
J Clin Pathol 1994;47:9-14

.... . . . . . . ........... ............ ................................... .. . . . . ..............

Papers........................................ . ............................................................ .. ..............

p53, c-myc p62 and proliferating cell nuclear
antigen (PCNA) expression in non-Hodgkin's
lymphomas

P Korkolopoulou, J Oates, C Kittas, J Crocker

Abstract
Aims-To investigate the immunohisto-
chemical expression of p53 protein in
non-Hodgkin's lymphomas (NHL) and
its relation to that of c-myc p62 oncopro-
tein and proliferating cell nuclear anti-
gen (PCNA).
Methods-Paraffin wax embedded tissue
from 90 non-Hodgkin's lymphomas (72 B
cell and 18 T cell) was stained immuno-
histochemically for p53 protein, c-myc
p62 oncoprotein, and PCNA using the
monoclonal antibodies D07, c-myc 1-9
E10, and PC-10, respectively.
Results-Of the non-Hodgkin's lym-
phomas studied, 55 (61%) stained posi-
tively for p53 protein. The proportion of
positive cases increased from low grade
through intermediate to high grade non-
Hodgkin's lymphoma and was higher in
tumours of T cell origin. The percentage
of positive cells (labelling index or LI)
was significantly lower in low grade non-
Hodgkin's lymphoma, but no difference
was established between intermediate
and high grade non-Hodgkin's lym-
phoma. In a large proportion of low
grade non-Hodgkin's lymphoma the LI
was below 1%. c-myc p62 immuno-
reactivity was identified in all cases. A
significant positive correlation was
established between p53 LI and c-myc
p62 LI (r. = 0.453) as well as between p53
LI and PCNA LI (r8 = 0.338).
Conclusions-p53 immunoreactivity was
present in about half the cases of non-
Hodgkin's lymphoma and was related to
the grade of malignancy and possibly to
the B or T cell origin of the tumour. It
was also associated with the proliferation
state as expressed by PCNA LI and c-
myc p62 expression, indicating that the
expression of these three cell cycle-
related genes might be interrelated.

( Clin Pathol 1994;47:9-14)

The p53 gene, located on chromosome
17p1 3, encodes a nuclear phosphoprotein
which seems to be a negative regulator of cell
growth and division.' Wild type p53 can sup-
press or inhibit the transformation of cells in
culture by viral or cellular oncogenes,2 I

reduce or eliminate the tumorigenic potential

of a cell line in culture, and arrest the cell
cycle of a transformed cell at the G, phase.45
It is therefore regarded as a tumour suppres-
sor gene or anti-oncogene. It has also been
associated with apoptosis; its role is to hold a
damaged cell in GI phase while DNA repair is
taking place. Cells which try to oppose the GI
block may end up by activating the suicide
(apoptosis) pathway.6

Mutations in the p53 gene are turning out
to be the most common genetic alterations in
many human cancers.78 Such mutations,
when occurring within the coding region of
the gene, can convert normal p53 into a dom-
inant oncogene. There is evidence that
mutant p53 protein may exert its oncogenic
effect in two ways. First, the mutant protein
can form an inactive oligomeric complex with
a wild type subunit (dominant loss of func-
tion mutation). Alternatively, mutant p53
may gain a new function which overcomes
the negative regulation by small quantities of
wild type protein (gain of function
mutation).9

Wild p53 protein has a short intracellular
half-life of 15 minutes'0; mutant p53 protein
forms complexes with heat shock protein 70
in the cytoplasm and has a longer half-life of
several hours.2 Therefore, it has been sug-
gested that the immunohistochemical detec-
tion of p53 protein corresponds to a mutation
and not to up-regulation of the wild type
gene."-" There is some evidence from studies
in acute myelogenous leukaemia, however,
that prolongation of the half-life of the wild
p53 protein, which facilitates its immunohis-
tochemical detection, is not necessarily
related to an underlying genetic mutation.
This implies that changes occur in the post-
translational processing of the protein.'4
Abnormal expression of p53 has been

reported in cases of acute and chronic lym-
phoid leukaemia.'5 CD30 positive anaplastic
lymphomas'6 and in a variety of non-
Hodgkin's lymphomas.7-22
The human c-myc oncogene is considered

to be another cell cycle related gene. It is
induced during the transition from Go to G,
phase.2' It is expressed in a wide range of tis-
sues at a level correlated with cell prolifera-
tion.24 c-myc can act as a bivalent regulator,
determining either cell proliferation or apop-
tosis. It may be associated in vivo with a high
turnover state in which cell proliferation and
apoptosis coexist.25 Experimentally induced
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p53 immunostaining c-myc p62 LI PCNA LI

negative LI < 1% LI> 1% mean(SD) mean(SD)

