
Heliyon 10 (2024) e33864

Available online 28 June 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Research article 

A pedigree analysis of Rotor hyperbilirubinemia combined with 
hepatitis B virus infection in a SLCO1B1 and SLCO1B3 gene 
mutations patient 

Li-zhen Lin a,g,1, Qiu-yan Wu b,1, Jian-hui Zhang b,1, Shi-jie Li b,1, Wei-zhen Wu c,1, 
Dan-dan Ruan b, Min Wu b, Qian Chen b, Li-sheng Liao b, Zhu-Ting Fang b, 
Jie-wei Luo b,e,*, Zuo-an Li b,d,f,**, Zhou Li b,e,***, Hong Li b,d,f,**** 

a Department of Traditional Chinese Medicine, the First Affiliated Hospital, Fujian Medical University, Fuzhou, 350005, China 
b Fujian provincial hospital, Shengli Clinical Medical College of Fujian Medical University, Fuzhou, 350001, China 
c Xiyuan Clinical Medical College of Beijing University of Chinese Medicine, Beijing, 100029, China 
d Department of Emergency, Fujian provincial hospital, Fuzhou, 350001, China 
e Department of Traditional Chinese Medicine, Fujian Provincial Hospital, Fuzhou, 350001, China 
f Fujian Provincial Key Laboratory of Emergency Medicine, Fujian Provincial Institute of Emergency Medicine, Fujian Emergency Medical Center, 
Fuzhou, 350001, China 
g Department of Traditional Chinese Medicine, National Regional Medical Center, Binhai Campus of the First Affiliated Hospital, Fujian Medical 
University, Fuzhou, 350212, China   

A R T I C L E  I N F O   

Keywords: 
Rotor syndrome 
SLCOB1 
SLCOB3 
OATP1B1/B3 
Autosomal digenic recessive disorder 
Hereditary conjugated hyperbilirubinemia 

A B S T R A C T   

Background: Rotor syndrome (RS, OMIM#237450) is an extremely rare autosomal digenic 
recessive disorder characterized by mild non-hemolytic hereditary conjugated hyper-
bilirubinemia, caused by biallelic variation of SLCO1B1 and SLCO1B3 genes that resulted in 
OATP1B1/B3 dysfunction in the sinusoidal membrane leading to impaired bilirubin reuptake 
ability of hepatocytes. 
Methods: One RS pedigree was recruited and clinical features were documented. Whole genome 
second-generation sequencing was used to screen candidate genes and mutations, Sanger 
sequencing confirmed predicted mutations. 
Results: This study detected a homozygous nonsense variant c.1738C > T (p.R580*) in the coding 
region of the SLCO1B1 (NM006446) gene in a family with RS and hepatitis B virus infection by 
Variants analysis and Sanger sequencing, and confirmed by Copy Number Variation (CNV) 
analysis and Long Range PCR that there was a homozygous insertion of intron 5 of the SLCO1B3 
gene into intron 5 of long-interspersed element 1 (LINE1). A few cases of such haplotypes have 
been reported in East Asian populations. A hepatitis B virus infection with fatty liver disease was 
indicated by pathology, which revealed mild-moderate lobular inflammation, moderate lobular 
inflammation, moderate hepatocellular steatosis, and fibrosis stage 1–2 (NAS score: 4 points/S1- 
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2) alterations. Heterozygotes carrying p.R580* and LINE1 insertions were also detected in family 
members (I1, I2, III2, III3), but they did not develop conjugated hyperbilirubinemia. 
Conclusion: The mutations may be the molecular genetic foundation for the presence of SLCO1B1 
c.1738C > T(p.R580*) and SLCO1B3 (LINE1) in this RS pedigree.   

