TAP CHi NGHIEN CPU Y HOC

GHEP THAN O TRE BENH THAN MAN GIAI POAN CUOI
CO POT BIEN GEN PAX2: BAO CAO LOAT CA BENH

Nguyén Ngoc Huy"”, Lwong Thi Phwong'
Lwéng Hiru Bay? Nguyén Thu Hwong?

" Trwrong Dai hoc Y Ha N6i

2Bénh vién Nhi Trung wong

Bénh than man la mét bénh ly khéng hiém gép & tré em, da sé lién quan dén céc bénh ly cau than
va dj tat bAm sinh cda dwong tiét niéu, co thé lién quan dén doét bién gen. Gen PAX2 c6 vai tro trong su
hinh thanh va phét trién cua than. Bot bién gen PAX2 la mét dét bién gen khéng hiém gdp géy ra céc
réi loan cht yéu vé than va mat. Ching t6i mé ta loat 4 ca bénh cé dot bién gen PAX2 déu phéat hién khi
suy than man da & giai doan cudi, cac bénh nhan déu phai diéu tri thay thé than tam thoi bdng loc mau
hodc thdm phan phuc mac truéc khi tién hanh ghép than. Céac ca bénh nay sau ghép than déu dat duoc
két qua tét vé 1am sang va xét nghiém, chirc ndng than déu cai thién ré sau ghép. Déc biét, ca Iam sang
2 ¢6 sw tdng trurdng thé chét ré rang. Ghép than la mét phuong phép tot va dat hiéu qua cao véi bénh nhi
suy than man giai doan cudi noi chung va nhém bénh nhi suy than man c6 dot bién gen PAX2 néi riéng.

Twr khéa: PAX2, bénh than man, ghép than.

I. DAT VAN DE

Bénh than man giai doan cudi 1a tinh trang
mic loc cdu than nhé hon 15 mi/ph/1,73m?
va ¢o chi dinh diéu tri thay thé than.'? Vai trd
cla dot bién gene PAX2 ngay cang duoc nhic
dén trong co ché bénh sinh cla cac di tat bAm
sinh cla than va dwong tiét niéu (Congenital
anomalies of the kidney and urinary tract -
CAKUT), la mét trong nhi*ng nguyén nhan phd
bién nhat gay suy than man giai doan cubi.?*
V& mét lam sang, ton thwong lién quan dén
dot bién gene PAX2 c6 thé biéu hién & nhiéu
co quan v&i cac muc dé khac nhau, thuwdng
gap nhét 1a tén thwong than va tén thwong
mat, ngoai ra mot ty 1& nhd bénh nhan cé biéu
hién tdn thwong thinh giac, cham phat trién
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tam than van dong hay di tat than kinh trung
wong.®

Trong cac phwong phap diéu tri thay thé
than thi ghép than 1a phwong phap diéu tri tot
nhat v&i nhitng tré mac bénh than man giai
doan cudi. Ghép than va ty 1& sdng sau ghép da
tang Ién dang ké nho khoa hoc ki thuat hién dai
dwoc ap dung trong cham sé6c bénh nhan va
tién bd cua liéu phap e ché mién dich.® Trong
2 n&m qua chang t6i da tién hanh ghép than
cho 4 trwdng hop bénh than man giai doan cudi
c6 dot bién gene PAX2 va tinh trang hién tai ctia
ca 4 bénh nhan déu 6n dinh. Theo y van mé ta,
day 1a mét trong nhirtng trwong hop dau tién
ghép than & bénh nhi suy than man giai doan
cudi co dot bién gen PAX2 dwoc bao céo & Viét
Nam. Chung t6i tdng hop va bao céo 4 ca lam
sang nay nhdm muc dich danh gia ban dau vé
hiéu qua sau ghép va tién lwgng chung cho cac
bénh nhan suy than man giai doan cubi cé dot
bién PAX2 sau ghép than.
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Il. GIOI THIEU CA BENH

