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Background: Dubin-Johnson Syndrome (DJS) is a rare autosomal recessive
genetic disorder, with most cases presenting in adolescence, but rare in newborns.
Objective: To investigate the clinical characteristics and treatment outcomes of
DJS in a newborn.

Methods: We present the clinical features of a newborn diagnosed with DJS
through molecular genetic testing.

Results: The patient was a male newborn who developed jaundice and scleral
icterus on the 6th day of life. Both direct and indirect bilirubin levels were
elevated. After treatment with phototherapy, indirect bilirubin levels decreased,
but direct bilirubin remained unchanged, and the stool color gradually
lightened. At 56 days of age, the patient underwent laparoscopic
cholecystostomy, which revealed viscous bile plugs in the bile ducts. Following
the surgery, the patient received oral ursodeoxycholic acid, compound
glycyrrhizin, and methylprednisolone. Follow-up until one year post-surgery
showed a gradual reduction in direct bilirubin levels to the normal range.
Molecular genetic testing revealed three heterozygous mutations in the ABCC2
gene on chromosome 10, with one pathogenic variant inherited from the father
and two from the mother, confirming the diagnosis of DJS.

Conclusion: DJS is a benign condition with a favorable prognosis. In
newborns, it should be differentiated from other causes of cholestasis, and
compared to cholestasis, jaundice in newborns with DJS responds more
slowly to treatment.

KEYWORDS

Dubin-Johnson syndrome, ABCC2, mutation, newbown, jaundice

Introduction

Dubin-Johnson Syndrome (DJS) was first reported by Dubin and Johnson in 1954 (1). It is
a rare autosomal recessive genetic disorder characterized by prolonged or intermittent
jaundice (2). The prevalence of DJS varies among ethnic groups, with a higher incidence in
the Han population. Numerous studies have documented this condition (3-6). DJS results
from mutations in the ATP-binding cassette subfamily C member 2 (ABCC2) gene located
on chromosome 10, leading to dysfunction of the multidrug resistance protein 2 (MRP2) (7).

DJS affects both males and females equally, with most cases presenting during
adolescence, while it is rare in newborns (8). When DJS occurs in the neonatal period,
other cholestatic problems must be ruled out first. Therefore, molecular genetic testing
should be conducted in neonates to confirm the underlying cause. This article aims to
discuss the clinical features and treatment outcomes of DJS by reviewing a case of DJS
in a newborn.
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Clinical data and treatment course

The patient is a male, born as the first child to a healthy, non-
consanguineous couple. There is no family history of similar illnesses
or genetic disorders, and the patient’s parents have no history of
cholestasis. The patient was born at a gestational age of 39 + 6 weeks
with a birth length of 47 cm and a weight of 2,750 g. On the 6th day
after birth, the patient developed jaundice and scleral icterus, which
gradually worsened, although the stool color remained normal. At 16
days of age, laboratory tests revealed the following results: total
bilirubin 451 umol/L, direct bilirubin 168 ymol/L, y-glutamine
transpeptidase 204 U/L, alkaline phosphatase 248 U/L, and total bile
acids 112 ymol/L. An abdominal ultrasound examination showed
normal gallbladder size and contraction function, while a cardiac
ultrasound revealed a 3.2 mm atrial septal defect. MRCP suggested
the presence of extrahepatic bile ducts. The patient also presented
with an umbilical hernia, bilateral hydroceles, and a left-sided
cryptorchidism. Oral ursodeoxycholic acid and supplementation of
fat-soluble vitamins did not reduce the jaundice, and the stool color
gradually lightened to the shade of a No. 4 stool color card (9).
On the 53rd day after birth (see Figure 1), The skin jaundice and
sclera icterus did not improve, with total bilirubin decreasing to
334 umol/L, but direct bilirubin increasing to 260 umol/L.
Additionally, y-glutamine transpeptidase reached 517 U/L, alkaline
phosphatase 753 U/L, and total bile acids 184 umol/L. On the 55th
day after birth, the patient underwent laparoscopic cholecystostomy.
During the surgery, the liver appeared black, with a normal
gallbladder size and morphology. Washing the gallbladder revealed
deep yellow, viscous bile plugs. Intraoperative imaging showed patent
left and right hepatic ducts. Post-surgery, dexamethasone and saline
were used to flush the cholecystostomy tube, resulting in a gradual
deepening of stool color. Two weeks after the surgery, bilirubin levels
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began to decrease. One month post-surgery, the cholecystostomy
tube was removed, and the skin jaundice and scleral icterus gradually
faded. The patient received oral methylprednisolone for 6 months,
and ursodeoxycholic acid and compound glycyrrhizin for 10 months.

