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Abstract

Chronic hepatitis B virus (HBV) infection is the most
common cause of hepatic fibrosis and hepatocellular
carcinoma (HCC), mainly as a result of chronic
necroinflammatory liver disease. A characteristic feature
of chronic hepatitis B infection, alcoholic liver disease
and nonalcoholic fatty liver disease (NAFLD) is hepatic
steatosis. Hepatic steatosis leads to an increase in lipid
peroxidation in hepatocytes, which, in turn, activates
hepatic stellate cells (HSCs). HSCs are the primary
target cells for inflammatory and oxidative stimuli, and
these cells produce extracellular matrix components.
Chronic hepatitis B appears to progress more rapidly
in males than in females, and NAFLD, cirrhosis and
HCC are predominately diseases that tend to occur
in men and postmenopausal women. Premenopausal
women have lower hepatic iron stores and a decreased
production of proinflammatory cytokines. Hepatic
steatosis has been observed in aromatase-deficient
mice, and has been shown to decrease in animals after
estradiol treatment. Estradiol is a potent endogenous
antioxidant which suppresses hepatic fibrosis in animal
models, and attenuates induction of redox sensitive
transcription factors, hepatocyte apoptosis and HSC
activation by inhibiting a generation of reactive oxygen
species in primary cultures. Variant estrogen receptors
are expressed to a greater extent in male patients

with chronic liver disease than in females. These lines
of evidence suggest that the greater progression of
hepatic fibrosis and HCC in men and postmenopausal
women may be due, at least in part, to lower production
of estradiol and a reduced response to the action
of estradiol. A better understanding of the basic
mechanisms underlying the sex-associated differences in
hepatic fibrogenesis and carciogenesis may open up new
avenues for the prevention and treatment of chronic liver
disease.
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INTRODUCTION

Worldwide chronic infection with hepatitis B virus (HBV)"!
and hepatitis C virus (HCV)? is seen in 350 million and
170 million people respectively. Chronic HBV infection
is currently the most common cause of cirrhosis and
hepatocellular carcinoma (HCC) in the world. HBV is
transmitted by the prenatal, parenteral, and sexual routes.
If an HBV infection is acquired at birth, there is a strong
chance that the child will become chronically infected.
However, if the infection is acquired during adulthood,
the risk of chronic infection is relatively low (about
10%-20%)"™". Fifteen to 40% of chronically infected
people may develop cirrhosis and HCC®. The remaining
individuals become inactive cartiers, otherwise defined
as asymptomatic or healthy carriers. Among individuals
infected with HBV, those who express the HBV surface
antigen (i.e., HBsAg carriers) are approximately 20 times
more likely to develop HCC than those who do not'”,
Clinical observations and death statistics support the view
that chronic hepatitis B and C appear to progress more
rapidly in males than in females™”, and that cirrhosis is
largely a disease of men and postmenopausal women,
with the exception of autoimmune liver diseases, such
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Figure 1 Gender-specific incidence of liver cancer in the world. Data on age
standardized incidence of liver cancer was obtained from Cancer Incidence in Five
Continents Vol. vii",

as primary biliary cirrhosis and chronic autoimmune
hepatitis[g’loj. The most clearly established risk factors for
HCC are chronic infection with HBV and HCV, cirrhosis,
male sex, older age, alcohol abuse, and exposure to
dietary aflatoxin"""!. Liver injury in chronic hepatitis B is
predominantly caused by the cellular immune response to
the virus, and over time the balance between HBV and the
alterations in the host immune response[m. By contrast,
the high frequency of chronicity (54%-86%)"" in HCV
infection and evidence of high rates of HCV mutations
are perhaps the result of an ineffective immune response
or immunological escape by HCV. According to the
International Agency for Research on Cancet'" the male:
female ratio of the age-standardized incidence per 100000
of liver cancer worldwide is 2.9:1. In Asia (particulatly in
China, Japan, and Taiwan), the incidence of liver cancer
is high and accounts for one-half of all liver cancer
cases in the world (Figure 1). In the Asian-Pacific region
including China and Taiwan, and sub-Saharan Africa, HBV
is hyperendemic, whereas in Japan, Western Europe and
the USA, HBV infection is much less common, whereas
HCV infection is more prevalent and is recognized as a
major causative factor for HCC. The inshore region of the
Yangtze River, including Qidong, in eastern China has the
highest incidence of HCC, due to high levels of aflatoxin,
which is associated with HCC because of its carcinogenic
potential in HBsAg carriers'”

