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Introduction

In recent years, many studies stress the prognostic 
significance of the evaluation of tumor biology and, linked 
to it, processes of cell proliferation. The proliferative 
activity of the tumor is related to its growth rate, providing 
a recognized prognostic index, related to survival of patients 
with various types of tumors (1,2). Several methods to assess 
proliferative fraction of tumor cells have been using e.g., 
flow cytometry, autoradiography and evaluation of nucleolar 
organizer region. At present, immunohistochemical 

(IHC) methods represent an effective approach, detecting 
antigens typical for cells in the cell cycle (e.g., Ki-67, 
PCNA, Mcm-2) (3,4). Ki-67 antigen represents a non-
histone nuclear antigen present only in proliferating cells. 
Its role as a proliferative index (PI) marker is due to the 
fact that, Ki-67 is expressed during the active phases of 
cell cycle, which are G1, S, G2, and mitosis. Its strict 
association with cell proliferation and its co-expression 
with other well-known markers of proliferation indicate 
a pivotal role in cell division. Therefore it is an excellent 
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marker for determining the growth fraction of a given cell 
population (5). Experimental and clinical data indicate 
that tumor progression and malignancy are associated 
with increased angiogenesis and higher Ki-67 PI (6). 
Hall et al. (7) and Hussain and Harris (8), made clinical 
classification of non-Hodgkin’s lymphomas into high- and 
low-grade lymphomas which was shown to be mirrored by 
differences in Ki-67 staining. One of the major pathways 
in controlling cell cycle is p53 tumor suppressor, the p53 
gene may block the progression of cell growth cycle and 
trigger apoptosis in response to DNA damage (9). p53 
abnormalities such as gene mutation and depletion can lead 
to the altered intracellular signal transduction pathways as 
well as loss of the regulation of cell growth, apoptosis, and 
DNA repair, which are responsible for carcinogenesis (10).  
The biological activities of p53 are attributed to its ability 
to arrest the cell cycle at G1 or G2 phase, to induce 
apoptosis and to maintain genomic stability by modulating 
DNA repair, replication and recombination (11). Many 
observations suggest the involvement of p53 in lymphoma-
genesis including: (I) p53 gene mutations are found in 
about 25–30% of NHL (12); (II) p53 immunoreactivity is a 
frequent finding in NHL (13).

This study was conducted to evaluate Ki-67 (PI) level 
and p53 expression as an IHC markers in gastric B cell 
lymphoma and asses the correlation between those two 
markers and different clinico-pathological data (age, sex, 
tumor location and histological type). 

Methods

Patients and tissue samples

Twenty paraffin blocks from patients with gastric B cell 
lymphoma were collected from the Department of Pathology, 
Central University Hospital of Sidi Bel Abbes City (Western 
Algeria) for the period 2007–2013, including 13 blocks of 
MALT B-cell lymphoma and 7 blocks of DLBCL. These 
specimens were paraffin embedded in the same center. The 
cases were stained with haematoxyline and eosin (H&E) for 
routine histological examination. An absolute confidentiality 
of the patients’ vital information was maintained for 
ethical purposes and an ethical approval was obtained from 
institutions in which the study was carried out.

Immuno-histochemical staining

For immuno-histochemical study, the streptavidin-biotin-

peroxidase method was performed on paraffin sections. 
The following monoclonal antibodies were used: anti-
Ki-67 (clone SP6, Diagomics, dilution 1/400°, incubation 
32 min, pretreatment CC1 36 min); anti-p53 (clone DO-
7, DAKO, dilution 1/50°, incubation 32 min, pretreatment 
CC1 64 min) . The phenotype of the lesions was evaluated 
using anti-CD20 and anti-CD3 anti-bodies. The 4-μm 
sections were deparaffinized with xylene twice during  
10 min for each, rehydrated in a gradient series of alcohol 
(100%, 95% and 45% alcohol), and rinsed by PBS. Each 
section was covered with 0.3% peroxy acetic acid for  
15 min to block endogenous peroxidase activity, microwaved 
for antigen retrieval (100 W, 5 min × 3 min), and cooled 
in the room temperature for 20 min. These sections were 
first incubated with primary antibody at room temperature, 
and then rinsed once with PBS. This was followed by 
incubation with a secondary antibody streptavidin-biotin-
peroxidase complex for 30 min in room temperature at 37° 
as well as another rinsed once with PBS. Slides were then 
treated with streptavidin peroxidase reagent for 10 min and 
rinsed with PBS twice. The sections were visualized with 
3,3'-diaminobenzidine (DAB) for 5 min, counter stained 
with hematoxylin for 5 min, washed gently under running 
water ammoniac and differentiated by and mounted in 
mounting medium for observation under microscope.

