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1. Abstract
Alagille syndrome (ALGS) is a multisystem autosomal dominant 
disorder attributed to defects in the Notch signaling pathway. The 
mutation of Jagged 1 (JAG1) gene on chromosome 20 has been 
identified as the underlying cause of this syndrome. In addition, 
the mutation of Ryanodine receptor 2 (RYR2) gene on chromo-
some 1 has clarified. Here described is a 7 × 5 cm nodular lesion 
in segment 4 in a 28-year-old man with ALGS. Through imaging 
studies and histopathological analysis, the nodule was diagnosed, 
for the first time, as iron deposit giant nodule. Additionally, a re-
view of previous reports has been made to shed more light on this 
syndrome.

2. Introduction
Alagille syndrome (ALGS), acknowledged as arteriohepatic dys-
plasia, is a multisystem autosomal dominant disorder attributed to 
defects in the Notch signaling pathway [1, 2]. The mutations of 
Jagged 1 (JAG1) gene on chromosome 20 that encodes a ligand 
for the Notch receptor, have been known as the basic cause of this 

syndrome. Hepatic involvement is one of its main clinical features 
of chronic cholestasis attributed to paucity of interlobular bile 
ducts. Progressive liver disease, leading to liver cirrhosis occurs in 
about 15% of cases and may require liver transplantation (LT) [1-
7]. These patients are at risk of hepatocellular carcinoma (HCC), 
therefore early detection of HCC is critical in the follow-up of this 
disease [7].

This study describes the case of a 28-year-old man with a 7 × 5 cm 
nodular lesion in segment 4 compatible with iron deposit central 
large nodule detected by radiological and histopathological anal-
ysis. We also review previous reports that describe solitary focal 
hepatic nodules adjacent to the right portal vein as large regener-
ative hyperplasia.

3. Case Reports
3.1. Chief Complaint

A 28-year-old man with ALGS was admitted to our hospital for 
further evaluation of a liver tumor.
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3.2. Physical Examination

On admission, the patient displayed slight jaundice without hep-
atomegaly, weighed 40.4 kg, stood 154.5 cm tall, and had a BMI 
of 16.9.

His characteristic facies featured a prominent forehead, moderate 
hypertelorism with deep-set eyes, a small chin, and a saddle or 
straight nose. Computed tomography (CT) revealed butterfly-like 
forms in the lumbar vertebra (L4) (Fig. 1a). Although the patient’s 
mother demonstrated similar facial features, she had normal liver 
function and no liver tumor; however, she has been undergoing 

renal dialysis of unknown etiology for seven years.

3.3. History of Past Illness

During his neonatal period, the patient had meconium peritonitis 
and an atrial septum defect, but no heart surgery or blood transfu-
sion.

3.4. Laboratory Examinations

Laboratory data on admission were shown in Table 1.

Electrocardiogram (ECG) and Holter ECG were normal without 
QT prolongation. Ultrasonic cardiogram (UCG) showed no abnor-
mality (Table 1).

Table 1: Laboratory data on admission

WBC 6200 ×103/μl (39-98) transferrin 232 mg/dl (190-320)

Hb 14.6 g/dl (13-18) ferritin 416 ng/ml (12-275)

Platelets 29.0 ×104/μl (12-30) ANA 40 IU/ml (≦40)

PT 88.30% (70-130) AMA 1.5 IU/ml (≦20)

TP 8.2 g/dl (6.5-8.3) IgG 1376mg/dl (870-1700)

ALB 4.2 g/dl (3.8-5.3) IgA 432mg/dl (110-410)

T-bil 2.73 mg/dl (0.2-1.3) IgM 143 mg/dl (33-190)

AST 169 IU/l (≦38) HBsAg (－)  

ALT 104 IU/l (≦19) HCVAb (－)  

ALP 1098 IU/l (38-126) AFP 2.4 ng/ml (≦10.0)

γ-GTP 4049 IU/l (≦40) CEA 2.7 ng/ml (≦5.0)

Fe 128 μg/dl (54-200) PIVKA-II 51 mAU/ml (≦40)

      CA19-9 7.8 U/ml (≦37)

WBC, white blood cell; Hb, hemoglobin; PT, prothrombin time; TP, total protein; ALB, albumin; T-bil, total bilirubin; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; ALP, alkaline phosphatase; γ-GTP, gamma-glutamyl transpeptidase; Fe, ferrum; ANA, antinuclear antibody; AMA, 
antimitochondrial antibody; IgG, immunoglobulin G; IgA, immunoglobulin A; IgM, immunoglobulin M; HBsAg, hepatitis B surface antigen; HCVAb, 
hepatitis C virus antibody; AFP, alpha-fetoprotein; CER, carcinoembryonic antigen; PIVKA-II, Protein induced by Vitamin K absence-II; CA19-9, 
carbohydrate antigen 19-9.