1. Introduction 

Rotor syndrome (RS) is a rare autosomal digenic recessive disorder characterized clinically by mild and non-hemolytic conjugated 
hyperbilirubinemia and increased urinary coproporphyrin excretion [1–4], often occurring shortly after birth or in childhood and 
adolescence, with the most common symptom being mild jaundice. RS was first reported in 1948 and has long been noticed to be 
familial [4], and animal experiments by the van de Steeg team in 2012 and case series based on genome analysis showed that organic 
anion transporting polypeptide-related gene (OATP) defects are necessary for the pathogenesis of RS [5]. In 2014, Kagawa ’s study of 
genotypes in RS patients also corroborated van de Steeg’ s work [6]. The molecular mechanism of RS is that homozygous or compound 
heterozygous nonfunctional variants of SLCOB1 and SLCOB3 genes lead to dysfunction of OATP1B1 and OATP1B3 proteins in the 
sinusoidal/basolateral surface of hepatocytes and weaken the uptake of conjugated bilirubin, conjugated bile acids, coproporrin, drugs 
and other substances by hepatocytes. 

RS and Dubin-Johnson syndrome (DJS) have a fair prognosis, do not influence life, pregnancy, liver fibrosis, or treatment, and the 
primary harm is increased drug sensitivity [7]. After ruling out other hepatobiliary disorders, an inherited hyperconjugated bilir-
ubinaemia may be considered in patients with recurrent mild jaundice that began in childhood or adolescence and is caused by 
medications, other disorders, or pregnancy [8,9]. In addition to elevated serum bilirubin, liver injury tests such as alkaline phosphatase 
and transaminase activity, serum albumin concentration, and prothrombin time are usually normal and show no signs of hemolysis. 
Bile acids are usually elevated in RS [3]. Gene sequencing is now commonly used to identify RS and DJS [10,11].In the past, liver 
biopsy [12], Hepatobiliary scintigraphy with 99mTc radiotracers [13], dynamic observation of Bromosulphthaleine (BSP) clearance 
were usually used to identify RS and DJS, which are now no longer used because of side effects. 

2. Methods 

2.1. Study subjects 

A 42-year-old male Han Chinese patient presented to our hospital with complaints of recurrent yellow eyes, yellow skin, and yellow 
urine for more than 40 years. He was diagnosed with congenital jaundice for 40 years and found to have a history of chronic hepatitis B 
for 16 years. He usually did not receive antiviral therapy and had no adverse special hobbies including smoking, drinking, and drugs. In 
addition, he did not use intravenous or oral medications. The father had a history of bowel cancer, the mother had a history of breast 
cancer, and there was no other family history or genetic history. There was no history of similar jaundice in the family. 

2.2. Clinical features and laboratory findings 

Patients’ clinical characteristics and biochemical parameters were gathered by making an appointment at the hospital, and pe-
ripheral venous blood was drawn for tests on serum antibodies, coagulation, blood routine, and biochemistry. Urine routine tests were 
conducted, along with liver biopsies and immunohistochemistry analyses including Masson, D-PAS, reticulin, and HE stainings. 

2.3. Genomic DNA extraction 

2–3 ml of peripheral venous blood was collected from the proband with an Ethylene Diamine Tetraacetic Acid (EDTA) antico-
agulant tube; genomic DNA was extracted with a blood genomic DNA extraction kit (TIANamp Blood DNA Kit, DP348-03, Beijing, 
China). After approval by the Ethics Committee of the First Affiliated Hospital of Fujian Medical University, the investigated family 
members or their guardians signed informed consent forms. 

2.4. Library construction and whole exome sequencing 

Next Generation Sequencing Library construction, whole genome library construction (Hieff NGS OnePot DNA Library Prep Kit for 
Illumina, YEASEN, Shanghai, China) was performed, and whole exome library capture was performed with xGen Exome Research 
Panelv1.0 (Integrated DNA Technologies, Inc., USA) to construct the whole exome library of the proband. Paired -end sequencing was 
performed on the Illumina (San Diego, CA) sequencing platform using the PE150 mode. 

2.5. Sequencing data analysis 

Sequencing data analysis first removed Reads that did not meet quality control requirements from the sequencing raw data and 
then used BWA (Burrows – Wheeler Aligner) software with UCSC (Fig. https://genome.ucsc.edu/), the provided hg19 version of the 
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human genome reference sequence was aligned, and finally variants were identified by GATKv3.70. Only variants in 1552 genes 
included in the Endocrine and Metabolic Genetic Disease Panel were analyzed [14]. Variant pathogenicity classification refers to 
American College of Medical Genetics (ACMG) and Genomics genetic variation classification criteria and guidelines, and variants were 
classified as pathogenic variants, possible pathogenic variants, clinically unknown variants, possible benign variants, and benign 
variants. 