For the tissue evaluation of Ki-67, each slide was scored 
based on the percentage of positively stained malignant 
nuclei. The following ranges were used: 0% to 20%, >20% 
to 40%, >40% to 60%, >60% to 80%, and >80% to 100%. 
According to the recommended classification in previous 
studies (14,15), samples with Ki-67 nuclear staining equal 
or above 40% were considered having a high PI, whereas 
nuclear positivity below 40% was considered a low PI. p53 
was considered overexpressed when ≥30% of the malignant 
nuclei were positive.

Statistical analysis

Statistical analysis was performed using the SPSS 20.0.  
Ki-67, p53 expression as well as their correlations with 
clinico-pathological parameters were performed by chi2 test. 
Significant differences were accepted at P<0.05.

Results

Clinico-pathologic features

From 2007 to 2013, 20 patients with gastric B cell 
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lymphoma were identified and included in our study. The 
mean age of the patients was 60, 65 years, with a range of 
35–78 years. Most of patients included in this study were 
15 (75%) cases over 50 years. Gender distribution of cases, 
showed male predominance 16 (80%) compared with 
female 4 (20%), and a male to female ratio of about 4:1.

Regarding the site of gastric lymphoma, most of the 
patients had tumors located mainly in the antrum of the 
stomach (12 patients), location in the body was seen in  
2 patients, and it was fundus in 6 patients.

The study sample comprised 13 (65%) patients who 
were classified as MALT lymphomas and 7 (35%) as diffuse 
large B-cell lymphomas (Figure 1). Macroscopically, 9 of 13 
MALT and 4 of 7 DLBCL were classified as ulcer type, 4 
of the MALT, 2 of DLBCL as infiltrate and the one case of 
DLBCL was classified as polyp (Table 1).

Ki-67 distribution in gastric B cell lymphoma

The percentage of Ki-67-positive cells in the tissues from 
20 patients ranged from 2% to 90%, with a mean of 
30.20%. Males presented a greater percentage of stained 
cells than females (mean Ki-67 PI: 32.81% versus 28.80%). 
The association between mean Ki-67 PI and histological 
type showed that the mean Ki-67 was 5.69% in low grade 
(MALT) and 75.71% in high grade (DLBCL). Significant 
difference was observed between Ki-67 PI and histological 
grade advanced (P=0.001). However, no significant 
statistical correlation was found between Ki-67 PI and 
clinic-pathological parameters like age (P=0.3), sex (P=0.3), 
macroscopic features (P=0.4), location of tumor (P=0.2) 
(Table 2, Figure 2).

p53 expression in gastric B cell lymphoma

The expression of p53 protein was observed in nine samples 
(45%). The frequency of p53 positive specimens in low 
grade (MALT) (33.3%) appeared to be lower than in high 
grade (DLBCL) (66.7%); the frequency of positivity was 
significantly increased as the histological grade advanced 
(P=0.007). However, no significant correlation was found 
between the p53 expression and clinico-pathological 
parameters: age, sex, macroscopic feature or disease location 
(Table 2, Figure 2). We found a statistically significant 
correlation between p53 and Ki-67 (P=0.007). p53-negative 
patients presented lower Ki-67 values than p53-positive 
patients (Table 3).

