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ABSTRACT

Hepatocellular carcinoma (HCC) is among the
most common malignancies worldwide, particu-
larly in South and South East Asia. Unfortu-
nately due to lack of appropriate facilities and
awareness only limited information is available
about its early diagnosis. Aim of the present
study was to determine the efficacy of p53 by
immunohistochemistry and Argyrophilicnucleo-
lar organizer regions (AgNORs) in diagnosis of
HCC and cirrhosis of liver. A total of 100 liver
biopsies were studied, it included 20 cases of
HCC, 60 cases of cirrhosis of the liver and 20
cases of normal liver from autopsy specimens
as a control. Out of 20 cases of HCC, 15 were
positive for p53 stain and 5 were negative. None
of the 60 cases of cirrhosis or 20 with normal
histology revealed p53 expression. A statisti-
cally significant (p < 0.001) difference was ob-
served between mean AgNOR counts of normal
(1.57 +/- 0.13), cirrhotic (4.70 +/- 0.66) and HCC
tissues (14.96 +/- 1.18). In contrast the mean
AgNOR count of biopsies with alcoholic cirrho-
sis (1.57 +/- 1.62) was significantly less (p <
0.001) than post-hepatitic cirrhosis and was si-
milar to that of normal liver tissue. AQNORs dif-

ferentiates post-hepatitic and alcoholic cirrhosis.

HCV and HBV were found to be the main causa-
tive agents in HCC and Cirrhosis of liver. Mean
age of HCC patients was slightly higher than
liver cirrhosis patients. It is concluded that p53
and AgNORs can act as a good adjuvant to his-
tology in diagnosing liver diseases. It helps in
differentiation from well differentiated to mod-
erately and to poorly differentiated HCC.
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1. INTRODUCTION

Tumors and pseudotumors of the liver are a heteroge-
neous group of neoplasm which includes 60% of malig-
nant tumors [1]. Hepatocellular carcinoma (HCC) is one
of the ten most common malignant tumors worldwide [2].
Its incidence varies considerably with the geographic lo-
cation because of the difference in major contributing
factors [3]. HCC is prevalent in Asia particularly in
South-East Asia and Southern Africa [4]. Annual mortal-
ity rate of HCC is approximately 650,000; among these
two third live in Asia [5]. Recently, there is also rising
incidence of HCC in United States, Canada and Southern
Europe [6,7]. Mongolia is one of the countries with high-
est incidence of 54.1 cases per 100,000 people world-
wide [8], since 1982 [9]. Contributing risk factors for the
development of HCC include male sex [10], older age
[10]; obesity, diabetes, heavy alcohol consumption and
smoking; Hepatitis B/C (HBV/HCV) infections [11] and
clinical factors (cirrhosis, elevated alpha-fetoprotein (AFP)
and alanine aminotransferase (ALT) [12].

Medical history, physical examination and enzymol-
ogy fail to give positive results. Testing for Alphafeto-
protein (AFP) serum levels and imaging techniques are
useful tool for early detection and diagnosis [9,13]. But
even then it’s not possible to make accurate distinction
between benign and malignant lesions [14]. Most suspi-
cious liver nodules are approached by means of fine nee-
dle aspiration biopsy or cytology [15]. However, hyper-
plastic liver cell nodules, liver cell adenoma and well-
differentiated hepatocellular carcinoma cannot be differ-
entiated with accuracy in aspiration smears there by ne-
cessitating proper histological examination [16].

Liver biopsy is an important diagnostic procedure world
over. It helps in initial morphological diagnosis of hepa-
tocellular carcinoma and distinguishes hepatocellular car-
cinoma from suspected metastatic neoplasm [17]. Im-
munohistochemically studies are also possible to distin-
guish hepatocellular carcinoma from non-neoplastic le-
sions [18] and HCC from metastatic neoplasm when each
is poorly differentiated. Histochemical and immunohis-
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tochemical analysis of malignant tissue is one approach
used to screen for the presence of malignancy [19], stain-
ing of Argyrophilic Nucleolar Organizer Regions (Ag-
NORs) is another valuable technique to differentiate be-
tween well differentiated and poorly differentiated tu-
mors of varying histogenesis [20].

