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p53 Protein Expression and its Prognostic Importance in Patients

with Nodal non-Hodgkin’s Lymphoma

To determine whether the p53 expression might be a predictor for treatment
response and overall survival in nodal non-Hodgkin's lymphoma (NHL), we
analyzed the expression of p53 in 69 NHL patients. p53 protein expression
was analyzed by immunohistochemistry with long-term follow up (1-148 months:
median 12.2). p53 expression was noted in 23/69 (33.3%) patients. Complete
response (CR) rate to systemic chemotherapy was correlated with stage (I/11)
(p=0.038), but not with p53 expression (p=0.2856). Poor overall survival was
associated with stage (p=0.0010) or IPI score (p=0.0076), but not with p53
expression (p=0.8601). From stratification analysis by stage, in stage llI/IV
patients, the p53 positive group had a trend to be associated with poor overall
survival than the p53 negative group. Multivariate analysis revealed that p53
positive group was associated with less CR rate compared to the p53 negative
group (p=0.046), whereas overall survival was correlated with stage (p=0.0320),
not with p53 status. p53 expression was associated with less CR rate in patients
with DLBL. Further studies with large numbers of samples and homogenous
group of NHL are needed to determine the prognostic value of cell cycle regulator,
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INTRODUCTION

It has been well established that p53 plays a central
role in controlling functions such as G1/S transition,
DNA damage repair and apoptosis of a cell (1-4). p53
has been found to be altered in a wide vatiety of tumots
and it has been associated with a poot prognosis in some
tumots (5-7). In vatious hematologic malignancies, p53
mutations have been reported in 5% to 50% and a mu-
tated p53 has been associated with advanced disease or
with the development of resistance to therapy (8-11).
Non-Hodgkin’s lymphoma (NHL) form a heterogenous
group in terms of clinical presentation, histology, immu-
nophenotype, genetic alterations, response to treatment
and prognosis. A few studies have examined gross struc-
tural changes ot mutations in p53 in selected histologic
groups of lymphoma. Although p53 mutations are re-
ported in many studies, the significance of p53 in NHL
is still controversial. Recent investigations of lung cancet,
breast cancet, and bladder cancer have indicated that p53
mutations ot accumulation of p53 protein cotrelated with
poot prognosis (12-15). Normal p33 protein is almost
undetectable by immunohistochemistry. Ovetexpression
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of aberrant nonfunctional p53 protein might, therefore,
be used to mark genetic alterations of p53 (16-19). To
investigate the prognostic significance of cell cycle regu-
lators, p53 in nodal NHL we analyzed 69 nodal NHL
using an immunochistochemical method.

MATERIALS AND METHODS

Tissue samples and patient population

Between Januaty 1987 and December 1998, 69 biopsy
samples of lymph node diagnosed histologically as nodal
NHL as desctibed in the Working Formulation and in
the revised European-Ametican lymphoma (REAL) classi-
fication wete studied by cell surface markers (20, 21).
The group of patients consisted of 23 female and 46 male
patients. Age, clinical stage, performance status, serum
lactate dehydrogenase (LDH) level and the numbers of
extranodal sites of the disease were used as critetia which
was determined by the IPI (Table 1) (22). International
prognostic index (IPI) was grouped as Low/Low Intet-
mediate and High Intermediate/High. Fifty-six of the 69
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patients teceived systemic chemotherapy with cytoxan
adriamycin vincristine prednisone combination chemo-
therapy (CHOP) like regimen. Complete response (CR)
was defined as the tesolution of clinical and radiologic
evidence of disease for a minimum of four weeks. Infor-
mation concerning diagnosis date, other clinical charac-
teristics and deaths was obtained from a retrospective
study. Subjects were followed undl the eatliest of the
following: their date of death, the date they were last
known to be alive, or the end of the follow up petiod.
Observations were censoted at either the date of last
known follow-up or the end date of the follow-up period
if death had not occurted. The median follow-up period
was 12.2 months.