Discussion

Primary gastric lymphomas are rare. Although their 
incidence rate is increasing, they comprise less than 10% of 
gastric malignancies. Despite this rarity, stomach accounts 
for more than two-third of all extra-nodal non-Hodgkin 
lymphomas (16).

The mean age at diagnosis of patients with gastric B 
cell lymphoma is 60, 65 years, which is comparable to the 
results published in the literature. In fact, this number is 

Figure 1 Frequency of gastric B cell lymphoma.

Table 1 Clinical and morphologic features of gastric B cell 
lymphoma

Features MALT DLBCL P

Number of cases 13 7

Age range in years (mean) 41–78 (61.54) 35–75 (59.0)

Age 0.9

<60 years 5 (64.2) 3 (42.9)

≥60 years 7 (53.8) 4 (57.1)

Gender 0.6

Male 10 (76.9) 6 (85.7)

Female 3 (23.1) 1 (14.3)

Location (%) 0.4

Antrum 7 (53.8) 5 (71.4)

Fundus 4 (30.8) 2 (28.6)

Body 2 (15.4) 0 (0)

Macroscopic type (%) 0.3

Ulcerated 9 (69.2) 4 (57.1)

Polypoid 0 (0) 1 (14.3)

Infiltrate 4 (30.8) 2 (28.6)
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very close to the mean age reported in Germany and Japan, 
which was 60 and 60, 5 years respectively (17,18). However, 
it was lower in other Asian countries; it doesn’t exceed the 
50 years in china (19) and 42 years in Iraq (20). The M/F 
sex ratio in our studied population is higher than what has 
been reported from china (1.18) (21) and France (1.24) (22),  
but it is contrast to the study by Ansari et al., which showed 
a female predominance (23).

A B C

Figure 2 Expressions of Ki-67 and p53 in gastric diffuse large B cell lymphoma. (A) Diffuse large B cell lymphoma in stomach biopsy  
(H&E, 200×); (B) Ki-67 shows a high proliferative index in gastric DLBCL, (Ki-67 immunohistochemistry, 200×); (C) p53 protein 
overexpression is noted in the tumor cells of DBLCL (p53 immunohistochemistry, 200×). H&E, haematoxyline and eosin.

Table 2 Distribution of Ki-67 and p53 expression and their correlation with clinico-pathological features in gastric B cell lymphoma

Characteristics Mean Ki-67 (%)
Ki-67 (%) p53 (%)

<20% ≥60% P Positive Negative P

Gender 0.6 0.3

Male 32.81 10 (62.5) 6 (37.5) 8 (50.0) 8 (50.0)

Female 28.80 3 (75.0) 1 (25.0) 1 (25.0) 3 (75.0)

Age 0.8 0.3

<60 years 29.33 6 (66.7) 7 (63.6) 5 (55.6) 4 (36.4)

≥60 years 30.91 3 (33.3) 4 (36.4) 4 (44.4) 7 (63.6)

Macroscopic 0.3 0.4

Ulcerated 25.92 9 (69.2) 4 (30.8) 5 (38.5) 8 (61.5)

Polypoid 90 0 (0) 1 (100.0) 1 (100.0) 0 (0)

Infiltrate 29.50 4 (66.7) 2 (33.3) 3 (50.0) 3 (50.0)

Localization 0.5 0.2

Antrum 34.08 7 (58.3) 5 (41.7) 7 (58.3) 5 (41.7)

Fundus 31.33 4 (66.7) 2 (33.3) 2 (33.3) 4 (66.7)

Body 3.5 2 (100.0) 0 (0) 0 (0) 2 (100.0)

Type histologique 0.001 0.007

MALT 5.69 13 (100.0) 0 (0) 3 (23.1) 10 (76.9)

DLBCL 75.71 0 (0) 7 (100.0) 6 (85.7) 1 (14.3)

Table 3 Correlation between Ki-67 PI and p53 expression in 
gastric B cell lymphoma

Ki-67
p53

P
Positive (%) Negative (%)

<20% 3 (33.3) 10 (90.9) 0.007

≥60% 6 (66.7) 1 (9.1)

PI, proliferative index.
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In general, GL more frequently involves antrum, corpus, 
and cardia (24). In our series of 20 patients, most of the 
patients (60%), antrum was the main involved site, accounting 
for 60% cases. The histology types in this study had shown 
similar patterns of frequency compared to report of Al-
Shehabi et al. (25) and Xie et al. (16), in which MALT was 
the dominant histology types, while reports from Jordan (26)  
and Iran (23) have shown a predominance of DLBCL.