P53 acts as a tumor suppressor gene in two ways both
reversible (arrest in G1 phase of cell cycle) and irreversi-
ble (apoptosis). It mediates important cellular functions
such as cell cycle regulation, apoptosis, DNA repair and
senescence under normal physiological conditions but is
downregulated in several malignancies including HCC
[21]. p53 is located in the short arm of chromosome 17
[22], which, encodes for 53 KDa cell regulator nuclear
phosphoprotein [23]. p53 plays an important growth con-
trolling role in stressed cells induced by oncogenic as-
sault and DNA damage caused by genetic factors, X-rays
or drugs. It will increase the expression of p53 and arrest
the cells in cell cycle until the damage is repaired [24].
Alteration to the p53 gene allows cells without appropri-
ate DNA repair to progress along the S-phase, leading to
the propagation of genetic alteration [25].

Nucleolar organiser regions (NORs) are loops of DNA
that are responsible for ribosomal RNA (rRNA) tran-
scription. They are located in the nucleoli of cells and in
the chromosomes 13 - 15 and 21, 22 in association with
proteins [26]. As rRNA molecules are the main sites of
protein synthesis, it follows that the number of NORs in
each cell nucleus reflects cellular activity [27]. The num-
ber and size of AgNORs can be assessed following stain-
ing of tissues or cells with silver stains [28]. AQNORs
correlate with the proliferative activity of neoplasms. In-
creased AgNOR counts may reflect increased prolifera-
tive activity of cells [29].

AgNOR increasingly applied in histopathology re-
search following suggestions that there may be a possible
association between high AGNOR counts and malignant
transformation [29]. It is interesting to hypothesize, there-
fore, that the numbers, the shape, and the distribution of
AgNORs within the nucleus might be of potential use in
predicting behavior in different carcinomas [30]. In this
study, we investigated the usefulness of the AgNOR
technique in assessing the diagnostic value in HCC and
to differentiate from well differentiated to poorly differ-
entiated carcinoma.

The present work was carried out to study p53 and
AgNOR as a tumor maker in the diagnosis of malignan-
cies of the liver and to see the silver staining of nucleolar
organizer regions in cirrhosis of the liver and hepatocel-
lular carcinoma.

2. MATERIAL AND METHODS
2.1. Sampling and Data Collection
The present study included 100 liver biopsies, 80 liver
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biopsies of patients with clinical suspicion of cirrhosis
and/or hepatocellular carcinoma and 20 autopsy speci-
mens without any history of liver disease were taken as
control. The specimens were collected from Sir Ganga
Ram Hospital and Mayo Hospital Lahore. Patients were
included in the study irrespective of age and sex (Table
1). Main etiological factors for HCC and cirrhosis in our
study were HCV and HBYV infection and other factors
included alcohol consumption, diabetes and obesity (Ta-
ble 2). Most of the patients suffering from cirrhosis of
the liver presented with chronic liver disease (CLD) and
some with hepato splenomegaly while patients with
heaptocellular carcinoma presented mostly with chronic
liver disease as well as mass abdomen (Figure 1). Writ-
ten informed consent (in Urdu and English) was obtained
from all patients (or the relative) before the biopsy was
taken. This study was in accordance with the Declaration
of Helsinki. Approval for the study was obtained from
the review board of ethical committee of the University,
Lahore [31]. The biopsy in this study included needle
core biopsy, wedge biopsy and fine needle aspiration
biopsy. Properly labeled needle core and wedge biopsies
were received in 10% buffered formalin from the wards
along with the relevant clinical data, whereas ultrasound
guided fine needle aspiration biopsies were got done
from radiology department of Sir Ganga Ram Hospital
Lahore.