Immunophenotypic studies

Immunophenotypic studies were performed on forma-
lin-fixed paraffin-embedded sections, using monoclonal
antibodies which ate reactive in routinely processed pat-
affin-embedded tissues by a avidin-biotin complex (ABC)
method: a panel of monoclonal antibodies against T cells
[CD3 (DAKOQ, Santa Babara, CA, U.S.A), CD43 (MT-1,
BioGenex, San Ramon, U.S.A.), CD45RO (UCHL-1,
DAKO)], B cells [CD20 (L-26, DAKO), MB-2 (Bio-
Genex)]; macrophage [CD68 (DAKQ)], NK cells [CD56
(DAKO)] and activated T, B, and Reed-Sternberg cells
[CD30 (Ki-1, DAKO)].

Immunohistochemical staining for p53

Overexpression of p>3 was assessed using the DO7
monoclonal antibody (MoAb) (Novocastra, Newcastle,
U.K.), which specifically detects human wild type and
mutant p53. Because the half-life of normal p33 is short
and the amount of normal p53 expressed is low, the
detection of stainable levels of p53 in a tumor cell sug-
gests a p53 mutation. The 4-ym thick sections from for-
malin-fixed paraffin-embedded tissue blocks were depat-
affinized in xylene and rehydrated. After blocking endo-
genous peroxidase activity with 3% hydrogen peroxidase
in methanol, the sections were incubated in 0.01 M
citrate buffer pH 6.0 for two 5-min cycles in a micto-
wave ovent at 800 W for antigen tetrieval. All the slides
were preincubated with 10% normal goat serum for 20
min. The DO7 antbody was used at a concentration of
1:50 and applied for 60 min at room temperature. Each
of the biotinylated secondary antibodies was added for
30 min followed by the streptavidin-biotin peroxidase
reagent (DAKO) for an additional 30 min. After washing
with phosphate buffered saline, the antibody was de-
tected by means of an ABC method and developed with
3,3'-diaminobenzidine (DAKO). The slides were counter-
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Table 1. Characteristics of 69 nodal non-Hodgkin's lymphoma
patients

No. of patients (%)

Sex

Male 46 (66.7)

Female 23 (33.3)
Age (yrs)

Mean 44.5

Median 50.0

<60 48 (69.6)

>60 21 (30.4)
Stage (Ann Arbor)

[+ 21 (30.4)

i+ v 48 (69.6)
IPI score

wu 28 {40.6)

HI/H 4 (59.4)
Response to therapy

CR 31/56 (565.4)
Overall survival (months)

Range 1-148.1 months

Median 12.17 months

IPl score, international prognostic index score; L, low; LI, low
intermediate; HI, high intermediate; H, high risk, respectively (18)

stained with hematoxylin. All slides were evaluated with-
out knowledge of patient identity ot clinical status by
an experienced pathologist. Each experiment was inde-
pendently petformed twice. A case was regarded as
immunostaining positive if greater than 10% of the
malignant cells stained with the antibody. Cases of p33
positive were arbitratily divided into three groups accord-
ing to the number of p53 positive cells and p53 immuno-
reactivity: Grade 0: 0-10% nuclear ot cytoplasmic stain;
Grade 1: 11-30% nuclear stain; Grade 2: 31-60% nucle-
ar stain; Grade 3: 61-100% nuclear stain. Reactive hy-
petplastic lymph node and known p53 positive invasive
ductal catcinoma of the breast wete used as a negative
and positive control, respectively. A threshold of 10% of
positive cells was used for statistical analysis, because in
previous studies this threshold separated groups that had
different clinical behavior (16, 23).

