] H3A Y& AR b ARG, /\ﬂn]l,} =] ol83}
ol WHEA] GFEAZATANA SUT B
ANZ HrejofF 5, B7HE 5 ”ﬂ/\}"‘% o] =& 7%l

L Z3R Ao BOJste] £417] vhgtt



QOBEI(TLER) ottt i
OUT| AJD OFT|ZRHIYT | rrvveveseresseessseesssemisse e |
I 1
U THTPHEZ coeveeeeeseeme oo 1

11 TIHHA QBT THQ vevvvvvvvererememessssssssssssissssenes s 1

1.2 FILHQ] 5] QI BHOIET] BUEF -vrvrvrrverseresenestnseses oo 5

1.3 B EM U SIZEGHS OFT[L rrvrrerererssmerssemsmsis et 10

T4 T|ZE ORIAIYT| covveveeeserseres et 12

B ATBHOITL i 13

D THTFER] weoeeeserisent e 13
T2 14
L ERBTIED erererms et 14

1 THQ wereesseee st 14

1.2 BHAIRIEL it 14

1.3 EEBIZIAH e 15

B = NS 17

TR 7 - S 18
T THQ +oereeseeees et 18

1.1 QEX} SOIHO|Qb RIBHE THRAAL oovvrervieeeeressis s 18

1.2 (NGS) SEKFZAAFL] QUAFR] Q&AL wrvvvvvrrsisirerrssssisieis s 28

VB e Lo LT T T S ——— 47
TUTETFZITE QOF ovvvvvssssssssees e 47

D A e 48
V. J_él'J_l__E_I%_{ ................................................................................................ 50
VI. _?_E ....................................................................................................... 52
1. O BT B RYTTFQ I rrererererrererrrresesesse 52

D ANQIBIB| werversseeis et 53

B, S ZIABIBE coveeeeeeee i 54

A, QFM MNTHIRISE B QRIKF B e 57



Elxk

A I

ll

MILHE-AIMIEHE 7 IMEEY 7]

|.

<0

(e¢]

e

__o._o
1164

o0
64

__l.l.

_l

S EENE:

8 AFAIEIEHNOT-NO8)2| S NGS 7|st

o0
64
_l_l
KO

A THEHA

oF

NGS 7|2t

]l
il
&l

S(NO7.x) A

o

— T~ — —

= Y T T T T T T T T — —

=

2.2 1
H 2.3710|=2t

H

ofl

H

=xr
A1
od

_|

P
ulr
KM _
<0
W_”_ wjr
o7 K’
< 20
=l of
OF 3T
R
2 K
o OF
L
30
xl &
oF cm
=~ T
m =
s OF
of © ©
RO S E
* 55
EZ S
R g D
no e &r
o Wk
= Ko 1ok
™ = KO
0 - N
N M M

M H

22
28
32
34

1K T
ol
ol

i
=

35

36
37

H 3.9 (IPNA 7to|=2t

38
40

41

3 SRNSO|IA REZIHO| X|20|A 2 R84 (Pediatric nephrolgoy, 2022) « -

4 SRNSOIA STRIHO| X|Z0fM2| R24(Comprehensive Clincial Nephrology, 2023) 41

5 SRNS % FSGS X|=0 Che

42

of

— T~ — — —

H3.

3.

H3.



E i

TI21 1] QR EATEEEH oot )
121 1.2 AOF SRNSO| SRFQEEE AR THEE QTTE|Z rrvvvvvevvessssssmeveesens s 3
121 1.3 ASSAD} BHE EHE QEKF SOEHO| AL o 1
T2 14 MBI LYQIQUA NS coveereresseremseemesssesss e 1
T2 15 AGIEIE LY QIQUA N7 coreeeeresseresssemmesssesss e 1
T2 3.1 AR I O] EIA L e 25
121 3.2 QFA 2THH OAIA| QF] RITE QETTF|Z ovvvereseeeeeiesiis st 31
12 3.3 30071 CIOR FA| s H7IMLRAS 083t O SHFHO| HF v 33
07 3.4 MO ¥ T, T2 ATA| 8219 2717} 2= FSGS BRFO| BT} v 35
121 3.5 A0t AIZS 0| Rt 21 22| UN2|Z, [PNA 7H0[E2FOI(2022) w-vevereesrressemenees 36
17 3.6 M3 MESTOIN QA ZH0] 20alE, ERKNet-ESPN 70|S2H91(2020) 38
121 3.7 SRNS AOFY| THR| UEI JHQ -eevereesserisensmeesissesisis i 41
712 3.8 A0t AZSES M X2 LT2|Z, KDIGO ZH0|E2IOU(2021) wwevvereeeesesssusrssveseunans 42
712 3.9 A0t AZSE20| X2 LT2|Z, IPNA 7H0|E2FRU(2020) «veeveereersersessessessesssisinsenas 44
T2 3,10 MAEA AMES O] HHE| QETTR|E «ververrrrrrrrsrss 45



Q2(ZE)

B

NFAYE AR L 2HZOE AYY AEFL, Fh B AT Hoks B 2 754
ATAAS BAS IO Y B/IALRA TI8te] ATAEF R4 PN B9 A

A €IS AR Aol A AFRFNIE G Y SAAHAE o) AAIsH= A G

ZINGEH Flae] A B AAL ol o) ROIREHE 80%e] 2743 AETol 48k ok
5 7192 @A BE47PF ot QAeIA gkt Aol 9lo] A7t Bashhs A7t 48
2AS B} A7 FAR WEEL, 20239 AR ARAEAR U234 14)°14 A7t
oz 2% Agstct

_

B7te) AL ATAEE S A A G840 i ot 2AZ AFstn A
SR Atk sl

Lypary
B bl APAE SR A 9Abd £-84S Wk ston RE BobEe 3
NaAg TEste] ATANS G4 T % AEEAAAB AR A B 29l el5 2]
A8 o Aeh)’ =012 AH SPSATE. AU THE 2oP 4 29), ABHALSH 29), A

7tols} 19D, % 59102 FAstck

AfllolA = SAEARA A F7I A B4 718E 334F @Ak ofu] /oAl gol A%
il e AArelal, diEe WY Ee] W2 A4 o ot A 74 olEAgo]
E2 Ago|7] fiZo] 71&Y AAA £dd Wi o w Zpzo] ek ARJNRAA! 7H] AXE A
Fot7]ole Aol & Aoz wetsiglet. webs Bl AA| A EHES Al5HA] ¢l 519
g FAHE HlofgHo|s, ostuatA, Zlo|=ERle] HEES S3f s A&olM 7t o] A

=
2 W8T ATAES A WA 4 $-84S AEsion

B PR AE|RolE AP ASTE W Fd 18 ATA 4o, 7K AT A B
o ATANE SR TEEARE YAHOR THANY |9tk Flel SAUL -
5 wlojello)x, A1g3}, dobgander Foke] 9] wubd] W PAARA HloleHo] A8 7
stglom £9198l0) kol Fo) Brie) me HAY oIS Selstert. 2 Bl 2919819

EoE aFsto] d=r|eA g i dgelA A2 & HiasHE A



NEC AFHES QFX} I

GorEa

3|1 AAE AR dloleHo]A(database, DB) ¥ wikA HEZAIL 5344 AHR0|E A Al
S5 (steroid-resistant nephrotic syndrome, SRNS)¥} =FARHALA 3} 5(focal segmen-
tal glomerulosclerosis, FSGS), 74 71578 ARFAIESRE A A4 T= 4, XGHAE &
3 A=l £ 71 44 SRNSY] 73, B2 S AR17]0] 24 A=Y 2 3
2 AYZo|A WEE= Aoz HYEY, Fe A1) oF 10-15%, 40k9] 30%, A-A E Joto
66% ool HY/Z2] F-41A}F Ho7t BRI 1 9loH, AA7HA] B F3he dovl= Ud F
A& NPHS1, NPHS2, INF2, WTI 5 t=9(60997 o14h) & 99l Ax7F #ojg Qi
FSGSQ HHE-2 A9l AT T RF9] 40%, 4Ot ASTF TR oF 20%S AHA5HH, G4
FSGS= ACTN4, TRPC6, CD2AP & 40997} o< F-ax7F WA=l Qlrkal Harskar Q. Sf
I Agloj A fH4d0] Aol iR HIX 7ol HESEHA] ¢k, Al V)5 AstE ©v] Axdoez
AP o] ok 44 74 ARAIAS F Q] SREZTFES EAoF ST I 1HoR
Hhgoks A0E AT, COL4A3 (12-15%), COL4A4 (5-8%), COL4A5 (80-85%) B4 #
Z2} Ho 7} FojEl= Ao R BTk f24 ol Aol meh X 58hA] S F9- WA,

2t Ao 97, A 93 44A Y 99 53t o] Qe

)

oX,

it

S m o BRI ATAES F% ALAAS D 8
2 e, AnETole] G, FAE SHolA Anfugiet

=] YAHAIASE =-2] Nelson Textbook of Pediatrics, Brenner&Rector's the kidney, Pediatric

Nephrology & 234 HEAD, 44 AS55o] et A9l 4, -1 Y IAE AEsh=

o] F3AF AR EZo] HH, WA, ST, 71SE, S5 549 o8] 84 s fA

LS RS e BAIRIITE A7l =21R171-HKDIGO), =A|4oIdstl(IPNA) 5 93

7lolEgRRIoA = "AH|Eo| & A A1SF, ‘1A v|Tte] Jol i ASo, ‘ARl T4/ 55
A

|, APgelAE ] SRl EAF,

A EAo] Yl AP, "SRNS, FSGS 7158 Q= A/ A5
A 715 AAPEHLE R ES )0l A FARFEARE darstaL Sl

A&27go 9F

=] YAHAIASE =-2] Nelson Textbook of Pediatrics, Brenner&Rector's the kidney, Pediatric
Nephrology & 23A HEZAT}, NPHS29F -2 E4 R4 SO 7| = SRNS 2HAk= HA A%
F5of §R&5HA] @Az, CoQ10 Aol Fefsh= 2 COQ2, COQ6, ADCK4, or PDSS2)°l ¥ol7}
U= FAA= CoQ10 AEell, CUBN G414 Hol7t A= 73-9-oll= HIEHRl B12 A= ¥H3-3ktar
HugEoh ERE-R7ARE Hol7} Qe SAfolA A o412 S A9 A f1fe] Wot AlelA] A% 5 Al=RE

< ARkt 222 & 5 Uk ARXSISIT AL 7 o] E2RR17IHKDIGO), A Aok es
(IPNA) 5 71| EaRIoA e 551/ Aot AB| 20| & AR ASTt 84}, a4 A 4155

o o

F

ii



oM HAAAA R B3} floHE FEsial A A A 22 2

i

A

o
(i
K
_O|L
K
)
v

AL

=] GAAIASE 9] Brenner&Rector's the kidney, Pediatric Nephrology Wi} AEZAT}, -

A AR 7IEAIEE 913 A 2 A7) 73R AR d Bl Tgol 2 Ao R HAsioal, 7]—0]w
2RI 8 E-S darskal Q.

AfllolA = AL Zho| =IO TRt f31 2 Rle] BoiE 4 Sl A A5, &
HZo|= A4 L%ﬁ , AR EAAIESRS, 715/ ArAlA Sl dish (e ) &

AR AARE LB S FASIAL UL, ARFAIES At oid 2 ohd
o] 7hsslH, olF &3 | A 2% 39|, IAA Q10 BF 59 *
Agho] A Bkl =2 € 4 lo] 9 eR [8elthal wdst

N
r
W
o
2
o,
RO
é
;o
2
:|o

chal, AR ST TS A8 U 99 SRR WS Dt A% HoR ARe §HAt U
3 Qs W ARl §3% BEE AsH0R Qgol=d Wt 9w, FelA wol ws §
HAE EHT 2 TR S AN 9] AHgo] FRslks ol gdet. Eat, Seuiet Bl
A £3) AR 20U U ] et B st} S| 271 A7 Wastchy Aok

=

20243 A3} 871 E 7R3 =(2024.01.12.)94= 2993 AE ZAx}o] Hsle] =9J5t1
=7 E7IE HHA A A4x2A 1030 oA AFAHS 544 g o tiste] ohaat o]
AloJshrt.

om/leAE keI Usl QA AT ) 24 9 1 9 BURER B2 SUHoR T
Fe u, S QAN ATAES W s Ul SRt A @) A4 5
88 % 4 qlo], AHROE AT HFRT, FLLANTATIE U 71 AFANE T
£ thgo= A8 U TRk ATAEF A4 HAHA A8 DI O Hefte
tHHEYSH : Agh.

AH|ZO|E AP ASTE, FAREAANAESS, 75 AAIESR AAAE7 AR, 14
A o
Steroid Resistant Nephrotic Syndrome, Focal Segmental Glomerulosclerosis, Familial

Glomerular Disease, Next Generation Sequencing, Gene Panel

iii



A7\ 212 =7 [=THEH}

>
-
i
0F
o|>|
r_>d
A
H
g
oX
>
rir
ol
X
A
re
N
o]
=~

£ 80%=E &850t}

oz7le| 2ikd

oI A A5, SIS, 715 AR S 407 1o
glons ARHRR FH)T Bt wel, AL 8] RA HAE THHES A
ATAYZ G4 SRR Aol ofe] 414 U919 Aol FRsst, o] S B o]
¥ 315, 24 Q10 B35 59 N2 2SI Agol4] F AL B g7l mgo] Hlo]
Aol A £-83feka BrsIgIc

Z2 % Ang
=TS8 e AER0IE AP ASHw, FAZEAAESS | 7S AR AR

57
WIS o WY FUA) AUE AR B4 5 S8 T 4 300 AT A9
TaAe] ALg-S AT 0= AT



1. GIoHHZ
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918 solsl= Axjolth ARHET A= AN I 7| A DEA 7Hke] S-4A) s A= 944 8=}
HAE fisf TAdEE S A B A SO Bt e 2 F71EoIA AARE -0l
AYste 2AF AEFA(EAREE 80%)= A5kl At

AFAES AR s dARe 7 D90 Elsto] A 9 RS oY, =28t HAAA ARS
74 59] o]o] ot AR HIIHEGo] th Al 8o] kot Aol AFg K=t Aol
Lo} A7t B asirhs A27H A At S5 Ag7 AR EEsielod, A7 E e At
WIAHED] 22} A9 HAE AA 2023 A4t Q771508 7H91981(2023.4. 14.)°14 AHB7}
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2O} AFEFE AR il AAFANEF, TAA ST, 1181 HARES S0 F Sz S3FAREA
Agto g EX(GAHd)el 90%, o1AHdl A7 10% ot} El/doll= U]H]%Q}%(mm1mal
change disease, MCD)°] 80% °]/Jo|w 11 Q]of] A RE-AANEA 3, WA S-4] AREA] A
5ol ATHAB<= 5, 2008).
A15F 4:019] 85% ool FEE|FAE| 20| =0 HESSEARE oF 10-15%% Hgo] fiAH Lol 2
FZol=of YAo] Hrt. AH|Eo|= AP AlET o (steroid-resistant nephrotic syndrome, SRNS)-
4-679] AH| =& A 7o % W= A] 9= 7= A E L, AFgEeke] Y of e} fheo] 9lom,
Q}X}«] 36-50%7F 109 oo 7] AlFaeko 2 AgstKLee et al., 2021; Trautmann et al., 2020).
FE29| AH|=0|E AP ASET A= t—ﬁ"_/l\_v‘i— AAMEA S5 (focal segmental glomerulo-
sclerosis, FSGS)= Rrotal W7 A% Ao 2 Zgstiet. AA7EX] SRNS/FSGS A2l tia)l 5071



ool Wl 4} glo] ShelElglon], e A SHA7E 4402 WA IrHCheone,

A AFFLE G ATA oL o] 2 TRBoIE ATA] ok Hlo] F2 AIEA B
Sl o) o] A Wk, ol et A9 AT ol FRBC] T AR ol B £E] Azl
AAZQ) oo 2 ALPA] ol Hio] BlEe AR 282 54 E5 Ho] A¥OR T o]

HEAU T, 220 Al A 2] ode] 1 ]Io| Bz ufe- o] 2 Lolof s UHhAl 455
O] A&l e WESSIA] Al Ty} AL, 2783t o= S8kl HAF AP s whE o] T

AR 02 FWsHA HrE AN Bxekl Exo] |, 2023)
1.1.2 QEKE ILIZA}

AR S EHARE QR -RRAOA BALA} SH= REIRE Aol A] o] TS A K= Bl HAIRIsHo
AA A 714G BA S 08510 S-Alofl AlEASSH= HiHo T #4] F-9=5003] o)/de] E3lo] HHEE]
o] FE3t E4l0] 7hs sttt 44 Rt A, /A4 ATHES, A B T 99 AP ol
3] 74 Lof| ARESl=t] HESH LIS 5, 2020). ESE, A s HARS: A A& A7 A GEAH

J| -4 G714 BEAH(whole genome sequencing, WGS)
¥} H|wsto] Bl-go] AFstar, MHkA 0 2 dl&0] coverageZt oW, Thil Ak T gl= 744
Sl o] glar, AR 2 R-2lgt ol E HE 7Fs 5| Shi= A3 ©] AtHCheong, 2020).
T1Ey HARQlE A of 323} QF H F-9of ¥l FHAPF EAskE B8 Hd AR 9 FA8AY
EAR0IE 3R] Foh, A& QA ol Aek - Q4] oA AAP &7 Fs stk o] JTkH
BTG 2020). T MEL A ok A AR X520 ' 0 2 QIs]| -4} wfido] WiEA|
W3 Cheong, 2020).
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(whole exome sequencing, WES

Gl S8 gAl I3 FEA AL : ELiiil UL AlEY A S AEd
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1.1.3 AMTHES F X 2 HA

ol

AH|Ro|E A AFSFHSRNS)Z 6071 o1iF9] Al Fax7F = vi-%- o] &Rl (heterogenous)

Agto 2, SRNS St 94 B7HolA @Y = 0] AX T f3AE SRl 4= gl Afol=

o8] TR FHA9] IE protein-coding exons= A0 AARSR= 1

AT}, SRNS = e (proteinuria)?t 22 574 HHF = At YA A0 A9 445

23k FAR 8 e 8-S T4 R0l 240 = 7HY BlE-

(Trautmann et al., 2020).

AH|Zo|E AP A15Tt SRt tigt R AARE @ 2Rt} 7100 A et ek A5 4

AL, @ A& (], coenzyme Q10)7}7Fs% SRNS2| FHIE &Rl 4= gloH, @ A B2 Bo/de

Hstal, HAAA| Qo] 27| S 5185, @ o] 4] T Ak AT xgbolo] Aetolal FESHF K
VS 5= 3lom, 6 AN 2] S A4t ek 9 BElE 7RsA Sk 24| ik A7 AR

A 71eS AHESHE, @A ojdo]9] 10-30%7F B 34 Aeko 2 I E K Trautmann et al.,

2020).

A A2 A EA Q) Ao 714 BEAH(Sanger sequencing) 105 ThE- 37HA] ZRAIH %471

A EEH(next generation sequencing, NGS) A %4191 1) 4%} 1, 2) whole-exome G714

E4H 9 3) whole-genome 97| GEAHEES AREE = i}, @AY 40F SRNS SR04 EAHHO|

Ago] tigk HEAQI AL glov, el A HARE AAE o AdE 58/ (usefulness),

A A (relevance), 7F&*J(availability) ¥ H]-&a 73 J1E{afjof sictal AA|SHH Cheong, 2020).

-

et

Clinically suggestive if a genetic condition

[
| |
* Distinctive phenotypes + Multiple nonspecific concerns
+ Family history of a specific disorder - Unavailable gene panel
» Indicative laboratory findings

* Single or a few * Multiple gene
genes involved involved
Microarray for CNV
- Sanger =) | - Gene panel ) - Whole exome | 7 [ - Whole genome
sequencing 7| testing "| segquencing "| sequencing

% 1.2 A0 SRNSS| EXAqet A gt Yn2|E
(EX : Cheong, 2020)
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Machine
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H2| 40!

15-1183=

N01060.01(2)

S HARO|AE)
Hs2HA Qo3

At

FHXHDNA E= RNA)S EX
0f2f YX[0IM HOl S2
aAEo| lolod
RIMICHE 7 I MS2MH(NGS,
Next—generation
sequencing)22
FEXHDNAYME BAL|
Ar8ol= EX|

DNBSEQ-
G50

#2] 40!