2.6. PCR 

Using Primer3 Plus (Fig. http://www.primer3plus.com/cgi-bin/dev/primer3plus.cgi), against the SLCO1B1 gene c.Primers were 
designed for intron insertion positions in the 1738C > T and SLCO1B3 genes and used In-Silico PCR (Fig. http://genome.ucsc.edu/cgi- 
bin/hgPcr), to verify primer specificity.C. of SLCO1B1 (NM006446)The amplified fragment length of the sequence in which 1738C > T 
(p.R580*) resides was 581 bp and the primers were F: TGGGGCCATTCAACTGTGAG; R: GCCCTTCACTGCCTACTG.A forward primer 
LINEck-F: TCAATGGAACATCACCTGAGA was designed at exon 5 where the SLCO1B3 mutation was located, a pair of reverse primers 
LINEck-R2: GTGGTGGGTTTCTCCTTCTG and a pair of reverse primers LINEck-R1: CCGTTTCTTAAGCCGGTCTG were designed at 
intron 5, and a 277-bp fragment could be amplified by the primer pair LINEck-F: LINEck-R1 when there was no insertion; no fragment 
could be amplified by the primer pair LINEck-F/LINEck-R2 when there was homozygous insertion, and a 349-bp fragment could be 
amplified by the primer pair LINEck-F/LINEck-R1 [6]. PCR amplification of the target variants of SLCO1B1 gene and SLCO1B3 gene 
was completed on an ABI PCR (Veriti 96-Well Thermal Cycler) amplification instrument at an annealing temperature of 60 ◦C. After 
PCR amplification, 2 % agarose gel electrophoresis was used to detect the amplification effect. 

Table 1 
Biochemical markers in probands suffering from Rotor syndrome (II4).  

Test item Value Normal value Test item Value Normal value 

Blood test Coagulation function 
WBC ( × 109/L) 6.7 4.0–10.0 TT (sec) 15.3 12.3–22.0 
RBC ( × 1012/L) 4.9 4.3–5.8 APTT (sec) 31.2 20.0–45.9 
Hb (g/L) 145 120~140 PT (sec) 11.6 9.7–15.7 
PLT ( × 109/L) 204 125~350 Fg (g/L) 3.3 2.0–4.0 
MCV (fl) 30 27–34 INR 0.9 0.8–1.2 
MCH (pg) 331 316~354 D-D(mg/L) 0.23 0.8–1.2 
RET ( × 109/L) 53 24–84 hemolysis test 
SF (ng/mL) 126 15~200 Haptoglobin (g/L) 0.74 0.16–2.0 
TSAT(%) 33 33~35 DAT (− ) (− ) 
Biochemical indexes Ham test (− ) (− ) 
TP (g/L) 69.6 60~80 Serum test 
ALB (g/L) 44.7 35~55 HbsAg (IU/ml) 5.56 0~0.05 
GLO (g/L) 24.9 20~30 HbsAb (mIU/ml) 2.30 0~10.0 
A/G 1.8 1.2–2.4 HbeAg (S/CO) 0.35 0~1.0 
TBIL (umol/L) 119.1 5.1–19 HBeAb (S/CO) 0.01 ＞1.0 
DBIL (umol/L） 91.1 1.7–6.8 HBcAb (S/CO) 11.98 0~1.0 
IBIL (umol/L) 28.0 0~12 HAVAb (S/CO） 0.02 0~1.0 
ALT (U/L) 51.0 5~40 HCVAb (S/CO） 0.12 0~1.0 
AST (U/L) 25.0 8~40 HDVAb (S/CO） 0.22 0~1.0 
GGT (U/L) 65 10~60 HIVAb (S/CO) 0.01 0~1.0 
BUN (mmol/L) 4.92 2.86–8.2 AMA (− ) (− ) 
CREA（μmol/L) 58.9 62~116 ANA (− ) (− ) 
UA (umol/L) 36.1 208~428 SMA (− ) (− ) 
ALP (U/L) 96.0 45~125 Cu (μmol/L) 15.3 11.0–22.0 
TG (mmol/L) 2.69 ＜1.7 CER(mg/L) 301.2 210~450 
HDL-C (mmol/L) 0.87 1.16–1.5 AAT(g/L) 0.12 0.78–2.0 
LDL-C (mmol/L) 4.65 1.56–3.37 ESR (mm/h) 7.3 0~15 
TCHO (mmol/L) 5.80 0~5.17 Tumor markers 
Urine test AFP (ng/mL) 3.2 0~25.0 
uCu(μmol/24h) 0.33 0.24–0.94 CEA (ng/mL) 10.7 0~5.17 