Moreover, there is growing concern in clinical practice
with regard to the development of nonalcoholic fatty liver
disease (NAFLD). Although in most cases, fatty liver does
not progress to more severe liver disease, approximately
15%-20% of patients have histological signs of fibrosis
and necroinflammation, indicating the presence of
nonalcoholic steatohepatitis (NASH). These patients are at
a higher risk of developing cirrhosis, terminal liver failure,
and HCC". Most studies show a female predilection
for NASH"": however, two recent reports indicate that
NAFLD is more prevalent in men in each age group, and
that there is a male predominance for NASH as well' """,

Differences in the social environment and the
lifestyles of men and women may be involved in the basic
mechanisms underlying the sex-associated differences
in chronic liver diseases. In general, men have a greater
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risk of exposure to hepatitis viruses as well as greater
opportunities for drinking and smoking. Environmental
factors may result in a higher preponderance of nutritional
and exercise-associated problems in men. However, it
should be noted that some mechanisms trelated to sex-
linked differences may be based on biological factors,
including estrogen-related female sex hormones, such as
estradiol, rather than simply gender differences in social
environment and lifestyle. Hepatic estrogen receptors (ERs)
mediate estrogen action in the liver. The present review
summarizes the current knowledge of the biological
functions of estrogens and the ER status as it relates to
hepatic fibrogenesis and carcinogenesis.

HBV SEROCONVERSION IN FEMALES

During the early phase of chronic HBV infection, patients
are positive for HBV e antigen (HBeAg), a surrogate
marker of active HBV replication, and have frequent
acute flares characterized by substantial increases in the
serum aminotransferase levels as the result of specific,
T-lymphocyte-mediated cellular responses to viral antigens
and apoptosis of the hepatocytes. Some of the acute
flares may be followed by seroconversion from HBeA
to its antibody (anti-HBe) and clinical remission'”*",
while other patients progress to cirrhosis and HCC,
particularly elderly men™*. A positive test for HBeAg
is associated with higher inflammatory activity in the
liver and an increased risk of HCC®. Long term cohort
studies show that a higher percentage of females clear
their HBeAg and become HBsAg negative compared to
males. Seroconversion from HBeAg to anti-HBe and
from HBsAg to anti-HBs occurs more frequently in female
subjects than in males'™. Generally, females produce
more vigorous cellular and humoral immune reactions,
and have a higher incidence of autoimmune diseases
than males”™”. The underlying mechanism by which
females seem more likely to achieve seroconversion of
HBeAg and HBsAg remains unclear. However, estradiol
has been reported to induce the production of interferon
(INF)-y in lymphocyteslzg], and augments an antigen-
specific primary antibody response in human peripheral
blood mononuclear cells”™. TFN-y is a potent cytokine
with immunomodulatory and antiproliferative properties.
Therefore, female subjects, particulatly before menopause,
may produce antibodies against HBeAg and HBsAg at a
higher frequency than males with chronic HBV infection.
Immunization is the most effective method of
preventing transmission of HBV. After immunization
with HBV vaccine, approximately 90% of healthy adults
and 95% of infants, children, and adolescents develop a
protective serum level of anti-HBs. Predictors associated
with a nonresponse to HBV vaccination, include male

sex, older age, obesity and immunocompromising chronic
diseases™. After an initial vaccination in newborns of
Alaska Natives who were seronegative for HBsAg and
anti-HBs at birth, the mean concentrations of anti-HBs
were higher in females (975 mIU/mL) than males (722
mlIU/mL), but after 15 years these values decreased to 23
mlIU/mL in females compared to 32 mIU/mL in males”",
In Taiwan, the chronic HBsAg carrier rate was lower in
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Figure 2 Schematic representation of the hepatic sinusoidal wall, based on
the studies by Wake™. HSCs cause contraction of both endothelial cells and
hepatocytes. Collagen fibrils extend through the space of Disse.

females than males (4.4% »s 10.7%) who were born to

HBsAg carrier mothers, vaccinated against HBV at birth,
and followed for over 18 years™.