Calam sang 1

Tré ni 15 tudi di kham vi mét mai, &n kém va
da xanh xao, bénh di&n bién 1 thang trwéc vao
vién, kham |am sang phat hién cé tang huyét ap,
huyét ap Iic vao kham la 140/85mmHg, khéng
c6 sbt, bénh nhan cé hoi chirng thiéu mau, cac
can 1am sang cho thay bénh nhan c6 tinh trang
tang ure va creatinin mau (murc loc ciu than wéc
tinh 8,8 ml/phat/1,73m?), gidm huyét sc t6, xét
nghiém khi mau c6 toan chuyén héa, ha calci
mau, tang phospho mau, PTH tang cao (Bang
1), siéu &m danh gia c6 than nhé 2 bén kich
thwée 5em, nhu mo tang am, giam phan biét tay
vé. Cac can lam sang khac cho thay: siéu am
tim khéng cé day thanh that véi EF 70%, dién
tim cé hinh anh nhip xoang, truc trung gian va
X-quang nguc cé bong tim to (chi sé tim nguc ~
58,4%) (Hinh 1 va 2), bénh nhan dwoc kiém tra

TAP CHi NGHIEN CU’U Y HOC

mat dé tim tén thwong phdi hop cla ting huyét
ap, soi day mat ¢ hinh anh teo gai thi. Bénh
nhan dwoc chan doan bénh than man giai doan
cudi, c6 ké hoach ghép than tién loc mau, tuy
nhién khi chwa tim dwgc ngwoi cho phu hop,
ure téng cao va xuét hién tinh trang rdi loan dién
gidi, kali mau tang 5,8mmol/l khéng dap trng voi
diéu tri ndi khoa, bénh nhan da dwoc lam tham
phan phuc mac va ghép than sau d6 10 thang.
Céac mau xét nghiém di truyén chuan bj trudc
ghép cho thay c6 dot bién gen PAX2, day Ia bién
thé kha thwong gép cla dot bién gen PAX2 va
dwoc phan loai 1a chic chan gay bénh (Bang 2).
Hién tai sau ghép than hon 2 nam, kham lam
sang khéng cé biéu hién cla tang huyét ap va
khong c6 thiéu mau, xét nghiém chirc nang than
on dinh v&i ure 5 mmol/l va creatinin 60 pmol/l
(Biéu dd 1), bénh nhan tiép tuc dwoc diéu tri theo
phac dé chéng thai ghép va dwoc chuyén theo
doi tai bénh vién danh cho nguwoi trwdng thanh.

Hinh 1. X-quang ngwc ca lam sang 1

Creatinin
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Biéu do 1. Dién bién chirc nang than ca lam sang 1
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TAP CHi NGHIEN CPU Y HOC

Calam sang 2

Tré nir 9 tudi vao vién kham vi da xanh xao,
mét mdi. Kham 1am sang khéng c6 tang huyét
ap, khéng phu, cé hdi chirng thiéu mau murc
do trung binh, khéng cé hdi chirng suy tim. Xét
nghiém mau tinh c& phéat hién c6 tang ure va
creatinin (mtc loc cau than wéc tinh 1a 11,6 ml/
phat/1,73m?), kém theo tré cé gidm huyét séc
td, gidm calci mau, tdng phospho mau, tang
PTH va toan chuyén héa (Bang 1), tré dwoc
lam siéu am 6 bung c6 than 2 bén kich thuwéc
nhd, chiéu dai than 2 bén 4,7cm, nhu mé than
tdng Am,mat phan biét tiy vé, dai bé than khong
gian, khéng cé séi. Cac xét nghiém chuyén sau
vé nudc tiéu danh gia bénh nhan khéng cé
héng cau niéu va khéng co protein niéu. Bénh
nhan dwoc chan doan suy than man giai doan V,
diéu tri hd tro theo phac dd va co ké hoach ghép
than. Khai thac ki vé tién s, bénh nhi c6 me
va anh trai déu cé tbn thwong than, me bénh
nhi dang chan doan tinh trang suy than man
giai doan 2, theo doi tai bénh vién chuyén khoa
ngudi I&n, xét nghiém creatinin gan nhat 180
gmol/l. Anh trai ctia bénh nhi, theo khuyén cao

s 2 15.85mm

cla cac bac sT sau khi bénh nhi kh&i phat bénh,
kiém tra xét nghiém va phat hién cé protein niéu
don doc (gia tri Protein niéu/Creatinin niéu ~50
mg/mmol).