B cell lymphomas
Low grade
B-CLL
lymphocyte predominant immunocytoma
(lymphoplasmacytic/

lymphoplasmacytoid subtype)
centrocytic lymphoma
centroblastic-centrocytic
lymphoma

monocytoid lymphoma
plasmacytic lymphoma

Total
Intermediate-grade

centrocytic lymphoma
centroblastic-centrocytic
lymphoma

centroblastic lymphoma
lymphocyte predominant immunocytoma

(polymorphic subtype)
Total
High grade

immunoblastic lymphoma
lymphoblastic lymphoma
plasmacytic lymphoma

Total
T cell lymphomas
Low grade
Intermediate grade
High grade
Total

8/13 2/13

2/2 0/2
0/1 1/1

4/11
1/1
0/1

15/29

4/11
0/1
1/1
8/29

2/2 0/2

6/12
3/17

4/5
15/36

1/3
2/3
0/1
3/7

1/3
1/8
0/7
2/18

2/12
3/17

1/5
6/36

0/3
0/3
1/1
1/7

1/3
4/8
1/7
6/18

3/13 17(13)

0/2 5( 0)
0/1 5

3/11
0/1
0/1
6/29

20(11)
5
5

16(12)

0/2 23(11)

4/12
11/17

0/5
15/36

2/3
1/3
0/1
3/7

1/3
3/8
6/7

10/18

37(27)
41(21)

41(10)
39(20)

85(7)
62(24)
25
67(27)

20(13)
14(15)
56(18)
31(25)

LP = lymphocyte predominant.

lymphocyte stimulation causes an increase in
c-myc expression followed by an increase in
DNA and RNA synthesis.'6 c-myc encodes
two nuclear phosphoproteins, of which p62
constitutes its main protein product.27
The detection of c-myc expression in vari-

ous tissues can be performed by means of
molecular biology and immunohistochemical
techniques. The latter are of value in studying
the c-myc p62 distribution in neoplastic and
reactive cells, a discrimination which is espe-

cially important in non-Hodgkin's lym-
phoma.'0 Overexpression of c-myc has been
reported in many haematopoietic neoplasms,
including non-Hodgkin's lymphoma."'-3
This may reflect either a structural genetic
abnormality or merely an increased rate of
cell proliferation-it may be a consequence
rather than a cause of tumorigenesis.

Proliferating cell nuclear antigen (PCNA)
is a 36 kilodalton nuclear protein that acts as

an auxiliary factor of DNA polymerase and
is considered to be involved in the cellular
replication machinery.3435 PCNA concentra-
tions are maximally increased at the late GI
and S phases of the cell cycle and correlate
directly with the rates of cellular proliferation
and DNA synthesis.'637 PCNA immunolocal-
isation in paraffin wax sections has been used
as an index of cell proliferation in malignant
lymphomas.323839

Methods
Ninety cases of non-Hodgkin's lymphoma
coming from the files of the pathology depart-
ments of Athens School of Medicine and
Tzanion Hospital (Piraeus) were examined.
Diagnosis was made on the basis of routine
histology and immunohistochemical tests.
Seventy-two cases were diagnosed as B cell

and 18 as T cell lymphomas. All cases were

classified into three grades of malignancy
according to the Working Formulation40
(table).

All specimens had been fixed in 10% for-
malin and routinely processed for paraffin
wax embedding. Sections were cut at 3 ,um

and mounted on Vectabond treated glass
slides. The slides were dried at 37°C for
at least 24 hours and then stained immuno-
histochemically for p53 protein using the
monoclonal antibody D07 (Dakopatts,
High Wycombe, England), for c-myc p62
protein with c-myc 1-9 E10 (kindly pro-

vided by Professor D Spandidos), and for
PCNA with PC-10 (Dakopatts, High
Wycombe, England). D07 recognises an epi-
tope in the N-terminus of the human p53
protein between amino acids 35 to 45. It
reacts with both wild and mutant types of
p53 protein. For immunostaining with the
D07 antibody the three-step avidin-biotin
technique (Vecta-stain Elite PK6102, Vector)
was used. The antibody was diluted 1 in 40
in phosphate buffered saline (PBS) (pH 7 4).
c-myc 1-9 El0 was used at a dilution of 1
in 80, as described before." PC-1 was

diluted 1 in 150 with overnight incubation
according to the procedure described by Hall
et al.4'

