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ABSTRACT

To investigate the presence of Hepatitis B Virus (HBV) in hepatic lesions and Hepatocel-
lular Carcinoma (HCC) in southeast Mexican patients, liver biopsies and resections specimens
from HCC and hepatic lesions (cholestasis and steatosis, hepatitis and necrosis, fibrosis and
cirrhosis) were collected and immunohistochemically examined. The expression of HBsAg and
a liver tumor marker: Alpha-Fetoprotein (AFP) was quantified in liver specimens by quanti-
tative and semiquantitative methods. The correlation between expression level of AFP and
HBsAg and degree of liver injury was analyzed statistically. Expression of AFP was found in
all hepatic lesions and HCC samples in a different intensity level. There was no significant dif-
ference of AFP positive area in each group analyzed. The HBsAg expression was detectable as
a weak stain in samples of all groups. The age of patients with hepatic lesions in contrast to
HCC did show a significant difference. The age mean was significant higher in HCC (55.9) with
respect to hepatic lesions (38.2). In the patients without HCC, the proportion of HBsAg positive
area was higher than in HCC group, and this difference was statistically significant. A negative
correlation of HBsAg in hepatic lesions and hepatocellular carcinoma was found. AFP was de-
tected in hepatic lesions and HCC; hence additional diagnosis techniques should be used in
Mexican southeast patients to have an accurate diagnose and a clinical treatment. There was a
negative correlation between HBsAg presence and degree of liver injury. However, supplemen-
tary molecular techniques in search of occult HBV infection in HCC patients must be developed.

Keywords: HVB; Hepatocellular Carcinoma; Hepatic Lesions; Alpha-Fetoprotein; HB-
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Introduction

aflatoxin intake and hemochromatosis [8-12]. There are more than

The liver cancer is the third most deadly cancer worldwide,
with more than 600,000 deaths annually [1]. HCC accounts for
90% of all liver cancers and the Asian and African populations
are the most affected with this malignancy. México and South
American countries display a poorly documented annual incidence
of primary HCC [2,3]. Worldwide distribution of HCC correlates
with high rates of HBV infection [4]. HBV is considered as a major
risk factor for developing HCC [5-7]. Nevertheless, additional risk
factors include Hepatitis C Virus (HCV) infection, obesity, cirrhosis,

350 million individuals chronically infected with HBV worldwide
[13-15]. While active vaccination against HBV is a successful
measure in Asian regions [16], Mexican population is not entirely
protected by immunization programs [17,18]; hence chronic HBV
infection remains an important public health issue. HBV causes
transient and chronic liver infections. The transient infections
can cause acute liver disease and approximately 0.5% of people
suffer fulminant fatal hepatitis. Chronic infections may also have
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serious consequences and terminate in untreatable liver cancer
[19,20]. The oncogenic capacity of HBV to enhance malignant
transformation is due to interplay mechanisms of cell host defense
against viral replication [21].

Moreover, the virus proteins them self-promote alterations of
signal transduction pathways related to hepatocyte proliferation
[22-24]. The immune-mediated liver damage contributes to hepatic
pathogenesis [25]. The chronic liver inflammation (hepatitis)
generated by HBV infection, stimulates continuous cycles of low-
level liver cell destruction and regeneration that, over long periods
of time, lead to hepatic lesions like steatosis, fibrosis, cirrhosis,
and HCC [26]. The Hepatitis B Surface Antigen (HBsAg) and Alpha-
Fetoprotein (AFP) are considered serum markers to HBV infection
and HCC respectively. The HBsAg in a blood test indicates current
HBV infection (acute or chronic) and the person can transmit
the infection to others [27,28]. And the serum levels of AFP are
correlated with the size and volume of the tumor at the time of
diagnosis [29,30]. In Mexico, the impact of chronic HBV infection
as etiologic factor on HCC is still unknown. Data about general
chronic liver diseases prevalence underestimates the real outlook
[31]. Although it is assumed that the majority of HCC reported
in Mexico develops from alcohol-related cirrhosis, the incidence
of viral hepatitis increased [32-34]. Alcohol consumption is the
principal cause usually explored in a cirrhotic patient, and the
assessment of a hepatic viral infection is not taken in consideration
in all cases [31]. In accordance with Mexican Health Ministry and
National Institute of Statistics and Geography reports, Veracruz
is a southeast state that refers to record the highest rates of liver
cancer mortality. Therefore, it is necessary to explore the presence
of HBsAg and AFP levels in the hepatic lesions and HCC in southeast
Mexican population.

