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Fig. 1. Cholangiocarcinoma with (A) vascular invasion and (B) non-tumoral
peripheral tissues with cholangitis.
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To the Editor:
Multidrug resistance protein 3 (MDR3), also known as ATP-bind-
ing cassette subfamily B, member 4 (ABCB4), is predominantly
expressed in the liver and is the critical translocator for phospho-
lipids across canalicular membranes of hepatocytes [1,2]. MDR3
mutations are responsible for progressive familial intrahepatic
cholestasis type 3 (PFIC3), low phospholipid-associated choleli-
thiasis (LPAC syndrome) and intrahepatic cholestasis of preg-
nancy (ICP) [3]. Cholangiocarcinoma (CCa) is a rare malignant
tumour of the biliary tract, characterized by a dramatically poor
prognosis usually due to a delayed diagnosis and inefficient
non-surgical treatments [4]. To our knowledge, up to now no
association between CCa and MDR3 mutations has been reported.
In this letter to the editor, we report two cases of association
between MDR3 gene mutations and CCa in two non-related
families.

In the first family, patient 1, a 53-year-old man, was investi-
gated for a perihilar tumoral obstruction and treated by right
hepatic lobectomy. The pathological examination showed a CCa
with one lymph node metastasis. Non-tumoral peripheral tissues
showed signs of cholangitis and ductopenia (Fig. 1). After surgery,
itching persisted, alkaline phosphatase level was 894 UI/L and
MRI showed multiple partial stenosis of the remaining biliary
tract. The patient was given ursodeoxycholic acid (UDCA) with
a marked decrease in alkaline phosphatase to 258 UI/L. Twenty-
six months after surgery, the CCa recurred with peritoneal carci-
nosis and the patient died 13 months after the diagnosis of CCa
recurrence. Patient 2, patient 1’s daughter, had a cholecystectomy
at 14 years old for symptomatic gallstones. At 23 years old, she
presented with jaundice and itching, which resolved spontane-
ously. A MDR3 familial biliary disease was suspected. The mis-
sense variation NM_000443.3: c.1469T>C in exon 13 was found
with heterozygous status in the liver tissue of patient 1 and in
the blood leucocytes of patient 2. This heterozygous variation
leads to NP_000434: p.Ile490Thr at MDR3 protein level. It is a
new variant, but according to SIFT software specialized in muta-
tion interpretation, it predicts a non-functional protein.

In the second family, a 55-year-old woman (patient 3), was
treated by right hepatectomy for a large perihilar CCa. The path-
ological examination revealed major ductopenia and inflamma-
tory biliary ducts in the non-tumoral peripheral liver tissue.
Ten months after the surgery, a recurrence was detected by CT
scan and the patient died 31 months after the initial surgery.
Patient 4, patient 3’s sister, a 38-year-old woman, had a cholecys-
tectomy at 20 years old for gallstones and surgical ablation of
residual gallstones in the common bile duct at 24 years old. She
also had an ICP during her first pregnancy. A resection of the right
liver was decided due to post-operative common bile duct steno-
sis and intrahepatic gallstones in segments V and VIII. Histologi-
cal analysis showed biliary duct inflammation and liver fibrosis
probably subsequent to chronic cholestasis. After surgery, she
still presented with pruritus, elevated liver enzymes (alkaline
phosphatase at 300 IU/L) and developed signs of portal hyperten-
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sion due to liver fibrosis. Due to intrahepatic lithiasis suggesting
LPAC syndrome, we carried out research in order to find the
MDR3 mutation. A heterozygous missense sequence variation in
exon 24, NM_000443.3:c.2932T>C leading to NP_ 000434:
pSer978Pro at the MDR3 protein level was found. Using her par-
affin-embedded hepatic tissue, we found the same MDR3 variant
in her sister (patient 3), at heterozygous status. The mutation has
already been encountered in five other families in France.

Cholangiocarcinomas represent less than 5% of digestive
tumours and commonly identified risk factors are primary scle-
rosing cholangitis, congenital biliary abnormalities and hepatoli-
thiasis [5]. Nevertheless, they represent only a minority of CCa
cases. Neither genomic mutation nor hereditary predisposition
has been found to be associated with the development of CCa.

Cases of intrahepatic CCa from pediatric patients affected by
the homozygous mutations of BSEP (Bile Salt Export Pomp), the
main bile acid transporter in hepatocytes, have been reported
[6]. The CCa mechanisms associated during the process with BSEP
and MDR3 mutations are probably the same, but have yet to be
satisfactorily explained. It is well-known that inactive MDR3 is
responsible for the accumulation of altered bile in hepatocytes
and cholangiocytes, thereby causing microscopic forms of liver
damage such as inflammation and fibrosis [7]. Chronic biliary
inflammation can increase cholangiocyte turnover, thereby
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enhancing the growth of altered cholangiocytes and leading to
increased CCa susceptibility [8,9].

These case reports suggest a need for prospective follow-up of
patients with MDR3 mutations, in order to identify the CCa risk. It
would probably also be interesting to look for an MDR3 mutation
in young patients with CCa, especially if there exists a familial
history of CCa or biliary disease.
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The optimal dose of omega-3 supplementation for non-alcoholic
fatty liver disease
To the Editor:
Non-alcoholic fatty liver disease (NAFLD) is a burgeoning health
problem that affects one-third of adults and an increasing num-
ber of children in developed countries [1]. It was previously
reported that various therapeutic regimens can be adopted for
NAFLD [2], including weight loss agents, bariatric surgery, insu-
lin-sensitizing agents, lipid-lowering agents, antioxidants, and
other novel compounds. However, there is no consensus on its
treatment. Both lifestyle therapy and pharmacotherapy have lim-
itations due to poor compliance and side effects. Therefore, new
therapeutic approaches to managing NAFLD are urgently needed.

We read with interest the study by Parker et al. [3]. This is the
first meta-analysis to investigate the effect of omega-3 polyunsat-
urated fatty acid (PUFA) on liver fat in humans. The authors found
that omega-3 PUFA could decrease liver fat and that benefits were
seen with a consumption of >0.83 g/day. The results are instruc-
tive for the therapeutic regimen of NAFLD; however, we have
some concerns over the optimal dose mentioned in the article.
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Given the complications of NAFLD, especially cardiovascular
disease (CVD), the optimal dose of omega-3 PUFA should be
much higher than 0.83 g/day. Targher et al. revealed a strong
association between NAFLD and CVD risk by reviewing accumu-
lating clinical evidence [4]. Previous evidence suggests that CVD
dictates the outcome in patients with NAFLD more frequently
and to a greater extent than does the progression of liver disease,
and CVD is the most important cause of death in NAFLD patients
[5]. On the other hand, many investigators have demonstrated
that omega-3 PUFA could prevent CVD [6]. In a large-scale inter-
vention trial of secondary prevention after myocardial infarction,
GISSI-Prevenzione investigators identified a substantial reduction
in all-cause and cardiovascular mortality with 1 g per day of n-3
PUFA supplementation [7]. In addition, McKenney et al. recom-
mend n-3 PUFA supplementation at a dose of 2–4 g per day to
patients with high triglyceride concentrations [8]. At present,
Saravanan et al. found that omega-3 PUFA could act as beneficial
pleiotropic agents to prevent CVD, by conducting a review of
numerous clinical trials [9]. As fish is rich in omega-3 PUFA, the
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