20-4733=

N01060.01(2)

COL]N: U /EN

=R ER
SAS IR

I INSS AT |9t o] QTR
2l0|Ei2f2) 71, BHUET IS,
HOIRE Jla SO §e
#9|0| QX BI|AHS
2445101 ZIiof ARt B

DNBSEQ-
G400

Hel 42l

20-4331%

N01060.01(2)

(FHIA0f A

R EF 2] 2IX|0|A
$0| 52 &ZEol7| flotd
RIMICHE 7 IS 2 MH(NGS,
Next—generation
Sequencing)C 2 RTX ML
BAL At8ol= ER|

DX-410-1
001

MiSegDx

Hel 42l

18-4469=

N01060.01(2)

ENIE
=N

ne

ro

2 Y AL FI BT
ISt 71E

Y7 |NBEH7 |9 F2| REA
201222 7|g, gddEls,
HRAEE /g S22 &2
U A HI MBS
=Aol0] TIE0| Algok= X

MiSegDx
Instrument

H|2l 451
16-145%

N01060.01(2)

(FRALO[L A

RTX EF 2] 2IX|0|A
$0| 52 &Eol7| flold
RIMICHE 7 | MS2MH(NGS,
Next—generation
Sequencing)2 2 RTA ML
BALO At8ol= FX|

EX: MEQIAF A= 7|7 XA A EH A/ HZYE SH
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A E7 1A B4 7[R 2R s A A

o

HAARS Pl A1 W A Sol B3t 71,

E30] wEh SAE 271 BelA AARE 7ol dEEe] 80%= 285 1L Jltt. 2023 349 71,

AAH D714 LA

(NGS) 719t 2%} s @ hAE AA] SA71 82 F 6971401 .

gRHs IAC == 3
H25 e 50 S5 U7 IXIES L AEXE
H2% dA=
H2E e A=
(AR HAL EAFR HZA]
L}-508-1 A7 MBS 718 R 8K IEHA Next Generation Sequencing

(NGS) Technology base Genetic Panel Test

Z 1. THEZ0 XY 2 AA S0 25t 7| EH20| M2 2UZ0NE

2. RNA fusion gene2 ZAfet ZR0= AFESN 10%E 7HreiCh.

(LPYIE S I Xt2(0l 12 7[XH)
CBO11,
CB012, 3. AZUZUMA "IIMUE7 I MBEANGS) S AA, AT Q7|0
CB0O13, A AZUZOIHXZC| 57HAID) BH2 A|2-HHIE AMESHK| %2 E2R=
CBO014, Levell 8,664.20H, Level Il 12,377.4382 AT},
28815, (® 7KN), 7K2)2), LN)(H3), LH(1)(LH4), LK2)(7H5), LH2)(LH)6))

BO16

7t QTN QEAIHAL Genetic Tests for Germline Variants
CBOO1 (1) Level | 9,626.88
CB002 (2) Level Il 13,752.70

Lt. BN STXIAAL Genetic Tests for Somatic Variants
(1) 282t Solid malignant tumor
CB003 (71 Level | 9,626.88
CB007 0 HIAMEY HA0IM 238 TR HEAR] 20|z AFESE A
CB004 (L Level lI 13,752.70
(2) et Hematologic malignancy

CBO005 (71 Level | 9,626.88
CB006 (L) Level lI 13,752.70

M

AN APEHQAZOHIESSE 2023 28X

H 1.3 INE= HMUE: RIMHE 7| MEEM 718 ST NG HA-FHE RTAHEA-Level |, 11
HIREMS  L}-598-17K1), Lt—-598-17K2) +IHEEEDI)ZE CB001, CB0O02
F0HE  MES0(E0%) H2UX} 2017-03-01
BT BA=XE 1A H2016-2715(16.12.29))
) RMICHE 7 I MEEA 718 RTX E HA- R REAIEA-Level 1
TR XMIUHE T INE RN T|8t QX I HA- QTN SEAIZAL-Level 2
SHOIH(HR)  Next Generation Sequencing(NGS) Technology base Genetic Panel Test
oY HES -
AlA| -
EX: QU7 |AARZE STHO(X|> Q=27 |Z 22| >SUHI A > TASH2x 3|



NEC AFHES QFX I

H 1.4 Y502 HE7|E H YR 2ot MEAR HAXIHE

LI-598-1 XIMICH H7|MEEA(NGS) 7|8t QXA THEHALS| 20{7I=(A| H|2023-2265, "23.12.01. AlH)

XMIC F7IMEEA 718t QEA THEZHAKNext Generation Sequencing (NGS) Technology base Genetic Panel
Testie MMEE0 X1H 2 HA| S0 &st 71E ) GH30| M2t $21E QU7 [HOIA HAS AL Chgat 20| e1yst

=
1) 204 Y 222 ofeHet 20 HHRUAP AEE 2 FUAL W0 BIEA] 236t gt HAIGH0F g

=0 CHe Zst = e T
FEY UM AHg* PRPF31, RHO, RP1, RP2, USH2A, PRPH2, RPGR
FEY HH* GJB2, POU3F4, SLC26A4, TECTA
A2 T 02| EAH* GJB1, MFN2, MPZ, PMP22
7| M 71X (*) Hgt2 g1
A2t R At =
Jstor HER2,EGFR,ALK,KRAS,NRAS,BRAF,BRCA1,BRCA2 KIT,PDGFRA,IDH1
e= IDH2,MYC(C-myc),N-myc(MYCN)
SEMEE NRAS, KRAS, TP53
=24 Sd gy CEBPA, FLT3, JAK2, KIT, NPM1, RUNX1, TP53, IDH1, IDH2
SHEISY uied TP53, RB1, JAK2, NRAS, IKZF1
DABMOIA, DAZAEY ASXL1, CALR, CSF3R, DNMT3A, JAK2, MPL, RUNX1, SETBP1, SF3BT,
< ’ e SRSF2, TET2
A¥EEE MYD88, BRAF, TP53

2) RNA fusion gene ZAt A= SEHEHOIAMCH TR MXE Of2iet 0]
- ABL1, BCR, CBFB, ETV6, KMT2A, PML, RARA

L. =7t A8 4

1) fHd REA A
71 Level | : R84 2~307H O|ALt RFX} 20|27} 150kb O[0! Z
L) Level Il : REIRR4 317401 O|7{Lt REKF Z0|7t 160kb 1ot ZREM REY YAMAHY, KT HY

AMEZDe|EAF0 2ot 1Y

2) HIRTY RUA At
7h) Level | : REA 5~607} 0|ALt R Z0] 150kb 0[5121 H2
L}) Level Il : Rt 517101 O[ALE R Z0] 150kb = 2ket Z<

3) g3l
7h) REY REXHAS] Z2 FetEz 18] oY,
L}) BIGEYE REXEAIR] 22, TIHAl 12| Q18 ¢

=

},

il
I
oot
o
=)

L ME R X2=S A0 2f6l 7t 1312 21y

ook

L. 471 711) SOt 2ate] 2RIRHER TIEE0 AE H 2Al SO 2et 7IE, SH20i W2t Of2iet 20| B

[==}

1) 71 711) S0itiY He- U & BIAMEY HMA2 Ty, HO0lY, Med*2 L0= 2R EE 50%E X

2) 471 711) g0itiy He-0e S O 1)S Meleh Ty, HOlY, MEg o ZR0= 2R EHE 80%S M8

3) 47| 71.1) S0ty Bt 1FYUS ATt B2 2QIFHE 80%E XE

4) 47| TH.1)~3) 0]9f AFYS2 L@t FR0= ZAREHE 90%E X O, =QRHE 90% HE Al X2
S OfaH EfF-Q0l| Thet SAIATAE HEOI0{0F &

=2 710

\J

2t &71 711) S0ty FE S DA £E {0 Hfolti= T2YZ0HIE FTUY, AT BHMMA A
g2 0l 2ftH] Ay -YAHES 8.
* TR, TOLY, MY DY - TRIEAOIA X ? FOioks A0 et QAF 010 MEY|E H U et A
A2 OE.
Ci2r, E=0 AP gl FR0l= &87] 371, 472 otdl, H71450| 0242 LR Y2 Tel=HEEEAIRIER
(KCD), M=) SEf 2E0f (ot ASAA REES /3 0|40 o




1.2.2 39| B3 I ARASK izt

AAES AT B 7 1M B4 719 A s d A

I, "]=+ CPTOA &Y -4} HALE

r,

slol, 9] 19 A1 U182 BhelulA) ook
Al A2 Thewt o] Selstc

djo

15 =9 2 A AP SM i
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A
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81405 Molecular pathology procedure, Level 6 (eg, analysis of 6-10 exons by
DNA segeunce analysis, mutation scanning or duplication/deletion variants of
11-25 exons, regionally targeted cytogenomic array analysis)

NPHS2 (nephrosis 2, idiopathic, steroid-resistant [podocin]) (eg,
steroid-resistant nephrotic syndrome), full gene sequence

81406 Molecular pathology procedure, Level 7 (eg, analysis of 11-25 exons by
DNA segeunce analysis, mutation scanning or duplication/deletion variants of
26-50 exons)

ACTN4 (actinin, alpha4) (eg, focal segmental glomerulosclersosis), full gene

sequence

INF2 (interted formin, FH2 and WH2 domain containing) (eg, focal segmental
I= CPT glomerulosclerosis), full gene sequence

TRPCE (transient receptor potential cation channel, subfamily C, member 6) (eg,

focal segmental glomerulosclerosis), full gene sequence

81407 Molecular pathology procedure, Level 8 (eg, analysis of 26-50 exons by
DNA segeunce analysis, mutation scanning or duplication/deletion variants of
50 exons, sequence anaylsis of multiple genes on one platform)

COL4A4 (collagen, type IV, alapha 4) (eg, Alport syndrome), full gene sequence
COL4A5 (collagen, type IV, alpha 5) (eg, Alport syndrome), full gene sequence

NPHST (nephrosis 1, congenital, Finnish type [nephrin]) (eg, congenital Finnish

nephrosis), full gene sequence

PLCET (phospholipase C, epsilon 1) (eg, nephrotic syndrome type 3), full gene

sequence

e Z2E4 F4AE  ERISR g

o
C
[e)

PT, Current Procedural Terminology
|2 SMLEM SHO|X|

2, ToLdo =

u]= AFR S Aetnaol A= 844

A

= 24, FdE R 712 A AARE A=t ol 25| =gh4dst

gk 3 O YA B4S HolAu, A9 EdielE Sk 234
2 = 3

: 4
9I%o] Q= AEA ), @ AAEIE Ame] AHA P AL AL, ©
o]

=

7A90] A 7129 Alglo] SETe 790 ofshao R SR AAPE B stk AA AL,

£74 A F 715/ A58l Tt 84 AANNPHSI, NPHS2)el tisl thaatt 2ol AIAIskaL 13ich
UHA=ARAY AR ASF2 71590l A= A AT TS5 AL ofHoll U= 4155
) &oefA| ofskH 0 2 P a9k NPHS1 E Ao 734 AANE Aottt NPHST S <A™l fd#t
ke B2 23500 tiet wao] S=lA] o] wieel A5Fto] s tE AR HE Be
23500tk AddAEs A9 AR et



NEC AFHES QFX I

. 2|20 AP AZFRHSRNS) 402} SRNS 7152 0] gl Aolol Al NPHS2 EHo] 94
AR ofska 0 2 B a3k AAkE TEfskch, NPHS2 9504k AARS glo] AlAIE] 282 o]9lellA)
T} ShRl X Qioko e ARl AR Zh5a

fr 24

ESH AR S 44T MIE(Glomerulopahty Gene set)= A3 %{Ql(experimental and investiga-
tional) AR skl A A5

1.2.3 =U 0|E2ig

ARG DEA 78 A DA SAADA - Level 1, I Peigt B
CBOOL, CBO02: A BAAEZHIOIA AZ5H SARES o §5te] that o] Al Shy
o|§ AL BAIHGt

E 1.6 =W "RV IMEEN 7|8 EX EHA-REY RTRIZHAL 01834&

T= 2017 2018 2019 2020 2021

XMICHEZIME RN 7[8 SFX NG ZHA-RMY |FXIEA-Level 1(CB0O01)

EDVEN(E)) 1,025 3,277 5,618 7,435 9,465
SAEH(Z) 1,056 3,473 5,950 7,893 10,027
Tz ZH(HE) 1,051,541 3,334,723 5,821,030 7,894,190 10,154,646
XMICHEZIME RN 7[8 SFXL IEZA-HY |FXIEA-Level 11(CB002)

N ) 4 120 388 462 532
SABE(E) 4 128 398 476 547
Tz ZH(FE) 5,581 168,149 567,315 696,922 817,949

EX: BHAZEH[O|HHUA A HZARISH(2023.3.7I1F)

AAH A7 BEA 71832 s @ GA-3-07 532 AKH598-1)(CB001, CB002) FollA 5
W BAF TS ZHE 7|2 AL A AP T E(N01-N08), AER 71&-A53HN04.x), B2
EFEA 2 A8 AES(NO7.x)0 WE 0o]8dFE AEIHAIE/MES S =dd
(2018.1.1-2023.4.30.), AAFA€(2018.1.1-2023.7.31.) 7|Z02 ERI53L).

H 1.7 MEES0IM2 NGS 7|8t RX T2 HAL 01234

T 2018 2019 2020 2021 2022 2023 A
SER : AFHZEEH(N0T-N08)
2xt(3) 15 21 52 68 72 40%* 268

=z (&) 15,101,876 22,056,307 55,254,694 72,131,633 77,874,589 45,112,409 287,531,408
ARF  UBSZF(N04.x)

BIXp4(H) 6 10 13 18 15 gr* 70
H=z2(H) 5,842,489 10,507,913 13,822,238 19,500,938 16,352,376 8,937,032 74,962,986
AR ¢ HE EREX Y2 KUY MEESIN07.X)

BIXp4(H) 0 1 1 3 2 0 7
H=z M) 0 1,049,854 1,068,080 3,039,265 2,139,610 0_ 7,296,809

XN JLESHAEIHE , RIS EEY, ** 1-48, 1T




H 1.8 ATARLENO1-N08)2| A NGS 7|8 QEK LAt B35 (Et):2)
HEAE 20184 20194 20204 20214 20224 20234 A
A 15 21 52 68 72 40 268
0-9A| 6 9 1 22 14 11 73
10-194M 2 4 16 17 19 9 67
20-29A| 1 1 8 5 7 2 24
30-39A 2 2 7 8 9 6 34
40-49KM 2 1 2 3 6 4 18
50-59A 2 2 5 10 7 7 33
60-69A 0 1 2 2 5 1 11
70-79A| 0 1 1 1 5 0 8
H 1.9 M5 T(N04.X)2| A NGS 7|8t SHA EHA B8 (Er¢1:3)
AFFE  2018d 20199 20208 20219 20229 20234 A
A 6 10 13 18 15 8 70
0-9A| 4 5 4 12 7 5 37
10-194 0 2 4 2 4 2 14
20-29A| 0 1 2 2 2 0 7
30-39A 1 1 1 1 1 0 5
40-49A| 0 1 0 0 0 0 1
50-59A 1 0 1 1 1 1 5
60-69A| 0 0 1 0 0 0 1
H1.10 22| £REX| 242 QA4 MFHSNOT.X) S NGS 7|H QAR IEZA H7HY (291:9)
AFPE  2018d 20199 20208 20219 20229 20234 7
A 0 1 1 3 2 0 7
0-9A| 0 1 0 0 0 0 1
10-19A 0 0 1 1 1 0 3
20-29M| 0 0 0 0 1 0 1
30-39A 0 0 0 1 0 0 1
60-69A| 0 0 0 1 0 0 1
H1.11 927|% E NGS 7|8t QEA T2 ZAL H7ste (Et91:2)
ZHAE 20184 20194 20204 20214 20224 20234 A
SE5 : AZATE(NOT-NOS)
A 15 21 52 68 72 40 268
HeSEEH 12 21 51 64 69 40 257
See 3 0 i 4 3 0 11
AR : MESZN04X)
A 6 10 13 18 15 8 70
HeSEEd 4 10 13 17 15 8 67
SHA 2 0 0 1 0 0 3
AES : U7 EREX U2 SN MYBHINOT.X)
A 0 1 1 3 2 0 7
yEZeEY 0 1 1 3 2 0 /
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H 112 "RMUHE7IMEEA 718 RER HEHAL #7182

(Et2]: 2)

i TI=H|(H7D
7 YUHRES e S
QXN SEKIZALevel | / RITHZAIOBIINZES| S M= 10589.57 975,300 843,990
RN RTXEA=Level || / RITZARIS M2 § TE 15127.97 1,393,290 1,205,700
E7]: AARSAAEI QU MR HE 2 EE(20231.1. /1)
1.3 Y EY U siEsl= ogl|=
20}9] AFF -2 AEA| o3t e (glomerular filtration barrier) Ao A8k Daith. AFTE2
Alek chill 2 el U5 AgRNEs, 1EYAEEES 9 HA FE0 2 o|ojHt), A58k
fex]
-

o F-E0] SRt e QA |of] 2 HES5tal YR SRz 41 o]4] Sl e Sty ] wjze]] @35t ¢
ol 2 7R o AT SEAFO] 15-20%00141 71&2] H AAA ol Tt 7842 A =#] X5t
AtHPark, 2019).
AHEO|E A 45T 85 5 Y FEEFAH Z0]E @ HZ MR Tof| & sfjof] = S5HA]
Fohs 202 Aot Lolof| A TrAERke] A R S5t RlolH, iR AR EANA| 735}
S o] it} AHEO|E A ARSI 7071 o2l SRNS % FSGS 1 4Pt = 7474
ZArgo|t}, FT Ato|4 SRNS IS E 3R] 20-30%0014 T ¥R §-4% S=AHo |71 &1 = itk
(Park, 2019). FA73 41593t 12H 53124 SAHo = Al2g, &, AlELZZ(cytoskeleton), PIEE
Tajof, FaE W AU Al 28-S 3E9LRE A3 W] Tttt |04 el thil o] ke It
AF7HA] o A A2 (1) ofAlSo] fIAIgE 181 AZ=
slit diaphragm and connected adaptor proteins) (2) SAZ 712 4 755 F-X|of| @429l actin
dynamics®] 28] 3o, (3) 71A19te] FHaPg Tl d 9 AR 7| A2t 4] Tl(adhesive proteins
at the basal membrane and GBM components), (4) A2 =47} #2% apical membrane protein,
(5) & AAF Q1K nuclear transcription factors), (6) SA|E A $4 FES 5h= v|EZ=o}
2 2 AE} -2 AlE W A7) &5k TelE, (7) 718 A2y delEo] 9lei(Ha, 2017).
AR EANA SIS 359 FEIE 7H= HEIehAQl Xdto X9t TRt eQlke 7H = d-18E]
o4 Zooto|th. U1 UAE Tl E o] B4 FAMH0|, @F FHRIAL, Hiol#A Y, ok =4,
IE 0] o] g 743 Rk, Yl dold HIZEo] 71siRle EFHeal
ojf I FZo|A AxtA 0 = UEhts FEIeH] 4] Msrt =47 sks o ok A {4710
FAEHANASREE oy B A2 Aodgoly EA7FElit diaphragm)
O] 20} AFF thil A o] A&y} HAE| o] QU ol F 501 NPHSI 74A19] ¥0l= nephrin®] &2
7Pl NPHSZ 733#F9] ¥l podocin® 2&& 7FA2th. 1 9| actinin 4, CD2AP
(CD2-assoicated protein), TRPCG6 (transient receptor potential cation chnnel 6) 59 FAZ7}+
ol 5 vk S8 mAREANA GRSl 144 4Q12 Hiol| ALt TSR] 2150 23k B 9]
AIZRE A 72 ee]E, 2017).

adaptor proteins (located

i
)
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FTAdaptor proteins

I 1.3 NES R BT SAE QEX SHH0| AT
(EX : Ha, 2017)

U 7/ AT T SR A l E'J EREA] 2 7 AES(N07) o 2B FER

@
Hl
=
EN)
A
o_k
oﬁ
Jon
M
rio
Ral
4>
ra
ot

=2 2018 2019 2020 2021 2022
HSSF(N04)
BIRE(E) 13,372 13,150 12,475 12,523 12,351
QUZ0HISEH(FHY) 9,760,496 10,422,121 9,478,255 10,670,922 9,964,454
S| 2REX U2 MY MHHZF(NO7)
SR(Y) 204 238 241 261 250
QOUZ0{H| S EMH () 38,085 109,789 37,284 49,308 48,598

S5 SR HO[EPHUAI A HH ART & (2023.07.71F)

20224 20224

12.5k -
24 ©
Tok: 7377
75
7.5k . - . &
- 5.869 5.650
50
o B N | -
3910 25572 78
4025 4360 3,980 - i == 62 - B

6,128 5%
36
3,256 25 32 o

2,068 1,815 2,047 2606 A
0 4
0.9M 10194 20294 30394 40_49M 50594 60_694 70_79A 8OOl 0 0.9M  10.19M 20 29M 30 39M  40.49H 50 59 60 69M 70 79M BOMOl&
L o e of
2 2 L 2 Mojade LHejolA
O3 1.4 SAZE LHEL_NO4 T3 1.5 HHEE LY NO7
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T A A5 B4 AUS 1S SloliAe gRbd o= Y, AAIEAL AE4d

AAL 71EE 9 GAREAR T 23T Lipska-Zietkewicz, 2021).
AT dukA 0 2 gt Tl o] vl dit T1of whE Fg S Eelsto] Aegitt A
iy 7F A EHE 1 m? 7|5 5 960 mg OMHAIZFS 40 mg/m? oMol 1, g gHvlo] 2.5
g/dL oJslHA|, 8% SHAEIE 417} 2.50 mg/dL ZIFota AthS W 4= ot A% 233t HAA]
Z7| @Al Ae] F27]= A3/do AR, Agto] X et A 0 & AofR|= A ERIY 4
o FYsto] £21Z SESHH MR FARE Sl AEH a8
SIRIg 4= Q11 T1of| Wt A 55 Aokl oS5 et I BAAIS HARS A Aldgsto] -RAt
o RE gRIok=H], ol= Xda} A5 3 Akl o5 FYoh=t /-85t 3] AES

e
15
oM.
:lo

1.33 X|=

o] 714 o= AREsto] Aglo] AP s S5 =5 5 AUtk 1Y B o R AJEglo] Tk
(proteinuria)7} 1= 73-9-0f] X LENAIATEG A A Al(angiotensin-converting enzyme [ACE]
inhibitor)& ARGRITE. 12|11 AfolZ 2 A ™ (cyclosporine)®] A7 152 QPIA71 1L Tl i S 0
=4 &3pHolek= E£3lo] Hars vl 9ot o W2 et NS 8 2 Sl Ade deRel grjlo
A], 2023).

]
]

2ol ool U BS 17| 5 7172 ARgst, irol ehd ol 32 R3] 915 542 1=
A L A7 52 HriBte] Aake] s T Al solol aiet. A
21 % 284 QO (ZFH)E B8} fiA oo
QT] AISH AFFRolY] MR S 15520) A=) A Ro|=S BT AL Ao k5

3 3t #1717 ek, 41%H0] W) 8o & A
HopR FAEA, AVgo]4] S AR 8 o] WA, §A1A U2 the] ek 4 A15F
Alol4] o} Afito] £} 93] whize] Alo]4jo] sk ALH T UrkEIF AT Arekel Fufo] 4],

2023).

] ro{i

A AoFAIASHS (International Pediatric Nephrology Association, IPNA) 71 =2F1(Trautmann
et al., 2020)°lX = R4 ASTt AehS -2 SRjollA] 237} gl A9 A 39S ok, =ld-<t
] QHIA-L = A2 A A A (Renin—angiotensin-aldosterone system inhibitors, RAASI) 2 7]€}

=
HE 2AE ZR HH G A A=E A& A5 darskal At

1.4 7|1E Q=718

U] S=7]&87F Halke SRISA] 3t
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1.5.1 HAX 2ciuF

Morello £(2023)9] A7 40} AH|Zo|E A3HA AZTot SR gAtol|A] A1) 0]4] & Ajetal S-#1 ]
WO S ZIRE 2198 1 7he] Aol thste] AlA1Y Z 1z 9 HleREAlE 3513l & 8He
AHAot 5817)7F EFH=| L, AA| Alo] 4] & g2 39% (95% A1%] 77K Confidence Interval,
CI) 34-44%) I}, 737 SRNS EHAtof| A= At 'AYSHA] gEqrom, Q1 F-4A} Hol 7} ERRIE| %]
& SRl A = S-S 61% (95% CI 53-69%) ATt “L 5ol 27] AF| 2ol =0f Wiz dS K]l A=
9k SRNS 2Ex}of| vl At Ago] o U @Y (relative risk, RR) 1.91, 95% CI
1.48-2.46). 718]11 A, 22154 A= kgl 893k ke f19ict.

