
Abstract. Background: Serum p53 antibody (s-p53Ab),
carcinoembryonic antigen (CEA), and carbohydrate antigen
19-9 (CA19-9) were investigated to evaluate the significance
of these singly and combined tumor markers in the diagnosis
and prognosis of colorectal cancer (CRC). Patients and
Methods: Preoperative serum samples were obtained from
170 patients with histologically confirmed CRC, including 28
(16%) with stage I. s-p53Ab was assessed using the
MESACUP Kit II, that is a new and highly specific version
of a quantitative p53-Abs enzyme-linked immunosorbent
assay. Results: s-p53Ab was detected in 30.6% (52 out of
170) of patients with CRC, including 31.9% (29/91) of
patients with early-stage CRC. The positive rates for CEA
and CA19-9 of patients with CRC were 28.8% (49/170) and
22.9% (39/170), respectively. Combining use of s-p53-Ab with
CEA increased the positive rate of a diagnosis of CRC to
48.8%. Positivity for s-p53Ab in CRC did not correlate with
overall survival. On the other hand, Cox regression analysis
of this series revealed that high levels of CEA served as an
independent prognostic factor for CRC. Kaplan-Meier
analysis revealed significant differences between patients with
elevated s-p53Ab and CEA and those with elevated levels of
either one or neither of these factors (p<0.001). Conclusion:
The diagnostic rate of s-p53Ab was better than that of CEA
and CA19-9 in patients with early-stage CRC. Combined
detection of s-p53Ab and CEA can improve diagnostic

sensitivity and may permit more accurate stratification of
patients with CRC. 

Colorectal cancer (CRC) is highly prevalent and is one of the
leading malignancies in terms of incidence and causes of
cancer death worldwide (1). The mortality rate and number of
patients with CRC is increasing in Japan, despite advances in
medical technology, endoscopic surgery, chemotherapy, and
early detection. The clinical value of new diagnostic markers
of early tumorigenesis requires evaluation. Malignant tumor
progression has been detected using conventional tumor
markers such as carcinoembryonic antigen (CEA),
carbohydrate antigen (CA) 19-9, squamous cell carcinoma
antigen, cytokeratin fragment 21-1, alpha-fetoprotein, and
protein induced by vitamin K antagonist II. However, the
sensitivity and specificity of these markers are too low for
screening or monitoring patients with malignant tumors. Thus,
new useful biological serum markers are needed to detect
CRC. Circulating p53 antibody has been identified in patients
with cancer of the breast, esophagus, ovary, lung, stomach, and
CRC (2, 3). Several studies have demonstrated that serum p53
antibody (s-p53Ab) can serve as an early marker of malignant
disease, as an indicator of treatment effects in patients with
malignant tumors, and as a prognostic factor for patients with
several types of tumors (4-8). The diagnostic performance of
individual serum biomarkers of malignant tumors, such as
ovarian or pancreatic cancer has been improved by combining
data derived from multiple biomarkers (9, 10). Although, few
studies have examined the clinical implications of s-p53Ab
with those of the conventional tumor markers, CEA and CA
19-9 in patients with CRC. Therefore, the present study
evaluated the clinical relevance of s-p53Ab and investigated
whether its diagnostic value could be improved through
combination with other biomarkers in 170 patients with CRC,
including 91 (53.5%) with the early stages of the disease. 
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Patients and Methods
Patients. We retrospectively reviewed a database of 170 patients
(average age=63.8 years; range=16-90 years; male, n=90; female,
n=80) with primary CRC who underwent colorectal resection at
the Division of Surgical Oncology, Nagasaki University Hospital,
between June 2000 and December 2004. Written informed
consent was obtained from each patient, none of whom had
received preoperative radiotherapy or chemotherapy. The current
study was approved by the Ethics Review Board (number
09062633) of our Institution and complied with the standards of
the Declaration of Helsinki.

Serum and tumor samples. Resected tumor specimens were
routinely processed to control resection margins. Histological
assessment included staging in accordance with the International
Union Against Cancer (UICC7)/TNM classification (11). Serum
samples collected from all patients before surgery were stored
at –80˚C.