Statistical analysis

Frequencies of p53 overexpression were compared with
vatious clinical characteristics and pathological variables
using Peatson’s chi-square test. Sutvival cutves were cal-
culated using the Kaplan-Meier method and compared
with the frequencies of p53 expression using log-rank
test. Univariate analysis and multivariate stepwise Cox’s
regtession analysis were petformed to identify prognostic
factots for survival. All statistical analyses wetre two-sided
at a significance level of $=0.05, and performed using
SPSS 7.5% statistical software.
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RESULTS

Using the anti-p53 antibody, the reactive lymph node
showed up as either absent or present only in rare,
activated cells in the follicular and intetfollicular zones
(Fig. 1). p5>3 positive invasive ductal catcinoma of the
bteast served as a positive control. We atbitratily defined
P53 positive in mote than 10% of nuclear staining. p33
protein exptession was noted in 23/69 (33.3%) of pa-
tients. There were 13% (9/69) of Grade 3, 5.7% (4/69)
of Grade 2, and 14.5% (10/69) of Grade 1 p53 expres-
sion, respectively (Table 2). Representative results for p33
expression are shown in Fig. 2. p53 expression was found
in 5 of 22 cases (22.7%) of T cell NHL, 18 of 47
(38.2%) B cell NHL. According to the REAL classifi-
cation, pd3 expression was noted in 13 of 33 diffuse large
B cell lymphoma (DLBL) (39.4%), 1 of 9 lymphoblastic
lymphoma (IB; 11.1%), 2 of 6 Butkitt’s lymphoma
(33.3%), 2 of 12 petipheral T cell lymphoma (PTCL;
18.2%), 3 of 6 follicle center lymphoma (FCL 50%; 1/3
ECL grade II, 2/3 FCL grade III), 1 of 1 angiocenttic
lymphoma, 0 of 2 anaplastic large cell lymphoma, respec-
tively. There was no correlation between p53 expression
status and age, sex, stage, T/B cell type or IPI scote
(Table 3).

Thirty-one out of 56 patients (55.4%) treated with
systemic chemothetapy achieved CR. No correlation was
noted between CR and p33 expression. By multiple logis-
tic regression analysis, CR rate was correlated with stage
(I/IT) (p=0.038), but not with p53 expression (p=0.2856).
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Fig. 1. A: Light microscopic findings of reactive hyperplasia
of the lymph node (H&E, x100). B: Immunoperoxidase staining

with anti-p53 monoclonal antibody shows absent or rare p53
positive cells (x100).

Multivatiate analysis of factors that influence overall
sutvival by Cox’s proportional hazard model also showed
that poor overall sutvival was associated with stage (p=
0.0010) or IPI scote (=0.0076), but not with p53 ex-
pression (p=0.8601) (Table 4). But from the stratification
analysis by stage, among the patients group with high
stage (III/IV), p53 positive group showed a trend to be
associated with poot overall survival than the p53 nega-
tive group (p=0.3552) (Fig. 3).

We also analyzed 33 cases of DLBL subgroup to detet-
mine the clinical prognostic significance of p53 expres-

Table 2. Characteristics in nodal non-Hodgkin's lymphoma patients according to p53 expression and complete response to

chemotherapy
P53 expression Complete response
Positive (n=23) Negative (n=46) CR (n=31) No CR (n=25)
No (%) No (%) No (%) No (%)

Age (y)

<60 18/48 (37.5) 30/48 (62.5) 22/38 (57.9) 16/38 (42.1)

>60 5/21 (23.8) 16/21 (76.2) 9/18 (50.0) 9/18 (50.0)
Sex

Male 15/46 (32.6) 31/46 (67.4) 22/34 (64.7) 12/34 (35.3)

Female 8/23 (34.8) 15/23 (65.2) 9/22 (40.9) 13/22 (59.1)
Stage

L+ 1l 7/21 (33.3) 14/21 (66.7) 13/19 (68.4) 6/19 (31.6)

n+ v 16/48 (33.3) 32/48 (66.7) 18/37 (48.6) 19/37
1Pl

Lu 8/28 (28.6) 20/28 (71.4) 17/26 (65.4) 9/26 (34.6)

