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Abstract: Objective: p53 alterations play a pivotal role in pancreatic ductal adenocarcinoma (PDAC) progression and 
may induce a humoral response. PDAC progression is impacted by mutant p53. In the present study, we evaluated 
whether serum p53 antibodies (p53-Abs) could act as a prognostic marker in PDAC patients. Methods: The levels 
of serum p53-Abs were determined in PDAC patients using ELISA and their association with clinicopathological fea-
tures and patient survival was examined. Results: The level of p53-Abs was significantly associated with advanced 
tumor stage (P=0.0029) and tumor metastasis (P<0.0001). Patients with low expression for p53-Abs showed bet-
ter overall survival than those with high expression (P=0.0028). Specifically, a negative relationship was observed 
between serum p53-Abs and survival in patients with an advanced tumor stage (P=0.027). However, no significant 
correlation was observed in patients at an early stage. Conclusions: These results suggest that serum p53-Abs may 
serve as a biomarker for overall survival in PDAC patients.
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Introduction

Changes in tumor antigens can lead to the 
development of autoantibodies, which result 
from over-expression, mutation, or altered deg-
radation [1]. Tumor antigen-specific autoanti-
bodies have been identified in the sera of 
patients with various types of solid tumors 
[2-5]. The long half-life and in vitro stability of 
these antibodies make them potential biomark-
ers for detection and/or prognosis of cancer. 
p53, a well-established tumor suppressor pro-
tein, plays a key role in the regulation of genes 
involved in cell cycle, DNA repair or apoptosis, 
thereby acting as a “gatekeeper” to maintain 
genomic stability [6]. In response to cellular or 
genotoxic stress, p53 can induce several res- 
ponses, including cell cycle arrest, senescence, 
differentiation, DNA repair and apoptosis [6, 7]. 
These functions are carried out, in part, by 
transactivating a series of genes involved in 
cell cycle control. Mutations in the p53 gene 
represent the most common genetic altera-
tions in human cancers [8]. Most known p53 
alterations are missense mutations occurring 
in the evolutionarily conserved exons 4-8. 

These mutational events impair the function of 
p53 in the maintenance of genomic stability. 
Consequently, tumors lacking wild-type p53 are 
more prone to the accumulation of deleterious 
mutated p53 and are therefore expected to be 
more clinically aggressive.

p53 mutations can lead to production of p53 
antibodies (p53-Abs), which can be detected in 
the sera of patients with various malignancy 
types [9, 10]. Such p53-Abs result from a self-
immunization process in response to the accu-
mulation of mutated p53 in tumor cells [11]. 
Many studies have shown that the serum p53-
Abs could be used as a molecular marker in 
several cancer types, including breast cancer 
and non-small cell lung cancer (NSCLC) [12, 
13].

Pancreatic ductal adenocarcinoma (PDAC) is a 
type of cancer, in which disease progression is 
impacted by mutant p53. p53 is found to be 
mutated in approximately 75% of metastatic 
PDAC, which has a poor prognosis because of 
late-stage detection, presence of metastases, 
and ineffective treatments [14]. In the present 
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study, we evaluated the potential prognostic 
value of serum p53-Ab level and its predictive 
significance in PDAC.

Patients and methods

Patients

The 117 subjects in this study were recruited 
from Tianjin Nankai Hospital. The primary 
PDACs were newly diagnosed and confirmed by 
pathology and had not received any therapy 
including radiotherapy, chemotherapy, and sur-
gical resection. Patients had donated a blood 
sample for routine clinical examination prior to 
any treatment and excess sera were kept fro-
zen at -80°C and were used for the present 
analysis. For each patient, the age, histopatho-

gen peroxidase. For negative controls, specific 
antibodies were replaced with normal goat 
serum by co-incubation at 4°C overnight pre-
ceding the IHC staining procedure. For each 
section, the percentage of tumor cells that 
stained positive for p53 was determined: - for 
no staining (the p53 staining percentage of 
0%); + for weak staining intensity (the p53 
staining percentage of 1-20%); ++ for moder-
ately strong staining (the p53 staining percent-
age of 20-40%); +++ for strong staining (the 
p53 staining percentage of >40%).