Enzyme immunoassay for s-p53Ab. Levels of s-p53Ab were
assessed by enzyme–linked immunosorbent assay (ELISA) using
the MESACUP anti-p53 Test anti-p53 detection Kit (Medical and

Biological Laboratories, Nagoya, Japan). In brief, samples were
incubated for 1 h at 37˚C in microtiter wells coated with wild-type
human p53 protein or a control protein to detect non-specific
interactions. The wells were washed and then a peroxidase-
conjugated goat antihuman immunoglobulin G that binds p53Ab
was applied for 1 h at 37˚C followed by substrate solution for 30
min at 37˚C. Stop solution was added and then color development
was assessed by measuring absorption at 450 nm using a
spectrophotometer. Levels of s-p53Ab were determined from a
calibration curve constructed from the specific signals of standards.
s-p53Ab levels ≥1.3 U/ml were considered as positive, according to
the manufacturer’s suggestion (2).

Values for CEA, CA19-9, Glasgow prognostic score (GPS), and
modified GPS. Routine factors including albumin, serum C-reactive
protein, and tumor markers such as CEA and CA19-9, were
measured on the same day to exclude any inflammatory effect of
preoperative sequential examinations such as colonoscopy or a
barium enema. The positivity values for serum CEA and CA19-9
according to our institutional criteria were 5.0 ng/ml and 37 U/ml,
respectively. Glasgow prognostic score (GPS) and the modified
glasgow prognostic score (mGPS) were estimated as described
elsewhere (12, 13). 
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Table I. Association between the presence of serum-p53 antibody (s-
p53Ab) and clinicopathological features in patients with colorectal
carcinoma. 

                                                                  s-p53Ab (n=170)

Variable                                               Positive           Negative     p-Value
                                                              n=52                n=118             

Gender (Male/female)                          29/23                61/57         0.624
Age: <70/≥70 years                              31/21                75/43         0.625
BMI: <25/≥25 kg/ m2                          39/13                89/29         0.953
Tumor size: <5/≥5 cm                          28/24                68/50         0.647
Tumor site: Colon/rectum                    28/24                63/55         0.956
Histological type: tub1/tub2/por        20/31/1            46/62/10       0.425
Lympatic invasion: 0/1,2,3                   1/51                 20/98         0.013
Venous invasion: 0/1,2,3                       5/47                 22/96         0.209
Nodal stage: N0/N1-3                          30/22                68/50         0.994
Tumor depth: T1/T2/T3/T4             2/11/23/16       19/11/54/34    0.090
Liver metastasis: Yes/no                       6/46                15/103        0.969
TNM stage: 0/I/II/III/IV                0/11/18/12/11  9/17/36/39/17  0.299
C-reactive protein: 
<1.0/≥1.0 U/ml                                    41/11               105/13        0.080

Albumin: <3.5/≥3.5 g/dl                      11/41               14/104        0.115
mGPS: 0/1,2                                         41/11               105/13        0.080
GPS: 0/1,2                                             37/15                96/22         0.137
CEA: <5/≥5 ng/ml                                35/17                86/32         0.460
CA19-9: <37/≥37 U/ml                        42/10                89/29         0.445

BMI: Body mass index; tub1: well-differentiated adenocarcinoma; tub2:
moderately differentiated adenocarcinoma; por: poorly differentiated
adenocarcinoma; mGPS: modified Glasgow prognostic score; GPS:
Glasgow prognostic score; CEA: carcinoembryonic antigen; CA19-9:
carbohydrate antigen 19-9.

Table II. Association between sensitivity of serum-p53 antibody (s-
p53Ab), carcinoembryonic antigen (CEA), and carbohydrate antigen
19-9 CA19-9) according to clinical stage in patients with colorectal
cancer.