3.5. Imaging Examinations

Ultrasound (US) revealed a 7 × 5 cm isoechoic nodule in segment 
4 (Fig. 1b).

Contrast-enhanced US (CEUS) revealed no enhancement in the 
arterial phase and no defect in the Kupffer phase. Unenhanced CT 
revealed a slightly high-attenuation nodule (Fig. 1c). Contrast-en-
hanced computed tomography (CECT) revealed the right portal 
vein adjacent to the nodule and the portal vein (P4) (Fig. 1d) and 
middle hepatic veins through the nodule (Fig. 1e), but no enhance-
ment in the arterial phase and no defect in the late phase. Gadolin-
ium-ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-
DTPA)-enhanced magnetic resonance imaging (MRI) revealed no 
enhancement in the arterial phase, and no defect in the hepatobi-
liary phase.

From above radiological findings, hypervascular tumors such as 
focal nodular hyperplasia (FNH), adenoma, cholangiolocellu-
lar carcinoma (CoCC), HCC, hemangioma, bile duct adenoma 
(BDA), lymphoproliferative disorders including pseudolymphoma 
were ruled out.

MRI revealed signal loss on T1 weighted imaging (T1WI) in-
phase (Fig. 1f) com-pared with T1WI opposed-phase (Fig. 1g), 
hypointensity on fat-suppressed T2 weighted imaging (T2WI-FS) 
(Fig. 1h), and marked hypointensity on diffusion-weighted im-
aging (DWI) and the apparent diffusion coefficient (ADC) map 
respectively. The nodule was markedly hypointense on T2-star 
weighted imaging (T2*WI) (Fig. 1i) and on superparamagnetic 
iron oxide (SPIO) enhanced MRI.

Based on these MRI findings, an iron deposit tumor was suspected.
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Figure 1: Imaging findings.
a: CT revealed butterfly-like forms in the lumbar vertebra in L4; b: US reveals a 7 x 5 cm isoechoic nodule in S4; c: CT reveals a 7 x 5 cm slightly high-
attenuation nodule in S4; d: CECT reveals the right portal vein (arrow) adjacent to the nodule and the portal vein (P4) (asterisk) through the nodule. 
(coronal image); e: CECT reveals the middle hepatic veins (arrows) through the nodule. (coronal image); f, g: MRI reveals signal loss on T1WI in-phase 
(f) compared with on T1WI opposed-phase (g); h: MRI reveals hypointensity on fat-suppressed T2WI; i: MRI reveals marked hypointensity on T2*WI.

3.6. Histopathological Examinations

US guided biopsy of the nodule revealed normal portal tracts in-
cluding bile duct, artery and portal vein. Parenchymal hepatocytes 
showed no remarkable hyperplastic change compared with the 
background of the liver or the non-nodular lesion (Fig. 2a, b, c).

Immunohistopathological studies revealed positive findings of 
organic anion-transporting polypeptide (OATP), and normal or 
negative findings of glutamine synthetase (GS), C-reactive pro-
tein (CRP), liver fatty acid binding protein (L-FABP), β-catenin, 
heat shock protein (HSP) and glypican-3 (GPC3). In terms of the 
nodule FNH, adenoma, nodular regenerative hyperplasia and HCC 
were ruled out.

US guided biopsy of the background revealed no remodeling of 
lobular architecture with stage 1 fibrosis, and the portal tract con-
tained no bile ducts. Parenchymal hepatocytes showed hyperplas-
tic change with increased cell density and irregular cell cords (Fig. 
2d, e, f). The above findings were compatible with ALGS.

Berlin blue staining revealed abundant hemosiderin deposits in 
both the hepatocyte cytoplasm and Kupffer cells in the nodule 
(Fig. 2g), but not in the background of the liver (Fig. 2h).

