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Abstract: Human prothymosin-a (PTMA) plays an important role in tumorigenesis, and its overexpression triggers a
TP53 response. In this study, we identified that PTMA expression was up-regulated at both the transcriptional and
translational level in tumor tissue compared to that in adjacent normal tissue. PTMA overexpression was signifi-
cantly associated with the depth of tumor invasion, lymph node metastasis (LNM), distant metastasis, advanced
AJCC stage, and tumor differentiation. There was also a significant association between PTMA over-expression and
mutant TP53 expression (r=0.515, P < 0.001). Survival analysis revealed that the disease-free survival (DFS) and
overall survival (OS) rates were significantly lower among patients with PTMA- and TP53-positive tumors. Hence,
PTMA might play an important role in the progression of CRC, and the assessment of both PTMA and mutant TP53

expression can help predict colon cancer prognosis.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer and the third leading cause of can-
cer death both in men and women worldwide
[1]. Colorectal adenocarcinoma is the most
common form of colonic cancer affecting
approximately 112,000 new patients every
year [2]. Although many advanced methods of
diagnosis and treatment have been employed
over the last few decades, the overall survival
(0OS) rate of CRC patients has not markedly
improved [3]. Sensitive biomarkers are crucial
for early diagnosis and predicting prognosis,
but none has been incorporated into routine
clinical practice. Therefore, the identification of
novel factors that can accurately predict post-
operative tumor recurrence will greatly improve
CRC management.

Human prothymosin-a (PTMA) is a member of
the a-thymosin family comprising 110 amino
acids, and its sequence is highly conserved in
mammals [4]. To the best of our knowledge,

PTMA plays an important role in cell biology,
including cell cycle regulation, proliferation,
transcription, and apoptosis [5-7]. Over-
expression of PTMA has been reported in vari-
ous malignancies including breast, lung, blad-
der, and head and neck cancer [8-11], and both
PTMA and c-myc were over-expressed at the
mRNA level in human CRCs compared with
adjacent normal tissues, and there was a sig-
nificant correlation between them [12].
However, there have been no reports concern-
ing PTMA protein expression in CRC and its
association with clinical outcome.

TP53 is one of the best characterized tumor
suppressor genes and is the most frequently
altered gene in human cancers, being mutated
in more than 50% of carcinomas [13]. The wild-
type TP53 protein is usually undetectable by
standard immunohistochemistry; however,
mutant TP53 protein is frequently detected at a
high level in many primary tumors and tumor
cell lines [14]. Analysis of the TP53 gene in a
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large cohort of CRC patients revealed that its
mutation had prognostic significance [15].
Similar to Myc, Ras, E2F, and 3-catenin, over-
expression of PTMA results in the activation of
TP53, which is now generally accepted as an
innate tumor suppressive mechanism [16], and
a critical cellular response to various stress
stimuli [17]. However, PTMA does not increase
the transcriptional activity of mutant TP53,
negating this tumor suppressive mechanism
[16]. At present, there is no agreement on
whether mutant TP53 is associated with colon
cancer prognosis [18]. Moreover, the relation-
ship between mutant TP53 and PTMA, and
especially the prognostic value of their com-
bined expression, has not been evaluated.

In this study, we examined the PTMA and
mutant TP53 expression patterns, evaluated
their association with clinicopathologic fea-
tures in CRC, and assessed whether the combi-
nation of PTMA and mutant TP53 could be an
effective predictive marker for CRC.

Materials and methods
Patients and tissue specimens

Specimens were collected from 185 patients
who had undergone radical colectomy at the
General Surgery Department of Shanghai
Jiaotong University affiliated Shanghai First
People’s Hospital Medical Center between
January 2001 and December 2003. None of
the patients had undergone preoperative che-
motherapy or radiotherapy. At least two pathol-
ogists confirmed the diagnosis. Staging was
based on pathological findings according to the
American Joint Committee on Cancer (AJCC)
guidelines. There were 79 men and 106 women
with a mean age of 65.82 years (range, 22-95
years).

Thirty pairs of fresh CRC tumors and adjacent
normal mucosa (10 cm from the primary CRC)
were obtained from patients who had under-
gone tumor resection without preoperative
therapy. Tissues were put immediately into RNA
Keeper Tissue Stabilizer (Vazyme Biotech Co.,
Ltd, Jiangsu, China) during the operation, stored
at 4°C overnight, and then transferred to -80°C
for long-term storage. The study was approved
by the institutional review boards of Shanghai
Jiaotong University Affiliated Shanghai First
People’s Hospital Medical Center. Every patient
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enrolled in this study had provided written,
informed consent.