Follow-up until one year post-surgery showed that bilirubin
levels had returned to normal (see Figure 2). Subsequently, the
patient underwent laparoscopic surgery for left testicular descent
fixation. During this procedure, the liver remained black with a
normal size, firm texture, and smooth surface. The gallbladder
had developed well, and the right internal ring was closed.
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FIGURE 2
Changes in patient's liver function. At 55 days after birth, the patient
underwent laparoscopic cholecystostomy. It was only two weeks
after the surgery that the total bilirubin, direct bilirubin, and y-
glutamine transpeptidase levels began to decrease. One month
after surgery, bile acid levels started to decrease, and after one
year of follow-up, bilirubin levels returned to normal.

FIGURE 1

Patient’s appearance at 53 days after birth. At 53 days after birth, the patient continued to exhibit persistent jaundice. Laboratory results showed total
bilirubin 334 umol/L, direct bilirubin 260 umol/L, y-glutamine transpeptidase 517 U/L, alkaline phosphatase 753 U/L, and total bile acids 184 umol/L.
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Molecular genetic testing

In the case, a patient with unexplained cholestasis and
significantly elevated direct bilirubin levels following birth did
not respond well to drug treatment over a month. To explore the
underlying causes and obtain a definitive diagnosis, exome
sequencing was performed on the patient and both parents, with
informed consent from the patient’s parents.

Two milliliters of venous blood were collected separately from the
patient and parents into ethylenediaminetetraacetic acid (EDTA)
anticoagulant tubes. DNA was extracted using the QIAamp Whole
Blood DNA extraction kit (Qiagen, Germany), yielding 3 ug of
DNA. Ultrasonic fragmentation was performed using the Covaris
S2 ultrasonic instrument. Whole-genome libraries were prepared

10.3389/fped.2024.1417649

with the NEBNext DNA Library Prep Kit for llumina (NEB, USA).
GenCap liquid-phase target gene capture technology (Beijing
MyGenostics Inc.) was applied (10). Testing revealed heterozygous
mutations in the ABCC2 gene on chromosome 10 (chrl0:
101578636-101578638, chr10:  101610510-101610513, chrl0:
101610517-101610518), resulting in nucleotide heterozygous
mutations and corresponding amino acid frameshift mutations:
€.2362_2363delCT (p.L788V1s*13), €.4465_4468delinsGGC
(p.11489Gfs*16), c.4472_4473delinsCAG  (p.I1491Tfs*12).
These mutation sites are indicated by arrows in Figure 3.

and

Sanger sequencing validation and pedigree analysis confirmed
that the ¢.2362_2363delCT (p.L788Vfs13) heterozygous mutation
originated from the father, while the c.4465_4468delinsGGC

(pI1489Gfs16)  and  c.4472_4473delinsCAG  (p.I1491Tfs12)
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FIGURE 3

Genetic testing images of the patient and parents. ABCC2 gene mutations:Heterozygous mutation ¢.2362_2363delCT, resulting in amino acid
frameshift mutation (p.L788Vfs*13). Heterozygous mutation c.4465_4468delinsGGC, causing amino acid frameshift mutation (p.11489Gfs*16).
Heterozygous mutation c.4472_4473delinsCAG, leading to amino acid frameshift mutation (p.l11491Tfs*12).
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heterozygous mutations came from the mother. A search of the
Human Gene Mutation Database and PubMed databases revealed
that the ¢.2362_2363delCT (p.L788Vfs13) heterozygous mutation
has been reported in malignancies but not in DJS. In contrast, the
€.4465_4468delinsGGC (p.11489Gfs16) and c.4472_4473delinsCAG
(pI1491Tfs12) heterozygous mutations had not been reported
internationally, making them novel mutations. The mechanism by
which ABCC2 gene heterozygous mutations lead to DJS has been
well-established, and based on the guidelines from the American
College of Medical Genetics and Genomics, these mutations can be
classified as pathogenic. Therefore, the patient’s molecular genetic
diagnosis was confirmed, resulting in a final diagnosis of DJS.