Stage             s-p53Ab                   CEA                    CA19-9        p-Value 

0                 0% (0/9)                0% (0/9)                0% (0/9)              0.959
I               39.3% (11/28)         7.1% (2/28)          3.6% (1/28)        0.002
II              33.3% (18/54)       24.1% (13/54)      13.0% (7/54)        0.076
III             23.5% (12/51)       25.5% (13/51)      27.5% (14/51)      0.902
IV            39.3% (11/28)       75% (21/28)         60.7% (17/28)      0.050

Total         30.6% (52/170)     28.8% (49/170)    22.9% (39/170)    0.255

Table III. Association between clinical stage and sensitivity of
biomarker combinations.

Stage    s-p53Ab+CEA      CEA+CA19-9    s-p53Ab+CA19-9    p-Value 
                                                                                                              
0                0% (0/9)               0% (0/9)                0% (0/9)             0.959
I            46.4% (13/28)        7.1% (2/28)         42.9% (12/28)         0.002
II           48.1% (26/54)      33.3% (18/54)       44.4% (24/54)         0.268
III          39.2% (20/51)      35.3% (18/51)       43.1% (22/51)         0.720
IV         85.7% (24/28)      82.1% (23/28)       78.6% (22/28)         0.784
Total    48.8% (83/170)    35.9% (61/170)     47.1% (80/170)        0.033

s-p53Ab: Serum-p53 antibody; CEA: carcinoembryonic antigen; CA19-
9: carbohydrate antigen 19-9. 



Statistical analysis. The significance of differences between two
groups was determined using the Chi -square test and the Mann-
Whitney U-test. Hazard ratios with 95% confidence intervals were
calculated after univariate or multivariate analysis using the Cox
proportional hazards model. Multivariate analysis included tumor
markers with p<0.05 in the univariate analysis to assess those most
closely associated with overall survival. Survival curves for the two
groups were compared using Kaplan–Meier analysis and the log-
rank test. Overall survival was calculated from the date of surgery
and deaths that occurred before December 31, 2015 were included
in this analysis. All data were statistically analyzed using JMP®10
(SAS Institute, Inc., Cary, NC, USA) at a significance level of
p<0.05.

Results
Correlation between the presence of s-p53Ab and
clinicopathological features in colorectal carcinoma (Table
I). We found that serum samples from 52 (30.6%) out of
170 patients with CRC were positive for s-p53Ab. The
mean age of this group was 65.0 (range=43-81) years, and
the male/female ratio was 1.3:1. The remaining 118
(69.4%) patients were negative for s-p53Ab; and their mean
age was 63.3 (range=16-90) years and the male/female ratio
was 1.07:1. Table I shows clinicopathological features of
these patients stratified by the presence of s-p53Ab. No
significant relationships, except lymphatic invasion, were
identified regardless of being positive or negative for s-
p53Ab.

Sensitivity of serum CEA, CA19-9, and s-p53Ab in patients
with CRC. The detection sensitivity of single serum tumor
markers was the highest for s-p53Ab (Table II). The sensitivity
of s-p53Ab, CEA, and CA19-9 according to UICC7/TNM
stage was as follows. Among 28 patients with stage I CRC, 11
(39.3%), 2 (7.1%), and 1 (3.6%) were positive for s-p53Ab,
CEA, and CA19-9, respectively (p=0.002). We investigated
the clinical relevance of s-p53Ab level as a marker of early
CRC in patients with stages 0, I, and II CRC. In patients with
early-stage CRC, the s-p53Ab positivity rate (31.9%) was
higher than that for CEA (16.5%, p=0.015) and CA19-9
(8.8%, p<0.01). We evaluated the benefit of testing for s-
p53Ab in addition to measurements of the other two tumor
markers. The detection sensitivity of CEA plus s-p53Ab, CEA
plus CA19-9, and s-p53Ab plus CA19-9 combinations in 170
patients was 52 (30.6%), 49 (28.8%), and 39 (22.9%),
respectively, with CEA plus s-p53Ab being the most sensitive.
Table III shows the detection sensitivity of CEA plus s-p53Ab,
CEA plus CA19-9, and s-p53Ab plus CA19-9 according to
UICC7/TNM stage. The rate of positivity for CEA+s-p53Ab
(46.4%) was significantly higher than that of CEA plus CA19-
9 (7.1%) and s-p53Ab plus CA19-9 (42.9%) in those with
stage I disease, suggesting that s-p53Ab plus CEA was more
sensitive for detecting CRC at an early stage. 