Statistical analysis

Statistical analysis was carried out with the 
SAS software system (SAS Institute, Cary, NO, 

Table 1. Correlation between serum p53-Abs and clinicopathologi-
cal factors

Variables
p53-Abs

N Low expression (n) High expression (n) P value
Age (years)
    ≤65 35 15 20 0.4204
    >65 82 43 39
Gleason score
    ≤6 48 28 20
    >6 69 30 39 0.8489
Tumor size (cm)
    ≤3 40 24 16
    >3 77 34 43 0.2419
Tumor stage
    T1&T2 48 31 17
    T3&T4 69 27 42 0.0029
Metastasis
    M0 43 30 13 <0.0001
    M1 74 28 46

Figure 1. Representative immunohistochemistry (IHC) staining of p53 in 
pancreatic ductal adenocarcinoma (PDAC) patients, positive (left) or nega-
tive (right) for p53.

logical type, and staging were 
recorded. Staging was defined 
according to the international 
TNM classification proposed 
by the American Joint Commi- 
ttee on Cancer (AJCC).

ELISA

p53 autoantibodies from the 
serum of each patient were 
quantified using the p53 ELIS- 
APLUS (auto-antibody) kit (On- 
cogene Research Products, 
Cambridge MA, USA). The kit 
was designed to measure cir-
culating p53-Abs in human 
serum samples. The results 
are expressed in O.D. units 
and are categorized as high/
low expression based on the 
mean value of serum samples 
from the participants.

Immunohistochemistry (IHC)

The paraffin-embedded secti- 
ons were subjected to antigen 
retrieval by heating the slides 
in a microwave at 100°C for 
10 min in 0.1 M citric acid buf-
fer (pH=6.0), and then incu-
bated with p53 antibody (Cell 
Signaling) at 4°C overnight. 
After secondary antibody incu-
bation at room temperature 
for 1 h, the slides were devel-
oped in 0.05% diaminobenzi-
dine containing 0.01% hydro-
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USA) and differences were considered signifi-
cant at P≤0.05. The association between 
serum p53 and various clinical pathological 
characteristics were analyzed by Chi-square 
test. Pearson’s correlation analysis was used 
for the correlation between serum level and 
tumor tissue content level of P-53Abs. Survival 
curves without recurrent disease were con-
structed using the Kaplan-Meier method. The 
statistical significance between curves was 
analyzed by the log-rank test.

Results

Association between the presence of p53-Abs 
and clinicopathological features

All 117 cases of 60 male and 57 female were 
analyzed for p53-Abs and clinicopathological 
features. There were 35 patients with an age 
≤65 years old and 82 patients with an age >65 
years old. There were 40 patients with tumor 
size ≤3 cm and 77 patients with the tumor size 
>3 cm. We also tested the serum p53 with 
ELISA and evaluated the relationship between 
the p53-Abs and various clinicopathological 
characteristics. As shown in Table 1, p53- 
Abs were significantly associated with tumor 
stage (P=0.0029) and metastasis (P<0.0001). 
However, there was no significant association 
between p53-Abs and age, Gleason score,  
or tumor size (P=0.4204, 0.8489, 0.2419, 
respectively).

Relationship between the presence of p53-Abs 
and IHC staining of p53

Tissue samples from a total of 57 (48.7%) of 
the 117 patients were assayed for p53 accu-
mulation in tumor sections using IHC. Repres- 
entative IHC staining of positive and negative 
p53 expression is shown in Figure 1. IHC stain-
ing of p53 expression in tumor tissues and 
p53-Abs in the serum are shown in Table 2. An 
association was noted between p53 accumula-
tion in tumors and the presence of p53-Abs in 
the sera (Figure 2, r=0.6, p<0.001).

Presence of p53-Abs correlates with overall 
survival in PDAC patients

Figure 3 illustrates the Kaplan-Meier curves for 
PDAC patients who were high or low expression 
for serum p53-Abs. Log-rank analysis revealed 
a significant difference in the overall survival 
(OS) between the two groups (P=0.0028) in 
which longer survival was observed in the group 
of patients low for serum p53-Abs. Specifically, 
overall median survival time was 20 (I-II), 9  
(III-IV) months for high expression groups, and 
22 (I-II), 18 (III-IV) months for low expression 
groups, respectively. During the follow-up peri-
od, 81% of patients with high expression for 
p53-Abs had died, whereas 72.4% of patients 
with low expression for p53-Abs had died. 
Comparison was also made within the group at 
early stage (I-II) or advanced stage (III-IV). It was 
observed that p53-Abs had a significant effect 

Table 2. ELISA result of p53-Abs expression 
in serum and IHC result of p53 level in tumor 
tissues
               Tissue 
Serum - + ++ +++

High 0 32 7 11
Low 0 6 1 0

Figure 2. Correlation between serum p53-abs con-
tent and tissue p53 expression.

