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Abstract

Background: Progressive familial intrahepatic cholestasis
(PFIC) isacaollection of uncommon conditions that are brought
on by abnormalitiesin bile secretion and typically manifest as
intrahepatic cholestasis in infancy and youth. These genes are
recessive autosomal. It is estimated that the incidence is be-
tween one in 50,000 and one in 100,000 births; however, the
precise prevalence is unknown. These illnesses have been doc-
umented worldwide and impact both sexes equally. These can
be roughly classified into three types: PFIC type 1, PFIC type
2, and PFIC type 3. The basis for this classification is the clini-
cal presentation, laboratory results, liver histology, and genetic
defect. In PFIC 2, the deficiency isin the ABCB11 gene, which
codes for the BSEP protein.

Aim of Sudy: Identify the mutation in exons [10-14] of the
ABCB11 genein PFIC2 patients in Egypt.

Material and Method: Clinical Diagnosis of 10 Egyptian
Pfic2 patients, followed by molecular screening of exons [10-
14] of the ABCB11 gene using PCR amplification and sanger
sequencing of coding regions.

Results: No pathogenic mutations were found; 5 be-
nign polymorphisms were revealed, including: c.957A>G,
€.1083+18A>T, c.1281C>T, ¢.1331T>C, and ¢.1638+32T>C.

Conclusion: Screening of exons [10-14] of the ABCB11
genein PFIC2 revealed no pathogenic mutation, which rec-
ommends increasing the number of screening cases and using
whole exome sequencing to identify the pathogenic mutations
in the affected cases.
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Introduction

PROGRESSIVE familia intrahepatic cholestasis
isagroup of uncommon genetic illnesses caused
by malfunctioning bile secretion pathways. Theill-
ness, which istypically classified into three sub-
types (PFIC type 1, PFIC type 2, and PFIC type
3) isgenerally diagnosed in the early stages of life
and frequently manifests as intrahepatic cholestasis
signs and symptoms, including pruritis, dark urine,
pale stool, loss of appetite, and weariness [1]. In-
dividuals with cholestasis exhibit signs and symp-
toms due to poor bile production and impaired se-
cretion processes caused by mutations within the
hepatic system. The first two, PFIC1 and PFIC2,
frequently appear in the first few months follow-
ing birth, while PFIC3 frequently manifestsin the
early years of life. It has been determined that this
disorder is caused by mutationsin three genes. In
addition to having early life presentations of PFIC1
and PFIC2, they also have afaulty gene, ATP8B1,
and ABCB11. Conversaly, it is believed that the a
forementioned genes are intact in PFIC3, as this
variant has abnormalities in ABCB4, a gene that
produces the protein multi-drug resistant 3, which
isamember of the class of proteins called “flippas-
es’ that help translocate a variety of phospholipids
from cell membranesinto the bile [2]. The condi-
tion is becoming more common as aresult of medi-
cal advancements in genetic and molecular testing.
The current estimate of its prevalence ranges from
1in 50,000 to 1 in 100,000 births, while exact num-
bers are yet unclear. It is estimated that between 10
and 15 percent of all pediatric cholestasis cases are
caused by PFIC. Furthermore, this hereditary disor-
der accounts for about 10% of pediatric liver trans-
plants. It appears that there is no recorded distinc-
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tion between males and females. Despite being a
disorder that is frequently identified in youngsters,
it may not be identified until maturity [3].

PFIC2, which is found on chromosome 2 and
isthe result of mutationsin the ABCB11 gene, en-
codes a bile salt export pump (BSEP). This protein
isin charge of the bile salts export into the bilious
fluid, exactly asit sounds. This abnormality has two
effects: it keeps the bile from having an appropri-
ate concentration of bile salts, and it makes the bile
salts accumulate in the hepatocytes. This causes an
over load in the hepatocel lular system, which event
ually causes the liver’s architecture to bed amaged
and destroyed. Like we previously described, this
variantex hibitsacontinuum of genotypic and phe-
notypic presentations; never the less, no clear link
has been reported. However, research shows that
the down stream effects typically indicate the de-
gree of the mutation whether it bean insertion,
deletion, missense, or splicing and whether the
production of the see xport proteins is completely
disrupted or only partially expressed [4].

The mgjority of individuals who are diagnosed
will have cholestasis signs and symptoms. Infants
who are clearly jaundiced or have objective signs
of hyperbilirubinemia are frequently worked up
first. Other findings, meanwhile, might be the first
to present, including poor feeding, low weight
gain, vomiting, and hepatosplenomegaly. Although
less prevalent than other juvenile disorders, this
one occasionally manifests as signs or symptoms
of fat-soluble vitamin deficiencies, including dry
skin, fractures, easy bleeding or bruising, and even
nighttime blindness. Again, the presenting symp-
toms of this underlying ilinessin adults are typical-
ly similar to those previously stated and associated
with cholestasis. Other results, though, might also
exist. There may be symptoms such as telangiecta-
sias, palmar erythema, gynecomastia, testicular at-
rophy, variceal hemorrhage, hepatosplenomegaly,
and ascites associated with cirrhosis and portal hy-
pertension. Patients may rarely emerge with acute
liver failure if certain symptoms go unnoticed. Cer-
tain symptoms include an international normalized
ratio (INR) of greater than 1.5, elevated levels of
alanine aminotransferase (AST) and ALT, encepha-
lopathy, jaundice, and abdominal pain[1].

