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ABSTRACT
AIM: The aim of this study is to determine the immunohistochemical properties of Ki-67, P53 expression and 
loss of P16, and to assess their relationship with both clinical parameters and patient survival in DLBCL. 
METHOD: Forty patients, diagnosed at the Pathology Department of our institute with nodal DLBCL were se-
lected as the study group. The relationship between P16, P53, Ki-67 expressions and clinical and laboratory 
parameters like age, gender, performance status, Eastern Cooperative Oncology Group (ECOG), clinical stage, 
presence of B-symptoms, bone marrow involvement, International Prognostic Index (IPI) score, lactate dehy-
drogenase (LDH) level, extranodal extension, relapse, C-reactive protein (CRP), sedimentation, number of leu-
kocytes in patients and patient survival were then statistically evaluated.
RESULTS: Our results display no statistically signifi cant correlation between P53 expression and loss of P16, 
Ki-67 proliferation index and clinical parameters and overall survival (p > 0.05). The only statistically signifi cant 
relationship was between loss of P16 and stage (p < 0.05). Furthermore, no statistically signifi cant relationship 
was found between patient survival and clinical parameters (p > 0.05).
CONCLUSION: According to the results of our study, the loss of P16, P53 gene expression and Ki-67 proliferation 
index have no effect on life expectancy of patients with DLBCL (Tab. 2, Fig. 2, Ref. 29). Text in PDF www.elis.sk.
KEY WORDS: diffuse large B-cell lymphomas, P16, P53, Ki-67, prognosis.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is a disease charac-
terized by a high degree of heterogeneity in immunophenotype, 
pathogenesis, and clinical response. It is the most common type 
as it comprises 30% of all non-Hodgkin’s lymphomas (1). Unbal-
anced cell proliferation and death are universal features of malig-
nancies involving DLBCLs (2).

Presumably, in addition to clinical parameters, the alterations 
within oncogenes and tumor suppressor genes have been well doc-
umented and have been shown to drive the prognosis, biological 
behavior of the tumor and new treatment regimens for DLBCL (3). 
P53 governs major defenses against tumor growth and promotes 

cellular DNA repair, apoptosis (4). In normal cells, p53 isoforms 
were associated with physiological functions regulated by differ-
ent genes. In cancer cells, abnormal expression of p53 isoforms 
contributes actively to cancer formation and progression (5). Ki-
67 detects nuclear antigens associated with cell proliferation. Ac-
tively proliferating cells were identifi ed in paraffi n section called 
Ki67 proliferative index, which represents the active growth frac-
tion of the tumor. As various studies confi rmed the correlation of 
Ki67 index with tumor grade and clinical behavior of the tumors, 
it became the routine part of various tumor workup especially of 
lymphoid neoplasms (6). Cell cycle progression is controlled by a 
series of cyclin-dependent kinases (CDKs) which are complexed 
with specifi c cyclins while the disruption of regulatory pathways 
is an important feature of DLBCL (7).

Clinical prognostic factors, as well as biological markers are 
mandatory to individualize the treatment process. Owing to the 
heterogeneity of the clinical course observed in DLBCL patients, 
the ability to predict outcome is vital but remains challenging (8). 
Most of the prognostic models are based on the clinical features. 
One of the most important clinical predictors of survival in DLBCL 
patients is the International Prognostic Index (IPI). Although the 
IPI was developed in 1993, even today, it is still the most important 
tool to predict response to treatment for DLBCL, and its prognostic 
value in DLBCL patients has been validated (9). However, one of 
the shortcomings of this prediction approach is that the molecular 
abnormalities of tumor cells are not encompassed by IPI (10). In 
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the light of this information, the aim of the study was to investi-
gate the relationship between patient survival, clinical factors and 
biological markers including different expression patterns, and 
to determine the prognostic signifi cance of cell cycle regulatory 
molecules P16, P53, and Ki-67, a cell proliferation marker, in a 
study group of 40 DLBCL patients. 