Staining was assessed blind (without know-
ing the histological diagnosis) by one

observer. Positive non-neoplastic cells or cells
showing only cytoplasmic staining were not
taken into account. In each case nuclei from
about 1000 tumour cells (from 10 high power
fields) were counted and LI was calculated as

the percentage of positive nuclei. Although
the intensity of staining varied, all identifiable
nuclear staining was recorded as positive. In
cases with patchy staining, areas containing

9( 9)

5(0)
20

19( 1)
10
3

15(15)

14(8)

31(20)
60(23)

8(4)
41(28)

85( 9)
53(31)
10
61(33)

14(18)
26(12)
66(16)
40(26)
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Figure 1 (A) D07
immunostaining in a low
grade lymphoma (B
chronic lymphocytw
leukaemia). Sporadic
positive cells are seen.
(B) D07 immunostaining
in an intermediate grade T
cell lymphoma. Several
positive cells are seen.
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the highest and lowest number of positive
cells were selected and the percentages were
averaged to give the LI.
The results were evaluated statistically

using Wilcoxon's rank sum test, the x2 test,
and Spearman's rank correlation coefficient.

Results
Of the 90 non-Hodgkin's lymphoma cases
studied 55 (61%) stained positively for p53
protein. p53 immunoreactivity was clearly evi-
dent as granular nuclear staining and was con-
fined to neoplastic cells alone (figs 1 and 2).
In many cases a patchy distribution of positive
cells throughout the tumour was observed. A
characteristic pattern of staining was noted in
cases of low grade lymphocytic lymphoma (B
chronic lymphocytic leukaemia-B CLL)

*'$ . 4I
#

where p53 staining was mostly observed in
paraimmunoblasts (fig 1A). The proportion of
cases with positive cells varies according to the
grade of malignancy (50% for low grade, 64%
for intermediate grade, and 79% for high
grade lymphomas), histological subtype, and
whether the tumours were of B or T cell
origin (54% for B cell and 89% for T cell lym-
phomas-p < 0-01) (table).
The percentage of positive cells varied

from occasional stained cells (less than 1%)
to 80% of the neoplastic cells. Cases with less
than 1% positive cells were more common in
low grade non-Hodgkin's lymphoma (56% of
positive low grade lymphomas, 36% of inter-
mediate, and 18% of high grade lymphomas).
The p53 LI of intermediate grade non-
Hodgkin's lymphoma was significantly higher
than that of low grade NHL (p < 0 05;
Wilcoxon's test) (fig 1), but no significant dif-
ference was found between intermediate and
high grade NHL (fig 2). A significant differ-
ence was also established between B and
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0
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Figure 3 c-myc 1-9 ElJO immunostaining in a high grade
T cell lymphoma showing nuclear and cytoplasmic staining

of neoplastic cells.
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Figure 2 D07 immunostaining in a high grade B cell
lymphoma. Most cells are positive.
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Figure 4 (A) PC10
immunostaining in a low
grade (centroblastic-
centrocytic) lymphoma
showing scattered positive
cells. (B) PCIO
immunostaining in an
intermediate grade
(centroblastic) lymphoma.
Many positive cells are
seen.
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T cell lymphomas, the latter displaying a

higher LI (p < O'05; Wilcoxon's test). This

difference was not reproduced when the com-

parison was made within each grade of malig-

nancy separately.

c-my p62 immunoreactivity was identified

in all cases ranging from 1% to 90% and was

mainly nuclear, although some cytoplasmic

staining was also observed (fig 3). Large cells

with cleaved or non-cleaved nuclei, paraim-

munoblasts, immunoblasts and lymphoblasts
were stained more often. A varying number of

non-lymphoid positive cells (histiocytes, retic-

ulum, and endothelial cells) was also found.

Similarly, PCNA immunostaining was

observed in all cases studied (fig 4). The

staining pattern was of granular, diffuse, or

mixed type in the nuclei, while in a small

percentage of cases a weaker cytoplasmic

stainig was also seen. PC.10 showed a

predilection for blastic cells. This was best

exemplified in low grade lymphomas, such as

B CILI, where positive staining was mostly
confined to paraimmunoblasts. The mean c-

myc p62 and PCNA LI for each subgroup of

non-Hodgkin's lymphoma are shown in the

table.

The p53 LI correlated positively with the

c-myc LI on the one hand and with the

PGNA LI on the other, although the rank

correlation was not strong in either case

(Spearmnan's rank correlation: r, 0-453, p <

0-001, and r., = 0-0-0338, p < 0-001, respec-

tively).