2.2. Tissue Processing

Tissues were processed in an automatic processor for
22 hours according to the following scheme. The sec-
tions after placing in ascending grades of alcohol, i.e.
70%, 90% and absolute alcohol for 3 hours each, were
given four washings of absolute alcohol, first two for one
hour each and next two for two hours each. The tissues
were then given two changes of xylene for 2 hours each.
The tissues were then placed in wax bath for 3 hours to
complete the tissue processing. Embedding of tissues
was done in paraffin wax using L-shaped metal moulds.
Each block was cut into multiple sections of 4 um thick-
ness on a rotary microtome. Sections were taken on glass
slide using APES (3-ammino propyltriethoxysilane) as
adhesive. Minimum of nine to twelve slides were pre-
pared from each block. All the slides were divided into
three batches and were stained for Haematoxylin-Eosin,
p53 and AgNOR.

Table 1. Demographic and Immunohistochemical expression of
p53 in different liver biopsies.

p53 Expression

Liver Biopsies Males Females Positive Negative Total
HCC 15 5 15 5 20
Cirrhosis 38 22 0 60 60
Normal 13 7 0 20 20
Total 66 34 15 85 100
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Table 2. Clinical data and etiological factors of patients with HCC and cirrhosis of the liver.

Etiological Factors

Cases Mean Age Males Females

Total

P53 + ve/HCV +ve P53 +ve/HBV +ve Other

HCC 49.7 15 5
Cirrhosis 47.4 38 22

6/7 719 4 20
0/20 0/18 22 60
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Figure 1. Clinical presentation in cases of hepatocellular carcinoma and cirrhosis of the liver.

2.3. Immunohistochemistry for p53

The immunohistochemical staining was done with p53
protein (DO-7), avidin-biotin conjugated, Kit (Novocas-
tra Laboratories Ltd.) by strictly following the protocol
provided in the kit by the manufacturer. In avidin-biotin
complex (ABC) method, complex of avidin and biotin
tracer, which contain free avidin binding sites, is applied
to the biotinylated antibody. The primary antibody la-
beled with biotin is detected by its binding to avidin
which itself is labeled with immunoperoxidase.

The sections were de-paraffinized and rehydrated to
distilled water. 1600 ml 0.01 M citrate buffered solution
(pH 6.0) was brought to boil in a stainless steel pressure
cooker using a hot plate to cover but lid was not locked.
The slides were positioned into the metal staining racks
and lowered into the pressure cooker ensuring that the
slides were immersed in the TBS. When the pressure
indicator valve had risen (after about 4 minutes) the
slides were incubated for 1 minute. The pressure cooker
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was removed from heat source and run under cold water
with lid on. When the small valve sinked, lid was opened
and slides were removed and placed immediately in dis-
tilled water. The slides were washed in TBS for 5 min-
utes, placed in 1.5% Hydrogenperoxide for 10 minutes
and washed in distilled water twice for 5 minutes, fol-
lowed by washing in TBS twice for 5 minutes. The slides
were placed in normal serum for 20 minutes. They were
covered with primary anti-body for 60 minutes at 37°C
and then washed in TBS twice for 5 minutes. The slides
were then incubated in secondary anti-body for 30 min-
utes and washed in TBS twice for 5 minutes. After this
the slides were incubated in AB Complex for 30 minutes,
washed in TBS twice for 5 minutes and incubated in
DAB solution at room temperature for 2 to 4 minutes.
Then the slides were washed in water twice for 5 minutes,
counter stained with haematoxylin and washed in run-
ning tap water for 5 minutes. The slides were then placed
in staining jar containing 95% ethanol for approximately
2 minutes. This step was repeated by using a fresh jar of
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95% ethanol, placed the slides in a staining jar of abso-
lute ethanol for 2 minutes and repeated with fresh jar of
absolute ethanol. Now, the slides were placed in staining
jar containing xylene for 2 minutes and were repeated
with fresh jar of xylene. The slides were then mounted
with DPX and covered with cover slips.

