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Abstract

Background: There have been very few studies evaluating the close association between excess iron and cirrhosis; however, cirrhosis
could be regarded as an iron-loading disorder.

Objectives: In this study, the goal was to show the levels of the iron content in the liver tissue in certain types of cirrhosis.

Patients and Methods: In this 7year study (2008 -2014),in 1000 explanted livers, the amount of iron was scored and compared according
to the cause of the cirrhosis. The amount of iron in the liver was determined via the histochemical staining of the liver tissue, using
Prussian-blue staining. Additionally, in each patient, the serum iron was determined and compared according to the cause of cirrhosis.
Results: The highest content of iron has been found in cirrhosis caused by chronic hepatitis (i.e. hepatitis B, C,and autoimmune hepatitis),
as well as in alcoholic cirrhosis. The least amount of stainable iron has been shown in biliary cirrhosis.

Conclusions: The presence of high stainable iron in patients with cirrhosis, secondary to chronic viral hepatitis, autoimmune hepatitis,
and alcoholic hepatitis, should not be considered indicative of the presence of hereditary hemochromatosis; however, in those patients
with biliary cirrhosis, a high iron content is rare, and can be a sign of the presence of the high iron Fe (HFE) gene mutation, or another type

of hereditary hemochromatosis.
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1. Background

Hepatic iron deposition unrelated to hereditary hemo-
chromatosis is common in cirrhosis (1); however, the patho-
genesis of iron overload in cirrhosis in the absence of hemo-
chromatosis gene (high iron Fe, HFE) mutations is poorly
understood (2). The increased deposition of iron within
the liver causes the production of reactive oxygen species,
which may lead to cell injury and cell death (1). Iron overload
has been shown to impair the immune response of the liver.
Moreover, there is significant controversy regarding the risk
of developing hepatocellular carcinoma (HCC) in siderotic
nodules in the livers of patients with cirrhosis, compared
to cirrhotic patients with no liver siderosis (3). It seems that
hepatic iron overload may have a detrimental effect on cir-
rhosis in certain cases (4). Overall, hepatic iron overload can
be seen in various types of cirrhosis, such as hepatitis C, or
alcoholic and non-alcoholic fatty liver disease (5).

2. Objectives

In this report, the goal was to describe the stainable iron
deposition in 1000 cirrhotic livers of different causes, to

show the severity of iron deposition in the absence of he-
mochromatosis in cirrhotic livers, and to determine the
differences in the hepatic tissue iron content in various
cases of cirrhosis.

3. Patients and Methods

Over a period of 7 years (2008 - 2014), Prussian blue
staining for iron in a representative section of 1000 ex-
planted livers was reviewed, and the severity of iron de-
position was graded according to the semi-quantitative
scoring method by Deugnier et al. (5) (Figures1-3). A total
score of 36 meant that all of the components of the liver
were loaded with iron, and a score of 0 meant that there
was no iron in the representative section of the liver.

It is worth mentioning that in our center, for all of the
explanted livers, a random section from the left lobe was
routinely stained by the Prussian-blue staining method.
Then, the Prussian-blue stain of each explanted liver
was blindly reviewed and graded by a liver pathologist
(BG). At the same time, haematoxylin and eosin (H and
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E) stained slides were also reviewed, and the pathological
diagnosis of the cause of the cirrhosis were matched with
the clinical, imaging, and laboratory diagnoses, accord-
ing to the patients’ charts. The severity of the iron deposi-
tion was compared with the cause of the cirrhosis.

The explanted livers with causes other than cirrhosis,
such as Budd-chiari syndrome, malignancies, and fulmi-
nant hepatitis, were excluded from this study. In addition,
since our goal was to study the iron content of liver cir-
rhosis in the absence of hemochromatosis, those patients
with cirrhosis caused by primary and secondary hemo-
chromatosis (including hemoglobinopathies such as thal-
assemia) were also omitted from the study. Finally, those
patients with cryptogenic cirrhosis were excluded as well.

All of the patients were analyzed for the HFE gene muta-
tion, and there were no homozygote cases in the cirrhotic
patients; however, about 28% of them were heterozygotes
for H63D. Moreover, no C282Y mutations were found.
Therefore, all the explanted livers in the study period,
with the exception of the above etiologies (which have
been omitted from the study), were included in the study.

Finally, the serum iron levels in these 1000 cases were
extracted from their clinical charts.

4. Results

Table 1 shows the causes of cirrhosis in the 1000 ex-
planted livers in this study, with the most common cause
of cirrhosis (448 cases) being chronic hepatitis (caused
by chronic hepatitis B and C, autoimmune hepatitis, and
alcoholic hepatitis).

The second most common cause (194 cases) of cirrhosis
was biliary, composed of primary sclerosing cholangitis
(PSC), biliary atresia (BA), progressive familial intrahepat-
ic cholestasis (PFIC), and primary biliary cirrhosis (PBC).
The third most common cause was metabolic disease (180
cases), such as Wilson’s disease, Crigler-Najjar syndrome,
hypercholesterolemia, hyperoxaluria, tyrosinemia, and
neonatal hepatitis. The least common cause of cirrhosis
was nonalcoholic steatohepatitis (NASH), in 178 cases.

Table 1shows the mean score of the iron content accord-
ing to the cause of cirrhosis and, as the table shows, the
highest liver content was in cirrhosis caused by chronic
hepatitis (viral, autoimmune, and alcoholic). The second
most common cause was NASH. However, the level of iron
in the cases with chronic hepatitis was significantly high-
er than all of the other causes of cirrhosis (P value < 0.05).
The iron content in the cirrhotic livers caused by chronic
hepatitis and NASH can be as high as 36; that is, all of the
components of the liver (hepatocytes, sinusoids, biliary
duct epithelial cells, etc.) are loaded with iron.

