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Introduction 

Alagille syndrome (ALGS) is an autosomal dominant cholestat-

ic liver disease involving multiple organs. Classic diagnosis of 

ALGS has been made clinically with at least three of the follow-

ing features: (1) cholestatic liver disease secondary to intrahe-

patic bile duct paucity; (2) cardiac anomalies (pulmonary artery 

stenosis or hypoplasia); (3) skeletal involvements (butterfly 

vertebrae);	(4)	ocular	disorders	(posterior	embryotoxon);	and	
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(5) characteristic facial features (prominent forehead, deep-set 

eyes with hypertelorism, pointed chin) [1-4]. Reported preva-

lence of ALGS ranges from 1:70,000 to 1:100,000 of live births [5].  

ALGS is known to be caused by mutations in either JAG1 or 

NOTCH2 gene (accounting for 94% or 2%, respectively) [3,6-9]. 

JAG1 and NOTCH2 genes play a crucial role in cell signaling of 

the Notch signaling pathway (NSP) during embryonic develop-

ment of several organs including the liver and kidney [6,10,11]. 

Crosnier et al. [11] presented that JAG1	expression	is	a	contrib-
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uting factor to normal development of organs affected in ALGS 

including kidney. McCright [12] described that NSP is funda-

mental for kidney development. Several studies have demon-

strated the role of NSP especially in differentiation of nephron 

structures [13,14].	The	NSP	mediates	epithelial	specification	

and vascularization, eventually resulting in the formation of 

renal collecting system, mature glomerulus, and tubules [3]. 

Although the classic clinical criteria of ALGS do not comprise 

renal phenotypes, the role of signaling pathway supports the 

structural and functional renal involvement prevalent in ALGS. 

Furthermore, Kamath et al. [3] correlated renal dysplasia and 

proteinuria	owing	to	abnormal	expressions	of	both	JAG1 and 

NOTCH2	in	proximal	nephrons	and	renal	tubular	acidosis	(RTA)	

due to anomalous JAG1	expression	in	collecting	duct.	

Previously, renal involvements encompassing structural ab-

normalities and impaired function have been documented in 

almost 40% of ALGS patients with JAG1 mutations [3,4]. Variable 

renal manifestations have been observed. The most prevalent 

renal	finding	is	renal	dysplasia	with	or	without	cysts	followed	by	

RTA	and	vesicoureteral	reflux	(VUR)	[3,4]. However, only a few 

studies have characterized and described renal phenotypes. 

The objective of this study was to determine the prevalence, 

clinical manifestations, and outcomes of renal involvement in 

pediatric ALGS. 

Methods 

Study population 

A total of 21 patients diagnosed with ALGS at age under 18 

years who visited Samsung Medical Center from March 1999 to 

March 2022 were enrolled. ALGS was diagnosed either by clini-

cal manifestations, targeted sequencing of JAG1, and/or liver bi-

opsy. A retrospective review of medical records was performed. 

Clinical	data	included	sex,	age,	renal	manifestations,	laboratory	

findings	such	as	urinalysis,	serum	creatinine,	JAG1 sequencing, 

ultrasonography and/or computed tomography of kidney, and 

operation history of liver transplantation. 

Definitions 

Renal dysplasia is a histological diagnosis. It generally refers to 

an abnormal differentiation or organization of renal structure, 

with or without the presence of renal cysts, ectopic tissue and 

impaired function [4,15]. In this study, renal dysplasia was de-

fined	by	increased	echogenicity	on	ultrasound	with	or	without	

renal cysts and decreased kidney size [4,15]. VUR was diagnosed 

using voiding cystourethrogram (VCUG), a gold standard for 

diagnosis [16].	Glomerular	filtration	rate	(GFR)	was	estimated	

using the Schwartz equation [17]. Chronic kidney disease (CKD) 

was	classified	according	to	the	2012	Kidney	Disease:	Improving	

Global Outcomes CKD guideline [18]. Hepatorenal syndrome 

(HRS)	is	a	kind	of	pre-renal	failure	due	to	significant	decrease	

of renal perfusion occurring in patients with persistent portal 

hypertension [19].	New	definition	categorizes	HRS	into	three	

groups: HRS-acute kidney injury (AKI), HRS-acute kidney dis-

ease (AKD), and HRS-CKD [20]. HRS-AKD and HRS-CKD are 

grouped together as HRS-non-AKI. HRS-CKD indicates pa-

tients with cirrhosis and estimated GFR <60 mL/min/1.73 m2 for 

more than 3 months. 