2.4. Argyrophilicnucleolar Organizer
Regions (AgNORs) Staining

For AgNOR staining, the slides were dewaxed in the
oven at 60°C for 15 minutes, rinsed in xylene twice for 3
minutes and then absolute ethanol twice for 2 minutes.
The slides were post-fixed in an acetic-ethanol mixture
(1:3) for 30 minutes at room temperature, washed with 6
changes of distilled water in a coplin jar and placed in
the working staining solution in an inverted position.
After incubation for 37 minutes at room temperature, the
slides were washed in 6 changes of distilled water, rinsed
in 5% sodium thiosulphate for 3 minutes. Then again
washed in distilled water dehydrated through graded al-
cohol, cleared in xylene and mounted in DPX.

The AgNOR dots in 100 randomly selected hepato-
cytes were counted using a x100 oil immersion objective
and x10 eye-piece (Total magnification: x1000). To mini-
mize the intraobserver counting error, a second count of
theAgNORdots was made without knowing the previous
count. The interval between the first and second counts
was at least 2 weeks. The mean number of AGNORs per
cell was calculated [32] taking both these counts into
consideration. During the counting a green filter was
used. This resulted in lesser aberration around the NORs
in tissue sections. Moreover, the NOR margins appeared
clearer. Total AGNOR dots, both intra and extra-nucleolar,
were counted [32]. Bile ductular, vascular, inflammatory
and Kupffer cells were not included in the enumeration
procedure. The grading of size variation and distribution
of AgNORs was performed by following the criteria used
by Ahsan et al. (1991-1992) as shown in Table 3. Ag-
NOR proliferation index (pAgNOR) was calculated as
percentage of cells with 5 or more AgNOR dots.

Carboxyl groups of intranucleolar non-histone proteins
are involved in the AgNOR reactions. These groups ini-
tially bind to silver ions, causing the reduction of the ions
to the metal. Brown microscopic nuclei of metallic silver
are formed which then act as foci for the further deposi-

tion of silver drawn from the less electronegative sul-
phydry groups of these non-histone proteins. The sul-
phydryl groups cause the development of the microde-
posits of silver into the characteristic black dost visible at
low microscopic magnification [33]. Post-fixation in ace-
tic acid-ethanol mixture is thought to increase the per-
meability of cells, thus facilitating the penetration of stain-
ing solution [34].

To assess the diagnostic variables and calculate the
optimal cut points of variables. Sensitivity, specificity,
Positive Predictive Value (PPV) and Negative Predictive
Value (NPV) were calculated at significant (p < 0.05)
level.

2.5. Results and Discussion

In present study 15 cases of HCC out of 20 were posi-
tive for p53 immunostaining, 5 were negative. None of
the 60 cases with cirrhosis of the liver or of the 20 with
normal histology had increased p53 expression (Table 1).
Out of 20 HCC cases (15 males and 5 females), 6 were
associated with cirrhosis. The maximum number of pa-
tients was in the age group of 50 to 69 years. Amongst
the 60 cases of cirrhosis 38 were males and 22 were fe-
males: maximum number of patients was in 50 to 59
years age group. Male predominance was seen in the
present study which is in accordance with the previous
studies [10]. In the present study mean age of patients
with hepatocellular carcinoma was 49.7 years and of cir-
rhosis patients was 47.4 years (Table 2). Our findings are
comparable with those reported earlier [15,35]. 7 HCC
patients which were positive for HCV were of younger
age group (40 and less than 40 years) and 6 out of these
were positive for p53 staining, 7 out of 9 patients with
HBV positive were positive for p53 stain (Table 2). p53
is the most commonly mutated gene in human neoplasia
[36]. Such mutations usually result in a gene product
consisting of defective p53 protein with prolonged half
life. It enables detection through immunohistochemical
methods [37]. We in the present study followed this
method of grading AgNOR size and distribution as
shown in Tables 3 and 4. It was found that AQNOR size
and distribution was of significantly higher grade (p <
0.001) in HCC than in cirrhosis and in normal liver
(Figure 2 and Figures 5(B) and (E); Tables 4 and 5).