1.6.2 AxIES

Murray 5(2020)9] Aol 71574 A Agto] QA== Aol A NGS #2374 A Al 3RS
o 16 X5 00] W) SRISICE 47 715500759 2 O A7) ALY B
a3to] 21 7KE(45%)9] 397(529)°0] 9 RTHS WOk, L] Sjoll Al YA HolS BlstA
Eo} At et Ak Bz 570 ER= st ), £ Aeke 12 SRtolA 12 7152
2178 SERK54%)°14 Xto] MZ =10, |4 10/39(26%)8NA A&7t HA =AY & AFolA=
HokeE QA AT WA A, et 7121 ofs) @ Ago] Waks /4L & 9lom], NGSE
AP0 tigh b9l ATALE = ofof ghhal A|A|skaL et
* @ TIKD (tubulo-interstitial kidney disease), @ TMA (thrombotic microangiopathy), @ GN (glomerulonephritis),
@ Focal segmental glomerulosclerosis/Alport Syndrome, ® nonspecific causes
Cheong (2020)2] A-HFH)ollH= LHZO|= A AlSTt 4ot LANA O] {2 A2 TS
HESIRI. 4:0F SRNS 2] it T2 E A7H6E)0IM NGSE o83t 314 EdHo] AEE
23.6-30%= Hilstal Qi
Weber 5{(2016)2] A-oll4l:= SRNS #2378 tA 22 NGS ' 2 & 10712] SRNS -34S B4
o 2=2dste] XW EAH0lE SIS A 0= 60% (22/3778)2] EHAtollA EAHClE 8]l
IRLEEE 60%), ©1 5 38% (14/3276)] SEAtollAl= B 719] F2dRfoll A 1], 22% (8/3278)2] T4t
A primary o] Qo= B 2] 27} Ho)7t ERI = .

i

:

2. Yt=H

Bk ATAES A D9 QAPA 98 Sl ek olafele A ALE B9 o) r]4e)

YN R 3N IAEY SO B3 T4 St

=
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NFAEE S LA O] TS BAS] Siet olm7140] FAAel HAS] 9 e A
A% R D R AZEA A B-cell) T5 A9IU(Ol3 251918 2t 3ieh)” A=l et HE
gsteict

1.2 #MEE

theo] SYYES Vo= BrpPES Agstat

CCATAEE R LA AE|R0| A NETE L FEEIATALNE, 7 AT
AT B4 o YgH o TUHA

H 2.1 PICO-SD

AHEOE Y 1552

4 EHXHPatients) ZASENARAES
NNEGATR A

=X
P ATHSS Q3 1Y
Hl ZAt oo
(Comparators) me
ETRTEPY ~ QiR Sotvole) e By
(Outcomes) - QTR HAS UMY R84

H1Q8(Study Design) 3|

& 7t S B skt glof Eet A2 vhaat
Ow71e7te] Wi S Aok DACIA FA4] ARE Al t ek 2| 2ol = Mg ASHE
2 ZAEALAAEE Ao, AL 98A A HAIS sl thke 44 Ao

= Ao7] wi2oll, 7158 AAIRRE B ERtete] HEsks Zlo] Asith= ot

14
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rHof| Qlof tiAglo] Y Eo] W R1/d Aot o = ZZe] Aelof mkE VAol e thesial

22 A U] o) oleh: ThE HRFS Uehlis 2, thoret g §404 o o] 2.2 Aslo)]
uho 7)) A B 02 Z7to] g} A6 710 S ol Aol
91 A0 WOk Tk, S SRS SISHE AT A7 L EA] 71934} T AR o]
QAJoIA] Blo] AR Sl ZATR| L, AV} Tl bt Ffol Eeelolq Aet ol X2 B
R NS A5 B AN Sl Bl 83t Ak QA B0l dhet A BT

wfebd, 2RIl B A BATEEG AW 4 T 7ol SAE R Y 24
Q1 59| AR ol ATAPES R AN g §-898 Bl

TUH Q] FRAFRE Tl Q= = 3l AHARAZER], GeneReviews, Opharnet, OMIM, National
Organization for Rare Disorders (NORD) H|o[E[H#]|0]AE o]-&5}o] 5 H7+] t/deht 547t
Ato]9] TAAS ERlskarat sheich

1.3.2 W 3tN

T A, TTFAAIOlele) Fule) TIPS SIRISIC 49ielslo] o)2 Bo 171o] me 4
X ojng BjIstelT, HEH 0 Fuf WIpd 2 QMY A3, AekALls 6w, 79 Wit
AZ2= 47§(Nelson Textbook of Pediatrics, Brenner&Rector's the kidney, Pediatric
Nephrology, Comprehensive Clinical Nephrology)E& AEsH|Z sAtt.

YT arsols ars| 2t
QUARAIASSE 3T 2023 ehIEels|
TGSl HieH 2021 CHBHRITHZAALO| 5t
Nelson Textbook of Pediatrics 2020 Els_eV|er
(Kliegman)

. . Elsevier
Brenner&Rector's the kidney 2020 (Edited by, Alans S.. Yu)
pediatric Nephrology (eight edition) 2022 Springer Reference

(Editor: Francesco Emma)

Elsevier

Comprehensive Clinical Nephrology (seventh edition) 2023 (Authors: Johnson RJ et al..)

15
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1.3.3 7I0|=2f2l

Zho| =Rl e Q] e 39 Hlo|E{H|o|A(H 2.2)E 0]-85}9] “steroid resistant nephrotic syn-
drome”, “focal segmental glomerulosclerosis”, “familial glomerular disease” ] 8 01& 233l
A ZAgetodar, Hloleuo]Ao)A AAE Ztol=eiel A9 U8]9] =05 Bl B/ 25 A A oHE
gRolsto] FA19] AR RAR YF2, (& 2.3>9] KDIGO (Kidney Disease: Improving Global
Outcomes) guideline, IPNA (International Pediatric Nephrology Association:), ERKNet
(Buropean Rare Kidney Disease Reference Network) |38 F4 02 A&517| 2 ol

2.3 70|20l 2

S

7l0|=2t2! DB

URL &

YHTEXE FEAE(KoMGI)

https://www.guideline.or.kr/

GIN

https://g-i-n.net/international-guidelines-library/

Guideline Central

https://www.guidelinecentral.com

NICE

https://www.nice.org.uk/guidance

WHO Guidelines

http://www.who.int/publications/guidelines/en/

KDIGO guideline

https://kdigo.org/guidelines/

IPNA

https://theipna.org/resources/guidelines/

Asian Pediatric Nephrology Association

https://aspna-online.org/

ERKNet

https://www.erknet.org/Guidelines&Pathways

CARI guidelines
(Australia and New Zealand guideline developers in
nephrology)

https://www.cariguidelines.org/

ACMG practice guideline

https://www.acmg.net/ ACMG/Medical-Genetics
~Practice-Resources/Practice-Guidelines.aspx

ACMG,Amercian College of Medical Genetics; CARI, Caring for Australian and New Zealanders with Kidney Impairment;
ERKNet, European Rare Kidney Disease Reference Network: GIN, Guidelines International Network; IPNA, International
Pediatric Nephrology Association; KDIGO, Kidney Disease Improving Global Outcomes; KoMGI, Korean Medical
Guideline Information Center; NICE, National Iststitute for Health and Care Excellence; WHO, World Health Organization
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H2470|E2101 HE =5

L=t =

dAHAHE =

KDIGO

2021 Clinical practice guideline for the management of Glomerular Diseases

IPNA clinical practice recommendations for the diagnosis and management
2022 . ) . . :
PNA of children with steroid-sensitive nephrotic syndrome
IPNA clinical practice recommendations for the diagnosis and management
2020 : ) . . X
of children with steroid-resistant nephrotic syndrome
2021 Management  of  congenital  nephrotic  syndrome:  consensus
recommendations of the ERKNet—ESPN Working Group
2020 Genetic aspects of congenital nephrotic syndrome: a consensus statement
FRKNet from the ERKNet-ESPN inherited glomerulopathy working group

2021

Consensus statement on standards and guidelines for the molecular
diagnostics of Alport syndrome: refining the ACMG criteria

2019 Expert consensus guidelines for the genetic diagnosis of Alport syndrome

ERKNet, European Rare Kidney Disease Reference Network: IPNA, International Pediatric Nephrology Association:
KDIGO, Kidney Disease Improving Global Outcomes

2. #4153 2%

=27 eAE ROl Afee]] 28 3 AR oL dEse] 2F HoE AT 25 d

H25H1sa MA H EY

IS L
Hugt I_é§7fEHé>*9| e o 1_* o IO 247t SR, 1_—‘&| Wies 52 8= 11y
(recommended)  SI2 M =L et SO oY 2=7|&2 A8 %ﬂﬂ%*
2 HOE = PEHé{QI QAN oMM Subde 24 H 1 9 Hitels &2 SRACE 1S I
(conditional QA AOILE ZEX|Of 2} HI oAl et %%MOI 2 4 AN Y Q=&Y MR
recommended) 2 X5t BL HgtEoz Hust
i—lﬂﬁl‘Xl ?g% e AFO| OIALA OFXA S1kA0ol O ol HJlSIE2 =2 =S50 Liie- k=i
(not o7|'|:Ho—| [= Kol Jnjo |' -9-4-|' | 71 a 9| |'°o—| s= o8 —|—§ J_laol'ME [[H
LH QAL ALSIOIM B Q|2 7|40 AFRS HTIGIX Sro
recommended) =L 2 H0IM B Q=7 |&2| ALEE HIGHK| 3
HIICHAO| QAN OFMM Nt S SOi| CHoH HHE AMATZIF BESI =L QA AE0f
2xu A oiE Q=27 |=2| A0 st HuSE 28E + gs
S

(insufficient)

X EEEOR HOZH0| E 927|20] Lisis B52O2 2HE AR9t
N Ajojoto] ZH20 7158 4 g

i
E
=
T
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SR eIy

1. 7ML

AFAEZ AN ©)57149) WrHs SI798 AR doleols, Mt 9 slelSetelg
Blo] AE|20lC AP ABTE, FARINTAANE L /1S ATALHANN R4 LA
W §-898 dESI,

1.1.1 =HZEeR 82 DB HE

s 1= A13Hd 415F(Genetic SRNS)2] AHEEE-2 4x019] 1/200,000-500,0000] .
A 2 S ARV HAET = A= F2 AFoNA LEhrdTh Aollx= AxdnA
07 A4S minimal change disease, MCD), AR AANA| 4 S5(focal segmental glo-
merulosclerosis, FSGS), T+ 0|9k E3Ato] F515 (diffuse mesangial sclerosis, DMS), A E
FE7| &AZ HojErth of= HeRA| o™ Ut 0 = 87] AR 0 = XIPE L A o] 4] 3 Ak
o] uf$- w2 A o2 H 15kl QJtHOrphanet).

Orphanet, GeneReviews (Lipska-Zietkiewicz et al., 2021)°l] 2J5Fd, AH|Z0]|= AgHA] 4155
A2 A9l 9F 10-15%, £°F9] 30%, AHAJ(congenital) L Foko] 66% olAtollA B9
(pathogenic) -7} Ho]7} 2RI SRNSQ| 4 ¥Rlo 2 I H AFMA| A F-HA= NPHSI
(19q13.12)% NPHS2 (1925.2)°19, /&AMA] 93 -§-321= INF2 (14932.33)2F WT1 (11p13)°]ct.
COQ8B(19q13.2) oI5 -7t Hol= URHA O = ofr[obA] klol| A A E . A1 57k4] SRNSY
Ao 2 607} ol4te] T {AAF s a Qlct,

o
FLEw—

* [AMB2, NPHSI, NPHS2 ¥ WT] ®¥ol= BE AAA 43572 »80%= XA

* INF2, TRPC6 ™ Z=F IVE YSstol= AR COL4A3, COL4A4, COL4A%)S] Hol+= /dQl Hiy
SRNS9] 8 9191¢

GeneReviewDof| A H11% G744 SRNSof| TEE AR of2-9] (3 3.1), (E 3.2)9F )

1) Lipska-Zietkiewicz BS. Genetic Steroid-Resistant Nephrotic Syndrome Overview. GeneReviews 2021
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I 3.1 HIEZ X (nonsyndromic) S84 AE|Z0|E X

o4 MBS QTR AR 57

% of All .
Gene' Inheritance Nonsyndromic ThzEz AgSTRI\?tS st i reference
SRNS
ACTN4 AD ~1% Usually late (adult) OMIM 603278
ANKEY'1 (1% Childhood OMIM 607927
ANLN AD (1% Mainly late (adult) OMIM 616032
t susceptibility in African
APOLT Risk allele  No data? Americans, Hispanic OMIM 612551
Americans, & persons of
African descent
ARHGAP24 AR (1% Mainly late (adult) OMIM 610586
CD2AP AD/AR (1% Childhood & adult OMIM 607832
XL )
COLAAT’ ~10%-30% (esp i
COL4AL® ﬁg onset in/after 2nd la\/(ljaullrj[l)y late (adolescent & 8%81 g;[ al
COL4AS’ Digenic decade)
COQ8B° Y= i
(ADCK4) AR 3%~5% Childhood & adult OMIM 615573
CRB2® AR (1% Childhood OMIM 609720
GAPVD1 AR (1% Childhood OMIM 611714
INFZ AD 3% 'a\f'jﬂﬂ')y late (adolescent & OMIM 613237
LAMAS AR (1% Childhood OMIM 601033
3%-5% (esp if onset Mainly late (adolescent &
LX18° AD in/after 2nd decade) adult) OMIM 256020
10%-20% CNS (Finnish type) or
NPHS1 AR (<50% in CNS) childhood SRNS OMIM 602716
20%-30% CNS or childhood & adult
NPHS2 AR (<40% in CNS) SRNS OMIM 600995
NUP133* AR (1% Childhood OMIM 607613
NUP160" AR (1% Childhood OMIM 618178
NUP93*° AR (1% Childhood OMIM 616892
PLCET AR 3% CNS or childhood SNRS OMIM 610725
PTPRO AR (1% Childhood OMIM 614196
TBC1DSB XL (1% Childhood OMIM 301028
TRPC6 AD 3% Childhood & adult OMIM 603965
T7C218 AR 1% Childhood & adult Nephronophth
wrr? AD 10%-20% SRS chidhood Sadut WT1 Disorder
XPO5 AR (1% Childhood OMIM 607845

£X : GeneReviews (Lipska-Zietkiewicz et al., 2021)

AD, autosomal dominant; AR, autosomal recessive;

Mendelian Inheritance in Man; SRNS,

steroid-resistant nephrotic syndrome; XL, X-linked

1 Genes are listed alphabetically

2 13% of African Americans have the APOL1 high-risk genotype (2 risk alleles) and these individuals have a 3—
to 30-fold increased risk of various forms of kidney disease; the frequency in individuals of European ancestry
is unknown [Friedman & Pollak 2020].

3 Also associated with syndromic genetic SRNS.

4 Lipska-Zietkiewicz & Schaefer [2019]

5 Preliminary data suggest that NUP93 may also be associated with syndromic genetic SRNS [Author,
unpublished datal.

CNS, congenital nephrotic syndrome; OMIM, Online
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NEC

AFHES |} I

H 3.2 357X (syndromic)

Xl

FUY 2HZ0IE MY LR RUAIR 24X £

Am

Gene' Inheritance syndrome/Features in Addition to SRNS
ALG1-CDG: microcephaly, neurologic involvement (seizures, neurologic
AGLT AR deterioration, cerebral or cerebellar atrophy), skeletal, cardiac, hepatic,
gastrointestinal, endocrine, coagulation abnormalities
ARHGDIA AR Seizures & cortical blindness (OMIM 615244)
Microcephaly, short stature, retinal dystrophy, cataracts, deafness, & DD
AVIL AR (OMIM 615244)
CD157 AR Pretibial bullous skin lesions, SNHL, bilateral lacrimal duct stenosis, nail
dystrophy, & thalassemia minor (OMIM 609057)
XL
ggﬁﬁgﬁ AR Alport syndrome: ocular abnormalities (anterior lenticonus, corneal &
COLAAR AD retinal lesions), SNHL, leiomyomas (if large deletions include COL4AG)?
Digenic
coQ2 . . . .
CO06 AR Primary coenzyme Q10 deficiency: neurologic involvement
COO8B (encephalomyopathy, ataxia, seizures), DD, cognitive impairment, SNHL
CRB2? AR Prenatal-onset ventriculomegaly, seizures, renal corticomedullary cysts,
cardiac & congenital defects (OMIM 219730)
DGKE footnote* C3 glomerulopathy
E2F3 AD ID (whole—gene deletion) (OMIM 600427)
FATT AR Neurologic involvement; dysmorphic features, colobomatous
microphthalmia, renal tubular ectasia, hematuria®
INFZ AD Peripheral neuropathy (distal muscle atrophy & weakness), SNHL
[TGB4 AR Epidermolysis bullosa w/pyloric atresia
Galloway—Mowat syndrome 2: facial dysmorphism, microcephaly, CNS
LAGE3 XL involvement (structural brain anomalies, seizures), optic nerve atrophy, DD,
cognitive impairment, skeletal abnormalities, hiatus hernia (OMIM 301006)
Pierson syndrome: ocular malformations (microcoria, cataracts, other lens
LAMB2 AR or retinal abnormalities); neonatal hypotonia, DD, cognitive impairment
(OMIM 609049)
Nail-patella syndrome: limb & pelvic abnormalities (absent or hypoplastic
LMX1B° AD patella, elbow abnormalities, iliac horns), absent or dystrophic nails & distal
digital abnormalities, eye abnormalities including glaucoma
Duane syndrome: a non—progressive limited horizontal eye movement
MAFB AD accompanied by globe retraction
MAGI2 AR + neurologic impairment (OMIM 617609)
MELAS: neurologic involvement (encephalomyopathy, seizures, stroke-like
MT-TL1 Mat episodes), exercise intolerance, SNHL, retinopathy, diabetes mellitus,
hypoparathyroidism, lactic acidosis
MYH9-related disease: hematologic features present from birth consisting
of platelet macrocytosis, thrombocytopenia, & aggregates of the MYH9
MYH9 AD protein in the cytoplasm of neutrophil granulocytes. Most affected
individuals develop =1 additional extrahematologic manifestations
including SNHL, renal disease, presenile cataracts, &/or t liver enzymes
Galloway-Mowat syndrome 7: facial dysmorphism, microcephaly, CNS
NUP107° AR involvement (structural brain anomalies, seizures), optic nerve atrophy, DD,
cognitive impairment, skeletal abnormalities, hiatus hernia (OMIM 618348)
NUPS5 AR ID, short stature, microscopic hematuria (OMIM 618176)
NUP205°” AR Aortic abnormalities®’
NXF5 XL Heart block disorder®
OSGEP Galloway-Mowat syndrome 3: Facial dysmorphism, microcephaly, CNS
TP53RK AR involvement (structural brain anomalies, seizures), optic nerve atrophy, DD,
TPRKB cognitive impairment, skeletal abnormalities, hiatus hermia  (OMIM
WDR73 PS251300)
PAX2 disorder: eye abnormalities (retinal coloboma, optic disc dysplasia),
PAXZ AD congenital anomalies of the kidney and urinary tract, renal cysts, renal
dysplasia/hypoplasia
Primary coenzyme Q10 deficiency: neurologic involvement
PDSS2 AR (encephalomyopathy, ataxia, seizures), DD, cognitive impairment), SNHL
PMIM2 AR PMM2-CDG: microcephaly, neurologic involvement (seizures, neurologic

deterioration, cerebral or cerebellar atrophy); skeletal, cardiac, hepatic,
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Gene' Inheritance syndrome/Features in Addition to SRNS
gastrointestinal, endocrine, coagulation abnormalities

Action myoclonus - renal failure syndrome: Neurologic symptoms (tremor,
SCARBZ AR action myoclonus, tonic-clonic seizures, later ataxia & dysarthria),
sensorimotor peripheral neuropathy, SNHL, dilated cardiomyopathy

Sphingosine phosphate lyase insufficiency syndrome: varying combinations

SGPLT AR of primary adrenal insufficiency (+ mineralocorticoid deficiency), testicular
insufficiency, ichthyosis, neurologic involvement (DD, seizures, ataxia),
immunodeficiency, skeletal abnormalities

Schimke immunoosseous dysplasia:  spondyloepiphyseal  dysplasia
SMARCALT AR resulting in short stature; T—cell deficiency

WT1 disorder: disorders of testicular development (+ abnormalities of
WT1? AD external genitalia &/or miillerian structures) & Wilms tumor; congenital
anomalies of kidney & urinary tract, diaphragmatic hernia

Z£X : GeneReviews (Lipska-Zietkiewicz et al., 2021)

AD, autosomal dominant; AR, autosomal recessive; CDG, congenital disorder of glycosylation; CKD, chronic kidney

disease; CMT, Charcot-Marie-Tooth disease; CNS, central nervous system; DD, developmental delay; ID, intellectual

disability; Mat, maternal; MELAS, mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes; SNHL,
sensorineural hearing loss; SRNS, steroid-resistant nephrotic syndrome; XL, X-linked

1 Genes are listed alphabetically

2 Also associated with nonsyndromic SRNS

3 Nozu et al [2017]

4 C3 glomerulopathy is a complex genetic disorder that is rarely inherited in a simple mendelian fashion. Multiple
affected persons within a single nuclear family are reported only occasionally, with both autosomal dominant and
autosomal recessive inheritance being described.

5 Lahrouchi et al [2019]

6 Lipska—Zietkiewicz & Schaefer [2019]

7 Preliminary data suggest that NUP205 may also be associated with nonsyndromic genetic SRNS [Author,
unpublished datal.

8 Esposito et al [2013]

1.1.1.2 ZAREALHASNS

SAEAANEA SIS (Focal Segmental Glomerulosclersosis, FSGS)2 Q5 AREA|of|A] E8A4] 072
7B3kE UEl= A &449] FEiR, 4l 716 Aot 9 3524 0 2= AR 22 A7t b g R
T e} Y2 opegshe tiEE A Y] Al Z(podocyte) &40 & QIRF A0 Huglow, I7
AU, o|A W G A0 7 BRELE 944 FSGS= AW A -8 susceptilbility gene)2]
H| A} Blo] = FSGSE S ieh= A o & 4R T 91918 dAHmonogenic FSGS)2] Ho| = Q15|
HRRITE. 400470 o] fA7E FSGSeE o] Qirkal B ark| 11 ek, FSGSet T f-ak = AREA]
o 17, &, IE 2 75 FAlsk=t B4l el o] 93k nIAH, o] fAA o= ARAIE
TSk HIAIE ] SR 3 4RI SHZ}AHEA] 714l = FAF 23 2 APOLL
X2 B4} B0l 7} ofe]7} 24l $X}9] FSGSe o] ok AMAo] &RIE|1TL, o] APOLI
I FSGSEH e E2THNORD, 2023).
FSGS= A QI 5 #i9tg B oF 7901A| & tIxl= AR F4=, -ttt T8 E2 vfst
I FSGS= Q1 A5t DA 40%, 40 A1S9 iXH F 20%E AHAI3ETE. FSGSO A2 54,
A Y, AAE7E TSR HARE 7RO 2 o] FojA|w, ExIst7] QlsiA= AES 5t Arl
AAPE € E4 A9 24 748 FARE Bof ExIE 4= QITHNORD, 2023).
FSGS A== Attt Yehuks 74 S+4
]7“7]‘6 = QPgSFs AU 7 dsh= Ao ]‘jr- LA, olZHd L /A
A gHkgo] th=7] tiizof F851L, 134 FSGSw= At} 7152 915t f-3/dEo] =0l € 4= 3l
(NORD, 2023).
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NEC AFHES QFX} I

1.1.1.3 J8t0] QF 7154 ATRIZE

2 EZZHAlport Syndrome)
YRE S92 H72Q1 A deh A 2] S0 2 ] E 9] o[i& 540] A= A-ddgolt.
COL4A3, COL4A4, COL4A5 8’3 73R Ol 2 QI3f AAl7| Aete] Z2hll [Ve345 Y| Ef)=9]
ol g zefisto] TSI, HF-E(SF 2/3)2 FAMAX-A, XLAS), °F 15%= FHNA 24
(Autosomal Recessive Alport Syndrome, ARAS), 2F 20%+= AFGMA 2-4(Autosomal Dominant
Alport Syndrome, ADAS)C & -3 4%t} JGMA] Fef(X-linked Alport Syndrome, XLAS= "84
ZHAlolA B A7t B/de] e, ARASE TRE E7/d7} oA IollA] AlZiet S/4do] LAl ADAS=
AuA o = v w2 A 2g¥o] L9l Agko g A7 AfsteF A o] LFERA] gk&<rte Th
A7 15 ol ©<e5] Bt U AR S, Tk, T /:l &g W7AFH 0 = o]ojR=
X373 A (nephropathy) 714 TheFslet. ESL A14Q] 37440 = 7H417 H T B A1 QR ool
SR, Bt gy dAge IS Sol et = O‘EKNORD, 2023; GeneReviews
- Kashtan et al., 2001).