HI/H 15/41 (36.6) 26/41 (63.4) 14/30 (46.7) 16/30 (53.3)
T/B cell

T 5/22 (22.7) 17/22 (77.3) 19/40 (47.5) 21/40 (52.5)

B 18/47 (38.3) 29/47 (61.7) 12/16 (75.0) 4/16 (25.0)
p53

<5% 23/37 (62.2) 14/37 (37.8)

>5% 8/19 (42.1) 11/19 (57.9)

IPI, international prognostic index; L, low; LI, low intermediate; HI, high intermediate; H, high
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Fig. 2. A: Representative result for p53 positive non-Hodgkin’s
lymphoma. Light microscopic findings of Burkitt's lymphoma
(H&E, %200). B: Immunoperoxidase staining with anti-p53
monoclonal antibody shows diffuse strong nuclear immuno-
reactivity (Grade 3) for the p53 protein (X 200).

sion. There was also no cotrelation between p53 expres-
sion and other clinical variables. But, p53 positive group
was associated with less CR rate compated to the p53
negative group (p=0.046) by multple logistic regression
analysis.

DISCUSSION

The p53 transcription regulatory protein monitors the
integtity of the genome by attresting cells at G1 ot pro-

M.-J. Ahn, H. Kim, |.-S. Kim, ef al.

........ p53 positive
—— p53 nagative
p=0.3352

Probability

00 T T T T T T T 1
0 20 40 60 80 100 120 140 160

Overall surval (months)

Fig. 3. Overall survival for 48 stage Ill/IV non-Hodgkin's lym-
phoma patients with (n=16) or without (N=32) p53 expression.

gramming them to cell death when DNA replication is
defective or when DNA is damaged (1-4). The inactiva-
tion of this gene would provide a selective advantage for
clonal expansion of neoplastic cells. Mutant p53 repre-
sents a loss of function by a recessive or dominant nega-
tive process. Previous studies have shown that a majority
of mutations occurs as missense changes in the highly
conserved sequences of the coding region (exons 5
through 8) (24). The frequency of mutations in lymphoid
malignancies vaties in different histologic groups, with
the highest values in adult T-cell leukemia (44%) (25),
Burkitt’s lymphomas (37%) (26), and DLBL (30.5%)
(27). We studied a heterogenous group of nodal NHL,

Table 3. Multivariate analysis of factors that influence the achievement of complete response by logistic regression model and

overall survival by Cox's proportional hazards model

Factors b SE(b) p velue OD ratio
Complete response
Age group 0.0712 0.7038 0.9194 1.0738
Sex 1.2785 0.6892 0.6361 3.5914
Stage group 1.5066 0.7263 0.038 45113
IPI group™ 0.6300 0.5742 0.2726 1.8777
P53 0.7253 0.6793 0.2856 2.0654
T/B 1.3315 0.7600 0.0798 3.7867
Overall survival
Age group 0.0320 0.4440 0.9425 1.0325
Sex 0.7813 0.4408 0.07631 2.1843
Stage group 1.9075 05776 0.0010 6.7362
IPI group* 1.0836 0.4061 0.0076 2.9554
p53 0.0724 0.4104 0.8601 1.0750
T/B 0.6061 0.4547 0.1825 1.8333

Cox's proportional hazards regression model is as follows: hi(t)=ho(t} exp (81 age group+ B2 sex+ B3 stage group+ B4 P53+ Bs T/B).

Regression analysis was performed using forward stepwise method.