Discussion

In a previous study of a large series of non-

Hodgkin's lymphoma we showed that c-myc

p62 expression is increased in most cases of

non-Hodgkin's lymphoma. It was also shown

that c-myc p62 and PCNA expression are

both related to malignancy grade and that

va.; : '.
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there is a moderate linear correlation between
them (r = 0.55).32

In the present study we observed p53
immunoreactivity in 61% of cases of non-
Hodgkin's lymphoma. This percentage is
similar to that reported by Villuendas et al'8
and higher than that found by Soini et al,'7
Pezzela et al'9 and Said et al.20 Positive cells
were identified in 50% of low grade lym-
phomas and in most intermediate (69%) and
high grade non-Hodgkin's lymphoma (79%).
These findings also agree with those of
Villuendas et al.'8 The LI was low (< 1%) in
many cases, especially low grade malignancy,
confirming previous reports.'7-20 The LI was
significantly lower in low grade lymphomas
compared with intermediate and high grade
non-Hodgkin's lymphoma, but no difference
was found between the two latter groups.
Positive cells in low grade lymphomas did not
exceed 15%; in higher grades more than one
third of the cases had an LI greater than 15%.
This is similar to the finding of Villuendas et
al'8; in their series, however, the p53 LIs in
low grade lymphomas were lower than 5%. A
difference was also established between B cell
and T cell non-Hodgkin's lymphoma, but
this may have been partly attributable to the
higher proportion of intermediate and high
grade cases in the T cell group.

It has been suggested that greater p53
immunoreactivity in higher grade lymphomas
and its predilection for the paraimmunoblasts
in B CLL may reflect the progression of low
to high grade in some cases.'718 This view is
supported by data provided by sensitive mol-
ecular biology techniques2' by means of
which p53 mutations were detected in B CLL
and particularly in its stage of progression
known as Richter's transformation. To
explain the presence of sporadic positive cells
in several cases it has been hypothesised by
some authors'7 18 that a non-mutational mech-
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anism could be responsible for the immuno-
histochemical detection of p53 protein in
these instances. According to this theory, a
high proliferation rate may result in
detectable concentrations of wild p53
protein.'718 This is supported by the experi-
mental finding of detectable amounts of wild
p53 protein in phytohaemagglutinin stimu-
lated, rapidly proliferating lymphocytes,42 and
by the occurrence of sporadic positive cells in
thymus and reactive lymphoid tissue.'8
The correlation of p53 expression with the

grade of malignancy may indicate that a high
p53 LU has an adverse prognostic value.
Indeed, Cabanillas et a143 have shown that
patients with abnormalities in chromosome
17, where the p53 gene is located, tend not to
respond to chemotherapy and have a poor
survival.

Published data show that p53 protein has a
regulatory effect on the PCNA gene: the wild
type protein selectively down-regulates
PCNA mRNA and protein expression44 prob-
ably by inhibiting the function of the PCNA
promoter45 whereas the mutant p53 seems to
activate directly PCNA promoter.46 That a

general activation of cellular growth may be
the cause of PCNA promoter activation can-
not be relevant.46 The weak positive correla-
tion between p53 and PCNA expression in.
non-Hodgkin's lymphoma established in our
series may indicate that in most cases the p53
protein we detected immunohistochemically
is of the mutant type. If the reverse were true
a negative correlation would be expected. A
similar correlation has been shown in primary
lung carcinomas (Korkolopoulou et al,
unpublished data) but not in central nervous

system neoplasms.47
It has also been shown that p53 is a tran-

scriptional modulator of c-myc expression:
normal p53 inhibits the expression of c-myc"I
and may initiate apoptosis by causing GI/S
arrest in cells expressing c-myc.21 p53 muta-

tions have been associated with c-myc gene
deregulation in Burkitt's lymphomas and L,
acute lymphoblastic leukaemia,2i while a

recent study indicates that in B cell lymphoid
tumours the critical factor determining the
involvement of mutant p53 is the maturation
stage of transformed B lymphocytes, indepen-
dently of c-myc deregulation.49 In this study
we have shown a positive correlation between
p53 and c-myc expression. According to the
above data, this finding provides indirect evi-
dence that in most cases of non-Hodgkin's
lymphoma the p53 protein we detected
immunohistochemically is not of the wild
type.
To summarise, p53 immunoreactivity is

present in most cases of non-Hodgkin's lym-
phoma and is related to the grade of malig-
nancy and possibly to the B or T cell origin of
the tumour. It is also correlated with the pro-
liferation rate, as expressed by PCNA LI and
c-myc p62 expression, indicating that the
expression of these three cell cycle related
genes is interrelated. The co-expression of
c-myc and p53 may be linked to the prolifera-
tion rate or may suggest a role for these onco-

genes in the pathogenesis of some cases of
non-Hodgkin's lymphoma.
We thank Ceiltech (UK) Ltd for paying Jane Oates's salary
and also Mrs Ruth Fry for her secretarial assistance.
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