Material and methods

Participants
Tissue samples used in this study were taken from 40 patients 

with histologically proven diagnosis of nodal DLBCL at Pathology 
Department of our institute. Institutional ethics committee approval 
for human studies was obtained prior to the study (Ethics Com-
mittee Decision No. 09/206). Paraffi n-embedded tissue samples 
with de novo DLBCL were immunohistochemically analyzed for 
P53, Ki-67 and P16 monoclonal antibody expressions. All clini-
cal, laboratory and follow-up data were obtained from the hospi-
tal records or patients’ charts. Clinical stages were based on the 
modifi ed Ann-Arbor classifi cation system (11).

Immunohistochemistry
All histopathologic samples were re-evaluated and confi rmed 

to have DLBCL according to World Health Organization classifi ca-
tions. Formalin-fi xed and paraffi n embedded blocks were cut into 

sections of 5-μm thickness. These sections were pretreated accord-
ing to the manufacturer’s recommendations. Primary antibodies 
applied are listed as follows: P53 (Thermo Scientifi c Fremont, CA 
94538, USA, dilution 1/100), Ki-67 (Thermo Scientifi c, Rockford, 
USA dilution 1/100), P16 (CINtec, Heidelberg, Germany, ready to 
use). Subsequent development of the antibody reaction was done 
by Anti-Polyvalent HRP kit (Thermo Scientifi c, USA). Immunore-
activity was then visualized with diaminobenzidine staining, and 
the sections were counterstained with hematoxylin and mounted. 
A tissue section of patients with DLBCL that was known to con-
tain P53, Ki-67 and P16 markers served as a positive control in 
each course of staining. The negative control was incubated with 
blocking buffer alone instead of the primary antibody. A slide was 
scored positive only if it had all P53, P16 and Ki-67 primer anti-
body nuclear staining. 

P16 protein expression was considered normal only if P16 nu-
clear immunostaining was present in all areas. Partial or complete 
absence of nuclear staining in a tissue section was considered to 
be a loss of P16 protein expression only if the interspersed nuclei 
of reactive cells (lymphocytes, endothelial cells) displaying P16 
expression were observed (12).

Number %

Sex
Male 23 57.5

Female 17 42.5

Age
60< 19 47.5
60> 21 52.5

Performance
status

0 3 7.5
1 32 80
2 4 10
3 1 2.5

B-symptoms
Present 9 22.5
Absent 5 12.5

Bone marrow involvement
Present 2 5
Absent 23 57.5

Extranodal 
disease

Present 8 20
Absent 11 27.5

Recurrence
Present 4 10
Absent 6 15

LDH levels
Normal 30 75
Elevated 10 25

Survival
Alive 31 77.5
Dead 9 22.5

Stage

1 3 7.5
2 6 15
3 11 27.5
4 4 10

IPI

0 8 20
1 12 30
2 15 37.5
3 4 10
4 1 2.5

Tab. 1. Number and percentage of clinical parameters of patients.

Univariate Multiple
HR(95%CI) p HR(95%CI) p

IPI 1.98(1.04–3.78) 0.038 1.98(1.04–3.78) 0.038
Age

<60 1.00 – – –
>60 2.35(0.56–9.89) 0.244 – –

Performance
0 1.00 – – –
1 26611.91(0.00–4.68) 0.960 – –
2 38316.37 (0.00–6.76) 0.958 – –
3 0.986 (0.00–2.71) 1.00 – –

LDH
<460 1.00 – – –
>460 2.62 (0.62–11.11) 0.191 – –

Extranodal 
involvement

Absence 1.00 – – –
Presence 0.40 (0.02–6.80) 0.523 – –

Stage 
1 1.00 – – –
2 0.746 (0.15–3.71) 0.720 – –

Ki–67
0 1.00 – – –
1 1.19 (0.20–7.18) 0.848 – –
2 0.24 (0.02–2.66) 0.246 – –
3 0.47 (0.07–3.32) 0.445 – –

P53
0 1.00 – – –
1 1.67 (0.31–9.09) 0.560 – –
2 3.71 (0.68–20.44) 0.133 – –

P16
0 1.00 – – –
1 2.26 (0.26–19.78) 0.463 – –
2 0.51 (0.07–4.25) 0.534 – –

Tab. 2. Univariate and multivariate biomarker expression, IPI score, 
parameters associated with IPI in all patients with DLBCL.
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Immunohistological scoring
Three categories were defi ned for P16 expression: negative