Table 3. Grading of size variation and distribution of AQNORs.

Size Variation

Distribution

0 = More or less uniform;
1+ = Two different sizes;

2+ = More than two different sizes (but not those of 3+);

0 = Limited to the nucleoli;
1+ = Occasional dispersion outside the nucleoli;

2+ = Moderate dispersion outside the nucleoli;

3+ = All grades and sizes including too minute to be counted. 3+ = Widely dispersed throughout the nucleus.

Copyright © 2013 SciRes.
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Table 4. Comparison of mean AgNOR count, size and distribution in hepatocellular carcinoma, cirrhosis of the liver and normal

liver.
AGNOR count AGNOR size AGNOR distribution pAgNOR
Groups Cases
mean + S.D Oand 1+ 2+ and 3+ 0and 1+ 2+and 3+ mean + S.D
HCC 20 "14.96 + 1.62 0 20 0 20 "99.55% + 1.02%
Cirrhosis 60 4.70 + 0.66 32 28 52 8 40.95% + 7.00%
Normal 20 1.57+0.13 20 0 20 0 2.60% + 2.80%

“p < 0.001 significantly higher when compared with cirrhosis of the liver and normal liver.
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Figure 2. Comparison of pAgNOR count according to the grade of Hepatocellular carcinoma.

Normal histology of liver on H&E and negative p53
immunostain is shown in Figures 3(A) and (B) compris-
ing of liver lobules with portal triad and central vein.
Cirrhosis of the liver with H&E stain (Figure 5(A)), with
prominent cirrhotic nodules surrounded by fibrous septa,
negative for p53 (Figure 5(B)) and less number of Ag-
NOR dots is shown (Figure 5(C)). Figure 4 indicates
section of liver with HCC with H&E stain and p53 im-
munostain. Figure 4(A) shows section with H&E stain,
4B-D are stained with p53; 4B with weak p53 expression,
4C with intermediate positivity for p53, 4D with strong
p53 expression.

In the present study mean AgNOR count was 14.96 +
1.62 for HCC, 4.70 + 0.66 for cirrhosis of the liver and
1.57 + 0.13 for normal liver. The difference observed in
the three groups was highly significant (p < 0.001) (Ta-
ble 4). Among the HCC the mean AgNOR count in-
creased as differentiation decreased. Mean AgNOR count
in well differentiated HCC (13.20) was significantly low
(p < 0.001) than the mean count (14.96) of moderately
differentiated hepatocellular carcinoma. This in turn was
lower than that of poorly differentiated HCC (17.88).

AgNOR size and distribution were of higher grade in
HCC (p < 0.001) than in cirrhosis (Figures 5(B) and (E);
Tables 4 and 5). These in turn were of high grade in cir-
rhosis than in normal liver. Similarly AgNOR prolifera-
tion index (pAgNOR) increased steadily from normal

Copyright © 2013 SciRes.

iy

il

Figure 3. Photomicrograph of a section of liver showing nor-
mal histology of the liver with arrows indicating central vein
and portal triad (A) H&E 10x; (B) p53 negative immunostain.

liver through cirrhosis to HCC (p < 0.001). It also in-
creased with the grade of HCC. The pAgNOR in moder-
ately differentiated HCC was significantly higher (p <
0.05) than pAgNOR of well differentiated HCC (Figures
5(B) and (E); Table 4).

With the specificity of 100% and sensitivity of 81.25%,
100% positive predictive values and negative predictive
values of 95.24%, p53 immunohistochemistry provide an
easy way to study the role of mutant p53 in liver car-
cinogenesis and very convenient tool to assess fluctua-
tions of this oncoprotein in the transformation process
from liver cirrhosis to hepatocellular carcinoma (Table
6).

p53 immunohistochemistry was done to assess the
pathogenetic role of mutant p53 in regenerative and neo-
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stain; (B) well differentiated HCC, weak p53 expression; (C)
Moderately differentiated HCC, with intermediate p53 positiv-
ity (x1600); and (D) poorly differentiated HCC, strong p53
expression (x1600). Positivity increases as aggressiveness of
carcinoma increases.

