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Abstract 

Background: Mutations in the ABCB11 gene result in the 
uncommon autosomal recessive disease known as progressive 
familial intrahepatic cholestasis type 2 (PFIC2). Cholestasis 
with low γ-glutamyltransferase (GGT), hepatosplenomegaly, 
and severe pruritus are among the clinical symptoms. The exact 
prevalence is unclear, however the incidence is thought to be 
between one in 50,000 and one in 100,000 births. These diseas-
es affect both sexes equally and have been reported globally. 
When a bypass treatment fails or a patient develops increas-
ing liver disease, liver transplantation is necessary and thought 
to be curative. Even though bile salt excretory pump (BSEP) 
failure in PFIC2 is a liver-specific issue rather than a systemic 
disease, a small percentage of allografts have demonstrated in-
dications of recurrent BSEP disease. 

Aim of Study: Determine which exons (23, 24, 26, 27) in 
the ABCB11 gene are mutated in Egyptian PFIC2 patients. 

Material and Methods: Ten Egyptian Pfic2 patients were 
clinically diagnosed, and exons (23, 24, 26, 27) of the ABCB11 
gene were then molecularly screened utilizing PCR amplifica-
tion and singer sequencing of the coding areas. 

Results: There were no harmful mutations discovered. Two 
polymorphisms: A novel c.3056+50A>C and c.477+16G>A 
were found. 

Conclusion: There were no pathogenic mutations found 
during the screening of exons (23, 24, 26, 27) of the ABCB11 
gene in PFIC2, hence it is advised to screen the whole gene and 
use advanced method of screening find the pathogenic muta-
tions in the affected cases. 
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Introduction 

PROGRESSIVE familial intrahepatic cholestasis 
(PFIC) is caused by mutations in genes encoding 
proteins involved in the hepatocellular transport 
system [1]. There are three primary subtypes of 
PFIC (PFIC1, PFIC2, and PFIC3) that have been 
found. It is a heterogeneous collection of rare auto-
somal recessive liver illnesses of kids [1]. PFIC1, or 
Byler’s sickness, is caused by mutations in the AT-
Pase phospholipid transporter 8B1 gene (ATP8B1), 
which is located on chromosome 18. FIC1 is a trans-
membrane P-type adenosine triphosphatase that 
transports phospholipids and is encoded by ATP8B1 
[1,2]. This “flippase” is responsible for preserving an 
uneven distribution of phospholipids throughout the 
hepatocytes’ canalicular membrane bilayer, shield-
ing the membrane from hydrophobic bile acids and 
preserving its structural integrity [1]. The bile salt 
export pump (BSEP), the primary transporter of bile 
acids from hepatocytes to the canalicular lumen, 
is encoded by the ATP binding cassette subfamily 
B member11 gene (ABCB11), which is found on 
chromosome 2. Mutations in this gene cause PFIC2 
[1,3]. 

Mutations in the gene that codes for multid-
rug-resistance protein 3 (MDR3/ABCB4), which is 
found on chromosome 7 and transports phospholip-
ids into the canalicular lumen to neutralize bile salts 
and prevent damage to biliary epithelia and bile 
canaliculi, are the cause of PFIC3 [1,4,5]. 
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Cholestasis, jaundice, and pruritus are the prima-
ry clinical characteristics of PFIC, and these symp-
toms usually manifest in infancy or early childhood 
[1]. In addition to extrahepatic symptoms (PFIC1), 
PFIC is linked to a number of potentially lethal liv-
er problems, including as portal hypertension, liv-
er failure, cirrhosis, and hepatocellular carcinoma 
(HCC; PFIC2) [1]. 

Cholestasis, jaundice, and pruritus are the prima-
ry clinical characteristics of PFIC, and these symp-
toms usually manifest in infancy or early childhood 
[1]. In addition to extrahepatic symptoms (PFIC1), 
PFIC is linked to a number of potentially lethal liv-
er problems, including as portal hypertension, liv-
er failure, cirrhosis, and hepatocellular carcinoma 
(HCC; PFIC2) [1]. 

Low levels of glutamyl transferase (GGT) are 
linked to increased serum bile acid concentrations 
and decreased concentrations of primary bile acid 
in PFIC1 and PFIC2, while high levels of GGT are 
linked to PFIC3 [1]. In the past, PFIC was diagnosed 
using a combination of laboratory, biochemical, and 
clinical methods; however, in more recent times, 
genetic testing has emerged as the gold standard. 
For patients with PFIC, there are no pharmacologic 
therapy options that are approved that can reduce 
symptoms or stop the disease from getting worse. 
Ursodeoxycholic acid (UDCA), bile acid seques-
trants, and medications for the symptomatic allevi-
ation of pruritus, such as rifampin (rifampicin) and 
antihistamines, are examples of off-label therapy 
[1,6]. However, not every patient responds to these 
methods, and in most cases, only a partial relief 
from itching is obtained. Therefore, to reduce the 
amounts of bile acid in circulation, invasive surgery 
such as ileal bypass, partial external biliary diver-
sion (PEBD), or partial internal biliary diversion 
(PIBD) may be required [1,6,7]. In the end, patients 
with PFIC2 are more likely to require liver trans-
plantation (LT) if they experience liver failure and 
intractable pruritus [8]. 