Immunohistochemistry

Tissue microarray (TMA) slides were prepared
as previously described [19]. Citrate buffer
(0.01 M, pH 6.0) was used for antigen retrieval
of the paraffin-embedded sections. The slides
were then incubated with rabbit polyclonal anti-
body against PTMA (1:700, ABGENT, San Diego,
CA) and TP53 (1:100, Abcam, Cambridge, UK)
for 16 h at 4°C. The primary antibody was
detected using the anti-mouse or anti-rabbit
EnVision™ two-step Visualization System (Gene
Tech, Shanghai, China) for 30 min at room tem-
perature. Finally, the slides were counter-
stained with Mayer’s hematoxylin and mounted
with a coverslip.

Evaluation of immunohistochemistry staining
and scoring

Immunoreactivity was evaluated by a scoring
system for both staining intensity and extent.
Staining intensity for PTMA was scored as O for
negative, 1 for mild, 2 for moderate, and 3 for
intense. Staining extent scoring was based on
the percentage of the positively immunos-
tained cells as follows: O, 0%; 1, 1-25%; 2,
26-50%; 3, 51-75%; and 4, 76-100%. Based on
the overall score, which was calculated by add-
ing the scores for staining intensity and extent,
the specimens were divided into 3 groups as
follows: 0-2, negative expression; 3-4, weak
positive expression; and 5-7, strong positive
expression. Based on the TP53 index, samples
were divided into 2 groups: negative (< 10% of
cells with positive nuclei) and positive (> 10% of
cells with positive nuclei). All slides were evalu-
ated independently by two researchers who
were blinded to patient information.

Western blot analysis

Total protein was extracted from 4 pairs of
colon tumors and their adjacent normal tissue,
using RIPA lysis buffer (Beyotime Biotechnology,
Jiangsu, China). The concentration of the pro-
tein was measured using the BCA protein assay
kit (Beyotime Biotechnology, Jiangsu, China).
Equal amounts of protein (30 pg) were electro-
phoresed on a 10% sodium dodecyl sulfate
-polyacrylamide gel for 2 h, and then trans-
ferred to polyvinylidene difluoride membranes
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Figure 1. Expression of prothymosin-oc (PTMA) in co-
lon cancer tumors and adjacent normal mucosa. A.
Relative PTMA mRNA levels in 30 matched colorectal
tumors compared with that in normal mucosa speci-
mens. A logarithmic scale of 2-AACT was used to rep-
resent the fold change in quantitative real-time poly-
merase chain reaction detection; B. Western blotting
analysis of PTMA protein expression in 4 represen-
tative paired colon tumor/normal tissue pairings,
B-actin was used as the loading control.

(Millipore, Billerica, MA) following standard pro-
tocols. The membranes were blocked using 5%
non-fat milk with 0.1% Tween-20 at room tem-
perature for 1 h, followed by incubation with the
appropriate primary antibodies, anti-PTMA
(1:2000, ABGENT, San Diego, CA) and anti-p-
actin (1:1000, Abcam, Cambridge, UK), at 4°C
overnight. After washing with TBST, membranes
were incubated with goat anti-rabbit IgG-HRP
(1:2000, Santa Cruz Biotechnology, USA).
Protein was visualized using ImmobilonTM
Western Chemiluminescent HRP Substrate
(Millipore, Billerica, MA) according to the manu-
facturer’s instructions.

RNA extraction and quantitative real-time poly-
merase chain reaction (RT-PCR)

Total RNA was extracted using a TrizolTM
reagent (Invitrogen Life Technologies, Carlsbad,
CA), and 500 ng of total RNA was reverse-tran-
scribed into first strand cDNA wusing the
PrimeScriptTM RT reagent kit (Takara, Shiga,
Japan) following manufacturer’s instructions.
RT-PCR was performed using the SYBR Premix
Ex Taq Il (Takara, Shiga, Japan) reaction system
on a MastercyclerTM ep Realplex (Eppendorf,
Germany) under the following cycling condi-
tions: initial denaturation (30 s at 95°C), fol-
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lowed by 40 cycles of denaturation (5 s at
95°C), and annealing and extension (30 s at
60°C). The human PTMA gene was amplified
with forward primer: 5-TGAGGAAGAGGATGGA-
GATGA-3’,and reverse primer: 5-GGGAAGTGGA-
GGGTGAATAG-3’, and the GAPDH gene with for-
ward primer: 5-AGAAGGCTGGGGCTCATTTG-3’
andreverseprimer:5-AGGGGCCATCCACAGTCTTC-
3’; the latter was used as an internal control. All
reactions were repeated in triplicate. The rela-
tive PTMA quantification was based on the
284Ct values, and it was calculated using the
formulas:

Statistical analysis

The two-tailed x? test and Fisher exact test
were used to determine the statistical signifi-
cance of differences between experimental
groups. The association between PTMA and
TP53 protein expression was assessed using
Spearman’s test, and the survival rate was ana-
lyzed using the Kaplan-Meier method. A log-
rank test was used to compare survival curves.
A Cox proportional hazards model was used to
calculate univariate and multivariate hazard
ratios. All analyses were performed using the
SPSS 19.0 software (SPSS Inc., Chicago, IL). A
P value < 0.05 was considered statistically
significant.

Results
PTMA expression in colon tissues

Among the 30 pairs of fresh-frozen tissues
used to estimate the mRNA level of PTMA, 20
(66.7%) colon cancers showed at least a 2-fold
increase in PTMA mRNA level compared with
that in the adjacent normal mucosa (Figure
1A). The mean PTMA quantification (-ACt value)
in the colon tumor group (2.17+0.23; 0.80-
1.93) was significantly higher than that in the
normal tissue group (0.80+0.16; 0.80-2.00; P
< 0.001). Likewise, Western blot analysis
showed a significant up-regulation of PTMA pro-
tein in tumors compared with that in the corre-
sponding normal tissue (Figure 1B), confirming
that PTMA expression was elevated at the both
transcriptional and translational level.

Association of PTMA and mutant TP53 expres-
sion in colon cancer with clinicopathologic
parameters

Among the 185 samples on the paired TMA,
136 (73.5%) showed negative staining in nor-
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Table 1. PTMA and TP53 immunohistochemical staining in normal colonic mucosa, tumors, and

lymph node metastases

PTMA nuclei expression

Tissue sample n

Negative (%) Weak (%) Strong (%)

P value TP53 expression P value
Negative (%) Positive (%)

Normal mucosa 185 136(73.5) 35(18.9) 14 (7.6)
Tumor 185 52(28.1) 82 (44.3) 51(27.6)
LNM 63 9(14.3) 14(22.2) 40 (63.5)

<0.001* 183 (98.9) 2(1.1) <0.001*
90 (48.6) 95 (51.4)
11 (17.5) 52 (82.5)

*P value is based on the chi-square test.

Figure 2. Immunohistochemical staining for prothymosin-oc (PTMA) in normal and malignant colon tissue. A. Nega-
tive PTMA expression in normal colonic epithelium; B. Weak PTMA staining in a well-differentiated colorectal tumor;
C. Diffuse, intense PTMA staining in a moderately to poorly differentiated colorectal tumor; D. Strong PTMA staining
in a colon cancer lymph node metastasis sample. Original magnification x200.

mal mucosa. In contrast, up-regulated PTMA
expression was apparent in colon tumors, with
weak staining in 82 (44.3%) specimens, strong
staining in 51 (27.6%) specimens, and negative
staining in 52 (28.1%) specimens (Table 1). It
was noteworthy that 54 of the 63 (85.7%) LNM
samples also exhibited PTMA over-expression.
Positive staining was prominent in the nuclei of
colonic epithelial and tumor cells, but was only
rarely present in the cytoplasm (Figure 2). The
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association between PTMA expression and a
range of clinicopathologic parameters is sum-
marized in Table 2. PTMA over-expression was
significantly associated with the depth of tumor
invasion (pT stage), LNM (pN stage), distant
metastasis (M stage), advanced AJCC stage,
and tumor differentiation. No associations
were found between PTMA expression and age,
sex, location, or vascular invasion. Moreover,
PTMA expression was more frequently detect-
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Table 2. Association between clinicopathologic features and PTMA or Over-expression of PTMA
TP53 protein expression alone or combined with
PTMA expression TP53 expression mutant TP53 predicts

00r prognosis
Negative Weak Strong Pvalue Negative Positive P value p prog

Age (vears) Survival analysis was per-

<65 18 31 23 0539 34 38 0765  formed on 177 patients
>65 34 51 28 56 57 who had undergone cura-
Sex tive operations, excluding
Male 24 34 21 0861 42 37 0.302 8 patients with stage dis-
Female 28 48 30 48 58 ease and who had under-

gone non-curative surgery

Location . .