OXIDATIVE STRESS IN LIVER INJURY AND
HEPATIC STELLATE CELL ACTIVATION

Damage to the parenchymal cell membranes produces
reactive oxygen species (ROS) derived from the lipid
peroxidative processes, which are a feature of sustained
inflammatory response and liver injury, once the
antioxidant mechanisms have been depleted. Cells are
well equipped to neutralize the effects of ROS, by virtue
of a series of antioxidant protective systems, including
superoxide dismutase (SOD), glutathione peroxidase
and glutathione. Although mild liver injury usually
results in an almost complete resolution, persistence of
the original insult causes prolonged activation of tissue
repair mechanisms, leading to hepatic fibrosis rather than
to effective tissue repair. Hepatic fibrosis, or collagen
deposition, is associated with inflammation and cell
death, which are a consequence of severe liver damage
that occurs in many patients with chronic liver disease,
regardless of the etiology such as HBV/HCV infection,
alcohol abuse, and iron ovetload state””. In other words,
collagen production predominates over hepatocellular
regeneration. Collagens are mainly produced by cells
known as hepatic stellate cells (HSCs). HSCs are located
in the space of Disse in close contact with hepatocytes
and sinusoidal endothelial cells™ (Figure 2). In the injured
liver, HSCs are regarded as the primary target cells for
inflammatory and peroxidative stimuli and are transformed
into myofibroblast-like cells. These HSCs are referred to
as activated cells and their activation is accompanied with
a loss of cellular retinoid, and the synthesis of a-smooth
muscle actin (SMA), and large quantities of the major
components of the extracellular matrix, including collagen
types [ and III.

Transgenic mice expressing HBsAg exhibit oxidative

Hepatocyte injury Kupffer cell activation

ROS generation *
TGF-a

v .

Collagen deposition

"

‘ Hypercarcinogenic state H Hepatic fibrosis ‘

Figure 3 Hepatic fibrosis and hypercarcinogenic state associated with oxidative
stress in hepatocytes and HSCs. HSCs are activated by MDA and HNE as well
as by ROS. HSCs produce ROS and TGF-B in response to ROS and TGF-B
(autocrine) with increased collagen expression in the injured liver.

stress and DNA damage, leading to the development of
HCCP, In addition, HBV X (HBx) protein alters the
mitochondrial transmembrane potential and enhances
ROS production in the liver™. A primary source of ROS
production in hepatocytes and HSCs is mitochondrial
NADH/NADPH oxidase. Hydrogen peroxide is more
stable and membrane permeable compared to other ROS,
which has lead to the hypothesis that it acts as a second
messenger causing the following reactions: (1) induction
of gene expression of redox sensitive transcription factors,
such as activator protein (AP)-1 and nuclear factor (NF)-
kB, (2) stimulation of apoptosism], and (3) modulation
of cell proliferationHOJ. AP-1 and NF-xB induce the
expression of multiple genes involved in inflammation,
cell death and fibrogenesis, including cytokines and
growth factors such as platelet-derived growth factor and
transforming growth factor (TGF)-B. TGF- is a major
fibrogenic cytokine, acting as a paracrine and autocrine
(from HSCs) mediator, which triggers and induces the
activation of HSCs 7z vivo. Hydrogen peroxide is converted
into the hydroxyl radical, a harmful and highly reactive
ROS, in the presence of transition metals such as iron.
The hydroxyl radical is able to induce DNA cleavage
and lipid peroxidation in the structure of membrane
phospholipids, leading to cell death. Malondialdehyde
(MDA) and hydroxynonenal (HNE), end products of lipid
peroxidation, are discharged from injured hepatocytes
into the space of Disse. Paracrine stimuli derived from
hepatocytes undergoing oxidative stress induce HSC
proliferation and collagen synthesis, and these HSCs are
activated by ROS as well as by MDA and HNEM*,

HSCs are also able to produce ROS through the
activation of NADH/NADPH oxidase by stimuli from
outside the cell, Exogenous TGF-f increases ROS
production by HSCs, whereas the addition of ROS induces
TGF-f production and secretion by these cells™. This
so-called autocrine loop of ROS by HSCs is regarded as
the mechanism that corresponds to the autocrine loop of
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Figure 4 Distribution of serum ferritin levels by decade of age for females and
males. The serum ferritin levels (ng/mL) were examined by gender and age in 305
healthy Japanese individuals (mean age 50.6 years, 47.2% males).

TGF-B which HSCs produce in response to this cytokine
with an increased collagen expression in the injured liver™

(Figure 3).