When a permanent stoma is created, external 
diversions create a conduit between the gallbladder 
and the abdominal skin. Many of the adverse effects 
can be avoided by rerouting as much as 50% of the 
bile flow from the enterohepatic circulation. In ad-
dition to alleviating symptoms, external diversion 
treatments can improve hepatocellular function, 
halt or even reverse the course of disease, extend the 
period of time before transplantation, and ultimately 
prolong the lives of many patients [9,10]. 

Each patient may experience different outcomes. 
On the other hand, it has been demonstrated that ex-
ternal diversion procedures are more advantageous 
early in the course of the disease and less effective if 
serious liver disease is present. As with any surgery, 
problems can arise from external diversions, most  

commonly stoma prolapse. However, there have 
also been cases of cholangitis documented, thus pa-
tients should be advised of the risks and advantages 
of any such procedure prior to undertaking it. Par-
tial internal biliary drainage procedures are much 
more recent, and there is less evidence to support 
their efficacy and safety. To connect the colon and 
gallbladder, an appendiceal or small intestine con-
duit must be made. Although long-term evidence 
supporting this treatment are still missing, patients 
tend to show alleviation from their pruritis, and the-
oretical effects on hepatic function and disease pro-
gression should be equivalent [9,10]. 

Material and Methods 

Ten PFIC 2 patients were included in the study; 
they were gathered from Menoufia University’s 
pediatric division of the National Liver Institute be-
tween November 2022 and March 2023. The study 
was approved by the Research Ethical Committee 
of Menoufia University’s National Liver Institute. 
Every method employed complies with the Helsin-
ki Declaration’s 2008 amendment and the ethical 
standards established by the committee responsible 
for overseeing human research. The parents or legal 
guardians of each patient provided their informed 
consent in order for them to be included in the study. 

DNA was extracted from the patients and thei 
parents’ peripheral blood cells using the PAXgene 
Blood DNA Kit (Qiagen, Germany). By utilizing 
certain primers developed by ExonPrimer SOFT-
WARE, The ABCB11 (BSEP) gene’s four exons, 
numbered (23, 24, 26, 27), were amplified. 

The initial denaturation step of PCR is carried 
out at 95°. The 30 cycles begin with 30 seconds of 
denaturation at 95°, 30 seconds of annealing at 60°, 
30 seconds of extension at 72°, and a final 7 minutes 
of 72° extension. The amplified segment underwent 
purification and sanger sequencing [11]. 

The discovered variations were examined ac-
cording to the guidelines of the American College 
of Medical Genetics and Genomics (ACMG) guide-
lines [12]. 

Results 

Ten Egyptian PFIC2 patients six boys and four 
females from nine different unrelated families 
were included in the study. Their age ranged from 
6 to 120 months, with an average of 42.3±35.824 
months. The majority of patients 90% have a pos-
itive family history. Every patient has jaundice; in 
40% of cases, the onset was sudden, and in 60% 
of cases, it was subtle. In 90% of cases, jaundice 
progresses, whereas in 10% of cases, it remains sta-
tionary. 10% of cases of pruritus are mild, 40% are 
moderate, and 50% are severe. In 90% of patients, 
there was hematemesis and abdominal expansion. 
Twenty percent of individuals had encephalopathy, 
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recurring GIT symptoms, and repeated chest infec-
tions. In 10% of instances, sensorineural hearing 
loss was present. Siblings are impacted in half of 
the cases. Thirty, twenty, and twenty cases had the 
residence in Sohag, Alex, or Giza, respectively; 
the remaining ten percent of cases were in Shakira, 
Damietta, or Kalopia. 

Genetic findings include two benign polymor-
phisms: A novel c.3056+50A>C in intron 23 is found 
in heterozygous form in Pt2, 3 (Fig. 1). c.3084A> 
G is a synonymous polymorphism in exon 24 that 
causes no change in the alanine amino acid number 
1028; it was in a heterozygous state in pts. 1, 7, 9, 
and 10, and in a homozygous state in pt8 (Fig. 2). 

A 

B 

Fig. (1): Portions of the sequencing electropherograms of novel intronic C.3056+50A>C in intron 23, in which A show the heterozy-
gous C.3056+50A>C, and B show wild-type C.3056+50A>C. 