Materials and Methods

Ethics

This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical Association, the
Mexican General Health Law (latest reform 2011), the Regulation
of the General Law on Health Research for Health (1987), and the
Health Law of the State of Veracruz-Llave (latest reform 2008).
Scientific and Ethics Hospital Committee approved this study
(permission number: 005/2011).

Clinical Samples

Paraffin-embedded hepatic biopsies and resection samples
from 69 patients (28 females, 41 males: mean age 42.3 + 23.5 years)
with HCC and hepatic lesions (cholestasis and steatosis, hepatitis
and necrosis, fibrosis and cirrhosis) were selected since 1992 up
to 2008 year from pathology department collection of the Hospital:
Medical Specialty Center of Veracruz State Dr. Rafael Lucio. Only
94.2 % of patients had records of age and sex, and the remaining
5.8 % reported just the gender in the clinical records. Fifteen cases
of HCC (6 females, 9 males: mean age 54.4 range 17-70 years), 24

cases of cholestasis and steatosis (6 females, 18 males: mean age
38.7 range 15-60 years), 9 of hepatitis and necrosis (4 females,
5 males: mean age 43 range 31-60 years), 5 cases of fibrosis (2
females, 3 males: mean age 30.2 range 0.5-60 years) and 16 cases
of cirrhosis (10 females, 6 males: mean age 37.4 range 0-58 years).

As a negative control (CN), a cervix tissue sample was used.

Anatomic-Histological Analysis

All specimens were sliced to hematoxylin-eosin staining for
routine histological diagnosis. The histopathological examination
was carried out and hepatic specimens were grouped according to

the following pathological classification:
a) Cholestasis and steatosis
b)  Hepatitis and necrosis
c) Fibrosis
d) Cirrhosis
e) HCC

In all cases two expert pathologists blindly reviewed and
confirmed the diagnosis.

Tissue Microarray Design and Construction

In order to obtain the best magnification area to immunological
analysis, three Tissue Microarrays (TMAs) with different spot
diameters (1, 1.5 and 2 mm) were constructed. The TMAs were
constructed by using a semi-automated array device (Veridiam,
El Cajon, CA). Each one of paraffin-embedded tissue samples of all
groups was represented in all three microarrays by duplicate. A
board-certified pathologist selected tissue cores.

Immunohistochemical Staining and Quantification

Formalin-fixed paraffin liver sections (4 micron) were blocked
for 1hin 0.1% H,0, in phosphate-buffered saline, pH 7.4. They were
then incubated overnight with commercial monoclonal antibodies
specific to anti-AFP and anti-HBsAg (Santa Cruz, Biotechnology,
Santa Cruz, CA), diluted 1:15 and 1:150 (V/V) respectively. After
washing with phosphate-buffered saline, the primary antibody
was detected using an avidin-biotin complex immunoperoxidase
technique (Vector Laboratories, Burlingame, CA), and sections were
counterstained with hematoxylin. No staining was observed when
the primary antibody was substituted with mouse isotype control.
The proportion of immunostaining positive area was calculated
using image analysis software (Analysis Soft Imaging System,
GmbH). A second analysis was a semiquantitative scoring method,
it is based on grade staining: 0 (negative), 1(weak), 2 (moderate),
and 3 (strong) as described by Zhang [35] and Chadha [36]. The
final score was the total sum of the product of the staining intensity
and its corresponding area percentage. For example, if a tumor
showed 50% moderate staining and 50% strong staining, the final
score would be (50X2)+(50X3)=250. A final score of at least 100
was considered positive expression [35].
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Statistical Analysis

Statistical analyses were carried out using PASW Statistics v.18
(www.spss.com) Proportions were compared using the X2 test or
Fisher exact test when necessary. Medians and means were com-
pared using the U of Mann-Whitney test or Student’s T test, respec-
tively. We calculated Spearman correlation coefficients or Pearson
depending on the result of normality test Kolmogorov-Srminov Z. A
value of P < 0.05 was considered statistically significant.