Discussion

DJS is an autosomal recessive genetic disorder caused by the
dysfunction of the MRP2 protein. It can affect individuals of all
ethnicities and genders, with males often manifesting the
condition earlier (11, 12). DJS typically does not progress to
fibrosis or cirrhosis and does not require any specific treatment.
However, in cases of severe cholestasis in newborns with DJS,
prolonged intrahepatic pigment deposition can lead to hepatocyte
degeneration, necrosis, fibrosis, and other pathological changes.
In such instances, it is crucial to actively manage jaundice,
protect the liver, and reduce enzyme levels to minimize clinical
symptoms and liver cell damage (13). Treatment may involve the
use of phenobarbital and ursodeoxycholic acid in newborns (14).

In this case report, the patient developed skin jaundice just 6
days after birth, with elevated serum bilirubin levels, consistent
with the typical presentation of DJS. Due to the dysfunction of
MRP2 protein, which leads to hepatic impairment, the patient’s
stool color gradually lightened, and the levels of y-glutamine
transpeptidase increased, indicating the blocked bile excretion (15).
Due to the persistent jaundice, surgical treatment was ultimately
performed. The patient underwent laparoscopic cholecystostomy
and received ursodeoxycholic acid and steroid treatment post-
surgery. Bilirubin levels began to decrease two weeks after surgical
intervention, indicating a slower response to jaundice resolution in
newborns with DJS compared to others cholestasis.

Genetic testing has become essential for diagnosing DJS and
distinguishing newborn cholestasis conditions (16). In this case, the
patient had heterozygous mutations in the ABCC2 gene on
chromosome 10, with one pathogenic variant inherited from
the father and two from the mother. Interestingly, despite carrying
two ABCC2 gene mutations, the mother has no history
of cholestasis. Additionally, novel mutations c.4465_4468delinsGGC
(p11489Gfs*16) and c.4472_4473delinsCAG (p.11491Tfs*12) were
identified. The absence of prior reports on these mutations suggests
the genetic heterogeneity of DJS, which may contribute to
differences in disease progression and treatment response among
patients. Both mutations are located on the same chromosome,
with the first mutation (p.11489Gfs*16) primarily causing the loss
of protein function, which also affects the function of the second
mutation (p.I1491Tfs*12). The ABCC2 gene is primarily expressed
in the hepatocyte canalicular membrane. The patient’s three
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different mutations in the ABCC2 gene affect the excretion of
bile and limit the sulfation of bile salts.
Consequently, normal liver function is impaired, leading to reduced

bilirubin into the

synthesis of bilirubin conjugates (glucuronides) and elevated
bilirubin levels (17, 18). However, the mild hepatic phenotype and
lack of extrahepatic symptoms in ABCC2 deficiency suggest that
other transporters can compensate for its function (17).

that phenobarbital and
ursodeoxycholic acid treatment in DJS newborns can lead to a
(16). Another
highlighted that hepatoprotective and choleretic treatment in three

Some studies have reported

gradual reduction in bilirubin levels study
DJS newborns resulted in improved liver function, reduced
transaminase, and bilirubin levels, and a favorable prognosis (13).
However, In this case, conservative treatment prior to surgery
proved to be less effective, prompting surgical intervention in the
absence of excluded biliary atresia. Post-surgery, jaundice gradually
receded, contrasting with the findings of the earlier studies.
Although DJS is considered a benign condition that typically
requires no special treatment, we administered medication to the
patient in this case to alleviate the caregivers’ anxiety (17).

