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Antibodies to p53 - can they serve as tumor markers in patients 

with malignant lymphomas? 
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Background. Tumor suppressor gene p53 is mutated in approximately 21 % oj patients with nonHodgkin's 
lymphomas (the percentage varying from O up to 67 % depending upon the histological type). Most oj the 
mutations are point missense mutations resulting in nuclear accumulation oj altered protein. Roughly one 
third oj patients with overexpression oj p53 protein develop circulating anti p53 antibodies. The present 
study was aimed at defining the usefulness oj serial serological determinations oj autoantibodies to p53 far 
clinical follow up oj NHL patients. 
Patients and methods. Serum leve/s oj antibodies to p53 were determined in various time intervals in 
three lymphoma patients (who had elevated serum leve/s at the time oj diagnosis) far maximum huo years 
using the commercially available ELISA kit p53-Autoantikoerper ELISA 2. Generation. 
Results. In ali three cases the temporal patterns oj anti p53 antibodies reflected accurately disease pro
gression ar regression, and even foretold a relapse ten months in advance. The reflection oj disease regres
sion by autoantibodies lagged approximately three months behind the morphological disappearance oj the 
disease due to a long halj lije oj the antibodies. 
Conclusion. Our results confirmed the usefulness oj antibodies to p53 as tumor markers far follow up oj 
lymphoma patients, yet the subset oj patients that could be appropriately followed up with this method is 
very limited due to the low proportion oj patients that develop immune response to p53 protein. 
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Introduction 

p53 is a tumor suppressor gene the alter

ations of which are among the most frequent 
genetic changes detected in human neo
plasms. Normal p53 acts as a "guardian of the 
genome" by preventing the proliferation of 

cells with damaged DNA. This function is 

achieved by the production of normal (wild 
type) p53 protein which acts on downstream 
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genes to arrest the cell cycle until the DNA 

damage is repaired, or if the damage is irre

versible, to cause apoptosis.1,2 The loss of 

wild type function usually occurs by a two
step mechanism comprising mutation of one 

copy of the p53 gene and deletion or inactiva

tion of the remaining wild type allele. The 
outcome of the mutation is the synthesis of a 

protein with a changed conformation, a 

longer half life, and disordered function in 
terms of cellular growth. 3 

The incidence of p53 mutations in 
nonHodgkin's lymphomas (NHL) varies 

according to histological type and disease 

stage - it is high in aggressive lymphomas 
(Burkitt's and diffuse large B cell lymphomas) 

and lower in intermediate and indolent lym

phomas. Regardless of the type - the inci
dence is generally higher in case of a relapse 

or after progression. Most of the mutations 
are missense mutations clustered in exons 5 

to 8 of one p53 allele and are usually associ

ated with deletion of the other allele, through 

17p deletion.4 

Different authors5
-11 reported that p53 pro

tein can become immunogenic in various 
human tumors in vivo, indicating that alter

ations in the expression or properties of p53 
associated with tumor development can be 

detected by screening the sera of cancer 

patients for anti p53 antibodies. The forma

tion of autoantibodies to p53 is directed 
against two immunodominant regions locat

ed at the carboxy and amino termini of the 
protein outside the central mutational hot 

spot region 7 and is observed only in patients 

with p53 missense mutations that express 

detectable levels of p53 protein in their tumor 

cells. 8 The p53 specific immune response 

does not develop in cancer patients bearing 

stop, splice/stop, splice or frameshift muta

tions of p53 gene in tumor cells.8 

According to the literature autoantibodies 

to p53 were identified in 2.6 % 10 up to 21 % 6 

of the tested sera of NHL patients. In our pre

vious study the percentages of p53 antibody 
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positive sera also varied greatly" between dif

ferent histological subtypes of NHL. In this 

paper we present a small study examining the 

usefulness of serial serological determina

tions of autoantibodies to p53 for clinical fol
low up of NHL patients. 