Genetic tests 

Sanger sequencing for JAG1	mutations	was	utilized	as	a	confir-

mative diagnostic tool of ALGS from 2006 in this center. Four 

patients who visited the center in the early 2000s were diag-

nosed with ALGS based on clinical manifestations and patho-

logic	findings	of	liver	without	genetic	study.		

Results 

Demographic data 

A total of 21 patients diagnosed with ALGS at age under 18 

years who visited Samsung Medical Center from March 1999 to 

March 2022 were included in this analysis. Male to female ratio 

was	9:12.	Confirmative	diagnosis	of	ALGS	was	made	at	a	mean	

age of 18.4 months (Table 1). 

Sanger sequencing for JAG1 

Sanger	sequencing	was	done	for	17	patients.	Sixteen	of	21	pa-

tients (76.1%) were found to have JAG1 mutations while one 

Table 1. Demographics and clinical data

Characteristic Value
Sex	(male:female) 9:12
Age at diagnosis of Alagille syndrome (mo) 18.4 (0.3–46.2)
Confirmative	diagnostic	tool
 JAG1 sequencing 16 (76.1)
 Liver biopsy 4 (19.0)
 Clinical diagnosisa) 1 (4.76)
Liver transplantation 13 (61.9)

Values are presented as mean (range) or number (%).
a)The patient was also performed JAG1 sequencing but the result was 
negative.
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patient was negative for mutations (Table 1). Frameshift type 

accounted for 37.5% of detected JAG1 mutations, followed by 

missense and nonsense type mutations (Table 2). 

Extrahepatic manifestations 

The	most	common	extrahepatic	manifestation	was	cardiac	

findings	(95.2%)	mostly	involving	pulmonary	arteries.	Skeletal	

involvements such as butterfly vertebrae and ocular anomalies, 

generally	posterior	embryotoxon,	were	shown	in	42.8%	and	

19.0% of patients, respectively (Table 3). 

Renal involvement was found in 10 patients (47.6%), which 

was more prevalent than skeletal or ocular manifestations. 

Concurrent with previous studies, renal dysplasia (40%) was 

the most common type of renal anomalies. Others such as RTA, 

VUR/ureterovesical junction obstruction (UVJO), and nephro-

calcinosis (NC)/nephrolithiasis (NL) showed even distribution. 

One patient with renal dysplasia had undergone diagnostic ne-

phrectomy for incidentally detected renal mass. Xanthogranu-

lomatous pyelonephritis and glomerular lipid deposition were 

pathologically	confirmed	(Table 3). 

Renal manifestations and outcomes 

Details including outcomes of 10 patients with renal pheno-

types are organized in Table 4. Among these 10 patients, seven 

were found to have JAG1 mutation and the other three were 

not performed genetic test. The mean interval time from con-

Table 2. Types of JAG1 mutations

JAG1 mutation type Location No. (%)
Missense c.476G>T 4 (25.0)

c.550C>T
c.550C>T
c.1156G>A

Nonsense c.703C>T 4 (25.0)
c.2079T>A
c.2277C>A
c.3172C>T

Frameshift 6 (37.5)
 Deletion c.994_998delAACTG 4

c.1620delC
c.1630delG
c.2874_2875delTG

 Insertion c.2410_2411insGT 1
 Duplication c.1160dupG 1
Splicing site alteration c.3199+1G>A 1 (6.25)
Missense and frameshift c.925G>A 1 (6.25)

c.2637delC

Table 3.	Extrahepatic	manifestations	of	Alagille	syndrome	patients

Extrahepatic	manifestations	of	Alagille	syndrome No. (%)
Cardiac 20 (95.2)
Skeletal 9 (42.8)
Ocular 4 (19.0)
Renala) 10 (47.6)
 Renal dysplasia 4
	 Renal	tubular	acidosis	(proximal) 2
	 Vesicoureteral	reflux/ureterovesical	junction	

obstruction
2

 Nephrocalcinosis/nephrolithiasis 2
 Glomerular lipid deposition 1

a)Glomerular lipid deposition was diagnosed simultaneously in one 
patient with renal dysplasia.