Results

Staining Levels of AFP
Hepatocellular Carcinoma

in Hepatic Lesions and

The utility of AFP in serum as a tumor marker of HCC has
been established. However, the specificity and sensibility of the
test remains contradictory [37]. In order to know the AFP level in
hepatic lesions and HCC of Mexican patients of the southeast, we
analyzed the immunostaining of AFP in hepatitis and necrosis,
steatosis and cholestasis, fibrosis, cirrhosis and HCC groups. We
found a uniform AFP staining in hepatic parenchyma of HCC group
(red arrow, HCC), with small groups of non-staining scattered
cells in the liver tissue (black arrow, HCC). The presence of AFP in
cirrhosis group was located in great areas of regenerative nodules
(black arrow, cirrhosis), surrounded by fibrotic bridges (red arrow,
cirrhosis). The cholestasis and steatosis group revealed a moderate
AFP stain placed in macro vesicular steatosis areas with lipid-
containing vacuoles (red arrow, cholestasis and steatosis).

In the non-steatosis zones (black arrow, cholestasis and
steatosis), the AFP presence was lower. The stain degree in this
group was very similar to the one in the cirrhosis group, but lipid
vacuoles that span a large space in the tissue create the effect of
minor staining. A remarkable zonal presence of AFP in hepatitis and
necrosis group was found in the hepatic parenchyma (red arrow,
hepatitis and necrosis). It becomes evident that AFP expression is
not produced by all hepatocytes in an inflammatory state. In the
Fibrosis group, except for fibrous material areas around portal tracts
(black arrow, Fibrosis), the AFP distribution is located in almost all
the remaining hepatocytes (red arrow, fibrosis). As a control group
(CN), a cervix sample was used. We can clearly observe there was
no expression of AFP in the whole tissue.

Relatively Low HBsAg Intensity Level in Hepatic Lesions
and HCC

As mentioned above, one of the main risk factors associated to
HCC development is the HBV infection. The HBsAg is employed as a
routine sero-test in the search for HBV infection (acute or chronic)
diagnosis. The Figure, displayed a representative image from each
group, on which we observed an HBsAg weak stain in hepaticlesions
and HCC. The immunostaining of HBsAg showed brown-yellowish
granules in the cytoplasm considered as a positive expression. The
cervix tissue used as a negative control, did not show HBsAg stain
(CN). In HCC group, clusters of HBsAg positive cells were scattered

singly or gathered in some parts of the liver tissue (black arrow, 4 X).
The presence of HBsAg was detectable in cytosol of the hepatocytes
(black arrow, HCC 20 X). Each samples of cirrhosis group showed
dissimilar patterns to HBsAg stain (black arrow, cirrhosis). In the
samples where the HBsAg expression was shown, the quantity of
HBsAg in the cytoplasm of individual cells varied somewhat from
cell to cell. The HBsAg was distributed diffusely throughout the
cytoplasm. In the cholestasis and hepatitis group characterized
by lipids vacuoles, the HBsAg was sited in cytoplasmic areas from
hepatocytes with macro vesicular steatosis zones. Interestingly, in
hepatitis-necrosis and fibrosis groups (black arrows, hepatitis and
necrosis; fibrosis), the HBsAg expression showed a few scattered
positive cells. Outwardly, the HBsAg expression was much lower

than usually found in liver tissue from other groups.

Equivalent Intensity Protein Levels of Manual and
Automatic Quantification

The presence of HBsAg and AFP proteins, was quantified
through two methods described before: a semiquantitative visual
score [35] or a quantitation by image analysis software [38]. Both
procedures provided a dataset for each group that were correlated
by Spearman’s test. In (panel A), it is noted the parallel increment of
HBsAg levels between HBsAg visual and automated scores in 74%
(r=0.86; P < 0.0001). Likewise (panel B), a significant coefficient
correlation was found between AFP visual and automated
scores (r=0.71; P < 0.0001), which explain variability was 50%.
Both correlations were positively linear. The panel C displays a
representative image of the TMA with 1.5 mm diameter spots
tissues and exemplify the semiquantitative scoring (visual) and
the quantitative imaging methods. Based on the image analysis
software, the total of 69 samples (100%) showed AFP detectable
stain in liver tissue. The HBsAg expression was detectable as a weak
stain in 68/69 (98.5%). However, applying the stringent manual
method that considered a final score of at least 100 as a positive
expression, we found a 90% of positive cases for AFP protein, and
only the 17.8% of the total cases were positive to HBsAg expression.
Due to significant coefficient correlation by Spearman test, between
visual and automated procedure, we decided to use the dataset
deployed by automated software for statistical analysis.