ESTROGENS AND OXIDATIVE STRESS IN
HEPATOCYTES

It should be noted that estradiol and its derivatives are
strong endogenous antioxidants that reduce lipid peroxide
levels in the liver and serum™*". Recent studies show that
estradiol suppresses iron (ferric nitrilotriacetate)-induced
ROS generation, lipid peroxidation, activation of AP-1 and
NF-kB, and the loss of SOD and glutathione peroxidase
activities in cultured rat hepatocyteswg’m. Estradiol also
inhibits iron (FeSO4)-induced lipid peroxidation in isolated
rat liver mitochondria™. These findings suggest that
the inhibitory effect of estradiol on AP-1 and NF-xB
activation may be produced by scavenging ROS and/or
by reducing the intracellular production of ROS via
antioxidant enzyme induction.

Many of the actions of estradiol are mediated through
the ER subtypes, ERo and ER. In addition to the action of
ER as a classical estrogen response element, ERo and ER3
also mediate gene transcription from an AP-1 enhancer
element. Paech ¢ a/™” reported that ER and ERB from
an AP-1 site signaled in opposite ways when combined
with estradiol: estradiol activated transcription with ERa,
whereas estradiol inhibited transcription with ERf. A
high level of ERB expression and a low level of ERa
expression is seen in human and rat hepatocytes'*"",
In addition, estradiol up-regulates the Bcl-2 expression
in cultured rat hepatocytes undergoing oxidative stress'™.
The overexpression of Bcl-2 is known to suppress lipid
peroxidation and to prevent apoptosis, leading to an
increase in cellular longevity. These findings suggest that
estradiol may protect hepatocytes from oxidative damage,
inflammatory cell injury and cell death by the suppression
of AP-1 and NF-xB activation and induction of Bcl-2
expression.

FEMALES AND HEPATIC IRON STORES

Iron is known to be a potent 7n# vivo factor in the
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production of hydroxy radicals, leading to DNA
™l In humans with iron overload due to
genetic or acquired causes, fibrosis and cirrhosis are

mutagenesis

the predominant features of liver disease. The clinical
expression of genetic hemochromatosis is 5 to 10 times
more frequent in men than in women, possibly because of
iron loss during menstruation and increased requirements
during pregnancy. In the absence of hepatic inflammation,
serum ferritin is a reliable marker of hepatic iron stores.
In a study from Japan, serum ferritin levels were examined
by gender and age in 305 healthy individuals. In men, the
serum ferritin values reached the maximum level in the
age group of 40 to 49 years and declined thereafter. By
contrast, in women the serum ferritin remained relatively
low until menopause, at a level which was one-fifth of that
for men of comparable age, and reached the maximum
level after menopause to approximately one-half of that
for men of comparable age. These findings correlate with
the data obtained from the third National Health and
Nutrition Examination Survey in the USA®Y and indicate
that women, especially before menopause, have lower iron
stores in the liver (Figure 4).

Alizadeh ef al” analyzed the liver histology of age-
and sex-matched untreated patients with chronic hepatitis
B (#» = 20) and chronic hepatitis C (» = 43) and showed
that the hepatocyte iron-staining score was similar in
chronic hepatitis B and C. The frequency of iron-staining
in chronic hepatitis B and C was significantly greater than
that seen in alcoholic liver disease™. It should be noted
that hepatic iron overload is an independent risk factor
associated with hepatic fibrosis and cell death!™”, In
Chinese patients with HBV-associated HCC, stainable
iron in non-cancerous and cancerous liver specimens was
preferentially enriched in HBV replicating hepatocytes,
and was lower in 25% (1/4) of female patients compared
to 71% (25/35) of males”™ . Deugnier ¢z a/* reported
that HBsAg seropositivity in male patients with genetic
hemochromatosis complicated with HCC was significantly
higher (6.2%) than in sex- and age-matched male blood
donors (0.075%) and female controls (0.04%), whereas
female patients with and without HCC showed no serum
HBV marker. These findings suggest that hepatic iron
overload may facilitate viral replication in hepatocytes,
or that the virus infected hepatocytes tend to accumulate
iron. In addition, the lower hepatic iron stores in females
may, in part, explain their greater cytoprotection against
liver injury.