Table 4. Alagille syndrome patients with renal involvements and the outcomes

No. Sex JAG1 mutation
Time to renal  

diagnosis (mo)a) Renal	finding Renal outcome

1 F Not tested 132.8 Renal dysplasia Renal function preserved
2 M Not tested 110.2 Nephrolithiasis ESWL
3 M Not tested 10.2 Nephrocalcinosis Expired
4 M c.2079T>A 39.2 Renal dysplasia CKD stage 3
5 M c.2874_2875delTG 2.8 Vesicoureteral	reflux Defluxb) injection
6 M c.476G>T 25.7 Renal tubular acidosis CKD stage 3
7 M c.2277C>A 3.9 Renal tubular acidosis Expired
8 F c.925G>A 28.4 Renal dysplasia CKD stage 3

c.2637delCc) HRS-CKD
9 F c.1160dupG 5.6 Ureterovesical junction obstruction Renal function preserved
10 M c.3172C>T 0.2 Renal dysplasia CKD stage 3

Glomerular lipid deposition HRS-CKD

F,	female;	M,	male;	ESWL,	extracorporeal	shock	wave	lithotripsy;	CKD,	chronic	kidney	disease;	HRS,	hepatorenal	syndrome.
a)Interval	time	between	confirmative	diagnosis	of	Alagille	syndrome	and	renal	diagnosis.	b)Deflux:	hyaluronic	acid/dextranome	gel	used	to	treat	
vesicoureteral	reflux.	c)There is no available description whether the variants were cis- or trans-mutations.
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firmative	diagnosis	of	ALGS	to	discovering	renal	involvement	

was 35.9 months. Renal phenotypes were categorized into four 

groups: renal dysplasia, RTA, VUR/UVJO, and NC/NL. 

All four patients with renal dysplasia had cystic kidney lesions 

and increased renal echogenicity on ultrasound. One of these 

four	patients	showed	abnormal	urinary	finding	as	proteinuria.	

For all patients with renal dysplasia, there was no evidence of 

prenatal	renal	diagnosis	and	no	definite	causes	of	CKD	other	

than	ALGS	at	the	time	of	diagnosis.	Proximal	RTA	was	noted	

as	an	initial	renal	finding	in	two	patients.	One	of	them	expired	

shortly due to hepatic failure. Urinary tract anomalies were 

seen in two patients. Of these two patients, one was revealed 

bilateral VUR with grades 4 and 5 each after recurrent urinary 

tract infection (UTI) and needed urological intervention by in-

jecting	hyaluronic	acid/	dextranome	gel	to	relieve	the	reflux.	

The other patient was incidentally detected unilateral UVJO and 

suspected	VUR	coexisting	with	hydronephrosis	on	abdominal	

sonography. However, VCUG was not done since there was no 

event	of	UTI.	NC	and	NL	occurred	each	in	one	patient	and	ex-

tracorporeal shock wave lithotripsy (ESWL) was performed in 

the patient with NL. 

Eventually, none of 10 patients with renal involvement pro-

gressed	to	end-stage	kidney	disease	(ESKD).	However,	exclud-

ing	two	patients	who	expired	from	hepatic	failure,	half	patients	

(4/8, 50%) progressed to CKD stage 3 with estimated GFR of 

30 to 59 mL/min/1.73 m2. Three of four CKD patients had renal 

diagnosis of dysplasia. Among the four CKD patients, two were 

diagnosed	with	HRS-CKD	according	to	the	new	classification.	

Four patients preserved their renal functions, including two 

without any interventions and two who underwent urological 

interventions. 

Discussion 

This study was performed on a group of 21 pediatric patients 

who met ALGS criteria. Results of this study revealed that the 

overall prevalence of renal manifestations was 47.6%. To date, 

only a few studies have tried to analyze the incidence of renal 

involvements in pediatric ALGS. Through the 1980s and 1990s, 

the frequency range of renal involvement was suggested to be 

from 19% to 74% [21-23]. Recently in 2012, Kamath et al. [4] pub-

lished the largest retrospective cohort study including 187 ALGS 

patients with renal involvement. The prevalence of renal anom-

alies or diseases was assumed to be 39% in that study with the 

most common phenotype being renal dysplasia, followed by 

RTA, VUR, and urinary obstruction. In 2018, Di Pinto and Adrag-

na [24] also performed a retrospective study on the presence 

and outcomes of renal manifestations in 21 children with ALGS 

and found that the incidence of renal involvement was 85.7%, 

with renal dysplasia being the most frequent renal anomaly. 