3.7. Final Diagnosis

Based on the above findings and histopathological analysis, the 
lesion was diagnosed as iron deposit nodule.
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Figure 2: Histopathological findings
a, b, c: Normal portal tracts including bile duct, artery and portal vein are observed in the nodule. Parenchymal hepatocytes of nodular area show no 
remarkable hyperplastic change compared with the background of the liver. (HE staining, ×100); d, e, f: No remodeling of lobular architecture with 
stage 1 fibrosis, but each portal tract contains no bile duct is observed in the non-nodular lesion. Parenchymal hepatocytes show hyperplastic change 
with increased cell density and irregular cell cords. (HE staining, ×100); g: Hemosiderin deposits in the Kupffer cells and hepatocyte cytoplasm are 
observed in the nodule. (Berlin blue staining, ×100); h: No hemosiderin deposits in the Kupffer cells and hepatocyte cytoplasm are observed in the 
non-nodular lesion. (Berlin blue staining, ×100).

3.8. Genetic examinations

To identify the molecular diagnosis, genetic analysis of the patient 
was carried out. All procedures were reviewed and approved by 
the Institutional Review Boards of Kobe Asahi Hospital and Kobe 
University School of Medicine (No.86). 

After written informed consent from the patient and his family, 
DNA was extracted from peripheral blood mononuclear cells by 
using the Quick Gene Mini 80 system (Wako Pure Chemical In-
dustries, Ltd., Tokyo, Japan). Next generation sequencing was car-
ried out with the use of the TruSight One Sequencing (TS1) Panel 
(Illumina, San Diego, CA, USA), which can analyze 4,813 genes.

Genetic analysis revealed heterozygous NM_000214.2: c.703 T > 
C at JAG1 (Fig. 3a), and heterozygous NM_001035.2: c.3358 T 
> C at Ryanodine receptor (RYR2) (Fig. 3b) in the patient. DNA 
from the patient’s mother showed the same missense variant in 

JAG1 (Fig. 3a) but no variant in RYR2 (Fig. 3b). No sequence 
alterations were observed in the coding regions of HFE, HAMP, 
TFR2, SLC40A1, BMP2 and FTH1 genes in the context of hemo-
chromatosis (Data not shown).

4. Discussion
The diagnosis of ALGS is essentially clinical, specified by chronic 
cholestasis and congenital heart disease. Classic criteria, based on 
the 5 main systems have been reported: cholestasis due to bile duct 
paucity, congenital heart disease (most commonly peripheral pul-
monary artery stenosis), the face (mild but recognizable dysmor-
phic features), the eye (most commonly posterior embryotoxon), 
and the skeleton (most commonly butterfly vertebrae). It is thought 
that the diagnosis is reasonable if bile duct paucity is accompanied 
by 3 of the 5 main criteria [7-9]. In our case, bile duct paucity ac-
companied by the 5 main clinical criteria were established, leading 
to the diagnosis of ALGS [1].
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Figure 3: Genetic analysis of the patient and his mother
(a): The mutations of Jagged 1 (JAG1) gene; (b): The mutation of Ryanodine receptor 2 (RYR2) gene.

In our case, heterogeneous NM_000214.2: c.703T>C at JAG1 re-
lated to Notch signaling was seen in the patient and his mother, 
and the autosomal dominant hereditary disorder was established. 
Moreover, the heterogeneous NM_001035.2: c.3358T>C at RYR2 
gene related to catecholaminergic polymorphic ventricular tachy-
cardia (CPVT) without was seen in the patient, whereas his mother 
demonstrated no variants in RYR2. CPVT, an inherited arrhythmic 
disorder characterized by bidirectional or polymorphic tachycar-
dia caused by exercise or emotional stress [10], is reported to be as 
high as 1:10000, but its real prevalence is unclear [11].

To the best of our knowledge, the present is the first report of the 
RYR2 variant seen in ALGS. It is not clear whether JAG1 and 
RYR2 variants are linked to ALGS. Further data on gene analysis 
of ALGS cases are necessary.

Paucity of interlobular bile ducts in the liver seems to advance 
through infancy and is thought a key feature, reported in 80-90% 
of a large series. It does not, however, always develop in worsen-
ing of hepatic function and advancement of liver cirrhosis [1]. In 
our case, liver cirrhosis was not seen in either the nodular or the 
non-nodular lesion, although paucity of interlobular bile ducts in 
the portal area was seen in the non-nodular lesion.

Based on MRI findings, iron deposit nodule was first considered 
then confirmed by histopathological findings, making this, to the 
best of our knowledge, the first report on iron deposit nodule in 
ALGS.