Figure 5. (A)-(C) show tissue sections of liver cirrhosis with
prominent fibrous septa surrounding the cirrhotic nodules,
stained with: H&E (x160), AgNOR and p53 respectively; (A)
is stained with H&E; (B) hepatocytes show 4 to 5 AgNOR
(AgNOR stain x4000) dots and (C) is p53 immunostain nega-
tive; (D)-(F) show tissue sections of hepatocellular carcinoma
with H&E, AgNOR (4000x) and p53 immunostain. In (E) most
hepatocytes show more AgNOR dots in HCC and F also shows
more positivity for p53.

plastic liver disease by distinguishing between malignant
tumor and morphologically similar benign processes [38].
The results of the current study were comparable with
that of Ojanguren [39]. They reported that there was no
immunohistochemical evidence of mutant p53 expres-
sion in any of the cases of cirrhosis of the liver (except
for one instance associated with HCC) adenoma or focal
nodular hyperplasia. In contrast p53 was detected in 32.5%
of HCC and was positively related with tumor grade.

Raedle et al. [40], had detected auto antibodies to p53
in 3 out of 7 patients with HCC, but out of 140 patients
without malignancy, none was positive for p53 auto-
antibodies. Ojanguren et al. [41] by using the same kit as
in present study reported that 14 out of 62 cases of HCC
etc positive for p53 immunoreactivityand seemed to cor-
relate with tumor grade. Their staining results were lower
than other studies. This is because of the fact that they
did not carry out antigen retrieval method in the staining
procedure. Moreover, they considered the case as posi-
tive case for p53 immunohistochemistry when more than
20% of tumor cells were stained by p53 immunostain.
On the other hand, most of the studies label the case
positive when 5% of the cells are positive for p53 ex-
pression [18]. In the present study the criteria for positive
p53 immunostaining was again 5% or more than 5% of
stained cells.

Wee et al. [42] in their study documented the expres-
sion of p53 in 16 out of 46 cases of HCC. There was no
definite correlation between p53 positivity, tumor size,
histological grade and vascular invasion. Livni et al. [18]
reported that eight of the 12 patients with p53 positive
HCC cells had p53 over-expression in the non-tumor
hepatocytes within regenerative nodules adjacent to HCC
tissue. Three of 21 cirrhotic livers without a detectable
tumor had increased p53 expression in the regenerative
nodules. None of the 12 patients with chronic active
hepatitis without cirrhosis or the 13 with a normal liver
histology had increased p53 expression.

p53 over expression in some cirrhotic livers and in
non-tumor livers of patients with hepatocellular carci-
noma may indicate a normal p53 gene response to cellu-
lar stress. Darnton [43] reported that the concentration of
the wild type p53 gene product rises rapidly in the cells
after DNA damage, such as that caused by ultraviolet
light, ionizing radiation or following cellular stress such

Table 5. Comparison of p53 positive and negative cases with AGNOR size, distribution and malignancy in liver diseases ('p < 0.001).

AgNOR Size AgNOR Distribution Malignancy
p53 Total
0and 1+ 2+ and 3+ O0and 1+ 2+ and 3+ Positive Negative
Positive 0 15 0 15 15 0 15
Negative 32 31 52 11 5 60 65
Total 32 44 52 24 20 (HCC) 60 (Cirrhosis) 80
Copyright © 2013 SciRes. OPEN ACCESS
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Table 6. Diagnostic value of p53 in liver diseases.

Sensitivity 81.25%

Specificity 100%
Predictive value positive 100%
Predictive value negative 95.24%

as hypoxia. Mutations seemed to show a clear correlation
with the grade of differentiation of the tumor, and there-
fore with its biological behavior and aggressiveness.