Demographic Characteristics of Patients with Hepatic
Lesions and Hepatocellular Carcinoma

The patient demographic characteristics with hepatic lesions
(non-cancer samples: cholestasis and steatosis, hepatitis and
necrosis, fibrosis and cirrhosis) and HCC are summarized in two
great groups (Table 1). There was a prevalence of male gender
in both groups, although this difference was not significant. On
the other hand, the age of patients with or without HCC did show
a difference. The age mean was higher in HCC (55.9 + 13.6) with
respect to hepatic lesions (38.2 + 24.4). In the non-cancer samples,
the median of HBsAg positive area was higher than in HCC group.
Finally, there was not difference of the AFP expression between
HCC and non-cancer specimens.
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Table 1: Comparison of patients with HCC and without hepatocellular carcinoma (WHCC).

HCC Non-cancer Samples p value
Gender n(%)
9 (60.0) 32 (59.3)
Male 0.96
6 (40.0) 22 (40.7)
Female
Age (years)
Mean + SD 55.9+13.6 38.2+24.4 0.001
HBsAg Score
Median (Min-max value) 13.74 (0 t0 55.2) 29.8 (0.51 to 88.4) 0.038
Alpha fetoprotemj:l(;r:) Median (Min-max 69.9 (52.5 to 100) 85.8 (14.9 to 96.4) 0.32

HCC: Hepatocellular carcinoma; wHCC: without HCC
Non-cancer samples: cholestasis-hepatic steatosis, hepatitis-necrosis, fibrosis and cirrhosis.
Min-max value: Minimum and maximum value
Proportions were compared using Chi square test.

Means were compared using Student’s test.

Medians were compared using Mann-Whitney U test.

Correlation Between Age, Degree of Liver Injury and
HBsAg-Alpha fetoprotein Score

In Table 2, we observed a correlation matrix including age,
degree of liver injury evolution (1 = Hepatic Steatosis-Cholestasis,
2 = Hepatitis-Necrosis, 3 = Fibrosis, and 4 = Cirrhosis) and scores

for HBsAg and AFP. The age of patients ordered in terms of liver
injury evolution correlated significantly. On the other hand, the
HBsAg expression was negatively correlated only with degree of
liver injury (Spearman coefficient= -0.27, P < 0.05). Interestingly,
the correlations between degree of liver injury and AFP expression

were not correlated significantly.

Table 2: Correlation between age, liver injury and HBsAg-Alpha fetoprotein score.

Age Degree of liver injury HBsAg Software Score | Alphafetoprotein Software Score
Age (years)
1
Coefficient
p value
Degree of liver injury*
0.33 1
Coefficient
0.11
p value
HBsAg Score
-0.35 -0.27 1
Coefficient
0.18 0.04
p value
Alpha fetoprotein Score
0.2 -0.2 0.1 1
Coefficient
0.37 0.12 0.47
p value
* Liver injury was qualified as: 1= Cholestasis-hepatic steatosis, 2= Hepatitis-necrosis, 3= Fibrosis and 4=Cirrhosis.
Coefficient: Spearman’s rho