. to avoid the potential con-
Right 16 34 24 0.552 34 40 0.865 founding influence of unre-
Transverse 6 8 4 9 9 sectable metastatic tum-
Left 30 40 23 47 46 ors. At the end of the study,

T stage 50 of 177 patients (28.2%)
T1 5 2 0 0.002* 3 4 0.003* had died of their disease,
T2 10 9 2 15 6 and 127 patients were still
73 el 36 15 42 30 alive. Of the 177 patients,
Ta 16 35 34 30 55 64 (36.2%) experienced

disease relapse. The Kap-

N stage lan-Meier plots showed
NO 36 44 16 <0.001* 54 42 0.012* that patients with negative
N1 15 25 18 28 30 tumor PTMA expression
N2 1 13 17 8 23 had a better disease-free

M stage survival (DFS) and OS rate
MO 50 77 41 0.015% 87 81 0010+ than those with PTMA
M1 2 5 10 3 14 tumor over-expression (P <

AJCC stage 0.01; Figure flA). Mutant
| 14 6 5 <0.001% 16 6 0.004% TP53 expression was not

related to OS but was
I 20 37 14 38 33 associated with DFS (P=-
h 16 34 25 33 42 0.027; Figure 4B). We also
v 2 5 10 3 14 divided the patients into 3

Differentiation groups depending on the
High 38 37 15  <0.001* 54 36 0.006* concomitant expression of
Moderate 10 35 23 28 40 ngo'\l/ng i”dturr:gi”\tlvi:ﬁﬁ%
tow 4 1013 8 19 PTMA or TP53 expression

Vascular invasion (43 cases); group 2, over-
Yes 2 6 4 0.698 4 8 0374 expression of one protein
No 50 76 47 86 87 (56 cases); group 3, abnor-

TP53 expression mal expression of both
Negative 43 40 7 <0.001* proteins (78 cases). Nota-
Positive 9 42 44 bly, patients in group 1

with both PTMA-and TP53-
negative expression had a
significantly better DFS

*P < 0.05 indicates a significant association among the variables.

ed in patients with positive mutant TP53 stain- and OS rates (Figure 4C) than those in group 3
ing than in those with negative mutant TP53 with both PTMA- and TP53-positive expre-
staining (Figure 3), with a significant correlation ssion.

between them (r=0.515, P < 0.001). Positive

TP53 staining was significantly associated with We conducted a multivariate analysis using the
pT stage, pN stage, M stage, AJCC stage, and Cox proportional hazards model for all the sig-
differentiation. nificant variables in the univariate analysis. The
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Figure 3. Expression of prothymosin-a (PTMA) and TP53. Representative images of PTMA and TP53 expression in
normal colon (A and D), primary tumor (B and E), and nodal metastasis specimens (C and F). PTMA expression was
more frequently present in specimens that stained positive for mutant TP53. Original magnification x200 (x50 for

inset images).

results demonstrated that positive PTMA
expression was a significant independent prog-
nostic factor for disease recurrence and short-
er survival (Table 3). Although mutant TP53
expression alone was not a prognostic indica-
tor, expression of both PTMA and mutant TP53
was found to be a significant prognostic factor
for DFS (hazard ratio [HR] 2.094; 95% confi-
dence interval [Cl], 1.457-3.051; P < 0.001)
and OS (HR 2.348; 95% Cl, 1.493-3.692; P <
0.001).

Discussion

Previous studies have shown that the deregula-
tion of PTMA results in increased cell prolifera-
tion and inhibits apoptosis by preventing forma-
tion of the apoptosome [6, 20]. Over-expressed
PTMA was associated with aggressive tumors
and a poor prognosis in breast, hepatocellular,
pituitary, and head and neck cancer [21]. Using
an Expression Difference Mapping analysis,
Mieko Shiwa et al. discovered that PTMA
expression in colon cancer cells lines was sig-
nificantly higher than that in normal colon cells
[22]. In our study, up-regulated PTMA expres-
sion was found to be associated with CRC pro-
gression and was an independent prognostic
marker for the disease. We also found a posi-
tive association between PTMA expression and
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advanced tumor stage, suggesting that the
over-expression of PTMA may contribute to CRC
progression. These data indicate that PTMA
might therefore also be a prognostic marker for
CRC patients after surgery.