Chronic alcohol consumption in moderate to heavy
quantities results in increased serum ferritin, which may
result in increased hepatic iron stores'™. Hepcidin is a
circulatory peptide synthesized in the liver that appears
to regulate iron absorption in the duodenum. Harrison-
Findik e/ a/*" treated mice with ethanol added to drinking
water for 7 d. Ethanol-treated mice showed significantly
lower hepatic hepcidin mRNA expression compared to
controls, and also demonstrated greater suppression of
hepcidin gene expression in males than females. This
effect was abrogated by an antioxidant, vitamin E, while
ROS production by ethanol vz the alcohol dehydrogenase-
and CYP2E1-metabolizing system appeared to result in
decreased expression of hepcidin. These findings indicate



Shimizu I et a/. Female hepatology

4299

that alcohol-induced oxidative stress downregulates
hepcidin transcription, leading to increased duodenal
iron transport, and chronic alcohol consumption leads
to increased hepatic iron stores, which is more likely to
occur in males than in females. However, females are more
vulnerable to alcohol-related damage because they have
smaller volume of distribution and lower gastric alcohol
dehydrogenase activity[ézl. In addition, it has been reported
that after alcohol consumption, estrogen stimulation of
Kupffer cells increases their sensitivity to endotoxins and
leads to higher levels of chemical mediators'®. These
findings suggest that chronic alcohol use may induce
more rapid and more severe liver injury in females than in

males®.

ESTROGENS AND HEPATIC FIBROSIS

During ongoing HBV replication irrespective of the
HBeAg seroconversion status, hepatic fibrosis eventually
progresses to the stage of cirrhosis. The incidence
of cirrhosis in chronic HBV infection, based on data
mostly from tertiary care centers, ranges from 2% to 7%
annuallylzo’(ﬁ’ﬁs], although, in a study on 1506 asymptomatic
HBYV carriers, the cirrhosis incidence rate was 0.7%
annually'”. Activated HSCs are responsible for much of
the collagen synthesis observed during hepatofibrogenesis.
Male gender and older age are associated with a more rapid
progression of hepatic fibrosis o4

Using multivariate analysis, Tloeje ez a/™” in Taiwan,
China and Zarski ez /""" in France observed that the
independent predictors for cirrhosis in patients with
chronic HBV infection were male sex and age > 50 years.
McMahon also demonstrated that male sex and old age
were the most important factors associated with disease
progression in chronic hepatitis B, Patients infected with
HBYV genotype C have delayed HBeAg seroconversion,
a longer duration of viremia, higher risk of progressive
disease, and a correspondingly higher rate of cirrhosis and
HCC"™. Genotypes C and B are prevalent in Asia, whereas
genotypes A and D are common in Western countries.
In addition, the significance of older age as a risk factor
may reflect a more prolonged duration of the liver disease
and accumulated exposure to environmental risk factors
such as aflatoxin, in highly endemic areas’”. An increased
prevalence of HBeAg negative chronic hepatitis B has
recently been observed in several countries' ™. Patients
with HBeAg negative chronic hepatitis B are usually males
who are older than those with HBeAg positive chronic
hepatitis B Moreover, the age at the time of acute
infection plays an important role in the development
of chronicity. Neonatal infection, common in areas of
high or intermittent HBV prevalence, is associated with
high rates of chronicity, while exposutre at an adult age,
only occasionally results in chronic infection. An ideal
method of assessment of disease progression would be to
prospectively follow a large cohort of untreated patients
with all the major HBV genotypes (A to D) from infection
until death, with repeated liver biopsy and measurement
of HBV serological markers. However, such a study would
be ethically and pragmatically impossible to perform in an
unselected population.

Fibrotic liver
CRHEE

Figure 5 Estrogens and hepatic fibrosis. A: Immunohistochemical findings of
collagen type I in fibrotic liver sections of male rats treated with a neutralizing

antibody against rat estradiol (+ Antibody) or estradiol (+ Estradiol). The animals
were given a single injection of dimethylnitrosamine and were killed on d 14;
B: Immunocytochemical findings for o.-SMA of a male rat HSCs cultured with
estradiol (+ Estradiol).