Note: WBC, White blood cell; Hb, Hemoglobin. PLT, Platelet; RBC, Red blood cell; MCV, Mean corpuscular volume; MCH, Mean corpuscular 
hemolobin; MCHC, Mean corpuscular hemolobin concentration; RET, Reticulocyte count; SF, Serum Ferritin; TSAT, Transferrin Saturation; TP, Total 
protein; ALB, Albumin; GLO, Globulin; A/G, Ratio of albumin to globulin; TBIL, Total bilirubin; DBIL, Direct bilirubin; IBIL, Indirect bilirubin; ALT, 
Alanine aminotransferase; AST, Aspartate transferase; BUN, Blood urea nitrogen; CREA, Creatinine; UA, Uric acid; TG, Triglyceride; TCHO, Total 
cholesterol; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; APTT, Activated partial thromboplastin time; PT, Prothrombin time; TT, 
Thrombin time; Fg, Fibrinogen; INR, International normalized ratio; DD, D-Dimer; DAT, Direct antiglobulin test; HBsAg, Hepatitis B surface antigen; 
HBsAb, Antibody to hepatitis surface antigen; HBcAg, Hepatitis B core antigen; HBcAb, Antibody to hepatitis B core antigen; HBeAg, Hepatitis B e- 
antigen; HBeAb, Antibody to hepatitis B e-antigen; HAVAb, Hepatitis A virus antibody; HCVAb, Hepatitis C virus antibody; HDVAb, Hepatitis D virus 
antibody; HIVAb. Human immunodeficiency virus antibody; AMA, Anti-mitochondrial antibody; ANA, Antinuclear antibody; SMA, Anti-smooth 
muscle antibody; Cu, Serum copper; uCu, Urine copper; CER, Serum ceruloplasmin; AAT, Alpha 1 antitrypsin; ESR, Erythrocyte sedimentation 
rate; AFP, Alpha-fetoprotein; CEA, Carcinoembryonic antigen. 
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2.7. Sanger sequencing and result analysis 

PCR amplification products from family members were sequenced using an automated DNA sequence analyzer (ABI3730 DNA 
Analyzer), and sequencing results were analyzed and aligned using CodonCode Aligner software (CodonCode Corporation, USA). 

3. Results 

3.1. Clinical phenotyping 

The proband had recurrent jaundice for more than 40 years, and repeated blood biochemical parameters before previous hospi-
talization revealed elevated total bilirubin (TBIL), direct bilirubin (DBIL), and indirect bilirubin (IBIL), mainly elevated DBIL. Ex-
amination after admission showed TBIL 119.1 μmol/L, DBIL 91.1 μmol/L, IBIL 28.0 μmol/L, total cholesterol 5.80 mmol/L, cystatin C 
1.18 mg/L (Table 1). Urinalysis showed bilirubin 17 (2 +) umol/L. FibroScan showed controlled attenuation parameter (CAP) 277 dB/ 
m and liver Stiffness Measurement (LSM) 5.9 kPa, which were considered as moderate fatty liver and mild fibrosis. Viral hepatitis type 
B showed that HBsAg, HBeAb and HBcAb IgG were positive, HBsAb and HBeAg were negative, and hepatitis B virus copy number was 
<5.00E + 02 IU/mL. Serum IgG4:41.18 g/L (normal value, 8–151 mg/L). Upper abdominal color ultrasound showed mild fatty liver, 
gallbladder bulge-like lesions, liver and gallbladder MRI showed mild fatty liver, small nodular lesions in segment IV of the liver, 
considered benign (Fig. 1). 