FHEL E4J01 50,0008 3 18 Wsh= A0 2 F4E 0, ul= A%} glo]g] A|AR)(United States
Renal Data System, USRDS)O]l w2 t]=-of| 4 L7 A-2KEnd Stage Renal Disease, ESRD) At
"R /991 SRS 2k 0.2%, Ao TAF] oF 3% = YR EZ T XThS Wl THGeneReviews | Kashtan
et al., 2001).

XLASOIA 721418 - A B 9] g TRIsto], 542 Ho| Aol whet X =mitA] ok 73947 44
2 AF(@: 2 737 ALt Y4 nonsense HO], frameshift #o]i= 304 ©]4of 90%<] ESRD
U 754 9131, 50%= 204 o] o] ESRDOY| =2, HzHol J3(cll: COL4A59] 2 A=t A g,
E+=nonsense, frameshift, splice site o1& 7} 7% 104 oJuiell 2F 50%2] 2o AE ),
%illy -‘%_—,— “,Jhﬂ (antenor lenuconus) Y 13(0ll: XLAS 2739 oF 15%0llA A, COL4A5 A4l
ZATON S o7} Ql+= 749 missense or splice site ¥lo] AT} B &3}, AAIHETEZ(diffuse
lelomyomat051s) H%Ur Helgo] okl R EAtHGeneReviews : Kashtan et al., 2001).

H 3.3 YLE Z270|M ArBEl= SARTAAL

omxp  Hroportion of AS Attributed to BAEE AEIkSE Hal #o| HIg
e Pathogenic Variants in Gene o7|1Md Gene-targeted SE2ZAEM
Inheritance
COL4AS  12%-15%  AR: ~45% ~98% ~2%
AD: ~55%
AR: ~45%
COL4A4  5%-8% AD: 55% ° ~98% ~2%
COL4A5 80%-85% XL: 100% 85%-90% 10%-15%

AD, autosomal dominant; AR, autosomal recessive; XL, X-linked
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Finnish® 43 4153
Finnish® A& 4552 AAFAA @440 72 FAEH, AREA slit diaphragme 7d5k= 1‘:]_—_1,4%___1?_]
nephring Y Sfol= NPHSI -|9r ZH19q13)2] EABI0|= Qlsf) Wit o] F 2] A ASo-S
HEoA B 2= A8k, HHE2 E4801 8,200 & 15 2= A it A4 —a*h_e-_% Ejo}7]
Ol B89} 55 (fetal hydrops)o] LIERLIH, s A5} vi%ole gojb 4%
417151 4125 79] A7lah A A2 Acio] NEIS), RS Teislol HHShL, 0 A2

=

-

FoH BT 5 9lek. o] WEHE WA 0.2 gl A 2o ¥H3 B Pon], ARl T e )
e o], Pehue SRR 5] 54 Aole] FHIL Tk, HahEolA] g A% US EE IS

AR quﬂﬁo] ;_B_@} »’F Qltt. Denys-Drash 5%+, Pierson 59, Galloway-Mowat 59,

J A9 53 e = 871 It Opharnet/ERKNet, 2023).

w
Ie)
F
: "
‘H,
2
ﬂlH
_O,
of
X
olN
>
20
ox,
=}
Wl
~

718 4 A5

HYA-E8i4] FFHDenys-Drash syndorme)> G54 TF F4AR]1 WT1(11p13) 4% W 8,

9 exon F-jo]l o] YRl = TRt Hot FEES YRAIA| ek, Hard A= 300
njgto|t}, 2 golr]of AJ&sto] 1-154] ool ESRDE H&gtct. 4-43-2d 3y Add T =

DNA 2ol 9%

32 U] X]+= missense pathogenic Hol= 475t /ﬂ%—ﬁm_ﬂr 1-3W ESRD ZI3)=}
o] Qlur, ek #lol= WT H8(085%)2 CAKUT (25%) U
It Opharnet, 2023).

WT1 S5 Hiold] 78 o7 = Ao Wishs AH| 20| = A A5Fo= B4,
(== NI EF’*“}—”O] LERe = 2o, EEARE A )

JEAIEFSO] UERe o= ot A= WT1 A4 EdHolet Hd A 2 o sS4 o=t
Denys-Drsah S5, Frasier 5%, Wilms tumor-nephropathy complex 5 54 $%70%
HE2 oy FE AH4ES 59) 519 2 A" EH(phenotypic continuum)2] H-=
A 9] EZA A= tloJAF 8514 YTtHGeneReviews : Lipska-Zietkiewicz et al., 2020).

m]o}(Pierson) S5 S A
ZH3p21) Edrdel] 2t 3}
T2 A% 1due] AlFe.
CoQ10 B¥52 M2ZH vlEZEZ|oofA oflufA1E Agdok=tl A<l =391 CoQ10 g3t
HAE 10997 7314+ E‘EEHOLEA ]l CoQ10 ‘1‘117]’ Hashe Aol CoQl0 2HFY 4
HHP ] 42 thgst, T AP E 2878 70t7HA] thefsiet. CoQ10 2HF2 7P 3t 244t
2 COQZ, COQEA, COQSBRIT. A7 F-919] 35733 ¥, LH| 20| = AP 2550l

P& S8t Webde, o] 4% 185 3¢ CoQl0 HE8H O X &olA] ¢b= 47 tif 271
IR QL_EJS Bk, SRNSE PDSSI, PDSS2, COQ2, COQ6, COQ8B Y09} aAste] Hilx| 1
o, FAY7EA] SRNSOA COQ4, COQ8A, COQ9HA0l= B 1E|A] Q3K GeneReviews : Salviati
et al., 2023).

AA] B0 2 GAEH, laminin beta 25 encodingdl= LAMB2 -4
8H-%oH, congenital microcoria®t A5 H 7} 5= Q EAJo|u,
2 Sh= £ %2 5 HQItHOpharnet, 2023).
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NEC AFHES QFX} I

1.1.2 Wit HE

W73} A3W™2023)
2582 10-20%= SHIZO|= AP O =, 0]F 30% F e Ade] T A4 Tl A

olct.

AH|Zo|E A AlFT9] 5 5070 ool {44 oido] ofto] LA Utk WEsHA oz =
FSGS 3-2 t|NHSIAIST 7o) 472 BRItk NPHS2 EHo|= 71&80] Qi AH|Zo| =413 A5
o SRR}, AR ARG SR, A ok 71 AR AN ERE Y] POl E TR
o] L5 AE|2o]|2of 9hS-2 Qitt. B34 54 WL 71520] gl AHIZO|EAT) 4SSt 4ok A}
Z 20% ool TAE AL, T3 14 o)A W ASS0] HE o2 ARXRITHAL HalE o] QAT S2fuet

o} <)

£ X3 S5 oMot A Yof|A 9] Rlk= vl R2A 0 & H skl Qlrt
HHA| L §HA} E o= YA I A 5 H(signaling)o W SA7F2 2 (slit diaphragm) 2] 5 TH2
9] A& IR0 4 BEANAESSS Y270t Nephrin®] 22 7F4 2= NPHSI, podocin
9] A4S 7HA Q= NPHS2, a-actinin-4 A4S 714 2= ACTN4, TRPC6 (transient receptor po-
tential cation channel, subfamily C, member 6) 5] 34X} 0|7} 7158 Q= AR AALA|HS)H

ol T 4= Sl BRIoA FAREANAESIS0] H& M s sk 8910 % MYHIUE/]
JJr APOLI R} §o|7F A A =7 &= Jttt.
Finnish® A4S FTA(NPHS )2 NPHST 3 Edole] 7]90she B GAA| @4 Aoz, 97
Uehs X tEvEoA = Hles BAJT of2] S72 thE EHo7L 2 TEEY, o] T I
missense EAHO|= gt f—ﬁ"/\ L5 xq’\FrLXﬂﬁﬂ—i moﬂﬁ}ﬂ Ohjr AHEo v H A Alof| BF

¢

NPHS3 222 phospholipase Ce1 (PICe1)& encodingsh= PLCE] -4 Ao of 71151}
ASTGe 7 Jopr|o P AR 23 5k5(diffuse mesangial sclerosis) Ta+= FSGS B&] A4S
Koo, tjiE AH|=o]|=of vkg-2 614 kot AR AH|E0| =1 cyclosporine©] tHet B} HaTE]

T BuF T tRE-2 AIVY collagen °/d3 A3 AMEA 7| A9 Agtolt, 71 291
AL O 2 LA E FFFo] Itk AREA 7| A ee] 4] RS SRS X1/ AREA| 4l o]
/3o, B, =2 ol 5 ARl ST X}—’F HERTeE 4| SAH] 80%= X FAHA o *Xﬂﬁ}
= COL4A5 7Ar2] EdHolof ot *é%ﬂ* A 4 54, 15%= 29 Ao £A5k= CL4A3 52

COL4A4 5-7A9] bialelic B¢ o]of| 7|91 HEQMAGAGA, 18] UHA| 5%= COL4A3
52 COL4A4+7Ae] o] ot =Ariolof] oJet Ha A /47312 ik HRIth 2 @3, o4,
a5(1V) AF&< ’ﬂ%ﬂ%‘ol AFARA YREFTT AL 2Jof ke g2 7149, AR EANA| Sk,
AIml o] g T2 SRt A T ER1E] 11 Q. 41 FSGS SHAtollA] Al3E } AtollAl= A g
AR 3%, 715/ 8 SEAR] 38%0lA CL4A3-59] s Aro|l7F A E 1, thE Aol J

i

8

s

rir

cg,
%

24



2 94 TS Eolq AT S]] 30%7F COL4A3-5 013ih. 2122 AIIVE collagen FH1 Aol
e A2 BRG] 12 £R)0 2 ASkslo] 7129 YRR w5l AAET A7
A1l 7K54o] Qs g 2] Aetslol, M2 okEA|Rg skt Sk

Nelson Textbook of pediatrics (2020)

ARHA M| £ T ARFAAI R Sl S A5 FAAke] S ol A Tl S R 5
QJtt. European PodoNet Registry Cohortol|A] AH|Zo|E A3 AFTta} A 4155419

71,6557 2§44 A3 8dE g AT NPHSI, WT1 2 NPHS2 EAHo| 7} 71 E5HA|

HE Aok AN §-82E S AHO)E 7H 2] Hle-2 o] S7FE Aot A
A5 SR 7§ 66%, sHg7] H AL -9 15-16%C] AT

A
of o|xpd Ylo = :rl“ﬂ-Eh:]' 017\}/‘4 Hiﬂj‘o %;16_—1_’1% AR o] of 2] A2 H 7]‘1501] 3'1:]'015 =
Riicly ‘rr;ﬂx]' SAHo|= Qlsf Ao, A

85%7} 471 XK NPHS 1, NPHS2, WT1 9 LAMB2)2] Avy {4t %%%0]% Btk HH=g A4

A1Z57-2 nephrin?t podocing Y&38lok= NPHSI, NPHS2 -f-)r’ﬂx]' SNHo| =2 Qlsf Aok,

Denys-Drash 5% WT1 544}, Pierson 532 LAMB2 7314t &0 |2t o] Q= A2 =2

AAIBEAL ATt
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Brenner and Rector's The Kidney (2020)

5071 o)<l & x%x} =AoI7F ThgRt AREA o, T | S8 I Aol E 2 gsto] AEA| et

o] Ut B EQITHE 3.15). F-38AF A5 B0l ARAI] A1 750l B4

/g0l F okt 27HA] S 8%k 2 A 9 7154 g 8 v BisiRlt AR Sl of tiEEE AREA
o]

7IA O] G/ 8 ARf ARA] AT A| 22 9] TRt Al 324713 E0f FREE PRl A CE YERITHLE
3.1).
INF2
I rf; TFu—'-f,
o-actinin-4 :}r '}} PODOCIN \
Actin i .l' -’ 15 [; N.=l1||1||n
filaments H‘.? }} CD2AP = ::_ PODOCIN
EAT] =
ap By Integrin i -
5%44’\.5
i = @ e B <8 4 o oS -9

02 3.1 ARA 012 BAjE
(BX: Alans S.L et al., 2020)
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* A3 ZA Actin-Binding Proteins : &l 23} HHiAS 0l F ol= GAR} EAHol = AH| 2o
AP AET7L w5ks tloFel AR Qulst 0 xzto] d|& MYH9, MYOILE, AVIL-S-AA}

o AEZZ ZHEAHCytoskeletal Regulators) : F+8AF |2 KANK, ARHGDIA, ARHGAP24,
MAGI2, TNS2, DLCI1, CDK20, ITSN1 ¥ [TSN2 -71A} ¥o|7} £33

« &35 Holojzs] : NPHSI, NPHS2 2ol tE Alea e T o] S0 |7 27] g 9] A5
0] YRl FAAR HA1H, CD2AP= N8l M| Z2ZA Z40] #ofol= <3 scaffolding molecule©]
™, CD2AP¥¥ FGSG A55+-2] 7397} 2]o] f414lo|u A=7|4o dish drtslsl] 01351E
FATI9] &9Hol|= &3 tolojalo]| 91|35t protocadherin family memberE 17 H k= 74
2} ¥o| 2, A5k Agt m }L]E,}/\]:erﬂ 2 A3t 3g50] Alo g HyE, MAGL2 E1Hol=
AooflA APMA G AR AT E ARE g

o A Z-7|1A9 2 Adhesion) : £AM|ZE(podocytes)2F AREA] 71 A YHGBM) 719 A5 28-S i)
S AR A0S Ee Al Srte] o] TE A 02 vielR. B AR E= ITGBS,
ITGA3, CD151, EXTI7t =34

o OEZCEol f3A B v EEE o S A Q1T Y5k 8 53Rk E¢Hol= A Ro|=
A ASTTS E3I0H st A1 A3k ek = 915, MELAS, CoQ100°] 3. CoQ10

2

A2 CoQ10 ol Tofoh= o AAE 1T ohe 44 =0l =, SRNSFH=9loH,

=2 Aolof| A Thlio} FSGSe}-fAkeE 228k e LERd. CoQ10 33 28t A SRNSQ

T2 ARl S HA 2= ADCK4, PDSS2 2 COQ6 347+ &8 0l7t 3loH, o5 A2k CoQ10
H3A =27t /9T = S

* Nuclear Pore Protein : NUP93, NUP107, NUP205 ¥ XPO5 &% o7} X3EH wF= I

A= £7] W] SRNSE #9 A2 & A= Galloway-Mowat 5972 FAISH]

AFEE UERE 4= 9. o3t 507} SRNSZ 0]of A= At HAYUSS A15Fw-S Adst

€ 71302 &A9] YA kb=

e  AA} 8Q(Transcription Factors) : LMX1B, WT1, SMARCALI1, Pax2, NXF5-3AA7} 3k

ook
o,

N
]
S

1€} 8-AR} . PLCE1, PODXL, EMP2 2 CRB2 G734 S o]7} TEA AZE5 S Qs

o
=
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AR A9-E 55t0] Podocyte 71500l 523 ol §-4A7F ERIE| ], o529 EAWol= 71543
2 AHMY S AR EAANEA| E0152] L ERI0] Qs A o= UEyiTh o] fAol= NPHS2, NPHS],
ACTN4, TRPCG, PLCE1, COQ2, WTI1 2 LMX1B7} Z3F=ct. o] gt %2% SAHo|=FE 7154
AREANA G SRE2] SRRl A FRlE| Lo ofgio] E AR1e] AP A AREANEA SRSl
FARY] At A&, At 9 o]4] F Aol n| 2= JFe] thef gt 03}7} o]FojA| 1 Qlrt.
NPHS2 737 &A%l podocin B E-E 3 8}slH, 40F AH|R0]E A7 A15F7H(SRNS)2]
7P 34191 Q1F-Ato e}, SRNS 24} 430782 thd-0 = 3t IS E Aol 4 B4 podocin &1HO]
7} 18.1%2] ARlellA A= . NPHS2 #414F SRiole 7454 | Ao 2y 2] SRNSet o]
Ao, A1 sk Ahd FGSGOlle A 71016H4] 92 4= it R13802] o132 491719
FSGSQ] 918 58l S7HIXITE. NPHS2 v H/d E1%0|7F 58k wf, R229Q ¥lol= Yot B
SFE Ay I To] Qs Ao HRlrh

ﬂLL.

ok

NPHS1 E<dHol= gubs o 2 A5 A 371¢ o|ufio]] Yeht= =g AR/ 4155wt T=do] lo
L}, A% 370 0|5 A5t o 2 Xtk 1609 TS EH**P_% F Aol A NPHSI 9714 &1 o] 7}

714 1 AF|QF AP 9 Ald|of| A BEA QUL o] NPHSI E1wo| 71 Ak A15Sdlof % 7|ojg
T A== AAbetaL Qi

F

ACTN4 - AR = - A19] HE-AZ thillZ] o-HE|H-45 oSl FHAR, ACTNE EAHol=
A 4 - fE1S 2 7S SAREANAIERSS] e, cytoplasmic elec-
tron-dense aggregated@ T-AH X =551 20N 3£24 EX T weE 4= Qo

>
2
©
f”

Comprehensive Clinical Nephrology (2023)
S TEsto], A 208 SRt A F7 I ERA S S5l AlSete] T AR E

6371 o] ARSI 11 Ak S8k Stk

B3] EHol= fot71o SRNSE oh= 4ol =, WTl

- =
QAR TRPC6, INF2)2] =%Hol= AJ9] ¥y SRNSE dl= o] Ut
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1.2 (NGS)

QERIZIALS] QA

IT
H 3.4 (NGS) RMAIZAIS] X SEH-HEQY
= BOXIS
T SEHS . STX} A UME 0|9|
_'_' —_ x =
A X=ZAHoe F&t SEALE
—ona
- 2| 3 URESS AN M3 L o
= - - = =X JLI'E s
oLt P30S, - R 2ol it "G by ) SR EREAS
(2023) MR D biatol 2iol iRl B Ol AR A U T+ oA STOTY DI ko - 7t& 5 et 0jska w2
fssac 2 RENZAVIRE 7= © TR Q1004AY Ofst HSw TN s O[] ZOIX} ZAL| OJEHA} 41
S - X 2R MEN MBS0 MOJA ZOJAL ME - X|HEQI AR AO} BHXFO
02 01 : Cubulin RFA ZIE0| Ofat Chitly BHXtO 20 AN A
Ne|Son JFA Cg§6|_|' Ioi'jl 0;”_?_ IO-IE I'”—C‘)—'— % i | 2=
Textbook of Lo NE =
i =5 NZST 7| HIF HEASH| SMXHA 5
Pediatrics *._lg—rf O T o [E¥e} rooi| TI'I_-le'?:lAl'O'” EH?_"
(2020) A0t LHE2 SRIEX| 42 - _
— OXM 7 5 =
T e e
Brenner& E'—_o e HEHHOZ Wa| ALY YR|= U . /\TP/Z/'_SZESX'IHXE ;’EOO?POH I
Rector's the TH e - QEXHAS -85 1 2o, oM HEE Ol == BT P EAS XM ABZ01E Xatd A
kidney (2020)  »oRNS, SRIF 21010] A IS HS B 03] QA ST Bt 0|2t ESKDR Fatst 745M0| & IAEoR Fatg ue 4+ Q=
FSGS Jeqshor & R Lt O T Q10| H2 JHelS Aldst=C] co /1B TEEI Y JISK0) et
+ Co010 &4 Z8/T} p2isl SRNSO| T2 2ol oxixp  Seol 8F h
& ADCK4, PDSS2 31 COQ6 FEHA S0} 9J0
Pediatric SFi - NGS= SRNSC| S 2101 Ao & M, OIS Zer= CoQ10 =SH R=7t RH
XA | % SOl AlH| 0| At - 2SI MR xR0 & = S
g%%hr)ology SRNS, B ggg)aﬂ%wlel oF 30%2} MFA T S0}0]IA e | X129 2/0], B4 X|2A(CoQ10
2 FSGS KOA 01 SHHO|E &l = S o/ L = H3 =
oo Edd =0l _A e -JIE A 2E 95t |/
- AO} AESET Totsfe _?'CJ 2IAR9] BHLI2 HA - ME géi%ﬁfﬂ J_’,:f_E| ~ Il;j ;'iacﬂ .J'anjgg
- s g Al N 014 3 A 9310] K0}, ZOJXt M 71 71SHel Hard 8ot
) - O XA} I} 22 = = = ’ =
Comprehensive  (SRNS, RSO Lt xfn”ag S5 NGS= ¢i+12 - X2 A0 QT AAZDIIO| Fae ZQ
e SANS. MesgdaL RS S « QFIX} 10| QISA| AHZO|C X2 BHS
(2023) SDNS). SRR} ZIAT A3 DE_-JQL =3, 337 54 1200 * CoQ10 E=H|, H|ERI B X|= BtE :‘—ong O XK} -
FSGS _ Disist Alchl]. ORA-ESE T AlMSIEEH T2 - A HH0| QL= A0 S e
2 Aget= =8 - A0JA 22 MY AF0| Rof, XZHE AF| =8
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FEAL AAS| AYH 2|9