V6&i nhitng két qua trén, bénh nhi dwoc chi
dinh lam xét nghiém gen, ddng thoi cling chuén
bi cho ghép than, xét nghiém di truyén cho thay
ca bénh nhan, me va anh trai bénh nhan déu co
dot bién gen PAX2 gay ra biéu hién Iam sang
la tbn thwong than. Bénh nhan va gia dinh da
dwoc khdm, hoi chdn chuyén khoa mét dé tim
tén thwong phdi hop trong bénh canh rdi loan
lien quan dén PAX2 nhwng chua tim thay béat
thwong. Bénh nhan dwoc kiém tra X-quang
ngwc khdéng coé béng tim to, siéu am tim cé chirc
nang tim binh thuwong véi EF 65% va khéng co
bat thuwdng cau tric (Hinh 3 va 4). Bénh nhan
dwoc loc mau chu ki tai vién tinh khi ure tang
cao va ghép than sau do 5 thang khi tim duoc
ngwoi cho phu hgp. Hién tai, sau ghép than 2
nam, bénh nhan dang tiép tuc phac dd chéng
thai ghép va kham lai dinh ki, xét nghiém chirc
nang than ghép van on dinh v&i ure 4 mmol/l va
creatinin 51 umol/l. (Biéu db 2)

Hinh 3. X-quang ngwc ca |lam sang 2

Hinh 4. Siéu am tim ca lam sang 2
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Biéu d6 3. Dién bién tang trwéng sau ghép ca lam sang 2

Calam sang 3

Tré nam 11 tudi di kham vi mét mai, da xanh
va gay sUt can, dién bién 1 thang trwéc vao
vién, tré d& kham tai vién tinh chan doan Bénh
than man véi ure va creatinin ting cao, chuyén
vién Nhi Trung wong. Kham lam sang thoi diém
vao vién tré co hoi chirng thiéu mau mic dod
nang, khoéng co6 khé thé, cé tdng huyét ap, phu
va thiéu niéu, sé lvong nwéc tiéu ~0,8 mi/kg/
gi®, an udng kém (tré gidm 2kg trong 1 thang).
Can lam sang dwoc tién hanh ngay phat hién
c6 ure va creatinin ting rat cao (mwc loc cau
than wéc tinh nhé hon 5 ml/phut/1,73m?) kém
theo toan chuyén héa mét bu va thiéu mau
nang, huyét séc t6 59 g/l (Bang 1). Tré vao vién
trong bénh cadnh cé suy than, tdng huyét ap,
qua tai dich, dap ng kém véi loi tiéu dudng
tinh mach, tré da dwoc chi dinh loc mau cép

clu va truyén mau. Song song véi viéc diéu
tri thay thé than tam thoi béng than nhan tao
chu ki, tré dwge lam cac can lam sang dé tim
nguyén nhan, danh gia mic do6 va cac tén
thwong phdi hop. Cac can 1am sang dién hinh
cta mot tinh trang suy than man, ure, creatinin
tang cao, c6 rdi loan chuyén hoéa calci -
phospho, khi mau cé toan chuyén héa (Bang 1)
va siéu am ¢6 hinh anh than tdng &am méat phan
biét tiy vo. X-quang ngwc co6 hinh anh béong tim
xu hwéng to (chi sé tim ngwc ~52%) va c6 hinh
anh gidn cung ddéng mach chd, siéu am tim co
hinh &nh budng tim trai gian nhe, EF 60%, c6
h& van 2 la nhe va hé van dong mach chu nhe.
(Hinh 5 va 6)

Bénh nhan dwoc chan doan suy than man
giai doan cubi, dwoc didu tri hd tro, kiém soat
huyét ap va thay thé than tam thdi bang loc mau
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TAP CHi NGHIEN CPU Y HOC

trong 3 tuan trwéc khi chuyén sang lam thdm
phan phuc mac va ghép than sau dé 5 thang.
V@i bénh canh suy than man chwa ré nguyén
nhan, bénh nhan duoc lam xét nghiém gen phat
hién c6 dot bién gen PAX2 (b va me bénh nhan
déu co6 dot bién nay), bénh nhan da dwoc kham

Hinh 5. X-quang ngwc ca lam sang 3

Creatinin Case 3
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hdi chan chuyén khoa mét tim tén thwong phéi
hop nhwng chwa phéat hién bat thudng. Hién tai
sau ghép than 1 nam, chirc nang than on dinh
v&i ure 4 mmol/l va creatinin 66 pmol/l, bénh
nhan tiéu tét va khong con tang huyét ap (Biéu
do 4).