(0 %), weak positive (< 10 % positive tumor cells) and positive 
(≥ 10 % positive stained tumor cells) (13). P53 expression was 
evaluated as follows: 1+ score when weak positive reactions were 
found in under 10 % of the tumor cells, 2 + score when positive 
reactions were found in 10–50 % of the tumor cells, 3+ score 
when positive reactions were found 50–90 % of the tumor cells 
and 4 + score when more than 90 % of the tumor exhibited posi-
tive reactions (14).

 Ki-67 expression was evaluated as follows: 1+ score when 
weak positive reactions were found in 1–25 % of the tumor cells, 
2+ score when positive reactions were found in 25–50 % of the 
tumor cells, 3+ score when positive reactions were found 50–75 %
of the tumor cells, and 4+ score when more than 75 % of the tu-
mor exhibited positive reactions (15). The immunohistochemical 
staining for P53 and Ki-67 was assigned the score of 0 when only 
negative reactions were found inside the tumor cells.

Statistical analyses
Clinical parameters and results were studied in retrospect. Sta-

tistical analyses were performed using SPSS 15.0 software pack-

age. The survival was estimated using the Kaplan–Meier method, 
and statistical signifi cance was determined by the long-range test. 
Correlations between clinical parameters and immunohistochemi-
cal parameters (Ki-67, P53 and P16) were searched by Pearson’s 
chi-squared (X2) test. p values of < 0.05 were considered to indi-
cate signifi cance. Furthermore, statistical relationships between 
results of P 53 %, Ki-67 % and clinical parameters were analyzed 
by Sperman’s Rho correlations. Univariate and multivariate analy-
ses were used to assess the prognostic signifi cance of P53, Ki-67, 
P16 expressions, IPI scores and parameters associated with IPI 
for overall survival.

Results

Patients characteristic
Forty patients were investigated to detect correlations between 

the protein expressions, clinical parameters and survival. Twenty-
three of patients were male (57.5 %) and 17 were female (42.5 %), 
and their age ranged from 20 to 87 years, while the mean age of 
patients was found to be 60.5. Main clinical parameters of DLBCL 
patients are summarized in Table 1. Clinical parameters of remain-
ing patients were not available in their fi les.

Fig. 1. (A) Hematoxylin–eosin staining of DLBCL. (B) Immunohistochemical staining showing positivity for Ki-67. (C) P53 and (D) P16 in 
DLBCL. Thin arrow; negative staining cell and thick arrow; positive staining cell. Original magnifi cation x40.

A B

C D
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Immunohistochemical fi ndings
No P16 nuclear protein expression was observed in 26 (65 %) 

DLBCL patients, while 11 (27.5 %) displayed ≥ 10 % loss of P16 
expression, and 3 (7.5 %) displayed < 10 %. When P53 expression 
was scored as +1, +2 or +3, relevant patient proportions were found 
to be 72.5 %, 20 % and 7.5 %, respectively. When Ki-67 nuclear 
expression according to proliferative activity was grouped as +1, 
+2, +3 and +4, relevant patient proportions were found to be 12.5 
%, 17.5 %, 32.5 % and 37.5 %, respectively. A representative posi-
tive staining of these markers is shown in Figure 1.

Effect of prognostic factors on survival
Survival analysis was also performed, based on the infor-

mation on follow-up periods, which ranged between 1 and 62 
months. The median for follow-up periods of surviving patients 
was 16.97 months. Nine (22.5 %) of the patients died because of 
lymphoma. The remaining 31 (77.5 %) patients were alive. The 
overall survival was calculated as the time between the dates 
of diagnosis and death. The expression of P53, P16, Ki-67 in 
DLBCL patients was determined by immunohistochemistry, and 
results were evaluated according to the Kaplan–Meier relation 

Fig. 2. (A) The relationship between survival and follow-up period. (B) The relationship between Ki-67 expression and survival (p = 0.398). (C) 
The relationship between P16 expression and survival (p = 0.553). (D) The relationship between p53 expression and survival (p = 0.277). No 
signifi cant difference is found between the survival curves and biologic markers.