The majority of problems are associated with
portal hypertension’ s aftereffects. A number of
problems can develop, including ascites, hemor-
rhoids, hepatic encephal opathy, and esophageal
and gastric varices leading to large volume hemate-
mesis. Apart from the difficulties mentioned be-
fore, end-stage liver disease poses arisk factor for
hepatocellular carcinoma. Patients suffering from
this disease, especidly if it has advanced to cir-
rhosis, are more vulnerable to devel oping cancer.
It seems that people with PFIC2 are more likely to
get cancer than people without cirrhosis.By adult-

hood, the majority of PFIC patients will have end-
stage liver disease with substantial fibrosis. Due to
the progressive nature of this disorder, thereisa
considerable risk of morbidity and mortality for pa-
tients who choose not to receive aliver transplant

[5].
Material and M ethods

The study included 10 PFIC 2 patients collected
from the pediatric department of the National Liver
Institute at Menoufia University from December
2022 to April 2023. The National Liver Institute at
Menoufia University’ s Research Ethical Committee
gave the study their blessing. Every technique used
complied with the 2008 revision of the Helsinki
Declaration and the ethical guidelines set forth by
the competent committee for human research. For
every patient to be included in the study, the par-
ents or legal guardians gave their informed consent.

The PAXgene Blood DNA Kit (Qiagen, Germa-
ny) was used to extract DNA from the peripheral
blood lymphocytes of the patients and their parents.
Using particular primers created by ExonPrim-
er SOFTWARE, the exon numbers [10-14] of the
ABCB11 (BSEP) gene (5 exons) were amplified.
Steps of PCR include initial denaturation at 95°.
The 30 cycles start with denaturation at 95° for 30
seconds, then annealing at 60° for 30 seconds, and
extension at 72° for 30 seconds, followed by afi-
nal extension of 72° for 7 minutes. Purification and
sanger sequencing of the amplified fragment were
done[6]. The discovered variations were examined
in the 1000 Genomes, Exome Variant Server, and
dbSNP141 databases.

Results

The study included ten Egyptian PFIC2 pa-
tients (six males and four females) from nine unre-
lated families. Their average age was 42.3+35.824
months, within the range of 6-120 months. Ninety
percent of patients have a positive family history.
50% of cases have siblings affected. The residence
wasin Sohag, Alex, and Gizain 30, 20, and 20 cas-
es, respectively, while 10% of cases are either in
Damietta, Kalopia, or Shakira. All the patients have
jaundice; the onset of jaundice was acute in 40%
and insidious in 60% of cases. Jaundice is progres-
sivein 90% of cases and stationary in 10% of cases.
Pruritisis mild in 10%, moderate in 40%, and se-
vere in 50% of cases. Abdominal enlargement and
hematemesis were in 90% of cases. Recurrent chest
infections, recurrent GIT symptoms, and encepha-
lopathy were in 20% of cases. Sensorineural hear-
ing losswas in 10% of cases.

Genetic findings include the following benign
polymorphisms: Synonymous c.957A>G muta-
tion in exon 10, which does not cause conversion
of glycine amino acid number 319 in heterozygous
state in PT7 and in homozygous state in pt2, 3,
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and 6. ¢.1083+18A> T and synonymous c.1281C> state in ptl and in homozygous state in pt4—10. The
T in heterozygous state in pt2, 3. Synonymous mutation causes the conversion of the valine amino
€.1281C> T does not cause a change in phenyl ala- acid number 1444 to alanine. ¢.1638+32T>Cinin-
nine number 427 (Fig. 1). Benign missense muta- tron 14 isfound in a heterozygous state in pt 1 and
tion of ¢.1331T>C in exon 13 isin heterozygous in ahomozygous state in pt 610 (Fig. 2).
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Fig. (1): Portions of the sequencing electropherograms of ¢.957A> G in exon 10, ¢.1083+18A>T inintron10 and ¢.1281C>T in exon
12, in which A shows the heterozygous c.957A>G, B shows homozygous ¢.957A> G, C show wild type c.957A> G. D.
shows the heterozygous ¢.1083+18A> T, E show wild type ¢.1083+18A>T, F show the heterozygous ¢.1281C>T, and G
show wild type ¢.1281C>T.
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Fig. (2): Portions of the sequencing el ectropherograms of ¢.1331T>C in exon 13 and ¢.1638+32T>C in intron 14, in which A shows
the heterozygous ¢.1331T>C, B shows homozygous ¢.1331T>C, and C shows wild type ¢.1331T> C. D shows the heterozy-
gous ¢.1638+32T> C, E show homozygous ¢.1638+32T> C F: shows wild type ¢.1638+32T> C.
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Discussion