Ki-67 is a nonhistone protein first identified in 1991 by 
Gerdes et al. (27). Because it is expression in all phase of 
the cell cycle except the resting stage (G0), it has been used 
as a proliferation marker in numerous cancers including 
lymphoma (28). Several researchers tried to establish 
usefulness of Ki-67 index in distinguishing indolent and 
aggressive lymphomas. Broyde et al. evaluated Ki-67 
index in 319 newly diagnosed cases of NHL. There was a 
statistically significant increase in mean Ki-67 index from 
26.6% for indolent lymphomas to 67.2% for aggressive 
lymphomas to 97.6% for very aggressive lymphomas. They 
established a Ki-67 index of 45% to differentiate indolent 
from aggressive lymphomas (29) and increased Ki-67 
index has been shown to correlate with increased grade of 
lymphoma (30). This study demonstrates the differences 
in the range and mean percentage of Ki-67 in low and 
high grade lymphomas. Our results were consistent with 
these previous observations, since all of our tested gastric 
DLBCL had high Ki-67 index ≥80%, while the majority 
(85%) of the gastric MALT had Ki-67 ≤20%. Statistical 
analysis on our lymphomas also showed higher Ki-67 levels 
were significantly associated with high grade DLBCL 
lymphoma (P=0.001). Petit et al. assessed proliferation 
index in 90 indolent lymphoplasmacytic and marginal zone 
lymphoma. They found mean Ki-67 index of 20% being 
associated with low overall survival (31). On the basis of the 
Kiel classification and the PI assessment by proliferating 
cell nuclear antigen staining in histologic sections, the mean 
PI reported in low-grade lymphomas was 39.5 and 75.7 in 
high-grade lymphomas (32). Correlations using the working 
formulation classification described mean MIB-1 PI of 
29.7% for low-grade lymphomas, 53.1% for intermediate-
grade, and 75.1% for high-grade lymphomas (33).  
In accordance with results reported by Szczurazek  
et al. (34), no significant relationship was shown between 
Ki-67 and clinico-pathological features of the patients (age, 
sex, location, macroscopic features).

As we know that p53 is a transcription factor that induces 
the expression of genes involved in cell cycle arrest or 
apoptosis in response depending on the biologic context (35).  

The finding of p53 protein overexpression in NHL is in 
agreement with the previous studies and suggests a possible 
role for p53 in lymphomagenesis (12-36). p53 over-expression 
has been shown to correlate with mutations in TP53 (37). 
This may relate to decreased rate of degradation of the 
mutant protein, leading to elevated cytoplasmic accumulation. 
p53 immunohistochemistry may be useful in evaluating 
primary GI lymphomas, because p53 accumulation has 
been shown to be more common in high grade lymphomas 
than low grade lymphomas (30). Moller et al. showed that 
p53 protein overexpression, defined as ≥20% of tumor 
cells positive for p53, was 80-90% sensitive and 100% 
specific in predicting TP53 mutations in DLBCLs (38).  
In our series, high grade gastric DLBCL were more 
significantly associated with p53 overexpression than low 
grade gastric MALT (P=0.007). Thus our data corroborates 
the prior studies which have suggested mutations in TP53 
may relate to progression from low grade to high grade 
lymphoma, as well as increased risk of relapse (38,39).

Conclusions

Our preliminary results showed that high Ki-67 PI 
distribution and p53 overexpression in gastric B cell 
lymphoma were associated with DLBCL type and p53 
expression also correlated with a greater PI. However, in 
this selected group of patients, no correlation was noted 
between these markers expression and clinico-pathological 
features.
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