A B

C D
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method with overall survival and follow-up time. Survival curves 
of these markers are shown in Figure 2. When effects of overall 
survival on expression of P16, P53, Ki-67 and follow-up time of 
patients were inspected, no statistically signifi cant relationship 
was found p > 0.05). 

Biological markers and their relation to the other prognostic pa-
rameters

In order to determine the relationship between parameters 
involved in the prognosis of DLBCL, Sperman’s Rho correlation 
analysis was applied. P16 was not added to these variables as the 
loss of P16 expression is a different assessment. As for clinical 
parameters and biological markers, negative correlations between 
age and follow-up time (p = 0.011), and IPI and follow-up time (p 
= 0.025) were found. Moreover, positive correlations were found 
between IPI and disease stage (p = 0.001), and IPI and age (p = 
0.008). Signifi cant differences were also detected between CRP 
and IPI (p = 0.032), CRP and sedimentation (p = 0.037), and num-
ber of leukocytes and sedimentation (p = 0.011). No signifi cant 
difference was detected between Ki-67 % and P53 % expressions 
and any of clinical parameters.

Univariate and multivariate analysis results of P53, Ki-67, 
P16 expressions, IPI scores and parameters associated with IPI for 
overall survival are also shown in Table 2. Multivariate IPI score 
has been shown as an independent risk factor. One-unit increase 
in IPI score was 1.98 (hazard ratio) times more risky for survival 
(p < 0.05) while multivariate analysis using the Cox regression 
model could not be signifi cant in other comparisons according 
to our results.

Moreover, the Pearson’s chi-squared (X2) method was used 
to analyze the relation between clinical parameters and expres-
sion status of cell cycle proteins (P53 and P16) and proliferation 
index (Ki-67). While the results displayed a signifi cant relation-
ship between P16 and disease stage (p = 0.013), no signifi cant 
relationship between other parameters (p > 0.05) was found. No 
correlations among biological markers themselves and between 
biological markers and overall survival, or follow-up time were 
found to have statistical signifi cance.

Discussion

DLBCL is a disease with a high degree of heterogeneity 
in morphology, clinical presentation and outcome of therapy. 
It is clear that differences in the clinical features and treatment 
responses of DLBCL are due to molecular heterogeneity that 
underlies the aggressiveness of the disease and related tumor 
progression (16). This heterogeneity was appreciated through 
various morphologic, immunologic and cytogenetic features to 
assess the prognostic value of single biomarkers (17). In terms 
of response to treatment and prognosis, DLBCL is from a het-
erogeneous group, and its prognostic factors have been deter-
mined (18). The expression of oncogenes and tumor suppressor 
markers were examined in these studies in addition to clinical 
parameters (19). Cell cycle regulatory molecules were reported 
to be associated with the generation or prognosis of malignant 

lymphoma (2). Numerous such biological prognostic markers 
have been proposed as candidates for prognosis in patients with 
DLBCL. This study was aimed at conforming the expression 
of cell cycle regulatory molecules and their prognostic implica-
tions in 40 patients with de novo DLBCL. Prognostic markers 
are assayed by a variety of methods, most commonly by mor-
phology and immunohistochemistry. In present study, we used a 
immunohistochemical method for P53, Ki-67 and P16 biomark-
ers to try to accurately predict the disease’s outcome for the test 
group patients.