Intrahepatic cholestasis is the presenting symp-
tom of a heterogeneous collection of rare autosomal
recessive illnesses known as progressive familial
intrahepatic cholestasis (PFIC), which are linked to
bile acid secretion or transport abnormalities. They
typically start in childhood and grow throughout
maturity, leading to either liver transplantation in
infancy or adulthood or end-stage liver disease and
death. The disease spectrum has been expanded to
include PFIC4 (TJP2 deficiency), PFICS (related
to NR1H4), and MY O5B-associated cholestasis
beyond the previously recognized PFIC1 (Byler
disease), PFIC2 (bile salt export pump [BSEP] de-
ficiency), and PFIC3 (MDR3 deficiency) due to se-
guencing studies that have recently identified new
gene mutations associated with previously unex-
plained cases[5).

Mutations in the ATP-binding cassette subfam-
ily B member 11 gene (ABCB11), which encodes
the BSEP protein (1321 amino acids) and isthe
primary transporter of bile acids from hepatocytes
to the candlicular lumen against a concentration
gradient, result in progressive familial intrahepatic
cholestasis 2. It is found on chromosome 2g31.1,
spans a 108 kb genomic area, and is made up of
27 coding exons plus aleading untranslated exon.
Hepatocytes contain this transporter protein at their
canalicular membrane[7].

In this study, two synonymous SNPs—
c.957A>G in exon 10, and ¢.1281C>T in exon
12were found. They do not lead to changes in ami-
no acids, so they give the same protein sequence
and do not cause disease. Benign missense muta-
tion of ¢.1331T>C in exon 13 causes the conver-
sion of valine amino acid number 1444 to alanine.
€.1083+18A>T inintron 10 and ¢.1638+32T>C in
intron 14 are present after 18 bases and 23 bases
from the ends of exons 10 and 14, respectively.

According to Insilco prediction algorithms, no
harmful variants were found in exons (10-14) in
our analysis; this may be due to either the patho-
genic mutations in the exons that are not studied
in ABCB11 or the collected patients having muta-
tions in other genesthat relate to other types. PFIC,
which has the same symptoms as PFIC2, like muta-
tionsin the TJP2 gene, which causes PFIC type 4,
in the NR1H4 gene, which causes PFIC type 5, and
in the MY O5B gene, which causes PFIC type 6 [8].

Pathogenic ABCB11 mutations in these exons
have previously been described in other investiga-
tions, and they include nonsense, frame shift, splice
site, and missense mutations. There were reports
of frame shift mutations (c. 1583-1584 del TA).
(p.11€528SerfsX 21) in exon 14, non-sense mutations
asc.1416T>A (p.Tyrd72X) in exon 13, c.1558A>T

(p-Arg520X) in exon 14, and ¢.1723C>T p.Arg575X
in exon 15. Reported missense mutations involve
€.1168G>C (p.Ala390Pro) in exon 11, c.1229G>A
(p-Gly410Asp), and ¢.1238T>G (p.Leud413Trp)
in exon 12, ¢.1388C>T (p.Thr463lle), c.1396C>A
(p.GIn466Lys) and ¢.1409G>A (p.Arg470GIn) in
exon 13, ¢.1442T>A (p.Va481Glu), c.1445A>G
(p-Asp482Gly), €.1460G>C (p.Arg487Pro),
C.1468A>G (p.Asn490Asp), ¢.1535T>C (p.lle
512Thr) c.1544A>C (p.Asn515Thr), c.1550G>A
(p.Arg517His), c.1621A>C (p.lleb41Leu) and
€.1622T>C (p.11e541Thr) in exon 14, c.1643T>A
(p.Pheb48Tyr), ¢.1685G=>A (p.Gly562Asp),
Cc.1708G>A (p.Ala570Thr) and c.1763C>T
(p.Alab88Vval) in exon 15, while splice site muta-
tion asc.1435 13 1435-8dd inintron 13 was aso
reported [9].

Conclusion and Limitations:

The limitations of the current study include
the small sample size of PFIC-2 cases. Thereis
no control group. All the cases are from the same
outpatient clinic in Menoufia. No pathogenic mu-
tations were found in the ABCB11 genein the 10
PFIC2 patients studied. The following polymor-
phisms were reported: ¢.957A>G, ¢.1083+18A>T,
€.1281C>T, ¢.1331T>C, and ¢.1638+32T>C. Ad-
ditional studies should be done on alarger number
of patients.
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