Characteristics of patients and their surgical outcomes. The
major clinicopathological factors of sex, age, and BMI
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Table IV. Univariate and multivariate analyses of survival using Cox proportional hazard models in patients with colorectal cancer.  

                                                                                                       Univariate                                                                        Multivariate                   

Variable                                                               p-Value                   HR                         95% CI                     p-Value             HR                    95% CI

Sex: Male/female                                                  0.702                   1.107                   0.657-1.864                                                                            
Age: <70/≥70 years                                             0.701                   1.109                   0.653-1.883                                                                            
BMI: <25/≥25 kg/m2                                            0.890                   0.963                   0.569-1.631                                                                            
Tumor size: <5/≥5 cm                                          0.447                   1.224                   0.727-2.059                                                                            
Tumor site: Colon/rectum                                    0.940                   1.020                   0.606-1.718                                                                            
Histological type: tub1,tub2/por                          0.040                   2.428                   1.040-5.665                                                                            
Lympatic invasion: 0/1,2,3                                   0.063                   3.013                   0.942-9.639                                                                            
Venous invasion: 0/1,2,3                                      0.147                   1.872                   0.803-4.362                                                                            
TNM stage: 0,I,II/III,IV                                      <0.001                  3.796                   2.124-6.783                                                                            
C-Reactive protein: <1.0/≥ 1.0 mg/dl                  0.015                   2.166                   1.166-4.023                                                                            
Albumin: <3.5/≥3.5 g/dl                                      <0.001                  2.731                   1.509-4.943                                                                            
mGPS: 0/1,2                                                          0.015                  2.1658                  1.166-4.023                                                                            
GPS: 0/1,2                                                             0.002                   2.385                  1.382-4.1142                  0.060              1.755               0.977-3.153
CEA: <5/≥5 ng/ml                                               <0.001                  1.577                   1.323-1.878                   0.003              2.545               1.361-4.758
CA19-9: <37/≥37 U/ml                                       <0.001                  2.572                   1.506-4.392                   0.104              1.662               0.901-3.066
s-p53Ab: <1.3/≥1.3 U/ml                                     0.965                   0.988                   0.559-1.742                   0.889              0.960               0.538-1.713

BMI: Body mass index; tub1: well-differentiated adenocarcinoma; tub2: moderately differentiated adenocarcinoma; por: poorly differentiated
adenocarcinoma; mGPS: modified Glasgow prognostic score; GPS: Glasgow prognostic score; CEA: carcinoembryonic antigen; CA19-9:
carbohydrate antigen 19-9; s-p53Ab: serum-p53 antibody; HR: hazard ratio; Ci: confidence interval.



(patient factors); tumor size, tumor site, histological type,
lymphatic invasion, venous invasion, nodal stage, tumor
depth, liver metastasis, and TNM stage (tumor factors); CRP,
albumin, mGPS, and GPS (inflammation factors); CEA,
CA19-9, and s-p53Ab (tumor markers) were investigated.
Univariate and multivariate analyses were performed to
evaluate the relationship between clinicopathological factors
and overall survival. The result of univariate analyses
demonstrated that TNM classification (0, I, II/III, IV) was
the most sensitive predictor of postoperative mortality
(hazard ratio=3.796; 95% confidence interval=2.124-6.783;
p<0.001) (Table IV). All tumor markers, but not s-p53Ab,
were positively associated with postoperative mortality.
Multivariate analyses of GPS, CEA, CA19-9 and s-p53Ab
found only CEA maintained its association with
postoperative mortality. The median and minimum follow-
up terms for survivors were 2,847 and 1,825 days,
respectively. Kaplan-Meier analysis revealed significantly
poorer survival for patients with elevated levels of both s-
p53Ab and CEA compared to those with no elevation of
these factors or elevation of only one of them. 