TOEE (T

Hinh 6. Siéu am tim ca lam sang 3
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Biéu do 4. Dién bién chlrc ning than ca lam sang 3

Calam sang 4

Tré nam 10 tudi di kham vi phu toan than
kém mét méi va da xanh bénh 7 ngay trudc
vao vién. Tré vao vién trong tinh trang kho thé,
thé nhanh 46 1an/ phat, nghe phéi cé rale &m
2 bén, tré co tdng huyét ap, kém theo phu va
tiéu it, tinh trang suy hé hép tang dan, bénh nhi
dwoc chan doan phu phdi cap — tang huyét ap,
dwoc x@ tri thé may, kiém soat huyét ap. Cac
can lam sang tai thdi diém vao vién cho thay ure,
creatinin tdng cao (mlc loc ciu than wéc tinh
< 5 ml/ph/1,73m2), ngoai ra c6 tinh trang thiéu
mau, gidm calci mau, tdng phospho va PTH

(Bang 1), siéu &m co6 than 2 bén teo nhd ~3,5¢cm,
nhu mé tdng Am mat phan biét tdy vé. Phim chup
X-quang nguc ¢é hinh anh mé tap trung 2 phéi,
bong tim to (chi sb tim nguwc ~55%); bénh nhi
dwoc kiém tra siéu am tim cho két qué la chirc
nang tim binh thwong véi EF 58%. (Hinh 7 va 8)

Bénh nhan dwoc chan doan phu phdi cap
— téng huyét ap/ suy than man — theo déi thiéu
san than, dwoc x tri loc mau lién tuc, thé
may va kiém soat huyét ap. Khi én dinh tiép
tuc dwoc loc mau chu ki, chuyén thAm phan
phuc mac va ghép than 8 thang sau do. Xét
nghiém di truyén cho két qua cé dét bién gen
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PAX2, v&i két qué xét nghiém gen trén, bénh
nhan dwoc di kham hoi chan chuyén khoa mét
tim tén thwong phdi hop nhwng chwa cé bét
thwdng. Sau ghép than 5 thang hién tinh trang

vl [ |
TNT cép

TPFM

TAP CHi NGHIEN CU’U Y HOC

cla bénh nhan 6n dinh v&i ure 4 mmol/l va
creatinin 41 umol/l, tré tiéu tét va khong con
tang huyét ap. Bénh nhan tiép tuc dwoc diéu tri
theo phac dé chdng thai ghép.

SO Exained, 140331115, LE PHUC KHANG, US, 7022024 11

T R LR

Hinh 8. X-quang ngwc ca lam sang 4
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Biéu d6 5. Dién bién chirc niang than ca lam sang 4

Bang 1. Chi s6 vé lam sang va xét nghiém (thei diém chan doan)

Calam sang Calamsang Calamsang Calam sang

Cac chi so 1 9 3 4
Tudi 15 9 11 10
Gioi NG N Nam Nam
Tan sb mach (lan/phut) 86 102 95 122
Nhiét do (d6 C) 37,0 36,0 36,5 36,6
Can nang (kg) 40 24,5 35 26
Chiéu cao (cm) 145 124 139 115
Huyét ap (mmHg) 140/85 100/65 139/90 130/96
Ure (mmol/l) (2,5 - 6,4) 32 30 38,2 49
Creatinin (umol/l) (44 - 88) 780 528 1900 1169
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Calam sang Calamsang Calam sang

Ca lam sang

Cac chi sé
1 2 3 4

) 78 80 59 96

Hemoglobin (g/l)
(104 - 146) (106 - 147) (103 - 143) (103 - 143)

Canxi ion (mmol/l) (1,12 - 1,23) 0,63 1,02 0,98 0,94
Phospho (mmol/l) (0,95 - 1,75) 2,5 2,8 2,53 3,02
PTH (ng/l) (11 - 79) 356 735 351 423
pH (7,35 - 7,45) 7,3 7,26 7,3 7,15
HCO,- (mmol/l) (22 - 26) 16,9 15,6 19 6,6

Céc chi s6 khodng tham chiéu trong béng tham khéo tai Sé tay khodng tham chiéu ctia Bénh vién
Nhi Trung wong ndm 2024 cé6 diéu chinh theo tudi va gioi — tai liéu lweu hanh ndi bo