Materials and methods 

Patients 

Three patients (two male and one female 

patient, ages 25, 64, and 47 years, respective
ly) with different types of NHL (REAL classi

fication)12 in which autoantibodies to p53 

were detected at the tirne of diagnosis were 
followed up for maximum two years. In all 

three patients also p53 protein overexpres

sion (indicating an underlying mutation of 
p53 gene) was identified immunohistochemi

cally. 

Sample col/ection 

Blood was collected in variable tirne intervals 

over a maximum two year period and sera 
were separated from the dot by centrifuga

tion. The sera were then aliquoted and stored 
at -2O°C until analysis. The samples were 

diluted in sample dilution buffer before 
assaying (so that the measurement results fell 

inside the area of a standard curve) and the 

determinations were executed according to 

manufacturer's instructions. 

Serum determinations 

Serial determinations of autoantibodies to 
p53 were performed using the commercially 

available ELISA kit p53-Autoantikoerper 
ELISA 2. Generation (Dianova, Hamburg, 

Germany). The assay is based on a sandwich 

technique with human recombinant p53 pro
tein coated to the microtiter plate wells which 

binds the anti p53 autoantibodies of the 
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serum sample and a goat anti human IgG 

antibody (as the detection antibody) conju

gated to peroxidase. The bound enzymatic 

activity is determined by addition of a chro

mogenic substrate and by measuring the 

resulting colored solution with a spectropho

tometer. The concentration of the sample or 
the standard is directly proportional to the 
absorbance value measured. 

Results 

Patient A was diagnosed with Burkitt's lym

phoma stage IV and was treated with aggres

sive chemotherapy that included high <lose 

methotrexate, cyclophosphamide, ifosfamide, 

vincristine, adriamycin, etoposide, cytosine 

arabinoside and corticosteroids plus chemo

therapeutic central nervous system prophy

lactic therapy according to BFM protocol. He 

responded well to primary treatment and 

there were no clinical signs of residual dis

ease upon completion of the therapy. How-
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Figure l. Consecutive serum levels of autoantibodies 
to p53 protein in a patient with Burkitt's lymphoma 
reflected the dynamics of the disease. The patient 
responded well to primary treatment, but experienced 
a relapse (three months later) that was resistant to sal
vage therapy. The relapse was foretold by the increas
ing levels of autoantibodies to p53 protein already 
before the primary treatment was finished. 

ever, three months later he was admitted to 

the hospital with a massive relapse. Salvage 

chemotherapy was introduced, but with no 

effect, so the patient died of lymphoma short

ly thereafter. The levels of antibodies to p53 

were elevated prior to treatment, showed only 

a minor decrease during the primary treat

ment and started to rise before the primary 

treatment was completed. From there on the 

levels increased continuously reflecting the 

disease progression (Figure 1). 

Patient B was diagnosed with an inoperable 

diffuse large cell B lymphoma of the stomach 

involving also paraaortic lymph nodes. He was 

treated with six cycles of CHOP regimen 

( cyclophosphamide, epidoxorubicin, vincristi

ne, corticosteroids) plus radiation and achiev

ed a complete remission. Surprisingly, during 

the two years of follow up there was no eviden

ce of recurrence. Pretreatment levels of anti

bodies to p53 in this patient were elevated, but 

fell to normal (below the cut-off limit deter

mined by the kit producer) as a consequence 

of successful treatment lagging approximately 
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Figure 2. The downward trends in serum levels of 
autoantibodies to p53 protein confirmed the success 
of primary treatment in a patient with inoperable dif
fuse large cell B lymphoma of the stomach. The levels 
fell below the cut-off limit approximately three 
months after morphological disappearance of the dis
ease. 
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two to three months behind the morphological 

disappearance of the disease (Figure 2). 