HCC development is not a single step process and in-
cludes gradual changes in gene expression resulting in
increased proliferation and ultimately liver cancer [44].
Therapeutic effects of p53 due to its increased expression
are carried by two ways; apoptosis of tumor cells by in-
hibiting cell proliferation and renders HCC more sensitive
to chemotherapeutic agents [45]. Hsia et al. [46] performed
immunohistochemistry and sequencing analysis to detect
p53 mutations in HCC and concluded that immunohisto-
chemistry detected most mutations that were detected by
sequencing with the specificity of 73% and sensitivity of
94%.

In liver diseases it has been reported that AGNOR
scores for HCC were significantly higher than those for
benign and borderline lesions; the scores increased with
histologic tumor grade [30]. In some patients with HCC
statellite nodules and/or a vascular invasion cannot be
detected by imaging diagnostic procedure. Therefore,
AgNOR in the biopsy specimens prove to be useful
measures to assess the aggressiveness of the HCC [47].
AgNOR counts have been studied in breast carcinoma,
but the results have been conflicting. Some studies have
demonstrated that quantitative analysis of AGNORs yields
a prognostic factor in breast cancer [48].

The mean number of AgNOR per hepatocyte in the
present study was found to be high. In comparison, Cro-
cker and McGovern [49] recorded a mean AgNOR count
per heptocytes of 7.46 in HCC. These counts are lower
than in present study. The difference in section thickness
appears to be the most likely factor responsible because
when 4 micrometers thick sections were used by Dervan
et al. [50] in breast carcinoma, the mean AgNOR per cell

was found to be higher than counts made on thin sections.

A similar significant difference (p < 0.001) was found
between the mean AgNOR score of the normal and path-
ological biopsies and between the non neoplastic and the
carcinomatous lesions [47]. Small sizes, large numbers
and scattered distribution of AgNORsare characteristic of
malignant tumor cells while large sized, small number
and clustereddistribution of AgNORsare characteristic of
benign tumor cells [51].

A well-defined inverse relationship was observed be-
tween AgNOR number and their sizes [49]. Variation in
the number as well as differences in the distribution pat-

Copyright © 2013 SciRes.

tern of AgNOR granules were found among different
type of tumor [52]. Similarly, the differences between
benign and malignant NORs in terms of their size, num-
ber and distributions inside the nucleus were striking
[53]. Small sizes, large numbers and scattered distribu-
tion of AGNORs were characteristic of malighant tumor
cells while large sized, small number and clustered dis-
tribution of AgNORs were characteristic of benign tumor
cells [51,54]. The above mentioned studies have pointed
out the importance of AgNOR size and distribution in
malignancies. The number and morphological features of
AgNOR are thought to reflect the cellular proliferative
activity and grade of malignancy [55]. In liver diseases,
it has been reported that AGQNOR scores for hepatocellu-
lar carcinoma were significantly higher than those for
benign and border line lesion; the score increased with
histologic tumour grade [56].

AgNOR is specially beneficial when the material is
insufficient [30]. Application of AgNOR staining to con-
ventionally fixed and processed paraffin sections has
made this technique a useful tool in diagnosis of human
malignancies [48]. There was growing evidence to sug-
gest that the number of intranuclear NORs visible are in-
dicative of proliferative activity of the tissue being exam-
ined [54]. AgNOR enumeration along with morphologi-
cal parameters is a good predictor of both ploidy and
proliferation index having a prognostic relevance.

3. CONCLUSION

We conclude that, p53 and NORs are a novel target for
therapeutic intervention and development of new anti-
cancer drugs. Immunohistochemistry helps in studying
mutant p53 gene role and alteration of expression in liver
cancer and progression of liver cirrhosis to HCC. The
immunohistochemical detection of p53 and NOR is a
simple, cost effective and widely available technique. It
is an efficient and inexpensive diagnostic test for early
detection of hepatocellular carcinoma and can potentially
improve the prognosis of patients.
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