Figure 3. Kaplan Meier analysis of overall survival 
(OS) of pancreatic ductal adenocarcinoma (PDAC) 
patients based on the presence of anti-p53 serum 
antibodies. Patients with high expression for p53 an-
tibodies (p53 Abs) (n=59) had a significantly shorter 
survival time than those who had low expression 
(n=58).
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on advanced stage patient survival (P=0.027), 
but no effect on early-stage patients (P=0.884) 
(Table 3).

Discussion

As the fourth leading cause of cancer-related 
death, PDAC has a dismal prognosis, with 
5-year survival rates of less than 5% [15]. Its 
high mortality rate is partially due to the lack of 
effective early detection and diagnosis strate-
gies. Therefore, there is an urgent need to iden-
tify novel biomarkers for early PDAC detection, 
as well as prognostic biomarkers to help guide 
clinical practice.

Since its discovery in 1982, by Crawford et al. 
[16], progressive studies have attempted to 
demonstrate the clinical value of p53-Abs. In 
the present study, we measured the serum  
concentration of p53-Abs by ELISA in PDAC 
patients and assessed the correlation between 
serum p53-Abs and clinicopathological charac-
teristics. To the best of our knowledge, there 
have been few, if any, studies examining  
serum p53-Abs in PDAC patients. We show that 
high p53-Abs expression is more frequently 
observed in patients at advanced stages, com-
pared with those at early stages (60.9% vs 
35.4%; P=0.0029). Moreover, a higher inci-
dence of high serum p53-Abs was observed in 
patients with distant metastases than those 
with primary cancer (62.2% vs 30.2%; P< 
0.0001). This agrees with previous reports sug-
gesting that p53 mutation occurs in 75% of 
metastatic PDAC, and that mutant p53 drives 
pancreatic cancer metastasis [17, 18]. 

Similar observations have been made for other 
cancer types. It has been reported that p53-Ab 
concentrations were significantly higher in the 

Numerous investigations have been carried  
out to examine the relationship between the 
presence of p53-Abs and patient survival. 
Laudanski et al. showed that there was a sig-
nificant association between the presence of 
serum p53-Abs and poor survival in NSCLC 
patients [23]. In another study led by Bergqvist 
et al., poor survival was observed in advanced 
NSCLC adenocarcinoma patients with high 
serum p53-Abs [24]. However, significantly bet-
ter survival without recurrence was found to be 
associated with the presence of serum p53-
Abs in patients with hepatocellular carcinoma 
[13]. Similarly, the presence of serum p53- 
Abs has been reported to be correlated with 
improved overall survival in serous ovarian can-
cer [25]. In the present study, overall PDAC sur-
vival rates for p53-Ab low expression patients 
were significantly longer than those for p53-Ab 
high expression patients (P=0.0028). More 
specifically, p53-Abs had significant effects  
on the survival of advanced stage patients 
(P=0.027), but no effects on early stage 
patients (P=0.884). Collectively, these results 
suggest that serum p53-Abs may be used as a 
novel biomarker for patient survival in PDAC.

In summary, our study demonstrates that the 
serum p53-Abs are strongly associated with 
advance tumor stage and cancer metastasis. 
The serum p53-Abs are significantly correlated 
with p53 over-expression in tumor tissues. 
Patients with low expression for p53-Abs exhib-
it better survival than those with high level p53-
Abs. Therefore, circulating p53-Abs may serve 
as a novel biomarker for prognosis prediction in 
PDAC patients.