DJS is generally considered a benign condition with mild
clinical symptoms and a favorable prognosis. However, in cases
of severe jaundice in newborns with DJS, active treatment is

essential to protect the liver.

Data availability statement

The raw sequence data reported in this paper have been deposited
in the Genome Sequence Archive (Genomics, Proteomics &
Bioinformatics 2021) in National Genomics Data Center (Nucleic
Acids Res 2022), China National Center for Bioinformation /
Beijing Institute of Genomics, Chinese Academy of Sciences (GSA-
Human: HRA006234) that are publicly accessible at https://ngdc.
cncb.ac.cn/gsa-human.

Ethics statement

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

Author contributions

JL: Writing — original draft, Writing - review & editing. BQ:
Investigation, Resources, Validation, Writing — review & editing,
Writing - original draft. XS: Resources, Visualization, Writing -
review & editing. JZ: Conceptualization, Formal Analysis,
Supervision, Writing — review & editing. QD: Conceptualization,

Formal Analysis, Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

frontiersin.org


https://ngdc.cncb.ac.cn/gsa-human
https://ngdc.cncb.ac.cn/gsa-human
https://doi.org/10.3389/fped.2024.1417649
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Long et al.

This study was project supported by the Hainan Provincial
Clinical Medical Center (QWYH202175).

Acknowledgments

We thank all members for their selfless contribution to
this work.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

References

1. Dubin IN, Johnson FB. Chronic idiopathic jaundice with unidentified
pigment in liver cells; a new clinicopathologic entity with a report of 12 cases.
Medicine (Baltimore). (1954) 33(3):155-97. doi: 10.1097/00005792-195409000-
00001

2. Togawa T, Mizuochi T, Sugiura T, Kusano H, Tanikawa K, Sasaki T, et al. Clinical,
pathologic, and genetic features of neonatal Dubin-Johnson syndrome: a multicenter
study in Japan. ] Pediatr. (2018) 196:161-7.el. doi: 10.1016/j.jpeds.2017.12.058

3. Lo NS, Chan CW, Hutchison JH. Dublin-Johnson syndrome with some unusual
features in a Chinese family. Arch Dis Child. (1979) 54(7):529-33. doi: 10.1136/adc.54.
7.529

4. Shieh CC, Chang MH, Chen CL. Dubin-Johnson syndrome presenting
with neonatal cholestasis. Arch Dis Child. (1990) 65(8):898-9. doi: 10.1136/adc.
65.8.898

5. Tsai WH, Teng RJ, Chu JS, Chang MH, Ho MM. Neonatal Dubin-Johnson
syndrome. ] Pediatr Gastroenterol Nutr. (1994) 18(2):253-4. doi: 10.1097/00005176-
199402000-00023

6. Lee JH, Chen HL, Chen HL, Ni YH, Hsu HY, Chang MH. Neonatal Dubin-
Johnson syndrome: long-term follow-up and MRP2 mutations study. Pediatr Res.
(2006) 59(4 Pt 1):584-9. doi: 10.1203/01.pdr.0000203093.10908.bb

7. Strassburg C-P. Hyperbilirubinemia syndromes (Gilbert-Meulengracht, Crigler-
Najjar, Dubin-Johnson, and Rotor syndrome). Best Pract Res Clin Gastroenterol.
(2010) 24(5):555-71. doi: 10.1016/j.bpg.2010.07.007

8. Talaga ZJ, Vaidya PN. Dubin-Johnson syndrome. In: Talaga ZJ, editor. StatPearls.
Treasure Island (FL): StatPearls Publishing (2023). PMID: 30725679.

9. Chen SM, Chang MH, Du JC, Lin CC, Chen AC, Lee HC, et al. Screening for
biliary atresia by infant stool color card in Taiwan. Pediatrics. (2006) 117
(4):1147-54. doi: 10.1542/peds.2005-1267

Frontiers in Pediatrics

05

10.3389/fped.2024.1417649

relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of
the authors and do not necessarily represent those of their
those of the publisher, the
Any product that may be

affiliated organizations,
and the
evaluated in this article, or claim that may be made

or

editors reviewers.

by its manufacturer, is not guaranteed or endorsed by
the publisher.