= BOXIS - -
s e e x2ZE0e e Y]
EﬁjggoESPN - BE MAHY NSSF BRI 15 AT Yoz =
=i ;c')'— NEZSL HEE RUNE 25 Heols ZEH - ONSE [R2 Q7 0o ol6) L5, 0] 42 ™ ] .
(Eo :r—etta| o QER} mre A SOIHIH| X|RO| EIPt QICOE 0] USS HRGIK| - MM MUSFT HHUMLE, A
202\% - Nxen - MSE= dAHOo 2= m assively parallel (e T g2t e ISR
lipska-Zietkie sequencmgOI_’ OFX| YAHO=Z 0|8 7H55HA| - ZEHQI TR ZAQ O[XHY CNS MEHMUN 2% QMAY MESE g MY
wicz etal., B2 A7I0ME SHE % QT I A 8402 Lig 2% Hofoli X|28 1212 + 22
2020) odE
- YREZSH0| OyE AR COL4A5, COLIA3,

27| 510 o XA SHXI0| CHSH HYA 0| 22 30l15F 74 ) _ - URE=S] =
negimel o sma o SO RO R SRS ROIRT SEE A somo pavme oz neots B Lo ol 5
70|=2fQl AAist S My ) _ 5= ZAS 25 27| O]A T1a Tk 52 L4A5 0| li= EHAtO] 7}
(Savige et al (YxE —- AR M| QFA B HARE 4= = NGSE 0] Solui0| 9310 M2 OHE51E A|2 0| 2= 4 o) ZM0H cascade HAF H
2019; 2021) =54) 28 OHES TG AFR0| HEHO5% Al) HYUA H =0V T3 =T B =T MO st

0| =01 Ot AR MLPA 9| 7} ZAF AlRY

CNS, congenital nephrotic syndrome: CoQ 10, Coenzyme Q10; ESKD, End Stage Kidney Disease; ERKNet-ESPN, The European Rare Kidney Disease Reference Network—European Society
for Paediatric Nephrology: FSGS, Focal Segmental Glomerulosclerosis; IPNA, International Pediatric Nephrology Association. KDIGO, Kidney Disease Improving Global Outcomes; NGS, Next
Generation Sequencing: NS, Nephrotic Syndrome; MLPA, Multiplex Ligation-dependent Probe Amplification; SRNS, Steroid Resistant Nephrotic Syndrome: SSNS, Steroid Sensitive Nephrotic
Syndrome; SDNS, Steroid Dependent Nephrotic Syndrome
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W47 31H(2023)

ARG A AHZO|E AFA AFT72] 49 5071 olAte] G-} ojAfo] Tojgto] YA L,
o] ¢ %X} AR E AAA FHAE 2=t 8 o9 AlZto] AgE = 9lon=E
5070 o)3e] el AR g Hol AR = Qs FA A R85 AFEE &= Qs AR
ke 1) 1= ZEM CiR}QIE EAo] 23} <t H F9]of Y9l AT A5k 49 e dA Iz =
el %?ﬂxu Ecatﬁ_o] = M Sohe ©io] L, R} ol ARE Q)4loHA] FotH HARE

o
ro

( S8 FWW Uy 27

24 £ MAHINE HBE URER WU EEE, cakur §
|. D ERE i s vwwaE Sus we |
e
| 28 2ue o
. I L 2 L i !
BY RSB 24 08 | | HYSE S4 A | uEZo| BEEE 3L qw“ﬁlﬂgé'gf 2w
' Ir'"_"""""';""ﬁ_-_. o E{.ﬁ:f-?:_;:_"""l' T ERpa | g
= i Y Wl =4 ] E ELS o |
BY FEH UM | i a A TR S | || 844 moias ool |
. M T S 3
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_ 24 | vus | &4
[ } . 3 l [ !
ERTET R T - B UG FHma
AT B | | A g »I
[ B = | 5 i
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- HjojE WEY . HDJE WE Y

Nelson Textbook of Pediatrics (2020)
AZ5TL Aole] 27] B7t AR SR} AAle T E Y182 slolE]R] 9gkth A1&ETo] Ak
AR obz] A Tl @ AAL FAHAHE AelotEd, Y, SHAHD)E B3l ERIgit. 104]
o|F9] ojdo] B¢ 452 ol FEIE HiAISH ] He HE HALR, HA| C35A], I A
(Antinuclear antibodies, ANA), ©]% 7F= dsDNA (double-stranded Deoxyribo Nucleic Acid)
AAE 61, 19 =BE 9 CE 7H47 HIV (human immunodeficiency virus) AN
Alggstet. A1 A7AH-S Minimal Change Nephrotic Syndorme (MCNS)9] 7Fs4d0] W2 124 0]4+<9]
Zxolof| A Alggstal, MCNSS| #2570l sld=l= 7d-%oll= LRE 02 A|3¥61A] =il AIAI5H]
=4
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Brenner and Rector's The Kidney (2020)

AREA] Aol thet FAAF BAR= 7]‘115}7\]”} HEzZos Jg AREHI A= gtk o8 she

(academic) QBANEQ} AAAA Q0 YAF A A4 = CLIA (Clinical Laboratory Improvement

Amemdments)ollA SRAH A Q= B8 AMA| A FARFF AR/ e A AR 732 wid
A HARE AlSbetar shlt

¢

AR A% SRR Hrbekal wefoled A AARE S de A, A 2EF 2 /44
A919] AP 7543 3l kst QA4S TEafof St} AR HARAT= sjalelr] ol 4= Qlom,

S RS, FAEAL EE A AR} P 4 ofo

Tﬁ
ok
-&
)
>
_°|l',
¥R
o)

Pediatric Nephrology (2022)

A 714 B4 SRNSQ] 544 Q1S Adsk= AR Wol ARg-HEth NGS= SRNS of7o]<]
oF 30%2}t A%/8 L -FotellA] 66%elA A1 EARCIE FR1 T 4= k. SRNSl #ofst= 7Y detael
FHAA| B FAR = NPHSI, NPHS2, “3A8A] 9/ 584 INF20Tt}. NGS+= ol dsHA] 3t el
FAAES WA, o B4 {44 s 2oh7] = gl
AF9TY] YR = e, Y, A5 Zio}—«l 7RI A1Y EX ol=¢

FE ARAASR) Ee oA ARAAEE  AARITE R 12%%, Rl
(lymphadenopathy)¥ 2= 4173 9] 53] UrE}UrEH o]

change)E AAFSHA] Qb= A4S/ 7R A= QA E4 o whet 371 HARE | ]0]: ":"_}EKE 3.5)-
A FAA i, AA) g A7 1A DA 22 AR B AR

27V sk A=l 9l

ol

H 3.5 UEFZS 20/= 2010M H7t

Estimation of urinary protein

Urinalysis to detect hematuria

Blood tests
Complete blood count
Total protein, aloumin
Urea, creatinine, estimated glomerular filtration rate
Electrolytes: sodium, potassium, ionized calcium
Lipids: LDL and HDL cholesterol, triglycerides
Coagulation tests (prothrombin time, fibrinogen, ATIII)

Check for causes other than minimal change disease
Complement levels (CH50, C3, C4)
Antistreptolysin O
Antinuclear antibodies, anti-double-stranded DNA,

antineutrophil cytoplasmic antibodies

32



goraq

Anti—glomerular basement antibodies

Anti-PLA2R autoantibodies

Serology for hepatitis B and C; Epstein—Barr virus, and
human immunodeficiency virus

Renal ultrasound (kidney size, echogenicity)

Genetic screening: extended gene panel, whole exome sequencing

Kidney biopsy (light microscopy, immunofluorescence); electron microscopy (if necessary)

Comprehensive Clinical Nephrology (2023)

Ot IS E(254] o] Hof BHAESE SRNS 3H2K1,783 715))E 0.2 ZAt 71 AGEHQ2770 74
A} 3ot i ARS)S Aldste] 1,783 715 5 526715(29.5%)°1 A 52 Rto] o] FofHLt. 69%9]
W 22 o] HEE2 7MY o A7 IF0-371¥)01A YeRtoH, o] BlgL Yo7t E5
ZASI) AAFAA QA4 5411 NHPSI, LAMB2 2 PLCE] E4o)= 44 A8jo] Z7]of Yehtm,
OAll o2 BErtollxl = AL HAE]A] okt AFBAA| 248 A1 INF2, TRPC62- /3R] 2710 Ueht
31, WTT 4-1270e) A2 7178 go] Uehdal, 184 o] FHAR 17 = o5l o=
B FRRe] SRl = 271 AelollA o A= AR vHH, 94 FAARe] S o = A
g AT o] A -frEsiths g et GX)g ZakE B arshyt.

™

< A7 Warejko et al., 2018)0f|A+= 254] u]qte] AH 2o = #qHA A15-5ko] Q=300 7H| 5
[e]

Ul EAHoE HESIA T, 4719] 8. SRNS R4S ERISHATHNPHSI (4.3%), PLCE1 (3.7%),
NPHS2(2.7%), SMARCALI (2.7%)). 7F% &3] &1 93 SRNS R-dAH= INF2, TRPC6'2 ACTN4
o|ATK ™ 3.9). L Hof| 3.7%00A = SRNSS] EEF Y 4= Y= AVFARES ok 94 Edwo)7,
28%°1A41= sht o] A M2 FH G HEE 0L, 44%C14= 29l EAHO] e &

SRS WA 2t

Detection of a Causal Mutation in 300 Families by

Whole-Exome Sequencing

NPHS1 (4.3%), n=13

PLCE1 (3.7%), n=11

NPHS2 (2.7%), n=8
Unsolved (44%),
n=131 SMARCALT (2.7%),
n=8

Other SRNS genes
(11%), n=34

Phenocopy genes
(3.7%), n=11

Novel candidate gene(s)

Total families: n=300 identified (28%), n=84

13 3.3 3007t thef L= TX| AE FIIMERMS
O|get &Ql =AHO| HE

(ZX : Johnson RJ et al., 2023)
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SRNS ZH 5742t g do|u A4 A714<LE SO} -2 ZpA|t] @74 EE o83t

WIGA SF A1=E A7HE 0] sy, 4 o]-8o] Z7IA AL Ut

SRNS 2Ex}ol| A 5747} AR &850 thet 1 #ARFS o33t o] AAISHATE

o HIHAFY : 254 o] Hof ¥FEok= SRNS A= A -8R B0 |E 7H 7hsAdo] o B 2 (9F
30%), 254 o]Aof] JEfL= FSGS T= A& 91 vl iy 7} Q= HE SIRJof|A] 8-AR; HARS: EAST
4191 ¥ FSGSolA= A 710 AL, A E -3 2J8t mimic SRNSAE S350 AAY
2 oJAo] = Y- AR HARS a1 sfof &

«  FZI(Consanguinity) : 5= ZJATA oA 483 SRNS TR = 344 (G4) B0l E 71
7FsAo] w2

* 7F=Y  SRNSY 71530 P9 A 47 AARE 2Esfiof 3t 8y @4 Aol H¢-

71Eee Re s Ao] e

0;

0

H

1.2.1.2 YY7I0|1=2121 HE

KDIGO 7te|=81R1(2021)

AR 710| =217 7HKDIGO)ONIA] AJATE AREA| S| Ta]of| tfgl YAFRl & 2| 2 of A= AREA]
Aol YK sixjof| A A F-AR} AP -R-83 4= Qokal H skt FSGS BT o] AX ALA]|
Astof| A AT HA Al B AA| s G7IMQEES AH R0 A FEIQ] FSGS HEFS

H7roket 7H17F = 7Fs7dol AL AAskH.
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HZ0|E My 52w = AHZ0/E UZAY MESF0M 2FIZTEE|TO0|Z0) Bt

OfA| = (2R AHZ0|E 2y HI5SH)

Al 70| MO =+ o O 71N Heto| odE Z(macroscopic hematuria, &2 Mil 4, MEXSEES
oo (h&pocomplementema) %;

o UHA M (hypovolemia)tt 2 Gl= AI2H _

* calcineurin 9HKIZ £0{EH= AO0F £ calcineurin AXMF| 712t =& £(2-34) A%

m

715 da
- AB|20[E X3 AEF
- S o OR NSS4 oyt
R 2N . ELRE R Tald
o AHE0IE Moty MESEF = SAREAMLHZIEL 71E50| = 82
* QIS AMEF 24010, HILE, HAUN CIHA XAl HUZ 2|, HIV (human immunodeficiency virus)2 Q1oH Tt HEtGH|

3
whst 3o AxpiHo| daofxf s + Ag

£X : KDIGO (Kidney Disease Improving Global Outcomes) guideline, 2021



Q) AR ANTAAS RS YA} ol L 7hEsh] St Aol SHA AAE TSt

AN et

o A7 A Qs FSGS BROlA A5 3o] Qs A9 WelolRAS AR T uhso] glg 4]
SR 2AE T

o A7 AL QL FSGS BHIOIA] 415 o] Gl 4-90] FSGS 24H4 FERE vl sl dele
FEsl] g WPt Bestn, 94 AEHAE T

Patient with F5G5 lesion
on kidney blopay

Presence of nephrotlc syndrome

Protainuria =3.5 g/d
AND
serum atbumin <30 g/l
with or without edema
Especially in the presonce of
diffuse foot Process altacarment

Likely primary F5G5
= Treat with immunosuppression
« i no redponse, condider

genetic testing

AlAHZH
oo

J834 Ol EH A, CHE

AR Eel o] 2H7t Sle

Absence of nephrotic syndrome
1. Mephrotic-range proteinuria =3.5 g/d
bt cerum albumin =30 g/
DR
2. Proteinurla <35 gfd with o
without hypoalbuminemia

= Evaluate for an underlying cause, exclude
secondary forms of FSGS
» Consider genatic screening iwhere appropriate)
o pxclude genetic forma (Figune 53)
+ Do NOT STart iIMmmunosupprassion
= Supportive therapy
+ Menltor prateinuria and serum albumin

+

Waorsening proteinuria and
reduction In-serum albumin

FSGS &txte| H7t

(EX : KDIGO guideline, 2021; Kidney Int. 100 : S62.)

SR} A FARATAATEo] Y= A

H 3.7 AREAMTHEES(FSCS) XM |

9 oA =90 B 4 Urk

HA A R84d

FSGS £ &Ei(Genetic forms of FSGS)

ZHE, 7|He} EHRo| QT Ho|

71EM(familial)
A (sporadic)

*  B574(syndromic)
g9l FSGSOIM RTX ZAIE I8t n2fAre
o EETE S YA SE 2t 15 Y/EE AN EH0| Y= B8R
o UMM EZO0| EH MY HAIYS WHOIK| Y= 42 MHY BX
o P X|IR0 Y 00f | Sh= HEOA HAARKC =& H|G
o NEOJA Al RHEO| I 20l
o M U M IIBN EE = APOLT 9IE HO7t MR ER00 1= Hot

AFM ElEto] HA

£X : KDIGO (Kidney Disease Improving Global Outcomes) guideline, 2021
APOL1, Apolipoprotein L1; FSGS, focal segmental glomerulosclerosis
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A A0F417F8E3|(IPNA) - SSNS (2022)

£ ARIRA oA = Ao} 15 Fz0) 27] At 313S Tha o] (T3 3.5) 2 ANISHL Qv 9%
Ao} Betstol A theat e ATARFS SIS

re

0| 1M 0142l ME =t 2010 27| T YUHAOA LLHOI L & TR H
AS(@H+EB, 5k L

o MY Y S H/E= SRTY, R SRNSE Alot= 71520| Qls HNd USFZ0M= FEA BAE B

SEALE A, 28t HD)
. Q0p 2o NES3-120F)0] 22 QEA HAL U/ES HMZS T HS B4 B, 08t D)
«  SRNS IS W SR07| SFAF ZA BIBHEIAZ A, Yot 21)

fjo >

=X IPNAEH| Hat35))-Trautmann A. et al., 2022

>
o
FE

Infant, child or adolescent with nephrotic syndrome

v
Age <3 months o
extra-renal features or family history
suggesiing syndromichemditary SRNS
| Atypical features
v ' Including macroscopis hemaluria. low C3 levels, AKI nol ralzled 1o hypovalemia,

yes a—» sustained hyperension, arhils andior rash suggesting glomendlonephrilis
v r v
»Parform genetle teating no YEE
= Follow recommendations for CHS* |
| |
v ¥ L]
Age 3 - 12 months Age 1 - 12 years Age > 12 years
¥ | T
Corides 3 siralagas’ Consides 7 siraieges
v v | | kL L
Genetic testing Hidney blopsy Kidney biogsy
[ i 1
v ¥ ¥ L L
oMs Ot MCD 1 MCD il
bR FEGS F505 fEtoioges
r apacific OB
v ¥ Mg e r v L ¥ ¥ FRaAnAgamant
positive  nogative - Start PDN
1
L

Complele remission wilhin 4 wesks

b L4

no » Pomeiremmson s Confemation period (week 5.6 yos
}‘- o — Complets r:ni!l.lun alfwesks  —SSNS late respondsr ..l
hmmmmsnns or SRNS S FE&I:LS 3
O3 3.5 A0t MBEFO| Rt I 22| AT 2|E, IPNA 710 =2101(2022)

U -

(&X : Trautmann A. et al., 2022)
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A A0L41AELS](IPNA) - SRNS (2020)

SRNS S22 514} HAR= SR} 7150l A| rgubet XekS: s
& itk AR A4 A|EAl(whole exome sequencing, WES) 7|
7t & FA} Holof oJst Agko 2 FE Tt NPHS2, WT1 9 NPHSI 573412 Ao 7k
Aol A 7 S/t 734 SRNSS QI =, 712} 42%, 16% 2 13 %5 APAISTHaL Harskict.

1]

P2 91T, 27} 7Rs T SRNSS A%
o AB3HE A12HE 10-30%9)] ofle]
O
9

&

7=
fl

=

A AL % Gl ALIAAE QIE A= 20] olSol g1 HsHe) 7] thEel, 27187
Fa5ic}. 715 SRNSS 2eb/] 91t /15ele) 2] o R Aste] 32 9] 342 s gt

oo&w &
0] 22 414 1] ool

rlok

o YHIAETE)N tiet 2ES Eaote] MY H AT o S0 ol FAHA| 7I52S mofet As HSH 4
ZEtO| 7IEH0| Yl 2% €Y L0], oMol THet 2SS Mefet oy g, A 7|s, o 4d H FUA gAF 21t

:Og
=
!
N
>
M
=
oy
rol
rH
E

Sof thet YBE TN
. Z0| S MF| TS Soi0) 22, M, &=, F, BNl O[4S Terstn AISSTY| CHE Of3HE 0!
(2 20| QUK SHOIeHOF BHEA 47 A, Yot #1)
+ SRNSO| Biojai B 2ot 2101 57| 9I5h B,

g, ME ZHATS WK AS HOHEH 4% B?,

QTR ZAL OIFOIZHE SRNS 2R HRIOIN QZAIE Al 2S HIHZ /4= CY, Z5= B

ZEX: IPNA(ZH|AORMASHS])-Trautmann A et al., 2020

1) Intervention: well-designed and conducted trials, meta—analyses on applicable popoulations,
Diagnosis : independent gold-standard studies of applicable populations

2) Trials or diagnostic studies with minor limitation; Consistent findings from multiple observational
stuides

3) Single or few observational studies or multiple studies with inconsistent findings or major limitations

u.
]
it

e

SR AL BRT 4SS DU BIRE-S The gk

H 3.10 (IPNA 7t0|=2t21) A-0F SRNSOIM REAH HAPL HQ St MEF ¢ ML

* JHs%t A9, YRt SRNSQZ ZITtE RE AOIH RHA ZAE A S AI(EH4ZE B?, 35 1)
= A

« JFE2{0] ol YRSt FE kol 152 E €01 Sojo| 0 ), M 9l(extra-renal) FHO0| U=
'.

AR, MHOIAS ZH| F0I SXI0A QA HAIS LUABIZE HIIEHEHLE C?, st 1)

* SRNSQ=Z THE ZE= AOOIM MMAS Al A HIE LT 4 E= U0 2t 2x1y Heh 7154
1 ZSAN QFA 201 7H540| U= SRNSE K2R & 4 US(ZHEZE AV, st #1)

»  AO0FSRNS, 50| fTA A RMA| = AR0ME E FUO0| ZUE 2 22 4 UCH M8 ©
HAIS MAIE A RIHEIEH4E DY, st E1)

o Z7|0f AHZ0|=0| BISSIUTH StXF ABZ0|E MYH(F, 2%t SRNS)0| E ZR0= |8X
ASENeE C, ESE )

ZEX: IPNA(ZHAORMASHS])-Trautmann A et al., 2020

1) Intervention: well-designed and conducted trials, meta—analyses on applicable popoulations
Diagnosis : independent gold-standard studies of applicable populations

2) Trials or diagnostic studies with minor limitation; Consistent findings from multiple observational
stuides

3) Single or few observational studies or multiple studies with inconsistent findings or major limitations

4) Expert opinion, case reports, reasoning from first principles
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>
]
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AR A @A Y] B0l et Al A WS of7|ol= A Ee %’\Pﬂ &S| (likely patho—
genic) -4 Fol& Sanger AlEdE ol & %
o

SAWo|7FEAER] o= E5] 54 Aglo] oA QA== F-oll= XJJ A& Ali*cl T= Fﬂ%
44 A1E8d(whole genome sequencing)"] g 5= Q). F84d0] FA|A] k2 wo] (variance

al
of unknown significance)S 31418 iz F:0jo} EAo] Wasic), 2 S AWsH oo 8
o} 1 7kEe g 279 A4S olalskA) 2 4 9lrt

797 APl dig A eL the T .

T 3.11 (IPNA 7I0|E2}Q1) SRNS 2 Q™X} ZAAHHO| CHet AU

ogr
=
Jm

b

0x
ikl
al

Am mju oe

oz

w

o gy,

1o r

D-(?- bl
>=
E

r ree

S HSE AAStE 427t OFLIEHH, 22Xl AL I 24(3i LT 2= SRNS KAt
7MY THY K} ZALZM XY 74 |R_9_J_|.I-IO| x4:10|>o XSl QAN BEIE0)

H oo Oo 2
= ZR0l= tdl 2Y RUAL E4S 8 AS M2 H+ZE BY, SS& B1)

ZEX: IPNA(ZHAORMAES])-Trautmann A et al., 2020
* Trials or diagnostic studies with minor limitation; Consistent findings from multiple observational
stuides

AI

OII

ERKNet-ESPN Working Group (Boyer et al., 2021; Lipska-Zietkiewicz et al., 2020)

A Y EQ A2t R Ao e s AR TE(ERKNet-ESPN Working Group)ollAl+= 4343
579 TElof| diste] FUFOES AASIATE AW 415FCongenital Nephrotic
Syndrome, CNS) Ztof| thgt HIARIO]|, = CNS Solof| Al A EHS T H RS 5% ESot
£ ZHRI AL AARS 121 27| AE AL, B A A S 2Asts] 8 Al
FAR AARE Bl 4dE Q) A 55 F-oflwt 414 AJ o] A E]ojof ghtkar A|RtstTh

i

Al the thne of UINS
l dimgnaosis
[ Populstion specific geadics | Tnisiation ] Clotr phenotype
| abnormaliny™ | — | of_gemesic sercening workup | — _muggestive fir & specific pee |
B | o ! — i NS availability st the center | qumm— [ Mo ves |
Sper i penctic sorveming | | Yer | | M | Cieng sposific sereming |
Pamel screeming | WIS | o= mmesie [ Basic genetic soeeening with Sanger sequencing
idepending o locsl helthoare system policesh | v o] (NPT, NPED, LAARE2 mnd VT ex$iog)
'
i Crenets dikgibrs
T2 3.6 MHM UBFZ0IM STA Zitto] ¢12|E, ERKNet-ESPN 710 =2t21(2020)