Liver puncture (Fig. 2) results were as follows: 1. Microscopically, it was described as: (HE and reticulin staining) (lesion range was 
defined as + ~ + + + +, 25 % as +): hepatic lobular structures were present, central veins about (11), ballooning degeneration (− ), 
ground-glass degeneration (− ), mixed vesicular steatosis (+, 40 %), eosinophilic necrosis (− ), punctate necrosis (++), debris-like 
necrosis (− ), portal-portal/portal-moderate bridging necrosis (− ), Kupffer cell hyperplasia (+), hepatocyte cholestasis (− ), chol-
angiolithiasis (− ), glycogen (+), and mild perisinusoidal fibrosis.Portal areas were about (16), enlarged (++), fibrous hyperplasia (− ), 
arcuate fibrogenesis (− ), pseudohour formation (− ), lymphoid and mononuclear cell infiltration (scattered - +), small bile duct 
cholestasis (− ), and mild atrophy of some bile duct epithelium.2, immunohistochemical staining (positive range defined as + to +++

+, 25 % as +), HBsAg positive range of hepatocytes (+), including cytoplasmic staining (+); HBcAg positive range (− ); CK7: biliary 
epithelial cells (+), progenitor cells (+); CD10: bile capillaries (+).3, in situ hybridization staining: EBER (− ).4. Special staining: 
Masson staining showed a small amount of fibrous hyperplasia and mild perisinusoidal fibrosis around the portal area; reticular fiber 
staining showed normal liver plate structure; D-PAS staining confirmed the above results, no α1-antitrypsin bodies were observed; iron 
staining showed no hemosiderin deposition; aldehyde fuchsin staining showed lipofuscin deposition in some hepatocytes; Rodanyu 
staining showed no copper particle deposition. Pathological diagnosis: mild-moderate lobulitis with moderate lobulitis with moderate 
hepatocyte steatosis and liver fibrosis stage 1–2, combined with clinical history and immunohistochemical results supporting hepatitis 
B virus infection with fatty liver disease (NAS score: 4 points/S1-2) changes. 

3.2. Screening for mutations in Rotor syndrome 

Whole exome sequencing and clinical Gene Panel analysis of the proband revealed a homozygous nonsense variant c.1738C > T (p. 
R580*) in the coding region of the SLCO1B1 (NM006446) gene in the subject by Single Nucleotide Variants analysis, which changed 
from coding arginine to a stop codon. Copy Number Variation analysis with Sanger sequencing suggested that there may be a ho-
mozygous insertion of the retrotransposon long-interspersed element 1 in intron 5 of the SLCO1B3 gene (Fig. 3c–d), considering this 
insertion variant as a causative variant. Abnormal SLCO1B1 gene and abnormal SLCO1B3 gene lead to the digenic recessive disorder 
Rotor hyperbilirubinemia (OMIM#237450), which occurs when homozygous or compound heterozygous variants occur in both 
SLCO1B1 gene and SLCO1B3 gene (Fig. 3i). 

3.3. Gene mutation validation of Rotor syndrome 

Sanger sequencing confirmed a homozygous nonsense variant c.1738C > T (p.R580*) in SLCO1B1 in the proband (Fig. 3a–b), 
which was not detected in control samples, II1 and III1, while p.R580* heterozygotes were detected in I1, I2, III2, and III3. PCR was 

Fig. 1. Magnetic resonance imaging (MRI) of the liver in probands with Rotor syndrome. a, b are T1WI forward and reverse phases; c is fat- 
compression T2WI; d is fat-compression T1WI. The clinical impression is mild fatty liver and benign micronodular lesions in segment IV of the liver. 

L.-z. Lin et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e33864

5

performed by designing primers on exon 5 and intron 5 of the SLCO1B3 gene and the homozygous retrotransposon LINE1 (Fig. 3f, g, h), 
which showed that intron 5 was inserted into LINE1. Sanger sequencing and Long Range PCR showed that there was a homozygous 
insertion of the retrotransposon LINE1 at intron 5 of the SLCO1B3 gene in the proband (II4), and no LINE1 insertion was detected in the 
control samples, II1 and III1, while heterozygotes for LINE1 insertion were detected in I1, I2, III2, and III3 (Fig. 3e). 