Disclosure of conflict of interest
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Table 3. p53 antibodies (p53-Abs) and pancreatic 
ductal adenocarcinoma (PDAC) patient survival

Variable High p53-Abs 
level

Low p53-Abs 
level

Stage I-II
    No. of cases (n) 17 31
    Mean survival time (months) 20±2 22±0.5
    Analysis of variance (P value) 0.884
Stage III-IV
    No. of cases (n) 42 27
    Mean survival time (months) 9±0.3 18±0.8
    Analysis of variance (P value) 0.027

sera of lung cancer patients with lymph 
node involvement and late-stage disease 
[19]. In patients with hepatocellular carci-
noma, a higher frequency of positive p53-
Abs was found in those with vascular inva-
sion [13]. In addition, the p53-Abs expres-
sion was positively associated with p53 
IHC staining (P<0.0001), indicating that 
this immune response is triggered by the 
accumulation of p53 in the tumor. This 
relationship between p53 over-expression 
and serum p53-Ab presence has been 
documented in many other cancer types 
as well [20-22].



p53 antibodies and PDAC

8380 Int J Clin Exp Med 2018;11(8):8376-8381

Address correspondence to: Zhonglian Li, Depart- 
ment of Hepatopancreatobiliary Surgery, Tianjin 
Nankai Hospital, No. 6 Yangtze River Road, Nankai 
District, Tianjin 300100, China. Tel: +86-130013- 
17132; E-mail: nkyylzl@163.com

References

[1] Anderson KS and LaBaer J. The sentinel with-
in: exploiting the immune system for cancer 
biomarkers. J Proteome Res 2005; 4: 1123-
1133.

[2] Coronella-Wood JA and Hersh EM. Naturally 
occurring B-cell responses to breast cancer. 
Cancer Immunol Immunother 2003; 52: 715-
738.

[3] Koziol JA, Zhang JY, Casiano CA, Peng XX, Shi 
FD, Feng AC, Chan EK and Tan EM. Recursive 
partitioning as an approach to selection of  
immune markers for tumor diagnosis. Clin 
Cancer Res 2003; 9: 5120-5126.

[4] Chapman C, Murray A, Chakrabarti J, Thorpe A, 
Woolston C, Sahin U, Barnes A and Robertson 
J. Autoantibodies in breast cancer: their use as 
an aid to early diagnosis. Ann Oncol 2007; 18: 
868-873.

[5] Chatterjee M, Mohapatra S, Ionan A, Bawa G, 
Ali-Fehmi R, Wang X, Nowak J, Ye B, Nahhas 
FA, Lu K, Witkin SS, Fishman D, Munkarah A, 
Morris R, Levin NK, Shirley NN, Tromp G, 
Abrams J, Draghici S and Tainsky MA. Diagno- 
stic markers of ovarian cancer by high-through-
put antigen cloning and detection on arrays. 
Cancer Res 2006; 66: 1181-1190.

[6] Vogelstein B, Lane D and Levine AJ. Surfing the 
p53 network. Nature 2000; 408: 307-310.

[7] Vousden KH and Lu X. Live or let die: the cell’s 
response to p53. Nat Rev Cancer 2002; 2: 
594-604.

[8] Xu J, Wang J, Hu Y, Qian J, Xu B, Chen H, Zou W 
and Fang JY. Unequal prognostic potentials of 
p53 gain-of-function mutations in human can-
cers associate with drug-metabolizing activity. 
Cell Death Dis 2014; 5: e1108.

[9] Soussi T. The history of p53. A perfect example 
of the drawbacks of scientific paradigms. 
EMBO Rep 2010; 11: 822-826.

[10] Soussi T, Dehouche K and Beroud C. p53 web-
site and analysis of p53 gene mutations in hu-
man cancer: forging a link between epidemiol-
ogy and carcinogenesis. Hum Mutat 2000; 15: 
105-113.

[11] Soussi T. p53 antibodies in the sera of pa-
tients with various types of cancer: a review. 
Cancer Res 2000; 60: 1777-1788.

[12] Lubin R, Zalcman G, Bouchet L, Tredanel J, 
Legros Y, Cazals D, Hirsch A and Soussi T. 
Serum p53 antibodies as early markers of 
lung cancer. Nat Med 1995; 1: 701-702.

[13] Saffroy R, Lelong JC, Azoulay D, Salvucci M, 
Reynes M, Bismuth H, Debuire B and Lemoine 
A. Clinical significance of circulating anti-p53 
antibodies in European patients with hepato-
cellular carcinoma. Br J Cancer 1999; 79: 604-
610.