(X : Stefania B. et al., 2020)
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KA AFTFo e 718 GARHNPHST, NPHS2, WT1E LAMB2 5734} Al

= L‘g
A2 Zobd % Qlet. ¥ W ESPA Ak B4

-2 E35}0] 80% o]/J—Q,]

[e) (o]

Hlo] AR Agko]

TEZSTTS Aotz QAL AL ATUER HE =A A7 A|(Savige et al., 2019)0014
YL EZIFO] 74 Zto] thgh IR EARZ 7dsISict. SR EFTTO] 2tk Mefo] tsf] Flxr,
lamellated glomerular basement mambrane (GBM), 2] €4, lenticonus, fleck retinopathy2]
S/l e S FEE S 7ol w2, o] ol Al7HAl GRE SFtol T H At
(COL4A5, COL4A3, COL4A9)?] EQHC] BAANE AToH=S Agstal AL, =4 &8 AAIEeS
SRt A9 A (podocyte) T A%t Qo YHE S -FAAL HARS A AT A2 At
th X-linked ¥R E 97 A} = COL4AS EAR0] EA12] 71573 UoA] cascade HARS AATZ
A& WIste AR AASHAL o}, RAIAF HARTH S 2= COL4A5, COL4A3, COL4A4 RS
W GArd 4 Q= high throughput 35 3ild H714 9, WES % Sanger 9714 @8AP} o-&2
= 9121, NGS AARE Bl 2F 95%2] A =AHOIE A8 4= QU T o) S5, 4%, 242
22 24 Hol & 1517 o]#2 NGSE Et7] el MLPA (Multiplex Ligation-dependent
Probe Amplification)”} 872 4= it}

fr we

Alport Variant Collaborative (Savige et al., 2021)|A+= G EE Zo AR} HAR] tfist @49
WIS AESHIH. dREZTT ¢ SARHoIE 7

COL4A3, COL4A4RAAE BA5h= X84 parallel F34F HAfo| 1L, Aglo] o4E 3¢ 417
BARS 7R AANE FAH 02 AAID AS ARSI TR, COLA3-COL4AS RA1A2] 1o
B7H= ©es] Hol {-gut 12{ok= Ao] ofue} jo)7} Tl d S0} 7|50 HIA| = FYF, WS ]
AT & THH L= J1Esfof fhtal A A5
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1.2.2 X|gZ2%0 g

1.2.2.1 WitM HE

AAFAIAS} 33H2023)
AAZo|A §AH UQlo] HhA-L thdt 84 Atk Qo) & thofet YA G-8A41-S Ul =3 ko]
w2 ] H3} Qo YR Fix}o] 7

H 3.12 SEE0M R TH X=0M2 7EY

fH ZIHo| R84 CHEX oAl

ULE Z5A0|A H2 L Oft 242

t | 2%*%*11I"(nephronophath|S|s)01|)\1 ol Hat M7t
T B/ E «  Ayme-Gripp Z20A A7|& 17}

o MY MUSEZ0A HAAMK| AR S|T(EAE 243}
o TAXIRAQTO0 CHAI 2fst MBSZ 0 DAXIY H=

== o MOAE QA THY SXHARRT ZHEZ)0IA allopurinol
E_Q_
. ~ ) ) N o MM AZSSI0M O HAIE E510 J1E = AOJA
X2 0| H5} X|z 9Elol ¥} O} A A-|§1T T )
o Cubulin X ZH0| oot Tty SEXIO| ASSH &7|
= S I‘IE A=
e J

. NMHY YTE FST AN N B
ol B HiZ

Brenner and Rector's The Kidney (2020)
Qo2 JRG AREA| Aee] _”;q;(} FEY] A2 X7 A%, o]4] = AgH AT 1 B AE e
2 GFEE 5 V=71 I ET A 7SR tiet Aol RS vIR7] AR whebA] 54
A AREA Aol it 9hEd Q)= el & 9= vIE & Utk
NPHS2 5712 EdHo = podocin BE-E A5 3lotH, Aot A Ro|E A ASFHSRNS)2
7P tHEA Q] HRAI-F-AA oIt NPHS2 734 492 X =270 AHZo|&E AP 455 S &
o4z} end stage kidney disease (ESKD)Z 1&g 7hs/do] A o415 At §o] W2 7Rl
A=t 5ol 2 4= Sty CoQ10 g Astat WE SRNSS thE A9l f-8* == ADCKY,
PDSS2 9 COQ6 57A EARol7} QloH, o5 Age CoQ10 EH3FA| =7t -2 4= Slct

Pediatric Nephrology (2022)
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H 3.13 SRNSO|A| RTTITtO| X|20M2| &8 (Pediatric nephrolgoy, 2022)

2 MY

oot HAAK X|=9| ol : £ FHA} SHH
A HME Soll HMWHCR SiER XSS Tg
o HXY X|=X| M&: SRNSS| £ RHAt €olg &0l
IE 9 SYBA H2| - UE SRNS 2tz LET
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QU= SRNS &Hi= HHOK| XI20) $SOHA| /252

| 42 UEE. ST HAE 012

&X: Pediatric Nephrology (2022)

Sterold resistant nephrotic syndrome (SRRNS)

| Secondary FSGS

Viruses; drugs; maladaptee repair
Excluds

Mon-genetic SRNS ---= Monogenic SRMS
1 | |
Iimmunosuppression: O + tapering steroids

ACE inhibdtars; supportive managemeni {
2z 8

—— —— o

i -
Coinplate, partial remisshomn Non-response

| | 1
- w
CHI far =2-3 yrs Consider rituximal ACEL AR
s other strategies Suippartive managereent
i S
Sustained remission; Frequent relapses; 4
infrequant relapses CHI dependenoes PO e POnes

) 3
Discamtinues CNI Switch 1o MMF cr
rituximalk

-
Lovww risk of ESRD High risk of ESRD High rizk of ESRD
Wariable risk of recurrence High rigk af recurfencs Lenay Figk of récurrence

T2 3.7 SRNS A09] otz & e
(&X : Pediatric Nephrology, 2022)

Comprehensive Clinical Nephrology (2023)

LHZO|E A A5 Tt Ao DL AR 7R SAR0] &l AF- 790 ol A =2

H 3.14 SRNSOIM SEZRITO| X202 REM(Comprehensive Clincial Nephrology, 2023)

¢ AHZO0|E X|=0f Chet 8K« B HQl READ HEE S 9| Uiz AHZ0|= X|=0 2S5t
5. 0| 39 U RUA HIS 7|0 =HQlotH =320t HMHR 22 AHZ0IE X=2E HYY £+ 2

T2t £Z20] AHZ0|E X2 E= AOIZZARE A (cyclosporine A)M| BEXN = 24H HIE5H= A
RQEUBH= G SHHO| LT} 67H(EMP2, TNS2, DLC1, CDK20, ITSNT, ITSN2)7| 201 =

PDSS2)7t = Bt CoQ10 X2 2 0|55 &S + U
* HIE2I B XI=0f CHet 1S - CUBN RTAF SAHHO7} QU

ojo

rr

I

* CoQ10 2FH0| et S : CoQ10 kg0 &0ok= FTXI0 SHH0I(COQ2, COQ6, ADCK4, &=

BHAl= HIEFDI B12 X222 £2EE 4= U2, 0|E

jo 0jo &2

rr

rtu

E2/0t 2|0tM|E A(mitochondrial lyase enzyme)E Y5 3t5k= sphingosine —1-phosphate lyase 10{ S¢H

=2

0|7} 9l SRt HIEFSI B6OY HIST 4 9IS

— LOE T M

+ LIE 0[87+58t 2f=0il et BHE 1 ARHGDIA SAH0|7t = A= 0|2X 2= 0
Off B8 =~ ACH, TRPC6 =AHO| 2tits ZAIRE AMIH X22 HIHEHOZ 0|
K Xz A0 ohet MAXRI 7= gls

« JIEf TRiAIS! : 57 S5 Cdt: NN TS NTQ| SN0l Popt W

OoOT L. O L-~1 L O =10

MJH

njo

gl2ll=(eplerenone) X|=2
s &~ AZ. I3H 0|2

&X: Comprehensive Clinical Nephrology (2023)

41



NEC AFHES QFX} I

07| I o] AH|Zo|E AP ASFES A oA 2F 33%0] A 9 7AW, THg AlEeke]
AR IR 124 SRNSS] T 191 FARE 71 ofglo] 7H9- o] A1k -9, Aol ARt 5540
2 HREE A% A ARAARRE tiA = 7] dizo] dglo] AT f9do] A9 Qitk. B A5
Zrojz}o] SR}l Aok EAHHHo](truncating mutation)”} 2A35}e] o] A% AlRtof| A A28

B E 4= 3lom, o|= Qlsf| A §EE} o] AlH ARZFEMYE 4= 171 Skt o] 4] T A
Bl = ol ¥ Ko 7s/do] =T

1.2.2.2 YY7I0|=2121 HE

KDIGO Clinical practice guideline for the management of Glomerular Diseases (2021)

AORAIFEFOA AHRO|E AR 455 ’ﬂi 1S BISHA| 23 73, LB AP A5S

2 A S, 055 0 S HAC b e 0 el R efot e}

A O] FA| 0] Bold EAHolE & ?l to] A A Qo] et B2 Q% 74 &2 W
]iﬂ}g < A&kt ==2 5 Utk

Mew nephrotic
a1 2 yoars of age =12 yeaws of ange
Mo symdremic features Syncromie featnires
ar family hilstory or famity history
Glosascortiomkd s*
Mo response Coamplene pesponer
4o G weeks
« Genetic testing e
diney biopsy x 12 woeks

Freguent rélapsai Intrecpuant rdapEes Staroid-depesndant

= Cyclo phosphamide. Glurocorticads® + Mycophenalate mofetil
«Levamisole . « Rltusdmab

+ Mycophanalate moletl « Chlginsurin inhibiter
« Rituximab + Cyclophosphamide
» Calcinausin mhilsitog o

T2 3.8 A0t ASFRM X|8 LT 2|Z, KDIGO 710|E2t21(2021)
(EX : KDIGO guideline, 2021)
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H 3.15 SRNS % FSGS X220 st HILHE

AHZO0|E Mty LESa X|=0 CHS HOAR!

* We recommend using cyclosporine or tacrolimus as initial second-line therapy for children with
steroid-resistant nephrotic syndrome (1C)

=4 B MPHZEIEe £7| X0 et Ak

1. Y FSGSe| =7| Xz

* We recommend that high—dose oral glucocorticoids be used as the first-line immunosuppressive
treatment for primary FSGS (1D)

2. AH20|E Mad |k FSGS
* For adults with steroid-resistant primary FSGS, we recommend that cyclosporine or tacrolimus be
given for > 6 months rather than continuing with glucocorticoid monotherapy or not treating (1C)

ZX: KDIGO guideline(2021)

A A0FA17F8E3](IPNA) - SRNS (2020)

2 AN E Ae 2ol = AR ST oIFHe 3719 ol 184 mlute] oflole] ek, A %
AR SR AR ANSH I, 44 SRNS9) 7] Wk Bk ol g 4 gk welolg
_9_

SRNS®| 2| & s}, A& £33 ESKD=Z2] WiE 7133t PrAeieh. 7204 Aglof] 2fgt SRNS &4}

A AL AR Ao 25 Trofg-S HTHEH Hol& (2.7-3.0%), Fi Tolh& (10.8-16%)). 744 At
O]t SRNS $Ah= 4 Agho] gli= SR ESKDO & B A5 213¥sHH (71-74 % H 4-29 %),
A Y= SAE o BTH45-48 7HE of 58-205 7HD). Hsie} o] Q] 73S T EsiS uf, &
1% o F-32} Zgto] 2Jgt SRNS SHAtoflA] 2| =of| ¥H-g-6H4] eh=thd | AR E S92
Al COQ Z=0] Agto] =7 COQ10 EFo| a2 4= it} Wb, 14/ Aof AH|Eo|=
A SEAtof| gt A== B gl WHIARRE STk, RAASI (Renin-angio-
tensin-aldosterone system inhibitors) ¥ 7|t EZ ZX]|& E35H H|HG oA #2 & A& A
Ak JIeHEASE X, e A1),

N

4 0 o
ox & rfo
ot

d
=

1- O = =

t}
1A AlZBL BEK
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HUSHET2 WS BE B2 B prednisolone AIF

PES A E20|E PHE o oE YR S o
SANS J S5MS
\ t
65 09 A3 « hcEl T ana i 0|80 WAL R
+ HH pon +f. B9 merhyiprednisolone REEET 5F)
AMT B ETY M| HEH .l
SRNS t| % B 4 sAns FE sans
+ 1
ol d ol PhE CHI + ACEI SE 4= ARB + PON £ &l* ACE SE4= ARD R 71, DN BT
b | }
=l e =)
2 - —_
LEE Elal P r L S5 e il B & sANS
1 | ‘
CH) 2288, ] ! £ N |I:_}“.
= mmE (TREAL 1 : EHE&;%” " IE
AHZOEN HE =1 l—'
HESE IR ¢! e
128 HE LE i’ﬁgi I
l o - Ao Yoy
| i 1Y I
12 :-1*%:_ S *qug-:q - HaEi| ElT-F.l_“ Ptuntmals 21
cai B Fe =
g *lli RltH 2] B & » CHM BB sans
T I-
s LN EE Diatnumab S+ W AW T PHES
amE MMFE i Z At ZR U ENIHE

O 3.9 A0t MBEFO| X|E YW2|E, IPNA 710|=2121(2020)
(BA : 22 HHG-8rmZE 9] 291 From Trautmann A. et al., 2020)
* PDN, prednisolone; ACEi, angiotensin—converting enzyme inhibitor; ARB, angiotensin-receptor

blocker; CNI, calcineurin inhibitor; MMF, mycophenolate mofetil; SRNS, steroid-resistant nephrotic
syndrome

ERKNet-ESPN Working Group (Boyer et al., 2021; Lipska-Zietkiewicz et al., 2020)

AV Y ES) A9} -F 4041 8S] AR IE(ERKNet-ESPN Working Group)olie A3/
15St0] o] iste] T TS AT

>~ o
I

ol

0

gl

[ AL A 8e B Belo] BaAolu], A 9] WA o B/ EE A4 A 25},
A 91 PR e, AETT0] BHYS Lk Ol R0 A A8 o]l 5 gk, Uk
o G718 Fehe] A AFFTo M AR AH§-2 TIshol 5t thalel Fo] ek oY
AT AR R 557] 9ol AT A71o] 23t 520 ] 2 bl S Al H-okA 0

44



Yoraa

Presumed genetic CNS
Prosontaton If infection screening is negative and family history does not

with CNS suggest congenital membranous nephropathy, treat as
o Initial clinical genetic CNS while waiting for the results of genstic testing

and hiological

ARLESAMEnT Infectious CN5
* Infectious Treat with specific anti-microbial agents
screening and
genetic Non-genetic CNS
testing If infection and genetic screening are negative, consider

kidney biopsy and a trial of immunosuppressant therapy

Intravascular hypovolaemia or failure to thrive
* Albumin infusions
* Preve ntive measures®

Severe oedema

= Furosemide = RAS inhibitors ar NSAIDs
* Consider albumin infusions = Preventive measures®
Moderate oedema

* fvold CVL = RAS inhibitors or NSAIDs
* Consider oral diuretics B Prevenlive Measures”
Persistent severe CNS

Consider nephrectomy in patients with persistent
hypovolaemia, thrombosis and failure to thrive

Yy a

:nu‘lﬂdl:clpllnary s
e

= Consider ambulatory management

* Consider spacing out or stopping albumin intusions, it given

Kidney failure
Early T*E"a{,tu Bilateral nephrectomy at the time of kidney failure (CKD G5)
transplant unit if persistent CNS and/or WT1 pathogenic vardant

023,10 HEY NESZ0| B YT2IS

O -

(EX : Boyer O. et al., 2021)

SHXEZFFAZ Aok AL A AFUEE HE A4 A7t dAlolA = SRES T
7 Zko] ot R B RS 7P st R34 #o] A9 f-8-/dofl tisl], Ak &1l Qof| = 71
W A= B7F A Al 74, 71 AARE B0l 7] 014 7Hs/d e, BloKprenatal) R pre-
implantation A 77 X, ol F wet 50f lo] F-32 Fo] FEO| F /S FXSHAUT

ERL, AHo] A1 o]l S Qo = ZAR O] F-B(missense E+= nonsense)ll Tt BHESHE | = R0]
A2 Fo] Ut Missense EAO|7} A& Alofli= chemical chaperones, A4 &A= non-
sense-mediated decay (NMD) (9]l: puromycin, anisomycin )7} 2| &5F=¢8] AL&-E 5= it} o]

AEHEZ A GA A ofyARL B7] ARA Y £8 S5t =] 2+ A
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NEC AFHES QFX} I

1.2.3 |RU4Y

1.2.3.1 WM HE

A FA1AF 33H2023)
ARSI A A A 1919] AL thadt 84 Ak Qo 7= AARE B3] 7= 5 2gko] o]3ix}
Hh o]&] Zofz} HARA] o|SER} AW, 2|2 FEH Aol S| 2io] Al Ao gt HH-E Al g3lct

Brenner and Rector's The Kidney (2020)

A 02 Fd AHA| Hgte] _”;q;(} FEiQ] A2 X|= 27, o4 & Ak A A B Ao
PSS T U 7S T3 A1 715A 0l TRt ARl 93k HIxI7] ARSI webA 134
L AREA) Aglo] tiglk ey o8 WA 2 93k uE 4 it

o mo

ool

-

Pediatric Nephrology (2022)
AR AR 715 A9 {15 ol o] HaL, 7] 7154 AetdE 87k o= .

1.2.3.2 YY7I0|=2121 HE

A A0FA17F8EB](IPNA) - SRNS (2020)

IPNA SJ4p1ol.=249] Aol R 17150l s AL o= o #4032 olofohs
2 B2 % YRS SIS AW AL ATIHIASE B, 355 A1),

ERKNet-ESPN Working Group (Boyer et al., 2021; Lipska-Zietkiewicz et al., 2020)

AR Y EQ At R A0S S] AR TE(ERKNet-ESPN Working Group)ollA+& 4124
A1592] T|of thoto] HARE-Z AXISHITE. CNS2] HEo| QIAM, AP 57t = 715184
oA SA] VS Ale T Z& ST V= sl o= A0EAr e 2R F-FAA
Y HEZ, NPHSI, PLCEI, NPHS2, LAMB2, WT1, CoQ10-¥= Congential Nephrotic Syndrome,
Galloway-Mowat syndrome, SGPLI, CRB2 5 AIAI5FaL Ut

AE7} go] 7to|=aR](Savige et al., 2019)
TEZS IS AFoh= QAL FAIAL JFYUER FAE A WEZFAAOAE X-linked YEEZ
T= COL4A5 10| Y= BA 71573 LolA| cascade AARE B4

401' ruil

Ty



1. QLY Q9%

AAE S GRS AR 20T AP 4G, wa 8 AN F3kS 9 7S FrLXﬂXuﬂ
SRS Vo= ZAH A7 1A GEA 7IRE AMEAIES A4 T AARE B9l 94 Rl ERlsk=
AR, & 71e2 At A R FARE E51o] AE7E A= I=E 61, S AARe] 4 }_1 a4
of et et FAE ERIstaA} w7 & H7HE TSI
£ grl= g go] o] W2 544 Ao 2 Tl AP -7-44 o] A o] =2 Aslo]7]
wizol| 71&9] AA1A = R 0 2 Z17to] Aghrt RIHA 71| e s ]ol= |
U A o= HYA, FAH A ZAH A7 A BEA] |
U= AAR719], Er o] AAAZA S AYSHA] kol S| A R H Hlo]EjH|o] A, oJStitA,
7to|EER19] HEE 53] o3 AtollA Q] -F-aAt B0 | AREA S 704 i d ALY A 788
AESIH.
3SR E Hlol o] A P Wik HEZAT f3/8 AHR0|E AP AF K (steroid-re-
sistant nephrotic syndrome, SRNS)¥} =HAREANLAES}5(focal segmental glomerulo-
sclerosis, FSGS=JAA| B/ Fx= 4, XHMAIE 53l 7=k S48S 7HAH, A2 287
g Ag17]o 24 AU T2 F2 AFIolA T EE A2 HiE F2 /49 °F 10-15%,
4:019] 30%, A4 9 o] 66% ool U] R Ho 7} ERlE AL glow, AR 7HA] s
ke Y0 7= U1 -RHAE NPHS1, NPHS2, INF2, WT1 5 th2l(6097H o]4h) T Q1 /A7t
oI =| L Ut AEAES A s AL A -89S A A mauof| o] 97, e SOl
A A EQIT

]

g

=] GAHAIASE =+2] Nelson Textbook of Pediatrics, Brenner&Rector's the kidney, Pediatric
Nephrology & W34 HEZAT, 444 A590] et Q1 1}, FAA-#E Y WAIE AlEok=
o] F34F Ak EZo] HH, WA, ST, 7ISE, S5 549 o8] 84F JEsiA X*XP
RS ST S AT FALE 7 o] =217 SHKDIGO), = Ao 18] (IPNA) &

7to|Egtlof Al "AH 20| E AP ASF, (1A Wik} Fot Y AR, A %*J/%EL
2 5740l %c— AIZF, 'SRNS, FSGS 7158 Ql= AR A5, deldE B3l &,
A 715 A AL R ES )M AR AR skl Stk



NEC AFHES QFX} I

A&27go 9F

=] YAAIALSE =49 Nelson Textbook of Pediatrics, Brenner&Rector's the kidney, Pediatric
Nephrology & 2¥t HEZAT}, NPHS29} 22 £7 744 S 907 = SRNS A= | A1 A]
2o g&5HA] @1, CoQ10 Aol ofsl= §-XHCOQ2, COQ6, ADCK4, E+= PDSS2)°l #1017t
U= ZARIA = CoQ10 A&, CUBN -#2A #ol7} Q= 73-9-oll= Blehd] B12 X =of] vttt
Harge}, ESE REIA Ro7t Q= BRloflA AT o|2e & 79 A f1glo] Wot AlofA] A7 5 A|=H)

< Aokt B2 & 5 ThL AN, AL E7 =217 ]-HKDIGO), = A Ao b4l gets
(IPNA) 5 G711 E2RRIoIM . 541/ Aot AB| 20| E AJHd AT TR AR AS5F

oM HAAAA R A3} floHE FEsial A A A 22 2
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=] QAT =2] Brenner&Rector's the kidney, Pediatric Nephrology W 3¥tAx AEZA ¥} -4
A BAE 71EAE S IR RV 2 A7 7R Ajbd B71el mgol E Ao s sl 7t
o|EZRIoA = A HS darstal Ut

ASHUSIO = AL ol SeiIol A chefet 0 i2lo] ol 4 gl A
S AT AEFE, FRLAITALIZ, 714 AFADE] o) FHA F) BB, §
Al Slo] RAA HARE TREHES Ak T, ATA IS R W T of el fAA
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3.1 =2 HIOJE|H[O] A

3.1.1 Ovid MEDLINE® 1946 to SX{7X|

(A 2023.9.6.)