10. Sikkema-Raddatz B, Johansson LF, de Boer EN, Almomani R, Boven LG, van den
Berg MP, et al. Targeted next-generation sequencing can replace sanger sequencing in
clinical diagnostics. Hum Mutat. (2013) 34(7):1035-42. doi: 10.1002/humu.22332

11. Junge N, Goldschmidt I, Wiegandt J, Leiskau C, Mutschler F, Laue T, et al.
Dubin-Johnson syndrome as differential diagnosis for neonatal cholestasis. J Pediatr
Gastroenterol Nutr. (2021) 72(5):105-11. doi: 10.1097/MPG.0000000000003061

12. Shani M, Seligsohn U, Gilon E, Sheba C, Adam A. Dubin-Johnson syndrome in
Israel. 1. Clinical, laboratory, and genetic aspects of 101 cases. Q ] Med. (1970) 39
(156):549-67. PMID: 5532959.

13. You §J, Sun YX, Zhang J, He Q, Wu XM, Hu Y. Literature review and report of
three cases of Dubin-Johnson syndrome related to ABCC2 gene mutations in children.
Am ] Transl Res. (2021) 13(5):4477-88. PMID: 34150028; PMCID: PMC8205816.

14. Memon N, Weinberger BI, Hegyi T, Aleksunes LM. Inherited disorders of
bilirubin clearance. Pediatr Res. (2016) 79(3):378-86. doi: 10.1038/pr.2015.247

15. Sakai Y, Iwao T, Susukida T, Nukaga T, Takemura A, Sekine S, et al. In vitro bile
acid-dependent hepatocyte toxicity assay system using human induced pluripotent
stem cell-derived hepatocytes: current status and disadvantages to overcome. Drug
Metab Pharmacokinet. (2019) 34(4):264-71. doi: 10.1016/j.dmpk.2019.04.004

16. Regev RH, Stolar O, Raz A, Dolfin T. Treatment of severe cholestasis in neonatal
Dubin-Johnson syndrome with ursodeoxycholic acid. J Perinat Med. (2002) 30
(2):185-7. doi: 10.1515/JPM.2002.025

17. Stapelbroek JM, van Erpecum K], Klomp LW, Houwen RH. Liver disease
associated with canalicular transport defects: current and future therapies. ] Hepatol.
(2009) 52(2):258-71. doi: 10.1016/j.jhep.2009.11.012

18. Jedlitschky G, Hoffmann U, Kroemer H-K. Structure and function of the MRP2
(ABCC2) protein and its role in drug disposition. Expert Opin Drug Metab Toxicol.
(2006) 2(3):351-66. doi: 10.1517/17425255.2.3.351

frontiersin.org


https://doi.org/10.1097/00005792-195409000-00001
https://doi.org/10.1097/00005792-195409000-00001
https://doi.org/10.1016/j.jpeds.2017.12.058
https://doi.org/10.1136/adc.54.7.529
https://doi.org/10.1136/adc.54.7.529
https://doi.org/10.1136/adc.65.8.898
https://doi.org/10.1136/adc.65.8.898
https://doi.org/10.1097/00005176-199402000-00023
https://doi.org/10.1097/00005176-199402000-00023
https://doi.org/10.1203/01.pdr.0000203093.10908.bb
https://doi.org/10.1016/j.bpg.2010.07.007
https://doi.org/10.1542/peds.2005-1267
https://doi.org/10.1002/humu.22332
https://doi.org/10.1097/MPG.0000000000003061
https://doi.org/10.1038/pr.2015.247
https://doi.org/10.1016/j.dmpk.2019.04.004
https://doi.org/10.1515/JPM.2002.025
https://doi.org/10.1016/j.jhep.2009.11.012
https://doi.org/10.1517/17425255.2.3.351
https://doi.org/10.3389/fped.2024.1417649
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Case Report: A case of Dubin-Johnson syndrome in a newborn
	Introduction
	Clinical data and treatment course
	Molecular genetic testing
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