[14] Balogh GA, Mailo DA, Corte MM, Roncoroni P, 
Nardi H, Vincent E, Martinez D, Cafasso ME, 
Frizza A, Ponce G, Vincent E, Barutta E, Lizar- 
raga P, Lizarraga G, Monti C, Paolillo E, Vincent 
R, Quatroquio R, Grimi C, Maturi H, Aimale M, 
Spinsanti C, Montero H, Santiago J, Shulman L, 
Rivadulla M, Machiavelli M, Salum G, Cuevas 
MA, Picolini J, Gentili A, Gentili R and Mordoh J. 
Mutant p53 protein in serum could be used as 
a molecular marker in human breast cancer. 
Int J Oncol 2006; 28: 995-1002.

[15] Tangkijvanich P, Kasemsupatana K, Janchai A, 
Kullavanijaya P, Theamboonlers A and Poovo- 
rawan Y. Prevalence and clinical relevance of 
serum anti-p53 antibodies in patients with 
cholangiocarcinoma. Asian Pac J Allergy 
Immunol 2000; 18: 173-176.

[16] Crawford LV, Pim DC and Bulbrook RD. 
Detection of antibodies against the cellular 
protein p53 in sera from patients with breast 
cancer. Int J Cancer 1982; 30: 403-408.

[17] Li D, Xie K, Wolff R and Abbruzzese JL. Pan- 
creatic cancer. Lancet 2004; 363: 1049-1057.

[18] Weissmueller S, Manchado E, Saborowski M, 
Morris JPt, Wagenblast E, Davis CA, Moon SH, 
Pfister NT, Tschaharganeh DF, Kitzing T, Aust D, 
Markert EK, Wu J, Grimmond SM, Pilarsky C, 
Prives C, Biankin AV and Lowe SW. Mutant p53 
drives pancreatic cancer metastasis through 
cell-autonomous PDGF receptor beta signal-
ing. Cell 2014; 157: 382-394.

[19] Yu DH, Li JH, Wang YC, Xu JG, Pan PT and Wang 
L. Serum anti-p53 antibody detection in carci-
nomas and the predictive values of serum p53 
antibodies, carcino-embryonic antigen and 
carbohydrate antigen 12-5 in the neoadjuvant 
chemotherapy treatment for III stage non-
small cell lung cancer patients. Clin Chim Acta 
2011; 412: 930-935.

[20] Angelopoulou K, Diamandis EP, Sutherland DJ, 
Kellen JA and Bunting PS. Prevalence of serum 
antibodies against the p53 tumor suppressor 
gene protein in various cancers. Int J Cancer 
1994; 58: 480-487.

[21] Davidoff AM, Iglehart JD and Marks JR. 
Immune response to p53 is dependent upon 
p53/HSP70 complexes in breast cancers. Proc 
Natl Acad Sci U S A 1992; 89: 3439-3442.

[22] Trivers GE, De Benedetti VM, Cawley HL, Caron 
G, Harrington AM, Bennett WP, Jett JR, Colby 
TV, Tazelaar H, Pairolero P, Miller RD and Harris 
CC. Anti-p53 antibodies in sera from patients 
with chronic obstructive pulmonary disease 

mailto:nkyylzl@163.com


p53 antibodies and PDAC

8381 Int J Clin Exp Med 2018;11(8):8376-8381

can predate a diagnosis of cancer. Clin Cancer 
Res 1996; 2: 1767-1775.

[23] Laudanski J, Niklinska W, Burzykowski T, 
Chyczewski L and Niklinski J. Prognostic signifi-
cance of p53 and bcl-2 abnormalities in oper-
able nonsmall cell lung cancer. Eur Respir J 
2001; 17: 660-666.

[24] Bergqvist M, Brattstrom D, Larsson A, Hesse- 
lius P, Brodin O and Wagenius G. The role of 
circulating anti-p53 antibodies in patients with 
advanced non-small cell lung cancer and their 
correlation to clinical parameters and survival. 
BMC Cancer 2004; 4: 66.

[25] Anderson KS, Wong J, Vitonis A, Crum CP, Sluss 
PM, Labaer J and Cramer D. p53 autoantibod-
ies as potential detection and prognostic bio-
markers in serous ovarian cancer. Cancer 
Epidemiol Biomarkers Prev 2010; 19: 859-
868.