= A o] M)
1 steroid resistant nephrotic syndrome.mp. 1,188
9 %Ilomerulosclerosi_s, focal segmental.mp. or exp 5.865
omerulosclerosis, Focal Segmental/
CHASRH 3 focal segmental glomerulosclerosis.mp. 4,891
4 (SRNS or FSGS).mp. 3,906
5 ((familial or Hereditary) adj3 glomerular disease*).mp. 50
6 OR/1-5 31,060
7 genetic testing.mp. or exp Genetic Testing/ 73,951
8 gene panel.mp 3,632
9 exp High-Throughput Nucleotide S_equencing/ or 52 640
High-Throughput Nucleotide Sequencing.mp. ’
B 10 (next generation sequencing or NGS).mp. 62,364
11 massive parallel sequencing.mp. 836
12 exome sequencing.mp. 28,639
13 OR/7-12 163,357
CHAKRE HR| & SAK 14  6AND 13 401
AR Mt 15 limit 15 to (guideline or practice guideline) 0
16 limit 15 to "review" 65
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3.1.2 710|==tl

(AAY: 2023.9. 6.)

FHARQ FHMAIOIE =A ofty Z A Mz} e Cato|
(= =] (=] —|AI'0|— T= - (=] —|0'| (?:I'Ed,d#/ﬁi'“) = 7|‘0|_E.|‘|_
s , "steroid resistant nephrotic syndrome”
GIN _https_.//g_ ! _n.nej/_mternat 1 or "focal segmental glomerulosclerosis” 0/0
ional-guidelines-library/ e o : .
or "familial glomerular disease
o 1 steroid resistant nephrotic syndrome 2/2 Management of Glomerular Diseases(2021)
(Cﬁgﬁcreahlne https://www.guidelinecentral.com 2 focal segmental glomerulosclerosis 2/4 Glomerulonephritis(2012)
3 familial glomerular disease 0/2
1 steroid resistant nephrotic syndrome 0/2
NlC.E (.UK https://www.nice.org.uk/guidance 2 focal segmental glomerulosclerosis 0/3
Guidelines) R
3 familial glomerular disease 0/3
) , — "nephprotic  syndrome” or  "foca
WHO htt_p.//_vvvvvv.vvho.|nt/pub||cat|ons/ 1 segmental  glomerulosclerosis"  or 0/0
Guidelines guidelines/en/ oo ; >
familial glomerular disease
ANTI=XIE
HEHME https://www.guideline.or.kr/ 1 ME 1/7 A0t MBS H UMTIZ X|E
(KoMGI)
ga'd%ﬁne https://kdigo.org/quidelines/ 1 Glomerular diseases(GD) 1/1 2021 GLOMERULAR DISEASES GUIDELINE
IPNA https://theipna.org/resources/guid 1 steroid resistant nephrotic syndrome 2/3 IPNA clinical practice recommendations for the

elines/

diagnosis and management of children with
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FHAHS) FHAH E XA FHAH ) Cajo
steroid-sensitive nephrotic syndrome
IPNA clinical practice recommendations for the
diagnosis and management of children with
- prepared Guidelines steroid-sensitive nephrotic syndrome
2 focal segmental glomerulosclerosis 0/0
3 familial glomerular disease 0/0
Genetic aspects of congenital nephrotic
1 neohrotic svndrome 1/4 syndrome: a consensus statement from the
P Y ERKNet-ESPN inherited glomerulopathy
https://theipna.org/resources/guid working group
elines/
- Endrsed Guidelines 2 steroid resistant nephrotic syndrome 0/1
3 focal segmental glomerulosclerosis 0/0
4 familial glomerular disease 0/0
Asian "steroid resistant nephrotic syndrome”
Pediatric . . T
Nephrolo https://aspna-online.org/ 1 or ""focal segmental glomerulosclerosis 0/0
A phrology or "familial glomerular disease”
ssociation
Genetic aspects of congenital nephrotic
syndrome: a consensus statement from the
) ) ERKNet-ESPN inherited glomerulopathy
1 Hered|tary Glomerulopath|es 2/2 working group (2020)
- Congenital Nephrotic Syndrome . . .
Management of congenital nephrotic syndrome:
ERKN https://www.erknet.org/ consensus recommendations of the
et -Guidelines&Pathways ERKNet-ESPN Working Group (2021)
Hereditary Glomerulooathies IPNA clinical practice recommendations for the
2 v b 11 diagnosis and management of children with

- Steroid Resistant Nephrotic Syndrome

steroid-resistant nephrotic syndrome (2020)
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o x :I_
e HMAIOE FA ot ZMof i 2 Jl0|=2el
Consensus  statement on standards and
guidelines for the molecular diagnostics of
3 Hereditary Glomerulopathies 2/2 Alport syndrome: refining the ACMG criteria
- Alport Syndrome (2021)
Expert consensus guidelines for the genetic
diagnosis of Alport syndrome (2019)
CARI
guidelines
(Australia "steroid resistant nephrotic syndrome”
andNew sy iquideli /o “focal | glomerulosclerosis” 0/0
Zealand ps://www.cariguidelines.org or ""focal segmental glomerulosclerosis
T or "familial glomerular disease
guideline
developers in
nephrology)
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4. RHUE AtH| R 33 L FHE

20t SRNSQ| RMICHE 7 IMB(NGS)0fl Z&tEl= |TAL

Gene Inheritance Disease

ACTN4* AD Familial and sporadic SRNS(usually adult)

ADCK4* AR SRNS

ALG1 AR Congenital disorder of glycosylation

ANKFY1 AR Pediatric SRNS

ANLN AD FSGS (mainly adult)

ARHGAP24 AD FSGS

ARHGDIA AR CNS

AVIL AR SRNS

CD151 AR NS, pretibial bullous skin lesions, neurosensory deafness, bilateral
lacrimal duct stenosis, nail dystrophy, and thalassemia minor

CD2AP AD/AR FSGS/SRNS

CFH AR MPGN type Il + NS

CLCNb XR Dent’s disease + FSGS * hypercalcuria and nepthrolithiasis

COL4AZ* AR Alport’s disease/FSGS

COL4A4 AR Alport’s disease/FSGS

COL4AL* XR Alport’s disease/FSGS

C0Q2 AR Mitochondrial disease/isolated nephropathy

COQ6 AR NS + sensorineural deafness; DMS

CRB2* AR SRNS

CUBN AR Intermittent nephrotic range proteinuria + with epilepsy

DGKE* AR Hemolytic-uremic syndrome, SRNS

DLC1 AR Childhood and adult SSNS and SRNS

E2F3 AD FSGS + mental retardation (whole gene deletion)

EMP2 AR Childhood-onset SRNS and SSNS

FAT1 AR Combination of SRNS, tubular ectasia, hematuria, and facultative

FN1 AD? Fibronectin glomerulopathy

GAPVD1 AR Early-onset NS

INF2 AD Familial and sporadic SRNS, FSGS-associated Charcot-Marie-Tooth
neuropathy

TGA3 AR Co_ngenital _interstitial lung disease, nephrotic syndrome, and mild
epidermolysis bullosa

ITGB4 AR Epidermolysis bullosa and pyloric atresia + FSGS

ITSN1 AR CNS/SRNS/SSNS (with MCD/FSGS on biopsy)

ITSN2 AR SSNS/SDNS (with MCD/MPGN on biopsy)

KANK1 AR SSNS

KANK2 AR SSNS/SDNS + hematuria

KANK4 AR SRNS + hematuria

KIRREL1 AR SRNS

LAGE3 AR NS with primary microcephaly

LAMAS AR Childhood NS

LAMB2* AR Pierson syndrome

LCAT AR Norum disease

LMNA AD Familial partial lipodystrophy + FSGS

LMX1B* AD Nail patella syndrome; also FSGS without extrarenal involvement

MAFB AD FSGS with Duane retraction syndrome

MAGI2 AR NS + neurological impairment
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Gene Inheritance Disease

MMACHC AR Cobalamin C deficiency, TMA, and nephrotic syndrome

MYO1E* AR Familial SRNS

NEU1 AR Nephrosialidosis (sialidosis type Il + childhood NS)

NPHP4 AR Nephronophthisis with FSGS and nephrotic range proteinuria

NPHS1* AR CNS/SRNS

NPHS2* AR CNS, SRNS

NUP85 AR SRNS

NUP93* AR Childhood SRNS

NUP107* AR Childhood SRNS

NUP160 AR SRNS

NUP205 AR Childhood SRNS

NXF5 XR FSGS with co—segregating heart block disorder

OCRL* XR Dent’_s c_iisease—Z, Lowe syndrome, * FSGS, * nephrotic range
proteinuria

OSGEP AR NS with primary microcephaly

PAX2 AD Adult-onset FSGS without extrarenal manifestations

PDSS2 AR Leigh syndrome

PLCe1 AR CNS/SRNS

PMM2 AR Congenital disorder of glycosylation

PODXL* AD FSGS

PTPRO AR NS

SCARB2 AR Action myoclonus renal failure syndrome * hearing loss

SGPL1 AR Primary adrenal insufficiency and SRNS

SMARCAL1 AR Schimke immuno-osseous dysplasia

SYNPO AD Sporadic FSGS (promoter mutations)

TBC1D8B XR Early—onset SRNS with FSGS

TNS2 AR SSNS/SDNS (with MCD/FSGS/DMS on biopsy)

TP53RK AR NS with primary microcephaly

TPRKB AR NS with primary microcephaly

TRPC6* AD Familial and sporadic SRNS (mainly adult)

TTC21B AR FSGS with tubulointerstitial involvement

WDR73 AR Galloway-Mowat syndrome (microcephaly and SRNS)

WT1* AD Sporadic SRNS (children: may be associated with abnormal genitalia);
Denys—Drash and Frasier syndrome

XPO5 AR Childhood SRNS

/MPSTE24 AR Mandibuloacral dysplasia with FSGS

MYH9 AD/assoc. MYHO9-related disease; Epstein and Fechtner syndromes

APOL1* G1, G2 risk Increased susceptibility to FSGS and ESRD in African Americans,

alleles Hispanic Americans and in individuals of African descent

AD, autosomal dominant; AR, autosomal recessive; CNS, congenital nephrotic syndrome; DMS, diffusemesangial
sclerosis; ESRD, end-stage renal disease; FSGS, focal segmental glomerulosclerosis; MPGN, membranoproliferative
glomerulonephritis; NS, nephrotic syndrome; SDNS, steroid—dependent nephrotic syndrome: SRNS, steroid resistant
nephrotic syndrome; SSNS, steroid sensitive nephrotic syndrome

* Genes with a likely or known mutation, or a risk allele, in this cohort

[EX: IPNA guidelines 2020]
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. Genetic atypical hemolytic )
- AD Polygenic uremic syndrome(@HUS) Thrombocytopenia
3 Membranoproliferative
Complex C3 glomerulopathy glomerulonephritis
. . LMW proteinuria. Other features
CLCNb XL Een(;[rglaslgiausr(iea 1& nie hrolithiasis may incl rickets or osteomalacia,
P P growth restriction/short stature.
o _ Imerslund—Grasbeck syndrome 1
CUBN AR Albuminuria, megaloblastic (OMIM 261100), intestinal
anemia * epilepsy * malabsorption of vitamin B12), LMW
proteinuria
. . Proteinuria, type IV renal tubular
FN1 AD Fibronectin glomerulopathy acidosis, microscopic hematuria
Norum disease "
s Corneal opacities, target cell
LCAT AR g%?/lctl;[ggf%hrggsg%rﬁlciency) hemolytic anemia, proteinuria
N o Abnormal subcutaneous adipose

LMNA AD Familial partial lipodystrophy tissue distribution, diabetes mellitus,

hypertension
. .- TMA, neurologic involvement;

MMACHC AR Cobalamin C deficiency cytopenia; thromboembolism
Progressively severe
mucopolysaccharidosis-like
phenotype (colarscle facies,

. .- dysostosis multiplex,

NEU1 AR Neuraminidase deficiency hepatosplenomegaly), progressive
neurologic degeneration, childhood
nephrotic syndrome, macular
cherry-red spots, & DD/ID.

. ~80%-90% of persons w/NPH

NPHP4 AR Isolated nephronophthisis (NPH)  phenotype have no extrarenal
features.

Proximal tubule dysf/uhnction élﬁ!_l\/_IVV
: 2 proteinuria, assoc w/hypercalciuria,

OCAL XL Dent disease nephrolithiasis, nephrocalcinosis, &
progressive renal failure
Generalized lipoatrophy, postnatal
growth retardation, dysmorphic

ZMPSTE24 AR Mandibuloacral dysplasia features, mandibular & clavicular

hypoplasia, other skeletal & dental
abnormalities, restrictive
dermopathy

AD = autosomal dominant; AR = autosomal recessive; CKD = chronic kidney disease; DD = developmental delay; ID =
intellectual disability; LMW = low-molecular-weight; MOl = mode of inheritance; SRNS = steroid-resistant nephrotic
syndrome; TMA = thrombotic microangiopathy; XL = X-linked

! Genes are listed alphabetically
2 Simultaneous kidney & liver transplantation in young children w/CFH-aHUS may correct the genetic defect & prevent
disease recurrence.
% C3 glomerulopathy (C3G) is a complex genetic disorder that is rarely inherited in a simple mendelian fashion. In most
persons with C3G, inheritance is complex and incompletely understood. For these reasons, recurrence risk to family
members is not known but likely very low.
C-terminal variants associate with chronic proteinuria and normal renal function

[EX: GeneReviews : Lipska-Zietkiewicz 2021]
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Phenotype Gene Proteins Inheritance locus Genitourinary(kidneys) 7|Et
- Nephrotic syndrome
- Proteinuria, severe — Onset in utero
NPHS1 - Biopsy: dilated proximal tubules . .
(Finni _ - Rapidly progressive
innish Tubular atrophy - .
. . _ Lo - End-stage renal failure in first decade
congenital NPHS1 Neprhin AR 19913.12 Interstitial fibrosis . .
X _ : . . - Early death without kidney transplant
nephrosis) Mesangial cell proliferation . .
. . . - Not responsive to steroid treatment
Diffuse mesangial sclerosis ; S
3 . N - Incidence of 12.2 per 100,000 in Finland
Glomerulosclerosis and fibrosis
- Loss of podocyte foot processes
NPHS2 - Nephrotic syndrome - Variable severity
(NS, - Proteinuria - Onset ranges from first to third decade
steroid-resi - Minimal change disease on renal biopsy ~ — Rapidly progressive disorder
stant, PDCN Podocin AR 1925.2 - Mesangial cell proliferation - End-stage renal failure in first or second
autosomal - FSGS decade
recessive; - Loss of podocyte foot processes - Usually poor response to steroid
SRN1) - Mesangial IgM deposition treatment
NPHS3 - Nephrotic syndrome
(NS, early PLCE1 Pho_sphohpase c AR 10023.33 - Diffuse mesangial sclerosis ~ Onsetin _mfan_cy or childhood
onset, epsilon—1 _ - Progressive disorder
FSGS
type3)
- Nephrotic syndrome - Onset in early childhood
WT1 transcription - Renal failure - Progressive disorder
NPHSA W factor AD 11p13 - Diffuse mesangial sclerosis - also cause Wilms tumor, Denys—Drash
- FSGS (less common) syndrome
NPHS5
(NS, type b, - also cause Pierson syndrome (nephrotic
with or LAMB2 Laminin, beta-2 AR 302131 B syndrome, distinct ocular anomalies,
without namely microcoria, and
ocular neurodevelopmental delay)

abnormalities)
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- Nephrotic syndrome
- Proteinuria
- Tubulointerstitial fibrosis
- Tubulointerstitial atrophy
= Minimal _change d|sea_se (lipoid — Onset in first decade
nephrosis) on renal biopsy — Variable severit
Protein-tyrosine - FSGS - End-stage renanaiIure may occur
NPHS6 PTPRO phosphatase, AR 12p12.3 - Effacement of podocyte foot processes .~ g 34
. Variable response to steroid treatment
receptor—type, O - Foot process fusion _ : . o
Two consanguineous Turkish families
~ Swollen podocytes have been reported (as of August 2011)
= Microvillus transformation of the P g
podocytes
- Attenuation of the glomerular basement
membrane
- Rare mesangial IgM deposition
- Hemolytic uremic syndrome (in some
patients)
- Acute renal failure
- Nephrotic syndrome
_ Proteinuria : - Onset usually in the first decade (range
Membranoproliferative
NPHS7 g . 0.8 to b years)
glomerulonephritis seen on biopsy ) . )
(NS, type 7, 2 . - Atypical hemolytic—uremic syndrome
y Thickening of the glomerular basement e
with Diacvlalveerol kinase membrane shows onset in first 12 months
Membranop  DGKE >YIgly " ’ AR 17922 ol - Progressive disorder
” i epsilon, 64-kDa Splitting of the basement membrane X
roliferative 3 . ; . - Some patients may show response to
Focal capillary obliteration ; -
Glomerulop ~ Mesanaial cell oroliferation immunosuppressive agents
ethritis) 9 b - Some patients do not reach end-stage

- Effacement of podocyte foot processes
- Patchy deposition of IgG and IgM

- Subendothelial deposits

- Swelling of endothelial cells

- Chronic thrombotic microangiopathy

- End-stage renal failure (in some Pts)

renal failure
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- Nephrotic syndrome
- Renal failure, progressive
- Abnormal glomeruli seen on biopsy
- Diffuse mesangial sclerosis . .
. - . - Onset in first weeks of life
NPHSS ARHGDIA m‘i’bﬁgrpmd'hsasoc'at'o“ AR 176253~ mﬁfarfuerl”'a;gg’c o ~ Rapidly progressive
P P Y - Fatal if renal transplant is not performed
- Foot process effacement
- Thinning of the glomerular basement
membrane
- Swollen endothelial cells
- Proteinuria
- Nephrotic syndrome, steroid-resistant - Onset in the first or second decades
AARF - Chronic renal failure - Progressive disorder
ADCK4 . - - End-stage kidney disease - One patient has had favorable response
NPHS9 domain—containing AR 19913.2 _ . .
(COQ8B) Kinase 4 aene Focal segmental glomerulosclerosis to high dose coenzyme Q10
9 - Collapsing FSGS supplementation in combination with
- Effacement of the foot processes of the other medications
podocyte
- Nephrotic syndrome
L - Effacement of foot processes of B . :
NPHS10 Empy  Epithelial membrane 0 16p1313  podocytes seen on biopsy Onset in early childhood
protein 2 e . - Responsive to medical treatment
Minimal change disease
- No end-stage kidney disease
~ Nephrotic syndrome . - Onset of renal disease in first decade
- Focal segmental glomerulosclerosis ~ Progressive disorder
NPHS11 NUP107 P AR 12915 g - Most patients require renal

gene

- Diffuse mesangial sclerosis

- Effacement of podocyte foot processes
- Tubular atrophy

— Interstitial fibrosis

transplantation
- No recurrence of nephrotic syndrome
after transplantation
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Phenotype Gene Proteins Inheritance locus Genitourinary(kidneys) 7|Et
- Nephrotic syndrome
- End-stage renal disease
- Focal segmental glomerulosclerosis - Onset in early childhood
nucleoporin, 93-kD - Diffuse mesangial sclerosis - Progressive disorder
NPHS12 NUP93 ' AR 16913 - Proximal tubular dilation _ ; .
gene — Protein casts Partial or absent response to steroid
. o treatment
- Interstitial cell infiltrations
- Partial effacement of foot processes
seen on electron microscopy
- Onset in early childhood
_ - Nephrotic syndrome - Progressive disorder _
NPHS13 NUP205 nucleoporin, 205-kD AR 7433 ~ End-stage renal disease - fartj[al ortabsent response to steroid
gene : reatmen
- Focal segmental glomerulosclerosis - One Turkish family has been reported
(last curated August 2020)
- Nephrotic syndrome
- End-stage renal disease
NPHS14 - Focal segmental glomerulosclerosis = Highly variable phenotype
(RENI Sphingosine—1-phosoh - Diffuse mesangial sclerosis - Highly variable severity
syndorme, SGPL1 tp | g 1 phosp AR 10022.1 - Renal podocyte effacement - Onset usually in utero or infancy
type 14, ate lyase X External Genitalia (Male) - Later onset has been reported
SPLIS) - Micropenis - Progressive disorder
- Cryptorchidism
- Absence of testis
~ Nephrotic syndrome - Onset in first months of life
- End-stage renal failure (1 patient) —Vari . .
) . ariable progression and severity
Membrane-associated - Glomerular sclerosis seen on renal -3 i .
anvlate kinase. W bions ome children may require renal
NPHS15 MAGI2 9wy ' AR 7921.11 psy transplant

and PDZ
domain—containing, 2

- Glomerular lobulation
- Interstitial fibrosis
- Minimal change disease

- Effacement of podocyte foot processes

- Three patients from 2 unrelated families
have been reported (last curated August

2017)

03



Phenotype Gene Proteins Inheritance locus Genitourinary(kidneys) 7|Et

- Onset between 2 and 3 years of age

KN motif=and Ankyrin - Nephrotic syndrome, steroid-dependent - Two sibs from a consanguineous Arab

NPHS16 KANK2 (rjepeaf[ 3 - AR 19p13.2 - Renal biopsy shows minimal change family and 1 unrelated child of European
omain—containing )
orotein 2 disease descent have been reported (last
curated November 2017)
- Onset in the first decade
- Steroid-resistant nephrotic syndrome - Progressive disorder
NPHS17 NUP85 Nucleoporin, 85-kDa AR 17925.1 - FSGS - Four patients from 3 unrelated families
- End-stage renal disease have been reported (last curated
November 2018)
- Onset in the first decade
- Steroid-resistant nephrotic syndrome _ Progressive d|sord(_e_r
. - Focal segmental glomerulosclerosis Two unrelated families have been
NPHS18 NUP133 Nucleoporin, 133-kDa AR 1942.13 reported (last curated November 2018)

- Effacement of podocyte foot processes

- End-stage renal disease - Biallelic mutation in the NUP133 gene

can also cause Galloway-Mowat
syndrome

- Onset in first or second decade

- Progressive disorder

- One Chinese family has been reported
(last curated November 2018)

- Steroid-resistant nephrotic syndrome
NPHS19 NUP160 Nucleoporin, 160-kDa AR 1Mp11.2 - Focal segmental glomerulosclerosis
- Chronic kidney disease