3.4. Tertiary structure prediction of SLCO1B1 R580X variants 

Changes in SLCO1B1 tertiary structure by the R580X mutation were predicted by AlphaFold protein homology structure simulation 
(Fig. https://www.bkunyun.com/), the R580X mutation resulted in a truncated protein causing the loss of an amino acid sequence 
encoding a transmembrane protein, resulting in the lack of a helical structure in a three-dimensional structure. This impacts the 
integrity of the SLCO1B1 transmembrane domain and may affect signaling of the receptor (Fig. 4). 

4. Discussions 

The clinical manifestations and positive results of auxiliary examinations of RS can be explained by OATP1B1 and OATP1B3 
dysfunction caused by their defective genes. ATP is mainly responsible for the transport of organic anions into hepatocytes, and its 
transport substrates include conjugated bilirubin, conjugated bile acids, coproporphyrin, and some drugs. OATP1B1/B3 is involved in 
a mechanism in hepatocytes that prevents damage caused by toxin saturation in upstream hepatocytes, while downstream hepatocytes 
work too little. In the case of bilirubin metabolism, unconjugated bilirubin enters hepatocytes from the perisinusoidal space and 
becomes conjugated bilirubin after glucuronic acid modification, some of which is excreted into bile through the canalicular/apical 

Fig. 2. Pathology of liver biopsy in patients with Rotor syndrome. a-h was HE staining (e-f, × 400-fold; a, × 100-fold; b-d, × 200-fold). Immu-
nohistochemical staining: i was ABCB11 (+) in bile capillaries, J was CD10 (+) in bile capillaries, k was CD138 (+) in hepatocytes, l was CK7 (+) in 
bile duct epithelial cells, m was EBER (− ), n was HBcAg (− ), o was HbsAg (+), and p was iron staining (− ). The clinical impression was mild- 
moderate lobulitis with moderate hepatocellular steatosis and fibrosis stage 1–2 consistent with hepatitis B virus infection with fatty liver dis-
ease (NAS score: 4 points/S1-2) changes. 
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surface of hepatocytes, and the MRP3 protein (also known as ABCC3) of the sinusoidal/basolateral space of hepatocytes also reexcretes 
partially conjugated bilirubin into the perisinusoidal space, which is retaken up by downstream (located near the central vein) he-
patocytes through OATP1B1/B3 and excreted into bile through downstream hepatocytes [15]. Since OATP1B does not dominate the 
uptake of unconjugated and conjugated bilirubin, and only conjugated bilirubin, which is used to balance upstream and downstream 
hepatocellular loads, enters the blood upon inactivation of OATP1B alone, serum bilirubin elevations in RS are mainly conjugated and 
only slightly elevated, usually between 34.2 and 85.5 μmol/L. RS occurs only when OATP1B1 or OATP1B3 are simultaneously 
inactivated [3], since the two transporters can compensate for each other in conjugated bilirubin transport [7,16]. It is worth noting 
that serum UCB is sometimes mildly elevated [17,18], cross-sectional studies have found an association between SLCO1B3 variants and 
serum UCB levels [19], and plasma UCB is also significantly increased nearly 2-fold in Slco1a/1b (a gene similar to human 
SLCO1B1/B3 function) knockout mice. This is partially reversed by the expression of human OATP1B1/B3 [5], although whether 
human OATP1B1/B3 protein can transport unconjugated bilirubin needs to be demonstrated by cellular experiments, there is a link 
between the two, and UCB is sometimes elevated in the probands of this study. 