In the absence of cellular stress, TP53 protein
expression is maintained at low steady state
and exerts very little, if any, effect on cell fate.
However, TP53 becomes activated in response
to various types of stress, including oncogene
activation and DNA damage. This is reflected in
elevated protein levels, as well as augmented
biochemical capabilities [23]. Activated TP53
suppresses cellular transformation mainly by
inducing apoptosis, inhibiting cell cycle pro-
gression, senescence, and differentiation, and
accelerating DNA repair in damaged cells [18].
Accordingly, TP53 function is almost always
compromised in tumor cells, usually as a result
of somatic mutations, which occur in approxi-
mately half of all human cancers and constitute
a cornerstone in tumorigenesis [24, 25]. Mdm2
is a negative regulator of TP53, which can bind
to TP53 and act as a TP53-specific E3 ubiquitin
ligase. Elevated levels of Mdm2 will interfere
with TP53 activity, even under conditions where
TP53 is normally expected to be functional
[23]. However, the mutant TP53 protein falls
outside of this negative feedback loop [26].

Int J Clin Exp Pathol 2014;7(8):4867-4876
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Figure 4. Kaplan-Meier analysis with a log-rank test of survival. A. The disease-free survival (DFS) and overall sur-
vival (OS) of patients were associated with prothymosin-a (PTMA) expression that was determined by immunohisto-
chemical staining; B. DFS was significantly longer in patients with TP53-negative tumors than in those with TP53-
positive tumors (P=0.027); C. DFS and OS were significantly shorter amongst patients with PTMA- and TP53-positive
tumors than in those with PTMA- or TP53-negative tumors.

Table 3. Multivariate analysis of the disease-free survival (DFS) and overall survival (OS) of 177 colon

cancer patients

Disease-free survival (DFS)

Overall survival (0OS)

Variable

P value HR 95% ClI P value HR 95% CI
AJCC stage (I/11 vs. llI/IV) 0.0144* 11.372 1.623-79.654 <0.001* 50.709 8.634-297.828
pN stage 0.024* 2.179 1.110-4.274 0.045* 1.733 1.013-2.968
PTMA (negative vs. positive) 0.019* 4.631 1.287-16.664 0.010* 3.624 1.354-9.700
TP53 (negative vs. positive) 0.164 1.659 0.814-3.382 0.118 1.663 0.880-3.142
PTMA+TP53 (both negative vs. at least one positive) <0.001* 2.348 1.493-3.692 <0.001* 2.094 1.457-3.051

NS, not significant; HR, hazard ratio; Cl, confidence interval. *P < 0.05 indicates that the lower limit of the 95% CI of HR is >1.

In this study, we evaluated PTMA and TP53
expressions, and found that they were both
over-expressed in tumors compared with the
expressions in the normal epithelium, with a
strong positive association between them. The
mechanism that underlies the co-expression of
these proteins is unclear. It is noteworthy that
over-expressed PTMA, as an inappropriate
growth stimulus, triggers a TP53 response,
resulting in increased mRNA and protein levels
of the endogenous TP53 target genes Mdm2
and p21 [16]. This is probably because PTMA
over-expression induces wild-type TP53 protein
degradation through Mdm2. However, the TP53
mutant protein is more stable due to its altered
conformation, and is thus less readily degraded
[27]. Mutant TP53 protein can therefore accu-
mulate and promote tumorigenesis. On the
other hand, in the absence of a functional TP53
pathway, PTMA is free to exert its oncogenic
effects and promote the development of a
malignant phenotype, like B-catenin and other
oncogenes [28]. The combination of PTMA and
TP53 might completely block tumor suppres-
sion. Further studies are needed to elucidate
the role of PTMA and mutant TP53 in CRC
progression.

In this study, we also found that PTMA staining
was notably higher in lymph node metastatic
CRC cells than in the primary tumors. PTMA
expression was linked to unfavorable survival
outcomes, indicating that increased PTMA
expression was associated with invasive behav-
ior and metastasis of CRC. This is supported by
the previously identified role of PTMA in ovarian
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cancer cell adhesion, migration, and prolifera-
tion [29]. Multivariate analysis showed that
PTMA expression alone or combined with
mutant TP53 expression was an independent
predictive factor for OS and DFS in CRC.
However, mutant TP53 expression alone was
not related to cancer prognosis, which concurs
with the findings of previous studies [30].

In summary, increased PTMA expression was
found in CRC tumors and was associated with
multiple clinicopathologic factors as well as 0S
and DFS. These findings highlight the potential
of PTMA as a therapeutic target in CRC, and
justify the further study of the role of PTMA and
mutant TP53 in this malignancy. These prelimi-
nary results need to be confirmed in a larger,
prospective, controlled clinical study.
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