In the hepatic fibrosis model in male rats, estradiol
results in suppression of early apoptosis and hepatic
fibrosis. These changes are accompanied with reduced
collagen content and lower levels of procollagen type
land I mRNA and a-SMA expression as well as
induced Bcl-2 expression[mm. In addition, the use of
neutralizing antibody against estradiol in male rats (Figure
5A) and ovarectomy in female rats leads to enhanced
fibrogenesism. Rat HSCs possess functional ERf, but
not ERa, which respond directly to estradiol exposure;
estradiol attenuates the production of collagen type
[, a-SMA expression and cell proliferation in cultured
rat HSCs”"""™ (Figure 5B). A recent report indicates
that estradiol inhibits ROS generation and antioxidant
enzyme loss via the suppression of NADH/NADPH
oxidase activity, and blocks hydrogen peroxide-induced
TGF-B expression, activation of AP-1 and NF-xB, and
proliferation and transformation of cultured rat HSCs™,
These findings suggest that, by supptressing NADH/
NADPH oxidase activity, estradiol prevents the autocrine
loop of ROS and TGF-f by HSCs (Figure 3) as well as
HSC activation, and has a cytoprotective effect against
hepatocyte injury.

FEMALES AND HEPATIC STEATOSIS

Hepatic steatosis is a characteristic feature of chronic HBV
and HCV infections. The frequency of hepatic steatosis in
chronic hepatitis B vaties from 27% to 51%, and in chronic
hepatitis C from 31% and 72%** Tt has been suggested
that hepatic steatosis may reflect a direct cytopathic
effect of HCV and plays a role in disease progression. In
support of this hypothesis is a transgenic mouse model

that expresses HCV core gene and develops progressive
hepatic steatosis and HCC™ ™ 1t is conceivable that
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Figure 6 Prevalence of NAFLD by age and gender. NAFLD prevalence was
determined ultrasonographically in 3229 Japanese adults (mean age 52.4 years,
45.9% males) in the Tokushima health screening center. The subjects had no
history of alcohol abuse, defined as an alcohol intake of > 20 g per day, and were
seronegative for HBsAg and HCV antibody. The overall prevalence of NAFLD was
25.6%.

following hepatocyte injury, hepatic steatosis leads to
increased lipid peroxidation, which contributes to HSC
activation by releasing soluble mediators”®, and thereby
induces hepatic fibrosis. In contrast to HCV, there is little
information on the correlation between HBV-associated
hepatic steatosis and hepatic fibrosis. Furthermore, the
molecular mechanism by which HBV mediates hepatic
steatosis has not been clearly characterized. Although a
cross-sectional study from Australia failed to confirm the
impact of steatosis on hepatic fibrosis in chronic hepatitis
B (but not in hepatitis O™ another cross-sectional
analysis in Taiwanese adults revealed that liver damage,
evaluated by serum alanine aminotransferase (ALT) levels,
was independently associated with HBV carrier status,
ultrasonographic fatty liver and male sex™. Fatty liver, also
termed hepatic steatosis, is the result of the deposition
of triglycerides via the accumulation of free fatty acids
in hepatocytes. Fatty liver is detected by ultrasonography
based on the comparative assessment of image brightness
relative to the kidneys™. Recently Kim ez /™ reported
that HBx protein induces hepatic lipid accumulation
mediated by sterol regulatory element binding protein 1
and peroxisome proliferator-activated receptor vy, leading
to hepatic steatosis. There is mounting evidence that
hepatic lipid accumulation is related to hepatic fibrosis,
inflammation, apoptosis, and cancer”’ ",

Increased lipid peroxidation and accumulation are also
commonly observed in alcoholic liver disease and NAFLD
based on studies in human alcohol-related liver injury and
animal models of diet-induced hepatic steatosis and drug-
induced steatohepatitism%]. In the progression of fatty
liver disease, lipid peroxidation products are generated
because of impaired oxidation of the accumulated fatty
acids. The key mediators of impaired B-oxidation include
increased activity of cytochrome P450 and reduced
electron transport in hepatocyte mitochondria. The
secretion of inflammatory mediators including TNF-q
and ROS by Kupffer cells resulting in HSC activation with
disordered collagen production, are believed to play an
important role in NASH-associated cryptogenic cirrhosis.

www.wjgnet.com

In Japan, Australia, Western Europe and the USA,
ultrasonographic surveys of the general population
indicate that nearly one-quarter of the adult population
has hepatic steatosis”™”". NAFLD is more common in
males than females, particularly in Asians”. In a study
on the gender differences in NAFLD among Asians, the
prevalence of ultrasonographic NAFLD was examined
in 3229 Japanese adults in a health screening center in
Tokushima. Prevalence of NAFLD was 2.5-fold higher
in males than females (31.5% »s 12.4%). The biggest
difference in NAFLD prevalence between females and
males was observed in individuals < 50 years (Figure 0).