- Males have onset at birth or in the first
decade of life

- Female mutation carriers may be
unaffected or have proteinuria

- Variable severity

- Some patients maintain normal renal
function

- Nephrotic syndrome

- End-stage renal disease (in some
affected males)

- Focal segmental glomerulosclerosis

- Mesangioproliferative glomerulosclerosis

- Effacement of foot processes

TBC1 domain family,

NPHS20 TBC1D8B member 8B

XL Xq22.3
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Phenotype Gene Proteins Inheritance locus Genitourinary(kidneys) 7|Et
- Onset in the first year of life
- Nephrotic syndrome - Progressive disorder
NPHS21 AVIL Advillin AR 12q14.1 - End stage renal failure - Some patients may have variable
’ - Diffuse mesangial sclerosis on renal extra—renal manifestations
biopsy - Three unrelated patients have been
reported (last curated September 2019)
- Nephrotic syndrome
- End-stage renal disease
- Effacement of podocyte foot processes o
o . - Onset in infancy
nitric oxide synthase 1 on electron microscopy — Proaressive disorder
NPHS22 NOS1AP  (neuronal) adaptor AR 1923.3 - Renal biopsy shows glomerulosclerosis 9 .
. . - Two unrelated patients have been
protein ~ Collapse of capillary loops reported (last curated January 2021)
- Thickening of the glomerular basement P Y
membrane
- Echogenicity on renal ultrasound
~ Nephrotic svndrome - Onset in the first decade
) ) phrotic sy . . - Two unrelated patients have been
KIRRE-like nephrin - Mesangial hypercellularity on biopsy reported (last curated February 2021)
NPHS23 KIRRELT  family adhesion AR 1923.1 - Minimal change disease _ b . yooe
) One patient had normal renal function
molecule—1 - Focal segmental glomerulosclerosis and the other proaressed to chronic
- Effacement of podocyte foot processes . ; brog
kidney disease
dishevelled-associated _ ,I;lr?gbsr?:Cesglenn(jeanog?seease - Onset usually in early childhood
NPHS24 DAAM2 activator of AR 6p21.2 ~FSGS se%n on renal biops - Onset in adolescence has been reported
morphogenesis 2 psy - Slowly progressive
- Effacement of podocyte foot processes
~ Nephrotic svndrome - Onset in infancy or early childhood
_ Eng—sta o Izlidne discase - Variable severity and progression
~FSGS ongrenal bigpsy - Variable response to steroid treatment
NPHS26 LAMAS  laminin, alpha-5 AR 20q13.33 - Diffuse mesangial sclerosis (DMS) ~ Downslanting palpebral fissures,

- Irregular and thin glomerular basement
membrane
- Podocyte foot process effacement

micrognathia, omphalocele, and
imperforate anus described in 1 patient
from a consanguineous family of Italian
descent
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- End-stage renal disease (in some - Onset in first or second decade
FSGS1 ACTN4  alpha-4 actinin AD 19q132 patients) . ~ Slowly progressive
- Focal segmental glomerulosclerosis - Variable severity
- Small hyperechoic kidneys - Incomplete penetrance
) - Focal segmental glomerulosclerosis
transient receptor - End stage renal disease - Mean age at presentation to a physician
FSGS2 TRPC6 potential cation channel  AD 119221 ~ Nephrot q 33 16 10 61
subfamily C member 6 ephrotic syndrome was 33 (range 16 to 61 years)
- Proteinuria
FSGS3 CD2AP CD2-associated protein - 6p12.3 - -
- Focal segmental glomerulosclerosis
FSGS4 APOL1 Apolipoprotein L-I AD 22912.3 - End-stage renal disease, -
hypertension—attributed
FSGSH INF2 Inverted formin 2 - 14932.33 - -
- Nephrotic syndrome
- Renal failure, progressive
- Focal segmental glomerulosclerosis
:I/luebsualra]r iaatlrﬁphzr lasia - Onset in childhood (range 1 to 9 years)
_ Antibogy deggsitz - Progressive disorder
FSGS6 MYO1E Myosin |E AR 15022.2 - Complement component deposits - :gvgrtigée(lg’;egffjﬁﬂfgﬂa)ve been
- Electron microscopy shows P Y .
foot-process effacement - Poor or no response to glucocorticoid
S treatment
- Podocytes show microvillous
transformation
- Thickening and disorganization of the
glomerular basement membrane
- Focal segmental glomerulosclerosis
: ,I;lr?gbsr?;gesyenn(janog?seease (in some - Variable age at onset (late childhood to
FSGS7 PAX2 Paired box protein 2 AD 10024.31 patients) ladult)
. - Incomplete penetrance
- Biopsy shows effacement of foot ~ Variabl i
processes ariable severity

- Small kidneys (in some patients)
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Actin binding protein ~ Nephrotic syndrome gégCéé:sirlable 206 at onset {range 910
FSGS8 ANLN . AD 7p14.2 - Focal segmental glomerulosclerosis .
anillin ~ End-stage renal disease - Two unrelated families have been
reported (last curated September 2014)
FSGS9 CRB2 Crumbs cell polarity g 9q33.3 _ Nephrotic syndrome . - Onset in first decade
complex component 2 Focal segmental glomerulosclerosis
- Kidney disease
- Nephropathy
- Chronic kidney disease
- End-stage renal disease
- Biopsy shows FSGS
e e . i~ ot shonoypeand sverty
some patients) - a_r|ab|e age at onset (range early
FSGS10 LIM homeobox = Irregular thickening of the glomerular childhood to late adult)
LMX1B transcription factor 1, AD 9g33.3 9 g g - Progressive disorder (in some patients)
(NPLRD) basement membrane (GBM) seen on

beta

electron microscopy

- Electron-lucent 'moth-eaten’ areas

- Accumulated bundles of type lll collagen
in endothelial cells of the GBM

- Lamellar inclusions

- 'Myelin' figures

- "Zebra' bodies

- Effacement of podocyte foot processes

- Renal biopsy findings are highly variable,

even within the same family
- No extrarenal manifestations

EX: OMIM ZET0[X|

AD, autosomal dominant; AR, autosomal recessive. NS, nephrotic syndrome; MPGN, membranoproliferative glomerulonephritis(25414 A

Man; RENI, Renal Endocrine Enurologic and Immune; SPLIS, Sphingosine Phosphate Lyase Insufficiency Syndrome; Pts, Patients; NPLRD, Nail-Patella-Like Renal Disease

FAAAS); OMIM, Online Mendelian Inheritance in
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Mode of : Site of Extraglomerular
no Gene Inheritance Protein Action Manifestations
1 NPHS1 AR Nephrin SD
2 NPHS2 AR Podocin SD
3 CD2AP AR, AD CD2-associated protein SD
4 TRPCS AD Transient receptor D
potential C6
5 MYO1E AR Nonmuscle myosin |E SD, AC
6 FAT1 AR FAT atypical cadherin 1 SD Renal tubular ectasia
Membrane-associated
7 MAGI2 AR guanylate kinase, WW, and  SD, AC Neurologic deficits
PDZ domain—containing 2
8 ACTN4 AD a-Actinin-4 AC
9 INF2 AD Inverted formin 2 AC, mito (?)  Charcot-Marie-Tooth
10 MYH9 AD Eﬁani?_%%le myosin heavy AC Fechtner syndrome
1 ARHGAP24  AD Rho (_STPase activating AC
protein 24
12 ARHGDIA AR _Rh(_) GDP dissociation AC
inhibitor 1
13 ANLN AD Anilin AC
14 AVIL AR Advillin AC
15 KANKI AR KN motif and ankyrin AC Intellectual disability
repeat domains 1
16 KANK2 AR KN motif and_ ankyrin AC
repeat domains 2
. . Intellectual disability,
17 KANK4 AR KN motif and ankyrin AC facial dysmorphism.
repeat domains 4 ASD
18 TNS2 AR Tensin-2 AC
Deleted in liver cancer 1;
19 DLC1 AR ARHGAP7 AC
20 ITSN1 AR Intersectin 1 AC
21 ITSN2 AR Intersectin 2; SH3D1B AC
29 CDK20 AR %clm—dependent kinase MPGN
23 COLAA345 XLR AR AD Collagenda3.ad. a5  GBM Alport syndrome,
deafness
24 LAMB?2 AR Laminin 8 2 GBM Pierson syndrome
GBM Interstitial lung
25 ITGA3 AR Integrin a 3 adhesion disease,
epidermolysis bullosa
Pretibial
26 CD151 AR Cr'?)f; (Raphe blood S ch'\gsion epidermolysis
group bullosa, deafness
Coenzyme Q2 .
27 CO02 AR 4-hydroxybenzoate CoQ10; Encephalopathy,
mito (?) cardiomyopathy
polyprenyltransferase
Prenyl (decaprenyl) o010
28 PDSS2 AR diphosphate synthase, mito (75 Leigh syndrome
subunit 2 ’
29 COQ6 AR Coenzyme Q6 CQQ1 0, Deafness
MOoNooXygenase mito (?)
30 ADCK4 AR a_arF domain containing CqQ10,
kinase 4 mito (?)
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Mode of ; Site of Extraglomerular
no Gene Inheritance Protein Action Manifestations
-~ Mitochondrially—encoded . MELAS syndrome,
31 MT-TL1 Maternal tRNA leucine 1 (UUA/G) Mito diabetes, deafness
Gene Denys—Drash
32 WT1 AD Wilms' tumor 1 transcriptio  syndrome, Frasier
n syndrome
Gene L
33 LMXIB AD LIM homeobox wanscriptio  Nail-patella
transcription factor 18 N syndrome
SWI/SNF —related,
matrix—associated, Gene Schimke
34 SMARCALT AR actin—dependent regulator  transcriptio  immunoosseous
of chromatin, subfamily n dysplasia
A-like protein 1
Gene Papillorenal
35 PAX2 AD Paired box gene 2 transcriptio
N syndrome
36 NXF5 XLR Nuclear RNA export factor ~ Nuclear Heart block
5 export
37 NUP93 AR Nucleoporin, 93 kDa Nuclear
pore
38 NUP205 AR Nucleoporin, 205 kDa E;%'ear
39 XPO5 AR Exportin 5 Nuclear
export
40 NUPI07 AR Nucleoporin, 107 kDa Nuclear  Galloway-Mowat
pore syndrome
41 WDR73 AR VVD4Q repeat—containing Unknown Galloway—Mowat
protein 73 syndrome
49 OSGEP AR O—smloglycoprotem KEOPS Galloway—Mowat
endopeptidase complex syndrome
43 TP53RK AR TP53 regulating kinase KEOPS Galloway-Mowat
complex syndrome
44 TPRKB AR TP53RK binding protein ~ NEOPS Galloway-Mowat
complex syndrome
45  LAGE3 AR L antigen family member 3 KEOFS Galloway-Mowat
complex syndrome
Scavenger receptor class Action myoclonus
46 SCARB2 AR Lysosome —renal failure
B, member 2
syndrome
Protein Congenital disorder
47 PMM2 AR Phosphomannomutase-2 glycosylatio  of glycosylation type
n la
5-1.4-mannosyltransferas Protein Congenital disorder
48 ALG1 AR . ’ v glycosylatio  of glycosylation type
n Ik
Protein Congenital disorder
49 SLC35A2 AR UDP-galactose transporter  glycosylatio  of glycosylation type
n [Im
50 EMP2 AR Ep|th(_e||a| membrane Unknown
protein 2
51 APOL1 AR Apolipoprotein L1 Unknown
. Unknown,
52 PLCE1 AR Phospholipase C &1 D (2)
53 DGKE AR Diacylglycerol kinase & Unknown Atypical HUS
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Mode of ; Site of Extraglomerular
no Gene Inheritance Protein Action Manifestations
Ichthyosis,
. L Sphingolipi  acanthosis, adrenal
54 SGPLI AR fph'”gos'”e 1-phosphate insufficiency,
yase . ; v
catabolism  immunodeficiency,
neuronal dysfunction
Apical-basa Ventriculomegaly
55 CRB2 AR Crumbs homolog 2 I cell with cystic kidney
polarity disease
56 PODXL AD Podocalyxin Apical
membrane
57 CUBN AR Cubilin Proximal Megaloblastic anemia
tubule
58 FNI1 AD Fibronectin 1 Fibronectin
deposits

AC, Actin cytoskeleton; AD, autosomal dominant; AR, autosomal recessive ; CoQ10, coenzyme Q10 synthesis;
GBM , glomerular basement membrane; HUS, hemolytic-uremic syndrome; MELAS, mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes; mito, mitochondria; SD, slit diaphragm; XLR,
X-linked recessive; UDP, uridine diphosphate.
[&X : Brenner&Rector's the Kidney, 2020]

TAFEAH|F S HHE FTX SAHO|
Gene Protein Mode of Inheritance

NPHS1 Nephrin AR

NPHS2 Podocin AR

CD2AP CD2-associated protein AD

TRPC6 Transient receptor potential cation channel 6 AD

PTPRO Protein tyrosine phosphatase receptor type O (GLEPP1) AR

LAMB2 Laminin-8 2 AR

ITGB4 B 4 —integrin AR

CD151 Tetraspanin CD151 AR

ACTN4 a-actinin—4 AD

PLCE1 Phospholipase C epsilon AR

MYH9 Nonmuscle myosin heavy chain A (NMMHC-A) AD, de novo mutation
INF2 Inverted formin 2 AD

MYO1E Myosin 1E AR

WT1 Wilms' tumor suppressor protein AD, de novo mutation
SMARCAL1 Smarca-like protein AR

mtDNA-A3243G  tRNAleu maternal

COQ2 Coenzyme Q2 homolog, polyprenyltransferase AR

COQ6 Coenzyme Q10 biosynthesis monooxygenase 6 AR

SCARB2 Lysosomal integral membrane protein (LIMP) type 2 AR

APOL1 Apolipoprotein L1 AR

&7 : Brenner&Rector's the Kidney, 2020
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) T _Extra-renal
SHX} Trans. Encoded protein YP involvement;
histology comments
Autosomal recessive isolated SRNS
NPHS1 AR Nephrin MCD, FSGS -
NPHS2 AR Podocin MCD, FSGS -
PLCE1 AR Phosphlipase C epsilon 1 DMS, FSGS -
CD2AP AR CD-2-associated protein FSGS -
PTPRO AR EﬁgggﬁggatsgpgWros'“epmte'“ MCD, FSGS -
MYO1E AR Myosin 1E FSGS -
CO08B AR ﬁianrgstgoyam containing FSGS
Cerebral ventriculomegaly
CRB2 AR Crumbs homolog 2 protein FSGS \é\gwgenital nephrotic
syndrome
Membrane-associated o .
MAGI2 AR gﬁgnggzted@%aasiﬁéwhmg FSGS Eggﬁfor%}tcal/mfam”e
2 syndrome
Some response to
XPOS5 AR Exportin 5 MCD ng)Z|g§ﬁor|n A, delayed
development
Autosomal dominant isolated SRNS
INF2 AD Inverted formin 2 FSGS -
TRPC6 AD Transient receptor potential 6 FSGS -
ACTN4 AD a-Actinin—4 FSGS -
WT1 AD Wilm's tumor protein FSGS
LMX1B AD LIM homeodomain FSGS gfaftehc??negmt%ga”am
ranscription factor 1B Arg246 residue
- Vi
ARHGAP24 | AD | Bno-BTTase activating FSGS -
ANLN AD Anillin FSGS -
X-linked isolated SRNS
TBCID8B | XL | TBC1 family member 8B | MCD, FSGS -
Phenocopies
ggtiﬁi/ AD gﬁallagen Valpha=3 and alpha=4 | £qiq Hearing impairment
PAX2 AD Paired box protein 2 FSGS -
CUBN AR Cubilin MCD
ool Hypertension, tubular
T1c218 AR llonr‘értaeira]glgﬂr;éansport FSGS ?ﬂaesr?wnt:rea?wte thickening and
FSGS
Syndrome forms
Wilms tumor, CAKUT in
both
genders, genital
anomalies in _
WT1 AD Wilm's tumor protein DMS, FSGS 46,XY patients (disorder

of sex
differentiation/complete
gonadal dysgenesis),
gonadoblastoma in 46,XY
patients
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) Tvpical _Extra-renal
QXX} Trans. Encoded protein hisYth))Io involvement;
a9y comments
Pierson syndrome:
microcoria,
LAMB2 AR Laminin 52 subunit DMS abnormal lens, VI,
hypotonia,
motor delay
UMK ] _ FSGS Nail Paltell_a syr)ld;ome:||
omeodomain > ypoplastic nails/patellae,
LMX1B AD transcription factor 1B mps nephropa iliac
Y horns
Schimke syndrome:
SWI/SNF related, matrix spondyloepiphyseal
associated, actin dysplasia,

SMARCAL1 | AR dependent regulator of FSGS T-cell deficiency, cerebral
chromatin, subfamily ischaemia, broad nasal
a-like 1 tip,

hyperpigmented macules
I\/IELAEZ |myorr)wa’[hly, _
encephalopathy, lactic

MTTL1 'a\f'atem tRNALeu(UUR) FSGS acidosis,

and stroke-like episode,
diabetes, deafness
St hvdrovh | | Encepha_lomy_opathy,
ara—hydroxybenzoatepolypreny ypotonia, seizures,
C0oQ2 AR transferase FSGS lactate
acidosis
Decaprenyl-diphosphate Encephalomyopathy,
PDSS2 AR S prenyl=dipnosp No data hypotonia, seizures,
ynthase subunit 2 lactate acidosis
Coenzyme Q10 Sensorineural defect,
COQ6 AR monooxygenase 6 FSGS seizures
Progressive myoclonic
epileng, d cerebell
cerebral and cerebellar
SCARB2 | AR Lygt%fg”g"@,\jg“_b{)a“e FSGS atrophy,
P peripheral neuropathy,
hearing
impairment
FSGS with
NEU1 AR Neuraminidase 1 vacuolated Sialidosis
cells
Secondary microcephaly,
WD4O o intel_lecltual deficiency,
—repeat—containing cortica
WDR73 AR protein FSGS, DMS ?nd ?erebellar atrophy,
acia
dysmorphy, optic atrophy

LAGE3 XL L antigen family member 3 FSGS, DMS GAMOS
O-sialoglycoprotein

OSGEP AR endopeptidase FSGS, DMS GAMOS

TP53RK AR TP53 regulating kinase FSGS, DMS GAMOS

TPRKB AR TP53RK binding protein FSGS, DMS GAMOS
GON7 subunit of KEOPS

GON7 AR complex FSGS, DMS GAMOS

YRDC AR | PO domain containing FSGS, DMS | GAMOS
WD40-repeat containing

WDR4 AR orotein 4 FSGS GAMOS

NUP93 AR Nucleoporin, 93-KD FSGS GAMOS

NUP107 AR Nucleoporin, 107-KD FSGS GAMOS
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) Tvpical _Extra-renal
SHX} Trans. Encoded protein hisYth))Io involvement;
a9y comments
Intellectual disﬁbility,
_ : o sensorineural hearing
ARHGDIA | AR Ao GDP dissociation DMS loss,
cortical blindness,
seizures
KN motif and ankyrin Intellectual disability,
KANK4 AR repeat domain—containing FSGS dysmorphism, atrial septal
protein 4 defect
. Charcot-Marie-Tooth
INF2 AD Inverted formin 2 FSGS neuropathy, deafness
. : Interstitial lung disease,
ITGA3 AR Integrin a3 subunit FSGS epidermolysis bullosa

AD, autosomal dominant; AR, autosomal recessive; CAKUT, congenital anomalies of kidneys and urinary tract;
DMS, diffuse mesangial sclerosis; FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease;
GAMOS, Galloway Mowat syndrome
[EX] : Pediatrics Nephrology (2020)]

SRNS, SSNS, SDNS'2| 101 QTX}

Gene

R

Clinical Aspects

Genetic Causes of Nephrotic Syndrome That First Manifest in Adolescents and Adults

INF2° AD Potential neurologic manifestations

WT1P AD Biphasic age of onset Risk for WT/gonadoblastoma

ACTN4® AD Screen for mutation in family members if kidney donation is considered
Familial FSGS, screen for mutation in family members if kidney donation is

TRPC6 AD considered
NS onset can present in up to fifth decade of life

MYH9 AD Screen for mutation in family members if kidney donation is considered

PAX? AD Screen for mutation in family members if kidney donation is considered
Variable age of presentation (2-20 years)

ANLN AD Screen for mutation in family members if kidney donation is considered

Genetic Causes of Nephr

otic Syndrome That First Manifest in Infancy to Early Childhood

Common in Finland

Congenital nephrotic syndrome

NPHS® AR Infants born prematurely with massive proteinuria and often have low-set
ears and a small nose
Mutation—dependent prognosis; ESKD in most cases by age 3 years

NPHS2° AR Early childhood or adolescent—adult onset, mutation dependent

PLCE1° AR Incomplete penetrance was observed (very rare for AR disease)

LAMB2¢ AR Potential eye abnormalities

SMARCAL1° AR Potential skeletal abnormalities

LMX1B AD

ARHGDIA AR May be responsive to eplerenone treatment

CDK20 AR May respond to steroid treatment

C0Q2, COQs,

COQ8/ADCK4, | AR May respond to CoQ10 supplementation

PDSS2

CUBN AR Can manifest as proteinuria with no progression to ESKD; may respond to
treatment with vitamin B 12

DGKE AR Can present as SRNS in first decade of life or as an acute episode of aHUS
during first year of life

DLC1 AR May respond to steroid treatment

EMP2 AR May respond to steroid treatment

FAT1 AR Potential syndromic features (allele dependent): colobomatous

microphthalmia, ptosis, syndactyly
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MTHIES A

Gene FHYA Clinical Aspects
ITSN1 AR May respond to steroid treatment
ITSN2 AR May respond to steroid treatment
MAGI2 AR May respond to steroid treatment
TNS2 AR May respond to steroid treatment
TRIMS AD All mutations d_escrib_ed thus_ far are de novo
Extrarenal manifestation: epilepsy

AD, Autosomal dominant; aHUS, atypical hemolytic uremic syndrome; AR, autosomal recessive; CoQ,

coenzyme Q; ESKD, end-stage kidney disease; FSGS, focal segmental glomerulosclerosis; NS, nephrotic

syndrome; SRNS, steroid-resistant nephrotic syndrome; WT, Wilms tumor.

 Genes for which no clear clinical clues to diagnosis were described, or which are too rare as monogenic SRNS
to have clinical considerations concluded, are not shown.

® Most common dominant SRNS causing genes.

¢ Most common recessive SRNS causing genes.

ZX: Comprehensive Clinical Nephrology, 2023

74



o

2024. 5. 31.

of X Ef
HEEROELEL

12 17O RN ASH0| 9
H2|227949| 591 90| A
S TOHE 4 UL

S nEong e
od of od
8

2
rlo

t

rot
oo Hl

ISBN : 979-11-93872-46-8