OATP1B is responsible for the transport of substrates between upstream and downstream hepatocytes with glucuronidated BAs at 
C-3 (BA-3G), mainly transported by OATP1B1 [10]. Radiotracers are not or rarely taken up by the liver during hepatobiliary scin-
tigraphy in RS patients, and the liver is not or poorly imaged, due to inactivation of OATP1B1/B3 and decreased ability of the liver to 
take anionic radiotracers [4,5]. In contrast, due to the different genes of the lesions, the liver can be clearly imaged during 99Tc-HIDA 
biliary imaging in DJS, and gallbladder imaging is delayed compared to RS [1,13], and the liver tissue of DJS patients is mostly black, 
dark green, or grayish black [11,12], and the liver tissue of RS patients is mostly normal color. 

Fig. 3. a–d, Sanger sequencing plot. a, A homozygous nonsense mutation c.1738C > T (p.R580*) was found in the coding region of the SLCO1B1 
gene in patients with Rotor syndrome; b, the corresponding wild-type SLCO1B1 gene; c, a homozygous insertion of the retrotransposon long- 
interspersed element 1 (LINE1) was found in the coding region of the SLCO1B3 gene in patients with Rotor syndrome; d, the corresponding 
wild-type SLCO1B3 gene. e, Pedigree mapping of families with Rotor type hyperbilirubinemia. Arrows indicate the proband, yellow represents 
carriers of the SLCO1B1 mutation and blue represents carriers of the SLCO1B3 mutation. f, Pattern plot of insertion LINE1 variants in the SLCO1B3 
gene. g, Long Range PCR electropherogram of Line1 insertion mutation. Control lanes failed to amplify any fragment in LINEck-F/LINEck-R1, 277 
bp in LINEck-F/LINEck-R2, 349 bp in LINEck-F/LINEck-R1, and none in LINEckF/LINEckR2.h, a 7.9 kb band was amplified from the proband lane in 
the Long Range PCR electropherogram of the LINE1 insertion mutation. i, A schematic comparison of the haploid versions of the SLCO1B1 and 
SLCO1B3 genes. 
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BSP is a substrate of OATP1B1/B3, so the uptake and storage capacity of BSP is also significantly impaired in RS patients [16], and 
urinary excretion of coproporphyrins is increased in RS patients because OATP1B1 interacts with several porphyrins [20]. In addition 
to OATP1B1/B3, it has also been explored whether RS has other causative genes. ABCC2, an important protein excreted by CB into bile, 
which is the causative protein of DJS, has been shown to function normally in RS patients, and its ABCC2 gene sequence is normal [21]. 
If there is a problem with CB processing, elevated levels should be unconjugated bilirubin. Therefore, the currently recognized 
causative gene of RS is OATP1B1/B3. 

OATP1B1/B3 plays an important role in drug detoxification. Prior to the discovery of the association between OATP1B1/B3 and RS, 
studies of OATP transporters and associated drug toxicity were abundant and could provide a reference for contraindications to the use 
of drugs in RS patients [22]. Even if no drug accumulation or toxicity has been reported in RS patients to date, caution is needed from a 
safety point of view, particularly in RS patients with jaundice. Drugs transported by OATP1B1, or drugs inhibiting OATP1B1 activity 
include: cyclosporin A, atorvastatin, pravastatin, simvastatin, gemfibrozil; drugs transported by OATP1B3, or drugs inhibiting 
OATP1B3 activity include cyclosporin A, pravastatin, rifampicin, taurocholate, troglitazone sulfate [7]. 

In 2012, van de Steeg ’s study also found three haplotypes of RS [5], called R1, R2, R3, R1 was found in Central Europeans, R2 was 
found in Central Europeans and Saudi Arabians, R3 was found in Filipinos, haplotype R1 included 7.2-kbp deleted in SLCO1B3 
(resulting in exon 12 removal) and c.1738C > T (p.R580X) nonsense mutation in SLCO1B1; haplotype R2 was defined as a ~405-kbp 
deletion of homozygous, including exon 3–15 of SLCO1B3 and the entire SLCO1B1; haplotype R3 was c.1747 + 1G > a splice site 
mutation in SLCO1B3 and c.757C > T (p.R253X) mutation in SLCO1B1. In 2014, Kagawa team [6] discovered the presence of another 
RS haplotype in Japanese characterized by intron 5 of SLCO1B3 (ClinVar ID: 977762, corresponding to intron 6 23 in Kim ’s study in 
2021 [23]) inserted a 6-kbp Line1 retrotransposon, a common transposon in the human genome that was confirmed to be the cause of 
some genetic diseases, while mutations in SLCO1B1 are p.R580X retroposition-active in R1 [6]. This mutation type was also detected in 
a 12-year-old child with jaundice in China in 2021 [24]. This is consistent with our findings, thus considering that this haploid is more 
common in East Asian populations. Insertion of Line1 resulted in skipping of exon 5 or exon 5–7 and introduction of a premature stop 
codonin the SLCO1B3 transcript, resulting in complete inactivation of the OATP1B3 protein, while Kagawa observed one homozygote 