Il. BAN LUAN

Gen PAX2 1a mot yéu td phién ma can
thiét cho sy phat trién cla hé tiét niéu. Gen
PAX2 ndm trén canh dai nhiém séc thé s 10
(10g24.31). Vai trd clia PAX2 dwoc nhan manh
vao tuan thir 7 cda thai ki, tham gia vao sy phat
trién cGa nephron va éng gop. La moét yéu té
quan trong trong qua trinh phat trién cda than,
dot bién gen PAX2 c6 thé gay ra nhirng thay
ddi nghiém trong trong qua trinh phat trién cla
dudng tiét niéu (gay ra CAKUT).6 Réi loan lién
quan dén PAX2 |4 thuat ngi hay dwoc st dung
hién tai d& danh gia hau qua cta dot bién gen
PAX2, thay thé cho thuat ngir trwdc day nhw
Hoi chirng hé than hay Hoéi chirng than — dia
than kinh thj giac.”

Dot bién gen PAX2 c6 thé gay anh hwéng
dén than & nhiéu mirc do, déc biét la CAKUT.
Ngoai CAKUT, mét sb tbn thwong than khac
lién quan dén dot bién gen PAX2 1a xo ké than,
thiéu san than, nang than hoac hdi chirng than
hw. Khodng 92% dét bién PAX2 c6 tén thwong
than & nhiéu m&c dd khac nhau, tén thwong
mat 1& 77%, cé khodng 7% dot bién gen
PAX2 anh hwéng dén thinh lwc® Cac tén
thwong méat thwéng gép la: loan san dia than
kinh thi giac, khuyét véng mac, bat thudng

mach véng mac va thoai hdéa véng mac...° 0]
ca lam sang 1, muc dich kham mat ban dau dé
danh gia tén thwong phdi hop cla tang huyét
ap, tuy nhién trwdng hop nay chang t6i khong
thdy phu gai thi, ma lai phat hién teo dia than
kinh thi giac, 1a tén thwong phu hop véi két qua
xét nghiém dét bién gen PAX2 gay ra hoi chirng
Than — dia than kinh thi. V&i cac ca lam sang
khac, co thé do tén thwong mat chwa boc 16 16
rang, hoac phu hop véi nhirvng phat hién maoi
rédng ngay cang nhiéu trwdng hop chi phat hién
tén thwong than riéng 18.° Tuy nhién, nhirng
tdn thwong nay van can dwoc theo ddi bang
viéc kham va hoi chan chuyén khoa mét dinh ki.

Mot sb tén thuwong it gdp khac co thé gap 1a
bat thwerng thinh giac, cham phat trién tam than
van dong, tang acid uric mau hoac tan men
tuy..." Cac treong hop ldm sang clia ching toi
qua tham kham lam sang két hop véi hoi tién
st khéng phat hién cac bat thwong lién quan
dén thinh giac hay bat thwerng co quan khac.
Tuy nhién, tén thwong lién quan dén thinh giac
la do mét thinh Iwc than kinh cdm giac tn sé
cao, la tén thwong phai dwa trén viéc do thinh
lwc méi phat hién dwec. Vay nén, chung toi
khuyén cdo rang nén danh gia thuwdng quy vé
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thinh lwc & nhirng bénh nhan co dot bién gen
PAX2 dé c6 thé phat hién chinh xac va khéng
bd sét tdn thwong phdi hop.

Cho dén nay, cé 349 bién thé PAX2 duwoc
bao cao, trong sb do 65% dwoc phan loai la
gay bénh hoac c6 kha nang gay bénh va 90%
bién thé nay dwoc dinh vi trong viing ma hoéa
protein.'? Trong 4 trwdng hop 1am sang & trén,
ca lam sang 1 phat hién dot bién gen da dugc
bao cao la gay bénh, ca lam sang 2 tim ra dét
bién PAX2 c6 kha ndng gay bénh va lam sang
cling phu hgp v&i tinh trang suy thdn man giai
doan cudi khéng ré nguyén nhan, theo déi thiéu

TAP CHi NGHIEN CU’U Y HOC

san than. Ca lam sang 3 va 4 c6 két qua xét
nghiém di truyén chwa dd dé khang dinh dwoc
dot bién gen PAX2 1a c&n nguyén gay bénh, ca
lam sang 3 c6 dot bién troi dong hop tir trén
nhiém séc thé thwong goi y rang cé thé do la
nguyén nhan gay bénh, va ca lam sang 4, hién
tai ching toi khong tim thdy gen dot bién nao
khac lién quan dén ton thwong than, chang roi
chuwa loai trir dwgec PAX2 la can nguyén gay
bénh (Bang 2). Ca hai trvo'ng hop 18m sang nay
chung tdi van phai theo déi va danh gia nhdm
phét hién ton thwong phéi hop néu c6 nham xac
dinh can nguyén.