Recent studies have shown that visceral fat is an
independent predictor of fatty liver, even in patients with a
normal body mass index, and is much more harmful than
subcutaneous accumulation of adipose tissue”""”. Human
adipose tissue contains ERq and ERB. Low estrogen
levels in menopausal women are associated with a loss
in subcutancous fat and gain in visceral fat'"", Estrogen
treatment of male-to-female transsexuals increases the
amount of subcutaneous adipose tissue. Thus, estrogen
alters the male type of visceral fat distribution into the
female type”. Tt has been reported that women treated
with estrogen have a lower visceral accumulation of
adipose tissue!"”,

An animal study showed that hepatic steatosis becomes
evident spontaneously in aromatase-deficient mouse,
which lack the ability to produce estrogen and are impaired
with respect to hepatocellular fatty acid B-oxidation.
Estradiol replacement reduces hepatic steatosis and
restores the impairment in mitochondrial and peroxisomal
fatty acid B-oxidation to the wild-type level"™. T
addition, tamoxifen an antiestrogen compound used in the
treatment of ER positive breast cancer, is associated with
an increased risk of fatty liver and NASH""™'"™, Therefore,
the greater progression of liver injury with steatosis in
males, regardless of the etiology, may be due at least in
part to the decreased production of estradiol and/or the
lower response to the actions of estradiol.

MENOPAUSE AND PROINFLAMMATORY
CYTOKINES

In inflammatory and oxidative liver injury, the
accumulation of leukocytes and macrophages including
Kuptffer cells at sites of inflammation and injury is thought
to be mediated by chemokines, such as macrophage
chemotactic protein (MCP)-1 and interleukin (IL)-8. The
mononuclear cells and macrophages are in turn able to
release proinflammatory cytokines such as tumor necrosis
factor (TNF)-a., IL-1f and 11.-6, leading to persistent liver
injury. There is a large body of evidence indicating that the
decline in ovarian function with menopause is associated
with spontaneous increase in TNF-q, IL-1 and 16",
Estradiol, at physiological concentrations, inhibits the
spontaneous secretion of proinflaimmatory cytokines in
whole blood cultures™ or peripheral blood mononuclear
cells (PBMCs)"". The spontancous production of
TNF-a and IL-1f by PBMCs is higher in patients with
chronic hepatitis C than in healthy subj ects!". Endotoxin-
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Figure 7 Comparison of male-to-female ratio between two age groups of HBV-
related HCC patients without HCV infection. The age-specific male-to-female ratio
in Japanese patients with HBV-associated HCC was examined from 1994 to 2006
in Tokushima. Nine hundred and one patients (mean age 49.3 yr, 76.4% males)
were divided into two age groups, based on the menopausal age of 50 yr. HCC
was detected at the indicated age. All subjects were seropositive for HBsAg and
seronegative for HCV antibody.

stimulated TNF-q production by PBMCs is also higher in
HBsAg carriers with clevated ALT levels than in HBsAg
carriers with normal ALT levels"'". Moreover, TNF-q,
production by hepatocytes in patients with chronic HBV
infection is reported to be transcriptionally up-regulated
by HBx protein[m’“ﬂ. Estradiol is able to attenuate IL-1[3
in ER expressing HepG2 cells"¥
induced increase in serum TNF-g, levels in rats'™. Iz vivo
studies show that transdermal administration of estradiol
in postmenopausal women decreases spontaneous 1L-6
production by PBMCs after 12 mo of therapy'”. A
preliminary study has also shown that hydrogen peroxide-
induced TNF-o and MCP-1 expressions are attenuated by
estradiol in the peritoneal macrophages of female mice!'”,
These findings suggest that estradiol has a hepatoprotective
effect against inflammation and oxidative stress, at least
in part, by preventing macrophage accumulation and
inhibiting proinflammatory cytokine production.

However, it appears that macrophages respond
differently to endotoxins compared to Kupffer cells as
far as the signaling pathways are concerned"'”. Estrogen
increases the sensitivity of Kupffer cells to endotoxin'
while estradiol augments the increase in the serum levels
of TNF-q after endotoxin treatment in animals' ™.