Patient C was diagnosed with follicle center 

cell lymphoma grade III and stage III. She was 

treated with ten cycles of CHOP regimen 

( cyclophosphamide, epidoxorubicin, vincristi

ne, corticosteroids) plus radiation of the re

siduum after chemotherapy and with this 

combined treatment achieved a complete 

remission. Ten months later a relapse was 

detected and she was treated with salvage 

chemotherapy, but progressed during the 

treatment. Radiation therapy was applied to 

the bulky masses in the mediastinum - again 

with poor success, so the patient died of lym

phoma shortly thereafter. The levels of anti

bodies to p53 were elevated prior to treatment 

and decreased somewhat reflecting the 

response to primary chemotherapy - but never 

reached the cut-off level. Two months upon 

completion of CHOP regimen the levels of 

antibodies to p53 started to rise again fore

telling the relapse ten months before it was 

actually confirmed. During the salvage thera-
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Figure 3. The serum levels of autoantibodies to p53 

protein indicated the disease status in a patient with 

follicle center lymphoma grade III. The patient 

achieved a complete remission with the primary treat

ment, but relapsed ten months later and responded 

poorly to the salvage therapy. The relapse was foretold 

ten months in advance by the continuous increase in 

the serum levels of autoantibodies. 
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py there was a continuous increase in the anti

body levels (Figure 3). 

Discussion 

In contrast to various types of solid tumors 

(e.g. prostate cancer, breast cancer, colorectal 

cancer, germ tumors), in lymphomas there 

are no appropriate serum tumor markers for 

the easy follow up of the patient's disease sta

tus, with lactic dechydrogenase (LDH) and 

beta-2-microglobulin being the best approxi

mations to the definition of a serum lym

phoma tumor marker.13 However, in a certain

proportion of NHL patients with overexpres

sion of p53 protein in their tumor cells (due 

either to mutation of p53 gene or stabilization 

of the gene product by mechanism other then 

point mutation), this protein somehow beco

mes immunogenic, resulting in the produc

tion of autoantibodies to p53 protein.6,10 It

has been suggested that the appearance of 

such antibodies in the sera of cancer patients 

is a very early event - present already at the 

diagnosis.7,14 The specificity of the autoanti

bodies to p53 protein is 100 % 11 , but they are 

present in malignancy in general, and are not 

an indicator of the type of malignant disease. 

Therefore, the antibodies show some prereq

uisites for a good tumor marker also in some 

lymphoma patients. The frequency of autoan

tibodies' development, on the other hand, is 

relatively low, for example approximating 

only 25 % of patients with hepatocellular car

cinoma11 , which is due to the facts that p53 is 

not mutated in every patient with malignant 

disease, and that the appearance of antibod

ies to p53 (protein) is not an obligatory con

sequence of p53 overexpression in tumor 

cells. 

In our three cases the early presence of 

anti p53 antibodies, as well as their specifici

ty, were confirmed, while only 8 % of NHL 

patients developed an immune response to 

overexpressed p53 protein. 
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On the other hand, in accordance with 

observations of Angelopolou et al.10 our re

sults clearly demonstrated that the levels of 

anti p53 antibodies correlated well with the 

disease progression or regression, even fore

telling the disease progression ten months 

before it was actually confirmed. In contrast 

to conventional tumor markers, which are 

known to have a shorter half life, the tempo
ral patterns of antibodies reflecting tumor 

regression lagged approximately two to three 

months behind the morphological disappear

ance of the disease. This delay is explainable 

with the relatively long serum half lives of the 

antibodies, and the time required for the 

immune system to adapt to an altered immu
nological stimulus. 

In conclusion, even though the existence 

of anti p53 antibodies in patients with NHL is 

a relatively rare event - namely, overexpres

sion of p53 protein is found in approximately 
21 % of NHL (varying with the histological 

type and the antibody used in immunohisto

chemical methods)15-17, of which only a part 

develop an autoimmune response to p53 pro

tein (for percentages see the Introduction) -

these autoantibodies, when present, show the 

qualities of a good serum tumor marker and 

represent one of the simplest methods to fol
low up a subset of NHL patients. Moreover, 

due to the fact that the presence of antibodies 
to p53 protein in patients with different solid 

tumors was associated with more aggressive 

tumor types, shorter tumor free intervals and 

poor prognosis 18,19, there is another strong 

argument speaking in favor of detecting anti

bodies to p53 protein in order to define the 
subset of patients being particularly at risk 

for an unfavorable outcome. 
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