MRI findings of iron overload, particularly in the liver, are well 
reported [12]. Hepatic iron overload is abnormal accumulation of 
iron in hepatocytes, Kupffer cells, or both [13, 14]. Hepatic iron 

overload is commonly related to hereditary hemochromatosis, 
transfusion-related iron overload, and chronic hepatopathy. MRI 
is the selected modality for the detection of hepatic iron [15].

Iron leads to local distortion in the magnetic field, which results 
in T1, T2, and T2*-W shortening. This results in signal loss on 
T2 weighted spin-echo/fast spin-echo imaging and gradient echo 
T2*WI, and is applied for the measurement of iron concentration. 
Since iron-induced T2*-W shortening is superior to iron-induced 
T2 shortening, T2*WI provides greater sensitivity in detecting 
iron, and is more commonly applied for this purpose.

From previous reports it is unclear whether the nodules with 
iso-to-hyperintensity on T1WI and hypointensity on T2WI are iron 
deposit nodules, because findings on T1WI in phase and T1WI 
opposed-phase images have not been described therein [1, 11, 15-
18]. 

Primary iron overload (i.e., hereditary hemochromatosis) is an au-
tosomal recessive disorder in which a defective protein leads to 
increased intestinal absorption of iron from the small intestine at 
5-10 times the normal rate. Secondary iron overload syndromes in-
clude iron loading anemias (i.e., thalassemia, sideroblastic anemia, 
sickle cell disease, chronic hemolytic anemia, aplastic anemia, 
pyruvate kinase deficiency), chronic liver diseases (i.e., hepatitis 
C infection, non-alcoholic fatty liver disease, alcoholic fatty liv-
er disease), and iatrogenic (i.e., red blood cell transfusion, long-
term hemodialysis) and various causes [15]. In our case, regarding 
the iron deposit nodule, hereditary hemochromatosis was denied 
through gene testing. The patient had no history of blood trans-
fusion and demonstrated no other secondary overload syndrome, 
irrespective of slight elevated level of serum ferritin (416 ng/ml).
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Further study is needed to clarify the reason for the presence of 
iron deposits exclusively in the nodule observed in our case. 

In ALGS hepatic nodules display less fibrosis and relatively well 
preserved interlobular bile ducts than the rest of the liver that 
shows either extensive fibrosis or liver cirrhosis [19]. In our case, 
the nodule was seen adjacent to the right portal vein, was located 
in the central zone of the liver, as in previous reports [1, 16, 18-
21], and revealed relatively well preserved interlobular bile ducts 
without fibrosis, whereas the rest of the liver or non-nodular lesion 
revealed paucity of bile ducts with stage 1 hepatic fibrosis.

Similar findings are reported in explanted livers after Kasai por-
toenterostomy [19]. At the molecular level, JAG1 mosaicism and 
differential haploinsufficiency do not clarify the presence of bile 
ducts in centrally located regenerative nodules in ALGS [19].

All masses (nodules) in previously described similar pediatric cas-
es have been lesions larger than 5 cm [16]. In our case, the size of 
the nodule (7 × 5 cm) is compatible with that in previous reports 
[1, 16, 18-21].

The histological differential diagnosis of mass liver lesions in 
ALGS includes malignancies, such as HCC and hepatoblastoma, 
as well as benign proliferative tumors such as hepatic adenoma 
and FNH [18]. To date, 19 cases of ALGS -associated liver tumors 
have been reported in the literature including 15 cases of HCC [4, 
7, 9, 18, 22-29].

In our case, based on histopathological and radiological findings, 
HCC, liver adenoma and FNH were ruled out. Also, no primitive 
cell population of hepatoblastoma was seen.

Sublobular nodules of hepatocytes free of iron or exhibiting much 
less iron than the adjacent parenchyma, referred to as iron-free-fo-
ci (IFF), are frequently demonstrated in the livers of patients with 
genetic hemochromatosis complicated by HCC [30].

5. Conclusion
That study clearly demonstrates that IFF nodules are proliferative 
lesions strongly suggestive of preneoplastic foci. 

In our case, hemochromatosis was ruled out on the basis of gene 
analysis. Nonetheless, the iron deposit nodule diagnosed through 
histopathological analysis differed from HCC. The non-iron de-
posit portion, or IFF, in the non-nodular lesion showing hyperplas-
tic change with increased cell density and irregular cell cords may 
be a risk factor of HCC, as in hemochromatosis.

The eventuality of the occurrence of HCC needs to be monitored 
continually in cases of iron deposit nodules.
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