Age: 0=<60, 1=>60; Sex: 0=male, 1=female; Stage group: O=stage I/ll, 1=stage Ill/IV; p53: 0=negative, 1=positive; T/B: 0=B, 1=T
*The odds ratioc was obtained from separately analyzed data using three factors: IPI, p53 and T/B
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and found 33.3% of nodal NHL patients with p53
expression. These results are comparable to previously
reported findings (25-27). Wheteas p53 exptession was
noted in 39.4% of DLBL, the frequency of p53 expres-
sion was low in LB (1/9), Burkitt’s lymphoma (2/6), and
PTCL (2/11). Our results also showed no cortelation
between p53 expression and any clinicopathologic fea-
tures, ovetall survival or complete response to chemothet-
apy. This tesult may be attributed to the heterogenous
group of patients with NHL studied. We found that p33
positive group had a tendency to be associated with poor
overall survival than the p53 negative group among the
patients group with high stage (II/IV) (Fig. 3). Alchough
the difference was not significant, large number of sam-
ples would elucidate the prognostic values in this group
of patients.

Recently, many reports showed that aggressive B cell
lymphoma is associated with high incidence of p53 ex-
pression and also with poor overall sutvival and poor
response to chemotherapy (28, 29). An analysis of 47
cases of aggressive B cell lymphoma in our study did not
reveal any significant difference between p53 expression
and overall survival (p=0.4196) or response to treatment
(p=0.0656). Our studies have reached contradictory con-
clusions on this point, and some of these different results
may be attributed to the different subtypes of NHL stud-
ied ot different methodologies used. Ichikawa et al. (28)
reported that when the mutations of the p53 gene wete
identified by polymerase chain reaction-mediated analysis
of single-strand conformation polymorphism (SSCP) and
by direct sequencing, mutations of the p>3 gene were
associated with a poot prognosis in patients with aggres-
sive B cell lymphoma. Since we petformed the p53 muta-
tion studies by immunostaining, the results might be
different from other studies. Howevet, Koduru et al. (29)
reported that positive cotrelations wete found between
P53 mutation detected by SSCP or by direct sequencing
and p53 protein expression by immunostaining, suggest-
ing that immunohistochemical stain for p53 might be an
effective way to screen for p53 changes in NHL.

The prognostic impottance of p53 exptession in DLBL
still temains controversial. In our study, when analyzing
33 cases of DLBL, significant correlation of p53 expres-
sion was found with the achievement of complete re-
sponse. Only the clinical parameters included within the
IPI wete significant in overall sutvival, but p53 expres-
sion did not correlate with shorter overall sutvival.
Kramer et al. (30) reported that p53 expression is related
to a high tumor burden, but is not an independent risk
factor for complete response and overall sutvival in
DLBL. Sanchez et al. (27) also indicated that p53 expres-
sion studied by immunochistochemical stain lacked any
significant relationship with any of the clinical vatiables
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analyzed. However, Ichikawa et al. (28) showed a clear
adverse effect of p53 gene mutations on the survival
probability, independent of clinical parameters. These
differing results from the mutational p53 studies in
aggressive NHL could be dependent on the lack of a
clear cotrelation between p53 mutation and p5>3 protein
expression in NHL, as other studies have already demon-
strated (19, 31-33). Marinez-Delgado et al. (33) reported
that analyzing exons 5-9, seven out of 94 lymphoma
cases had mutations in the p53 gene, whereas ovetexpres-
sion of p33 protein was obsetved in 16 of 87 cases. This
discrepancies between ovetexpression and presence of
mutations suggest the existence of another mechanism to
stabilize the p53 protein. Although p53 protein expres-
sion is not always related to p53 gene mutations, immu-
nohistochemical assessment of p53 might be a simple and
effective way to screen for p53 changes in non-Hodgkin’s
lymphoma (29, 34).

In conclusion, our data indicate that p53 protein ex-
pression was frequently noted in nodal NHL. Especially
in DLBL, p53 exptession was associated with less CR
rate, whereas no significant relation of p53 expression
was found with overall sutvival. Further studies with
large numbers of samples and homogeneous group of
NHL are needed to determine the prognostic value of
p33 in NHL. And also studies with other biological
matkers involved in cell cycle regulation, such as bel2,
MDM2, p21 or p27 might elucidate their true roles in
NHL.
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