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Iron overload and chronic liver disease

The liver is an iron-rich organ, which contains approxi-
mately 30% of the total iron storage for the body.!
Hereditary hemochromatosis, which is a common ge-
netic disorder of iron metabolism, leads to liver injury
and fibrosis, and eventually to hepatic failure and hepa-
tocellular carcinoma.? Acquired excessive iron storage
in the liver is known to be associated with several types
of chronic liver disease such as chronic viral hepatitis,
porphyria cutanea tarda, postportocaval shunting, alco-
holic liver disease, and nonalcoholic steatohepatitis.
These diseases are classified as iron overload disorders/
syndromes.>

Iron overload results in hepatocyte injury. For ex-
ample, in mice that are chronically fed an iron-rich diet,
an elevation in serum alanine aminotransferase (ALT)
levels was observed.* In patients receiving frequent
blood transfusions because of acquired anemia, el-
evated ALT levels were seen only at hepatic iron con-
centrations of more than 300uM/g.* These findings
demonstrate that iron itself possesses hepatotoxicity,
and iron overload may aggravate several chronic liver
diseases.

How does iron overload induce hepatotoxicity?

In hepatocytes, the most toxic type of reactive oxygen
species (ROS), the hydroxy radical (-OH), appears in
the presence of ferrous iron (Fenton reaction). Once
this ROS is generated in hepatocytes, the levels of a
number of antioxidants (catalase, glutathione peroxi-
dase, superoxide dismutase, etc.) increase, which leads
to a decrease in ROS.>* However, when the formation
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of ROS exceeds the capacity of the antioxidant system,
the lipid membranes of organelles are oxidized by
the ROS, cell function is impaired, and subsequent
apoptosis/necrosis takes place.>® Forced iron overload
results in increased hepatic hydroperoxides, malon-
dialdehyde and hydroxynonenal, which are markers
of lipid peroxidation.” The presence of ROS also modu-
lates inflammatory responses through the activation
of nuclear factor kappa B.> Moreover, increases in
lipid peroxidation due to chronic iron overload lead
to the formation of 8-hydroxy-2'-deoxyguanosine,®’
mitochondrial DNA aberration,'” and p53 or c-myc mu-
tation,"! which may eventually lead to hepatocarcino-
genesis. Thus, hepatocyte toxicity caused by iron
overload is primarily attributed to the enhancement of
ROS formation and resultant lipid peroxidation.

Iron also activates Kupffer cells, promotes the release
of proinflammatory cytokines and ROS generation,
and damages hepatocytes in a paracrine manner.*'? In
hepatic stellate cells, iron enhances collagen synthesis
and promotes the progression of hepatic fibrosis.>!?
It is thought that these iron-induced pathological
changes are deeply related to an increased formation of
ROS. In animal models employing the chronic adminis-
tration of an iron-containing diet, antioxidant sup-
plementation significantly prevents the progression of
hepatic fibrosis.'>!

The relationship between iron storage and HCV

It has already been demonstrated that hepatic iron ac-
cumulation is strongly associated with the pathogenesis
of chronic hepatitis C. Serum ferritin levels and hepatic
iron concentrations were significantly higher in hepatitis
C virus (HCV)-positive patients than in hepatitis B
virus (HBV)-positive patients.”” Successful interferon
therapy reversed enhanced hepatic iron accumulation
and lipid peroxidation.'® These findings support the
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hypothesis that HCV itself might contribute to hepatic
iron accumulation. Although the precise mechanism
remains unclear, HCV may directly or indirectly influ-
ence the expression of iron regulatory proteins, which in
turn play a central role in the maintenance of iron intra-
cellular homeostasis.”

Because the HCV core protein enhances the forma-
tion of ROS,!!8 hepatic iron overload may accelerate
ROS-induced hepatocyte injury caused by persistent
HCYV infection. In fact, in chronic hepatitis C patients
carrying the hereditary hemochromatosis gene (HFE)
mutation referred to as C282Y, serum ferritin levels
were found to be higher, hepatocyte iron staining was
more commonly observed, and hepatic fibrosis was
more advanced than in homozygous normal patients
with chronic hepatitis C."22 Therefore, it is quite rea-
sonable to hypothesize that iron reduction therapy, in-
cluding phlebotomy and dietary iron restriction, may
ameliorate the activity of chronic hepatitis C and pre-
vent its progression to cirrhosis.

Phlebotomy for chronic hepatitis C

The beneficial effects of phlebotomy for patients with
chronic hepatitis C have been previously reported.
Hayashi et al.”® reported that in 10 patients who under-
went phlebotomy, serum ALT levels decreased in all
patients (from 152 * 49 to 55 = 32 U/1). According to a
report by Kato et al.,** serum ALT levels significantly
improved in 34 patients after 6-year iron reduction
therapy (from 150 * 73 to 35 = 11 U/l). A randomized
controlled study reported by Yano et al.>® (in this issue
of the Journal of Gastroenterology) is noteworthy due
to its clarification of the efficacy of phlebotomy for the
improvement of serum ALT levels in Japanese patients
with chronic hepatitis C. Although long-term histologi-
cal changes were not investigated in the present study, it
is expected that sustained improvement in ALT levels
would reverse the progression of fibrosis.

This study® also demonstrated the high level of
safety of phlebotomy for chronic hepatitis C patients.
Clinicians occasionally hesitate to introduce interferon
therapy, especially in elderly chronic hepatitis C pa-
tients and patients with disease complicated by hemato-
logical abnormalities, diabetes mellitus, severe systemic
arteriosclerosis, and other disorders. The results of
6-month interferon/ribavirin combination therapy re-
main unsatisfactory for Japanese patients suffering
from chronic HCV infection. Therefore, we expect
that phlebotomy would be a useful and safe therapy
to employ as a substitute for long-term interferon
administration.

Further perspectives

It will be important to investigate whether long-term
phlebotomy might prevent the progression of hepatic
fibrosis and the emergence of hepatocellular carcinoma.
A related issue would be the potential of phlebotomy
therapy to induce the regression of hepatic fibrosis and
to prevent progression to hepatocellular carcinoma in
patients with HCV-related cirrhosis. To solve these
questions, further long-term randomized controlled
studies are needed. Moreover, in Japanese patients with
chronic hepatitis C, the association between HFE gene
mutation and the development of hepatic fibrosis and
hepatocellular carcinoma should be investigated.
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