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ABSTRACT

In colorectal cancer, no study has been carried out discovering the relationship 
among p53, mitochondrial transcription factor A (TFAM) expression and change of 
mitochondrial DNA (mtDNA) copy number. In our study, co-expression of p53 and 
TFAM was observed in colon adenocarcinoma tissues, paracancerous tissues and 
9 colorectal cancer cell lines. Then, a significant linear correlation was established 
between either p53 or TFAM expression and advanced TNM stage, positive lymph nodes 
and low 5-year survival rate in patients with colon adenocarcinoma. Additionally, 
advanced TNM stage, large tumor burden, presence of distant metastasis, and high 
TFAM expression were significantly related to poor overall 5-years survival. Moreover, 
alteration of p53 expression could change TFAM expression but TFAM could not 
influence p53 expression, and p53 could enhance TFAM expression via binding to 
TFAM promoter. While, both of p53 and TFAM expression could incrase mtDNA copy 
number in vitro. In conclusions, p53 might incrase mtDNA copy number through its 
regulation on TFAM expression via TFAMpromoter.

INTRODUCTION

Colorectal cancer, accounting for 8% of newly 
diagnosed cancer, is the third leading type of cancer which 
causes the death of both men and women [1]. However, 
the mechanism of how colorectal cancer develops is still 
elusive. In order to provide novel treatment to colorectal 
cancer, efforts on understanding its progression should be 
made.

mtDNA is the DNA inside of mitochondria, 
which functions to encode polypeptides of the oxidative 
phosphorylation complexes [2]. Given its role in 
metabolism, it is not surprising that alteration of mtDNA 
is also related to human diseases, including cancer [3]. Our 
previous work found that mtDNA copy number was higher 
in cancerous tissues than in corresponding paracancerous 

tissues in patients with colorectal cancer [4]. Various 
mechanisms are responsible for the regulation of 
mtDNA copy number [5–7]. Among them, mitochondrial 
transcription factor A (TFAM) is considered essential 
because it could maintain the structure and stimulate the 
transcription of mtDNA [8]. However, though it has been 
observed that TFAM is associated with the prognosis of 
patients with colorectal cancer [9], not much has been 
done to investigate whether there is a role of TFAM in the 
development of colorectal cancer.

p53 gene is a tumor suppressor gene encoding p53 
protein, whose primary function is to arrest cell-cycle and 
cause apoptosis when necessary [10]. Mutation of p53 gene 
is found in approximately 35% to 55% of the patients with 
colorectal cancer [11], which promotes oncogenesis [12]. It 
has long been observed an accumulation of p53 protein in 
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cancer [13], though this overexpression is not necessarily 
associated with p53 gene mutation [14, 15]. In addition, 
p53 was announced to be a regulator of metabolism 
recently [16], and some report has been published, 
describing p53 regulation on mtDNA [17]. Thus, it is 
interesting to explore whether p53 overexpression could 
influence mtDNA copy number in colorectal cancer.

Our research aims to reveal p53 and TFAM 
expression and their correlation with clinicopathological 
characteristics of patients with colon adenocarcinoma, 
the regulative relationship between p53 and TFAM, and 
whether p53 and TFAM could regulate mtDNA copy 
number in colorectal cancer cell lines.

RESULTS

Patient characteristics

As shown in Table 1, the clinical factors of the 90 
patients with colon cancer were recorded. Among the 
patients, 52 (57.8%) were men and the remaining 38 
(42.2%) were women. The average age when the resection 
was performed was 67.1±10.8, while 36 (40%) patients 
were younger than 65 years of age and 54 (60%) were 
no less than 65 years of age. 49 (54.4%) patients had 
cancer in right colon, whereas 41 (45.6%) in left colon. 
Regarding to histologic grade of colon cancer, 66 (73.3%) 
patients had the grade of I-II, while 24 (26.7%) patients 
had the grade of III-IV. As for TNM stage, 42 (46.7%) 
were in stage I-II and 48 (53.3%) were in stage III-IV. 
For tumor size, 34 (37.8%) patients had the tumor smaller 
than 5 cm, while 56 (62.2%) had the tumor no less than 5 
cm in size. Among the 90 patients, positive lymph nodes 
were found in 44 (48.9%) of them, distant metastasis was 
observed in 5 (5.6%) and lymphovascular invasion was 
discovered in 5 (5.6%).

Expression of p53 and TFAM in colon 
adenocarcinoma tissues and corresponding 
paracancerous tissues

While p53 showed nuclear staining, TFAM 
staining was found to be inside of cytoplasm, in colon 
adenocarcinoma and paracancerous tissues (Figure 
1A). Judging from the histological score, it was found 
that p53 expression was significantly higher in colon 
adenocarcinoma tissues than in paracancerous tissues (p 
= 0.001; Figure 1B). TFAM expression was also observed 
to be significantly higher in colon adenocarcinoma tissues 
than in paracancerous tissues (p = 0.01; Figure 1C). 
Considering the p53 and TFAM expression together, co-
expression of p53 and TFAM was found with positive 
linear correlation (r = 0.598, p = 0.001; Figure 1D). 
Moreover, it was revealed that high co-expression of p53 
and TFAM was more frequent in colon adenocarcinoma 
tissues than to paracancerous tissues (Figure 1D).