Bang 2. Cac bién thé PAX2 & 4 trwong hop 1am sang

Ca AND Dw doan AA Tinh Bénh . N . .
R 2. 2. N N .. Ditruyén Phan loai
bénh thay doi thay doi hoptr nguyén phat
. Tréi NST .
1 €.76dup p.Val26GlyfsTer28 Dihop FSGS, PS . Gay bénh
thwong
N Co6 kha
. Troi NST . N
2 €.383_384del p.Thr128SerfsTer52 Dihgp FSGS, PS thudn nang gay
9 bénh
N Troi NST  Chward
3 c.461C>T p.Ala154Val bong hgp FSGS, PS R L.
thudng chtrc nang
) . Troi NST  Chwa ro
4 c.923G>A p.Arg308His Dihop FSGS, PS . L
thwdng chirc nang

FSGS: Focal segmental glomerulosclerosis (xo cau than 6 cuc bo)
PS: Papilloma syndrome (Héi chirng hé van than/ Thén — Dia thén kinh thj giéc)

V& dién bién 1am sang va xét nghiém, sau
ghép, ca 4 trudng hop déu cai thién ré vé chirc
nang than, dac biét ca Idam sang 1 ghép cach
day hon 2 nam nhwng chirc nang than van rat
tét. Vé tang trwdng sau ghép, ca lam sang 4 c6
thoi gian sau ghép rat ngan nén khéng danh gia
duwoc, cac ca lam sang 1 va 3 khéng co thay
dbi nhiéu vé ting trwdng. Riéng ca lam sang
2 co sy tang trwdng rod rét, trwdc ghép ca can
nang va chiéu cao déu & murc rat thap so voi
tudi, tuy nhién sau ghép da nhanh chéng bét

kip Ira tudi, didu nay phu hop véi cac huéng
dan vé ghép than & tré nhé co thé cai thién ting
trwdng sau ghép.'

IV. KET LUAN

Dot bién gen PAX2 la can nguyén khéng
hiém gap gay ra nhitng bat thwong vé than,
dac biét & bénh nhan cé bat thwong vé mat
kém theo. Xét nghiém di truyén trwéc ghép nén
duwoc thwe hién, dac biét & nhirtng bénh nhan
suy than man khéng rdé nguyén nhan. Ghép
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than Ia mot phwong phap diéu trj thay thé than
tét va hiéu qua & nhém bénh nhi suy than man
giai doan cubi ndi chung, va trong nhém bénh
nhi suy than man c6 dét bién gen PAX2 cla
chung toi, ghép than bwédc dau cling cho thay
sy thanh coéng va hiéu qua qua ca vé mét lam
sang cling nhw xét nghiém.
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Summary

KIDNEY TRANSPLANTATION IN END-STAGE CHRONIC KIDNEY
DISEASE PEDIATRIC PATIENTS WITH PAX2 GENE MUTATION:
A CASE SERIES REPORT

Chronic kidney disease (CKD) is not uncommon in the pediatric population and is most frequently
associated with glomerular disorders and congenital anomalies of the urinary tract, with potential
contributions from genetic mutations. The PAX2 gene plays a critical role in renal development and
morphogenesis. Mutations in PAX2 are relatively prevalent and are primarily implicated in both renal
and ocular abnormalities. In this report, we present a case series of four pediatric patients with
confirmed PAX2 mutations, all of whom were diagnosed at the end stage of CKD. These patients
underwent temporary renal replacement therapy using either hemodialysis or peritoneal dialysis prior
to receiving kidney transplantation. Following transplantation, all cases showed favorable clinical
and laboratory outcomes, with marked improvement in renal function. Notably, one patient (case 2)
exhibited significant catch-up growth in physical development post-transplantation. These findings
support the conclusion that kidney transplantation is an effective and high-benefit therapeutic
option for children with end-stage CKD, particularly those with underlying PAX2 gene mutations.

Keywords: PAX2, chronic kidney disease, kidney transplantation.
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