The last column of Table 1 shows the range of the iron score
in each of the causes of cirrhosis. Overall, the serum iron lev-
elin these 1000 cases was between 45 and 220 pg/dL (normal
range: 60 - 170 pg/dL). Moreover, there were no statistically
significant differences between the serum iron concentra-
tions in the different causes of cirrhosis in these 1000 cases.

Figure 1. Low Power View of Iron Stain in a Case of Cirrhosis Caused by
Chronic Hepatitis B, Showing Heavy Iron Deposition in the Cirrhotic Nod-
ules (x100)

Figure 2. High Power View of Iron Staining in a Case of Cirrhosis Caused
by Chronic Hepatitis C, Showing Heavy Iron Deposition in the Hepato-
cytes, Mostly in the Pericanalicular Area (x 400)

Figure 3. A Case of Biliary Type Cirrhosis, With no Stainable Iron (x 250)
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Table 1. The Causes of Cirrhosis in 1000 Explanted Livers, With
Iron Scores and Serum Iron Levels

Causes of No. (%) Iron Scores Serum
Cirrhosis Score Iron, pg/dL
Chronic hepatitis 448 (44.8) 8.48+4.23 0-36 150 £56
Nonalcoholic 178 (17.8) 7.03£2.72 0-36 146 £ 45
steatohepatitis

Metabolic 180(18)  4.47+132  0-27 10435
Biliary 194 (19.4) 1.83+£0.2 0-27 100 £55

5. Discussion

There have been few studies about the increased iron
content in cirrhotic livers, and the definite mechanism
by which iron accumulates in cirrhotic liver tissue re-
mains unclear. Most likely, the cause is multifactorial (6).
There are some proposed theories, such as increased iron
absorption, nutritional deficiencies (especially folate),
hypersplenism, hemolysis, and the presence of intra and
extrahepatic venous shunts. However, most of these vari-
ables resolve after liver transplantation (7).

It is important to know that iron staining can be very
high in patients with cirrhosis, and not to interpret every
high iron index in cirrhosis as a sign of hemochromato-
sis (8). The mere presence of granular iron in the liver
is referred to as “hemosiderosis”, which is most often a
morphological observation, rather than a specific disease
entity; however, hemochromatosis is a genetic or second-
ary disease state characterized by the deposition of he-
mosiderin (8). Liver hemosiderosis in cirrhosis differs,
based on the cause of the cirrhosis and, according to the
current study, is highest in posthepatitic cirrhosis.

Hepatitis B related cirrhosis and iron overload have
rarely been investigated, but it seems that a hepatitis D
co-infection is a risk factor for iron overload (9). There are
also reports of brain iron deposition and hepatitis B relat-
ed iron overload, which can cause neurological problems
(10). In contrast to the scarcity of data regarding hepati-
tis B related cirrhosis and iron overload, there are many
reports about the adverse effects of iron overload in pa-
tients with chronic hepatitis C related cirrhosis, with re-
gard to treatments and outcomes (11, 12).

In our report, there was no significant difference in the
iron overload between hepatitis B and C, although the
number of hepatitis B cases was far greater than hepa-
titis C cases (241 vs. 35). There were also 157 cases of cir-
rhosis with autoimmune (AIH) causes in our study, which
showed significant iron overload. However, this associa-
tion has rarely been reported, and some of the previous
reports suggested that the association of an iron overload
and AIH is an indication of hereditary hemochromatosis
(13). Our findings showed the presence of this association
without any HFE gene mutations.

In 15 cases in the current study, alcoholic cirrhosis was
present, and iron overload has been significantly inves-
tigated in the alcoholic cause of cirrhosis (14). Previous
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reports about the whole-body retention of iron have
shown a two-fold increase in intestinal iron absorption in
chronic alcoholism; however, the underlying mechanism
has not yet been identified (15).

In these 1000 cases of cirrhosis, we had 178 patients
with pure NASH, but no cirrhosis with the combined eti-
ology of NASH and other causes. After cirrhosis caused
by chronic hepatitis, patients with NASH had the highest
levels of iron in their liver tissues. Because the iron score
contents of the liver was as high as 36 in the patients with
NASH, the iron in the liver can be seen everywhere in the
Prussian blue stained slides. The mechanisms underly-
ing the iron accumulation in NASH have been shown to
be linked with impaired iron export from liver cells, as
a consequence of the low expression of the iron export
molecules, and the elevated hepcidin concentrations (16).

In our study, the leastiron content in the liver was found
in the patients with biliary cirrhosis, which has also been
reported by Batts (8). It seems that stainable iron in bili-
ary cirrhosis is rare and, if present, the amount of stain-
able iron is low (17,18). In none of our Prussian-blue slides
of biliary cirrhosis was the whole tissue loaded with iron.
The highest score was 27, and this score was significantly
lower than the other types of cirrhosis (i.e. posthepatitic
and NASH). Therefore, according to our results, the pres-
ence of significant iron deposition in the liver biopsies of
the patients with biliary cirrhosis should be considered a
clue to the presence of hereditary hemochromatosis.

In this study, the metabolic causes of cirrhosis consisted
of a heterogeneous group of unrelated diseases, which
cannot be interpreted, because the number of patients
suffering from each cause was too low to be interpreted
and compared.
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