P53 is a tumor suppressor gene and is observed in malig-
nant tumors. Only a few of studies have been conducted on 
the role of P53 protein in DLBCL, and they have produced 
confl icting evidence (20, 21, 22). Imamura et al (23) report-
ed that P53 expression was up to 30 % in aggressive B-cell 
lymphoma, while Ishioka et al (24) showed that P53 expres-
sion could be an important prognostic factor in non-Hodgkin’s 
lymphoma. Ichikowa et al (25) observed that P53 alterations 
were common in clinical stage 4-B of cell lymphoma, while in 
the studies of Piris and colleague, P53 immunoreactivity was 
found to be an independent factor in survival (20). Zhang et 
al (3) found shorter survival for patients with P53 expression 
in DLBCL. In contrast, other studies assessing the prognostic 
signifi cance of P53 overexpression in DLBCL found no asso-
ciation with overall survival (14, 26). Present study, similarly 
to the Rujirojindakul et al (27), did not demonstrate statistical 
correlation between p53 expression and age, sex, LDH level, 
and B symptoms in patients with DLBCL. The fi ndings in our 
study suggest no relation between P53 expression and survival. 
We believe that this difference in outcomes may depend on the 
sensitivity of the employed immunohistochemical method and 
cut-off value assigned to study.

Ki-67 expression as a nuclear marker for increased cell pro-
liferation predicts poor response to chemotherapy and shorter sur-
vival of the patients. According to Zang et al (3), low Ki-67 index 
(< 10 %) was found to have a tendency to a shorter related survival 
compared to high proliferation activity, but this relationship was 
not statically signifi cant. Concerning Ki-67 expression, however, 
it has been shown that high Ki-67 proliferation index is also a 
poor prognostic marker for DLBCL (26). Although these studies 
indicated that survival of patients was related with increased or 
decreased expression of Ki-67, no relationship between survival 
and Ki-67 expression was found in our study.

P16 is encoded at the INK4a/ARF locus of chromosome 
9p21. P16 is a key regulator at the G1-S check point of the 
cell cycle, and an alteration in its functions plays a critical role 
in tumorigenesis. In lymphoid malignancies, P16 gene silenc-
ing, mainly induced by gene methylation, is frequently found 
in Hodgkin and non-Hodgkin lymphomas, and has been associ-
ated with tumor progression (28). According to Gronbaek et al 
(29), a concurrent disruption of P16, P14 and P53 pathways acts 
as an independent negative prognostic factor in aggressive non-
Hodgkin’s lymphoma. Those showed a signifi cantly of the p16/
p14/p53 markers (–/–/+) shorter overall survival only in the GC 
phenotype in DLBCL divided two group (13). Individual bio-
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markers may provide prognostic information for patients with 
DLBCL. In this study, there was no signifi cant correlation be-
tween p16 and survival. Due to the complexity of the underlying 
mechanisms related to the loss of P16 expression, more detailed 
studies are necessary to understand the prognostic importance 
of the latter loss. 

The prognosis of a tumor is determined by a combination of 
host and tumor-related factors. Clinical factors such as stage and 
LDH constitute rough refl ections of the underlying tumor biol-
ogy. Thus, it is likely that assessment of tumor biology would 
provide additional information and improve the prognostic pre-
cision of the prognostic index, like IPI. Such clinical prognostic 
parameters, including IPI, are used to stratify patients according 
to the overall prognosis (8). Zhou et al (9) supported the idea that 
IPI is one of the most important clinical predictors of survival in 
DLBCL patients. As no signifi cant difference was found among 
other clinical parameters in our study, signifi cant correlations be-
tween IPI and age, and IPI and stage were detected. Moreover, 
multivariate analysis showed that IPI score is an independent risk 
factor related to survival. The major fi nding of our retrospective 
study was that P16 and disease stage were statistically important 
in determining the prognosis of patients with DLBCL. Our study 
shows that the relation between P16 and stage is a predictive 
prognostic variable in interpreting individualized clinical results 
in patients with DLBCL.

Conclusion

In summary, we investigated whether survival, clinical fac-
tors and biological markers were related in patients with DLBCL. 
Biologic markers used in this study were found to be irrelevant in-
dependent predictors, except for P16. P16 status may demonstrate 
a late event in progression of lymphoma. Yet, P16 loss should be 
further proven by molecular techniques in the future studies. To 
confi rm our fi ndings, both further large-scale studies and a stan-
dard cut-off value set for biomarkers are needed. At present, with 
more global approaches like potential molecular techniques, it 
may be possible to understand better the biological and prognostic 
significance of biological markers.
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