Renal involvements in the current research also showed a high 

incidence. 

Among the 17 children from this center who had Sanger se-

quencing done for JAG1	mutation,	16	(76.1%)	were	confirmed	to	

have gene mutations. Genotype-phenotype correlation analy-

sis was not performed due to small number of the patients. 

The most common type of renal anomalies was renal dyspla-

sia (40%), consistent with previous studies [4,24]. One patient 

with	renal	dysplasia	was	pathologically	confirmed	xanthogran-

ulomatous pyelonephritis with glomerular lipid deposition. 

This	finding	was	consistent	with	earlier	reports	showing	that	

glomerular lipid deposition was a consequence of abnormal 

lipid metabolism of ALGS [10,25,26]. 

Striking point of this study was the prevalence of NC/NL. 

NC and NL have not often been documented as typical renal 

anomalies in ALGS patients. However, two (20%) out of 10 re-

nal-involved	patients	in	the	present	study	showed	significant	

renal	stones	or	calcification.	One	patient	with	NL	needed	ESWL	

but no causative factors were discovered since stone analysis 

was not done at the time and there was no evidence of either 

tubular dysfunction or UTI. The other patient with incidentally 

detected NC could possibly manifested tubular dysfunction 

regarding	the	low	urinary	osmolality	and	specific	gravity.	More-

over,	when	closely	examining	the	other	eight	patients	classified	

to have other main types of renal involvement, two patients 

with renal cystic lesions also had histories of transient renal 

stones. The high incidence of NC/NL was consistent with pre-

vious studies suggesting relations between renal cystic lesions 

and tendency of forming kidney stones [27-29]. 

During the follow-up, four renal-involved patients who are 

alive have progressed to CKD stage 3. Of these four CKD pa-

tients, three had renal dysplasia and one had RTA. However, 

two of these four patients had HRS during the clinical course. 

According to Kamath et al. [4], percentages of patients with 

CKD and ESKD requiring kidney transplant were 5.4% and 4.1%, 

respectively. Given that 50% of our patients with renal involve-

ment proceeded to CKD and only 25% preserved renal function 

without any interventions, the prognosis of sequential renal 
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disease in pediatric ALGS was considered to be poor. Still, the 

mean time to renal diagnosis was almost three years. In con-

trast, all patients were screened for cardiac anomalies during 

initial evaluation. Regarding the incidence and prognosis of 

renal manifestations, all clinicians involved in managing ALGS 

should team up with nephrologists closely from the initial di-

agnosis. Although renal anomaly is not included in the classic 

criteria, watchful follow-up of renal manifestations in pediatric 

ALGS is needed. 

However, the current study has some limitations. First, this 

study was performed as a single-center retrospective review. 

The study population was small in size and there were miss-

ing records such as urine chemistry. Also, the onset of renal 

diagnosis including renal dysplasia was not clear since most 

of patients were incidentally detected abnormal sonographic 

findings	during	the	course	ALGS.	Therefore,	the	interval	time	to	

renal diagnosis could be measured longer than the actual time 

from	the	onset.	Second,	genetic	confirmation	was	done	with	

Sanger sequencing, targeting only JAG1 mutation. Thus, ALGS 

patients without JAG1 mutation were not genetically analyzed. 

In summary, we found a high prevalence of renal involve-

ments in Korean pediatric ALGS with diverse phenotypes, 

highlighting the importance of nephrologic evaluation and fol-

low-up. There has been a lack of publication documenting renal 

phenotypes	of	pediatric	ALGS,	especially	in	Asia.	This	is	the	first	

study to represent renal anomalies accompanied by ALGS in 

Korean children. Further study with multicenter large sample 

is needed afterward. Furthermore, with commercialization of 

advanced genetic analysis, genotype-phenotype correlation of 

renal manifestations in ALGS might be possible in the future. 
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