Discussion

Tumor markers are useful for managing patients with CRC.
CEA is a glycoprotein produced by columnar and goblet cells
in normal colorectal cells and in CRC cells, with a half-life
of 3-11 days. Recommendations indicate that levels of CEA
should be assessed the most frequently when CRC is
suspected (14). CA19-9 is also a high-molecular-weight
glycoprotein that is detectable in human blood (15). Although
CRC can generally be diagnosed and monitored using serum
CEA and CA19-9, only a limited number of patients can
benefit from this strategy. Therefore, potential new biological
markers of CRC, such as p53Ab, E-cadherin, endothelial
leukocyte adhesion morecule-1 (ELAM-1), or hepatocyte
growth factor (HGF) have recently been applied (16, 17). The
autoantibody p53Ab is induced by mutation of the p53 tumor
-suppressor gene, and it has been detected in the sera of
patients with various types of cancer. Since its initial
discovery during the late 1970s, s-p53Ab has become a useful
marker of various cancer types (2-8). Because CRC can be
diagnosed at an early stage thanks to advances in medical
technology, it is suitable for testing potential biological
markers for early diagnosis. Nevertheless, only few studies
that have evaluated s-p53Abs in patients with CRC have been
published. The present study showed that CRC was
preoperatively detectable using an s-p53Ab ELISA assay in
52 (30.6%) out of 170 patients, which is comparable with
previous findings of patients with CRC (4, 5). The presence
of s-p53Ab did not significantly correlate with
clinicopathological characteristics. Among 28 patients with
stage I CRC, 11 (39.3%), two (7.1%), and one (3.6%) were

positive for s-p53Ab, CEA, and CA19-9, respectively
(p=0.002). We investigated the clinical relevance of s-p53Ab
levels as a marker of early CRC in patients with stages 0, I,
and II CRC. Table II shows that among these 91 patients with
stage 0-II CRC, 29 (31.9%), 15 (16.5%), and 8 (8.8%) were
positive for s-p53Ab, CEA, and CA19-9, respectively
(p<0.001). Notably, the 80.8% of those positive for s-p53Ab
did not have a high CA19-9 level and only 32.7% of those
positive for s-p53Ab had a high CEA level. The presence of
s-p53Ab was not associated with serum CEA or CA19-9
(p=0.460 and p=0.445, respectively). We supposed that s-
p53Ab could serve as an independent marker of CEA or
CA19-9 and an early marker in CRC detection. The positive
rate for a diagnosis of CRC increased to 48.8% when p53-Ab
was combined with CEA (p=0.033). Because changes in the
p53 gene result in protein accumulation in tumor cells, the
presence of s-p53Ab has been described as an early event that
could predate diagnosis (18-21). Although several studies
have found that s-p53Ab is a prognostic factor for patients
with various types of tumors, its prognostic value in patients
with CRC remains controversial. The presence of s-p53Ab
did not significantly correlate with OS, whereas Cox
regression analysis revealed that a high CEA level served as
an independent prognostic factor for our patients with CRC.
Kaplan–Meier analysis revealed significant differences in
survival between patients with elevated levels of both s-
p53Ab and CEA and those with elevated levels of either one
or neither (Figure 1). We did not find a significant correlation
between the presence of s-p53Ab and prognosis. However,
combining CEA with s-p53Ab was useful for detecting CRC
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Figure 1. Overall survival among patients with colorectal cancer
according to positivity for erum p53 antibody (s-p53Ab) and
carcinoembryonic antigen (CEA). Positivity for both markers significantly
reduced survival.



and allowed clear allocation of patients with CRC into two
independent groups, and positivity for s-p53Ab and CEA was
associated with poor prognosis of CRC. Therefore, it may be
possible to improve the prognosis of patients with CRC after
treatment by determining CEA and s-p53Ab routinely at the
time of admission or on an outpatient basis. A potential
limitation of this study is that is a retrospective, single-centre
study. Therefore, a large-scale prospective validation study is
needed to confirm these results.

Conclusion

Our study demonstrated that combination of s-p53Ab and
CEA can serve as a useful biomarker of CRC and permit
more accurate stratification of patients with CRC. This in
turn should improve clinical decision-making, and perhaps
contribute to more rational study design and analysis.
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