Fig. 4. Predicted effect of the R580X mutation on SLCO1B1 tertiary structure. a, b, AlphaFold protein homology structure simulations predicted 
changes in SLCO1B1 tertiary structure by the R580X mutation (Fig. https://www.bkunyun.com/). a, wild-type; b, R580X mutant. Green indicates 
missing amino acid sequence. Schematic representation of the effects of the c-d, R580X mutation on the SLCO1B1 transmembrane domain. 
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(0.18 %) and 58 heterozygotes (10.4 %) in 554 healthy Japanese and found that Line1 insertion was not rare in the Japanese pop-
ulation (5.4 %), but the c.1738C > T (p.R580X) mutation in SLCO1B1 was not screened [6]. The incidence of RS is below 1:1,000,000 
[7], which may be mainly limited by the low carrier frequency of SLCO1B1, such as 0.0039 in the East Asian population in the 
genomeAD database. In 2021, among 725 people in Korea, Kim ’s team confirmed 91 (12.55 %) carrying the LINE-1 insertion site of 
SLCO1B3 intron 6 by long-PCR (4 (0.55 %) of them homozygous and 87 (12 %); 5 (0.69 %) were heterozygous carriers of SLCO1B1 p. 
R580* type, while 2 (0.28 %) of them also carried heterozygotes of SLCO1B3 LINE-1 insertion [23]. Interestingly, Kim also searched the 
1000genomes public database for the LINE-1 insertion variant with the highest carrier frequency (18.5 %) in southern Han Chinese, 
suggesting that the insertion has a founder effect in this population, compared with 10.1 % in East Asian mean carrier frequency [23]. 
This suggests that SLCO1B3 Line1 insertion variants predominate in southern Han RS patients. Because a significant number of 
causative variants are structural variants, such as deletions, inversions, and insertions of large genetic elements, which cannot be 
detected by conventional high-throughput sequencing methods, unknown inactivating mutations of these types of SLCOB1/B3 cannot 
be obtained by census, so RS patient populations remain to be further studied to determine whether other haplotypes exist. 

The proband of this family had onset in infancy and was mainly characterized by yellowish discoloration and non-hemolytic 
conjugated hyperbilirubinemia, combined with hepatitis B virus infection, and pathology showed mild-moderate lobular inflamma-
tion with moderate lobular inflammation with moderate hepatocyte steatosis and liver fibrosis stage 1–2, with normal liver biopsy. The 
haplotype found by Kagawa and Kim was detected in this RS patient [6,23]. RS is extremely rare clinically, often occurring shortly after 
birth or in childhood and adolescence, and serum total bilirubin levels are usually between 34 and 85 μmol/L, but may be higher [25]. 
The clinical manifestations of RS and DJS are similar, mostly increased DBIL, and thus easily misdiagnosed [26]. Molecular genetic 
testing is now used for differential diagnosis [27], offering the possibility of being non-invasive and allowing diagnosis confirmation 
and avoidance of misguided therapeutic approaches. 

5. Conclusions 

In this study, a heterozygous mutation of c.1738C > T (p.R580*) in SLCO1B1 in the proband and that intron 5 of the SLCO1B3 gene 
inserted into LINE1 was identified as a pathogenic mutation that caused OATP1B1/B3 dysfunction in the sinusoidal membrane leading 
to impaired bilirubin reuptake ability of hepatocytes. The mutations may be the molecular genetic foundation for the presence of 
SLCO1B1 c.1738C > T (p.R580*) and SLCO1B3 (LINE1) in this RS pedigree. 
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