Discussion

The sensitivity and specificity of serological AFP level as hepatic
tumor marker have displayed a controversial setting, ranging
from characteristics of the diagnostic test used [39], the racial
differences in AFP effectiveness [40] even the virological status
affects the efficiency of AFP in patients with HCC and chronic liver

diseases [41]. Our data indicated a non-exclusive expression of AFP

in HCC and a widespread minor or major presence in each group
tested. In accordance with our results, in a previous report the AFP
levels rise further as the grade of liver steatosis increases [42]. The
increased serum AFP level in patients with severe fatty liver was
attributed to hepatic inflammation and/or fibrosis as underlying
cause. Other chronic liver diseases (viral hepatitis, hepatic fibrosis,
and cirrhosis), are connected with augmented AFP level [43]. It has
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even been reported in other malignancies such as gastric cancer
[44-46]. The AFP expression in non-cancerous liver pathologies and
non-liver tissues, converge in a permanent inflammatory condition
regardless of its etiology. The previous studies and our results
support that using only the measurement of AFP is insufficient for
HCC diagnosis. In fact, nowadays the evaluation of fucosylated AFP
is being used along with the standard imaging studies to improve
accurate diagnosis [47,48].

Mexico is a Latin-American country considered part of low
endemic HBV infection area. This situation may be due to diverse
factors such as recent addition of the HBsAg detection from 1980
[49], to commercially available detection methods with a low
sensibility and specificity used in healthcare institutions [50], to
a new unsystematized epidemiological national surveillance [51]
and occult HBV infection [34]. Nevertheless, although the national
immunization program started since 1999, the population of
sexually active adolescents and adults not covered by the program
have a risk of becoming infected with HBV. The incidence and
prevalence of liver diseases in Mexico have increased in the last
two decades [32] and it will increase further [52]. Veracruz is one
of the southeast Mexican states with major increase of liver cancer
mortality [32]. However, there are not enough regional studies in
which the etiology has been analysed. Maybe this could be explained
due to do not exist a national specific program for hepatocellular

carcinoma epidemiological surveillance.

The HBsAg, since its discovery in Australia in 1967 [53] is
employed in both Mexico and the entire world, as a qualitative
diagnostic marker for acute or chronic HBV infection. All three
forms of HBsAg antigen (Dane particle, filamentous particle and
spherical particle) can be detected in serum with commercial
assays for diagnosis test in clinical practice [54]. The presence of
the HBsAg in chronic liver diseases endorses the concept of HBV
infection as a risk factor for HCC development. The steatosis is a
common histopahtological feature of HBV chronic infection [55]
caused by Hepatitis B Virus X Protein (HBx), which stimulates
lipid accumulation in hepatic cells mediated by sterol regulatory
element binding protein 1 and PPAR gamma [56]. The progression
from steatohepatitis to HCC has been documented formerly. In
our study, we found a higher level of HBsAg in hepatic lesions
(steatosis, hepatitis, fibrosis and cirrhosis) than in HCC. Therefore,
our results agree with literature about the effect of HBV infection
on early stages in HCC development. Nevertheless, it was not found
an increase level of HBsAg in HCC patients with respect to the non-
cancerous hepatic lesions. These results caused us awareness since
itis described that the presence and replication of HBV determines
and enhances the malignant transformation. Concerning this, it
has been documented that some individuals who are chronically
infected with HBV and eventually lose HBsAg, but HBV DNA remains
in the sera at low replicative and transcriptional levels allowing
inflammation, facilitating progression of disease [57,58].

This spontaneous sorcerous was associated to older age but
could be implicated the HBV genotypes and geographic areas
of high endemicity [59]. Moreover, HBsAg mutations described
above [60], hamper the diagnostic performance and limit HBV
detection with a determinant mutation [61]. The failure to detect
HBsAg due to mutations justifies the HBsAg clearance and explains
an Occult HBV Infection (OBI). OBI is defined as serologically or
tissular undetectable HBsAg, despite HBV DNA circulating [62].
The discovery of OBI was made in order to elucidate the HBV
transmission, even by blood components negative for HBsAg of
donor’s transfusions. Although we haven’t analyzed the HBV DNA to
consider an occult HBV infection as a possible explanation results,
there are several investigations describing an OBI among native
Mexicans and southeast citizens [34,63], where the genotype H
was the main circulating HBV strain with mutations in core region
[64]. In conclusion, AFP was detected in hepatic lesions and HCC;
hence additional diagnosis techniques should be used in Mexican
southeast patients to accurate diagnostic and clinical treatment.
There was a positive significant correlation between age and
degree of liver injury. Also found a negative correlation between
HBsAg presence and degree of liver injury. However, supplementary
molecular techniques to test presence of occult HBV infection in
HCC patients must be developed.
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