Fig. (2): Portions of the 
sequencing electropherograms 
of synonymous c.3084A>G 
in exon 24, in which A show 
the heterozygous c.3084A>G, 
and B show the homozygous 
c.3084A>G and C show wild-
type c.3084A>G. 
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Discussion 

A diverse collection of illnesses known as pro-
gressive familial intrahepatic cholestasis (PFIC) 
are typified by abnormalities in bile secretion and 
intrahepatic cholestasis that manifests in early 
childhood or infancy. PFIC 1 (deficiency of FIC1 
protein, ATP8B1 gene mutation), PFIC 2 (deficien-
cy of bile salt export pump, mutation of ABCB11 
gene), and PFIC 3 (deficiency of multidrug resist-
ance protein-3, mutation of ABCB4 gene) are the 
most prevalent forms. Through mutational study, 
novel variations of PFIC, referred to as PFIC 4, 5, 
and MYO5B related (also known as PFIC 6), have 
been identified in people with normal gamma-glu-
tamyl transferase cholestasis of unknown cause. 
Tight junction protein 2 (TJP2) deficit is the cause 
of PFIC 4, while Farnesoid X receptor deficiency is 
the cause of PFIC 5. Microvillous inclusion disease 
(MVID) and isolated cholestasis are both linked to 
mutations in the MYO5B gene. 

The spectrum of presentations in children with 
TJP2-related cholestasis (PFIC-4) is varied. While 
some people’s diseases are self-limiting, others 
have progressive liver disease that raises the risk of 
hepatocellular carcinoma. Therefore, it is advised to 
have regular screening for hepatocellular carcinoma 
starting in infancy. Patients with PFIC-5 typically 
have early-onset coagulopathy, elevated alpha-fe-
toprotein, and quickly progressing liver disease 
that eventually necessitates liver transplantation. In 
patients with MYO5 B-related disorders, solitary 
cholestasis or cholestasis with intractable diarrhea 
(MVID) are possible presentations. Since these kids 
could have worsening cholestasis after intestine 
transplantation (IT) for MVID, it is best to combine 
intestinal and liver transplantation, or to use IT in 
conjunction with biliary diversion. The majority of 
the PFIC variations may be distinguished by immu-
nohistochemistry, but genetic investigation is nec-
essary for confirmation [13]. 

Progressive familial intrahepatic cholestasis 2 
is caused by mutations in the ATP-binding cassette 
subfamily B member 11 gene ABCB11), which en-
codes the BSEP protein (1321 amino acids) and is 
the main transporter of bile acids from hepatocytes 
to the canalicular lumen against a concentration 
gradient. It is composed of 27 coding exons plus 
a leading untranslated exon, and it is located on 
chromosome 2q31.1. Its genomic region is 108 kb. 
This transporter protein is present at the canalicular 
membrane of hepatocytes [14]. 

Two benign polymorphisms were discovered in 
this investigation; a novel c.3056+50A>C in intron 
23 includes the conversion of adenine into cytosine 
after 50 bases from the end of exon 23. c.3084A>G 
in exon 24, includes conversion of adenine to gua-
nine, does not lead to changes in alanine amino acid, 
so they give the same protein sequence and do not 
cause disease. c.3084A>G was previously reported  

many times, it was thought to cause exon skipping. 
It was reported in 2 patients in [15], in 8 patients in 
heterozygous state in [16]. 

No deleterious variants were detected in exons 
(23, 24, 26, 27) in our investigation, based on In-
silco prediction algorithms. This could be because 
the patients were gathered with mutations in other 
genes related to different types, or because patho-
genic mutations were found in exons not explored 
in ABCB11. The patients may also have mutations 
in other PFIC types which shares symptoms with 
PFIC2, such as mutations causing PFIC type 4 in 
the TJP2 gene, PFIC type 5 in the NR1H4 gene, and 
PFIC type 6 in the MYO5B gene [17]. 

Previously, in earlier studies, pathogenic mu-
tations of ABCB11 in these exons, including non-
sense, frame shift, splice site, and missense mu-
tations, were reported. Splice site mutation was 
reported in intron 24: c.3213_1delG, while 2 non-
sense mutations in exons 27: (c.3643C>T, p.Gl-
n1215X), (c.3703C>T, p.Arg1235X) were found. 
Frame shift deletions were revealed in exon 23 as 
(c.2906_2917del, p.Lys969_Lys972del), in exon 
26 as (c.3438delA p.Val1147X), and (c.3491delT, 
p.Val1164GlyfsX7) [18]. 

Conclusion and limitations: 
One of the study’s limitations is the work on 

only 4 exons. A control group does not exist. no 
harmful mutations in the ABCB11 gene were dis-
covered. We report two polymorphisms: A novel 
c.3056+50A>C and c.477+16G>A. More research 
with a greater number of patients is necessary. 
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