, and to ameliorate burn-

FEMALES AND HCC

Both direct and indirect carcinogenic mechanisms are
involved in the pathogenesis of HCC induced by chronic
HBYV infection. HBV may induce HCC indirectly by
causing chronic necroinflammatory liver disease™
When HBV replication is sustained, hepatocytes undergo
a process of continuous damage and regeneration.
Chronic necroinflammation may induce a malignant
transformation by producing mutagenic ROS during the
inflammatory process along with hepatic fibrosis, leading
to the development of cirrhosis and HCC (Figure 3). The
active replication of HBV may also initiate malignant
transformation through a direct carcinogenic mechanism

Preneoplastic liver

e
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Figure 8 Estrogens and preneoplastic liver. Preneoplastic liver lesions were
evaluated by means of an immunohistochemical analysis of glutathione-S-
transferase placental form (GST-P) expression. GST-P-positive liver foci were
induced using the DEN-AAF-PH model in male rats with estradiol (+ Estradiol).

by increasing the probability of insertion of viral DNA
in or near proto-oncogenes, tumMor-suppressor genes, or
their regulatory elements in the cellular DNA", The
integration of viral DNA may increase the production of
transactivator protein HBx antigen, which may induce the
malignant transformation of hepatocytes, and bind to the
p53 tumor-suppressor gene and disrupt its activity™'™".

As with the risk factors for hepatic fibrosis, male
sex and age > 50 years are important risk factors for
Hce™, although it is unclear whether the susceptibility
to the integration of viral DNA inducing malignant
transformation of hepatocytes is different between
males and females. Conversely, premenopausal women,
without the risk factors of male sex and older age, are
least vulnerable to HCC. The age-specific male-to-female
ratio was examined in 901 Japanese patients with HBV-
associated HCC in Tokushima. When the subjects were
divided into two age groups, based on whether they were
younger or older than the menopausal age of 50 years,
the younger group had a significantly lower proportion of
females (10.5%) than the older group (32.8%, Figure 7).
Moreover, variant ERs are expressed in HCC patients and,
to a greater extent, in male patients than in female patients,
even at an early stage of chronic liver disease"*). The
occurrence of variant ERs leads to the loss of estrogen
responsiveness. Experimentally induced carcinomas
using carcinogens, as well as spontaneous neoplasms,
occur at a higher rate in male rats and mice. Another
study demonstrated the suppressive effect of estradiol
on chemical hepatocarcinogenesis in rats induced by
dimethylnitrosamine (DEN)-2-acetylaminofluorene (AAF)-
partial hepatectomy (PH)!"*" (Figure 8). Taken together,
these lines of evidence suggest that both estradiol and
the ER status play a critical role in the biological defense
against hepatocarcinogenesis.

CONCLUSION

Gender-associated differences are not limited to chronic
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liver disease and are of potential interest in other
chronic fibrogenic disorders as well. The predominance
of atherosclerosis and the higher rate of renal fibrosis
progression in men are excellent lines of evidence that
point to the role of estrogen in the wound healing/
fibrogenic process“m. It has been reported that estradiol
inhibits the proliferation of vascular smooth muscle
cells (VSMCs)!"™. VSMCs are anatomically analogous to
HSCs, and are reported to express ER[B at a higher level
after vascular injury, without any accompanying changes
in ERa expression[127]. Several studies have documented
the antifibrogenic effect of estrogen on VSMCs!"***,
Moreover, renal mesangial cells which are analogous to
HSC, have similar properties including playing a prominent
role in fibrogenesis. The cell proliferation and collagen
synthesis by mesangial cells have also been shown to be
modulated by estradiol ™",

The present review indicates that estradiol may have
a beneficial effect in the progression of chronic liver
disease. However, it should be noted that administration
of estradiol in women has potential problems, including
an increased risk of breast cancer and endometrial
abnormalities!”""*. In addition, estradiol and ER subtypes
have been reported to play a role in the modulation of
cholangiocyte proljferationl133], which is a hallmark for the
progression of cholestatic liver disease.

Being a male or a female is an important basic human
variable that affects health and liver disease throughout
ones life span. A better understanding of the biological
mechanisms undetlying the gender-associated differences
observed in chronic HBV infection may provide valuable
information on more effective treatment modalities in liver
disease in both males and females.
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