Correlation of p53 and TFAM expression 
with progression to metastasis in human colon 
adenocarcinoma

In order to investigate the correlation of p53 as 
well as TFAM and clinicopathological characteristics, 
respectively, the patients were divided into two groups 
according to staining of either p53 or TFAM in colon 
adenocarcinoma tissues (Table 1). For p53 staining, two 
subgroups were divided according to high or low p53 
expression (Table 1). Of all 90 cases, 37 (41.1%) were 
revealed as low p53 expression and 53 (58.9%) were 
found to be high p53 expression. A significant correlation 
between p53 expression and TNM stage as well as positive 
lymph nodes was observed (p = 0.001 and p = 0.001, 
respectively). Regarding to TNM stage I-II, percentage of 
patients with low p53 expression prevailed over patients 
with high p53 expression (73.0% vs. 28.3%). In contrast, 
in the context of TNM stage III-IV, 71.7% of patients had 
high p53 expression while 27% of patients had low p53 
expression. Besides, it was likely that patients with high 
p53 expression had higher risk of developing positive 
lymph nodes compared with patients who had low p53 
expression (66.0% vs. 24.3%, p = 0.001). No other 
significant correlation was found between p53 expression 
and other clinicopathological factors, including the 
association between p53 expression and metastasis of colon 
cancer, which might be totally uncorrelated (p = 1.000).

Similarly, two subgroups were divided according 
to the level of TFAM expression (Table 1). For all of 
90 cases, 39 (43.3%) were identified as low TFAM 
expression and 51 (56.7%) were found to be high TFAM 
expression. Association between TFAM expression and 
TNM stage as well as positive lymph nodes was found 
to be significant (p = 0.019 and p = 0.012, respectively). 
As for TNM stage I-II, percentage of patients with low 
TFAM expression was more than patients with high 
TFAM expression (61.5% vs. 35.3%). However, for TNM 
stage III-IV, 64.7% of patients had high TFAM expression 
while 38.5% of patients had low TFAM expression. In 
addition, patients with high TFAM expression had higher 
risk of developing positive lymph nodes than patients with 
low TFAM expression (60.8% vs. 33.3%, p = 0.012). No 
other significant correlation was identified between TFAM 
expression and other clinicopathological factors, including 
the association between TFAM expression and metastasis 
of colon cancer (p <0.05).

Correlation of p53 and TFAM expression with 
5-years survival rate

The overall 5-year survival of 90 patients was 
53.3%. The median 5-year survival was 36 months (range 
from 1 to 60 months). Based on the expression of either 
p53 or TFAM, Kaplan-Meier method was administered to 
estimate the survival rate (Figure 2).
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A significant difference was established between 
p53 expression and 5-year survival rate (p = 0.049; 
Figure 2A). The overall survival with high p53 expression 
at 5 years was 45.3%, whereas the overall survival with 
low p53 expression was 64.9%. Median 5-year survival 
rate of high and low p53 expression was 36 months (range 
from 1 to 60 months) and 60 months (range from 2 to 60 
months), respectively.

With regard to TFAM expression, high TFAM 
expression was related to a low 5-year survival rate 
(p  =  0.019; Figure 2B). 43.1% of patients with high 
TFAM expression survived at 5 years, while 66.7% of 
patients with low TFAM expression survived at the same 
time point. Median 5-years survival rate of high and low 
TFAM expression was 48 months (range from 1 to 60 
months) and 60 months (range from 1 to 60 months), 
respectively.

Factors correlated with overall survival

We further performed multivariate analysis by Cox 
regression to estimate the factors affecting overall survival 
(Table 2). Among the factors identified, we noticed that 
advanced TNM stage, large tumor burden, presence 
of distant metastasis, and high TFAM expression were 
significantly related to poor overall survival (p = 0.041, 
p = 0.029, p = 0.028, p = 0.042, respectively). Worth 
mentioning, p53 expression level was not found to be 
an independent prognostic factor predicting the overall 
survival (p = 0.349).

p53 and TFAM expression in colorectal cancer 
cell lines

Then, we examined the p53 and TFAM expression 
in colorectal cancer cell lines and the relationship 

Table 1: Relationships between TFAM/p53 expression and clinicopathological characteristics in 90 colon 
adenocarcinoma cases

 
  Number (%)c 

p53 expression (%)
p value 

TFAM expression (%)  
 Low High Low High

Total 90(100) 37(41.1) 53(58.9)   39(43.3) 51(56.7)  

Average years 67.1±10.8 67.1±10.8 67.1±10.8   65.5±11.7 68.3±9.9  

  <65 36(40.0) 16(43.2) 20(37.7) 0.665 19(48.7) 17(33.3) 0.193

  ≥65 54(60.0) 21(56.8) 33(62.3)   20(51.3) 34(66.7)  

Gender              

  Male 52(57.8) 19(51.4) 33(62.3) 0.386 27(69.2) 25(49.0) 0.084

  Female 38(42.2) 18(48.6) 20(37.7)   12(30.8) 26(51.0)  

Location              

  Right colon 49(54.4) 19(51.4) 30(56.6) 0.671 22(56.4) 27(52.9) 0.832

  Left colon 41(45.6) 18(48.6) 23(43.4)   17(43.6) 24(47.1)  

Histologic grade              

  I~II 66(73.3) 29(78.4) 37(69.8) 0.469 30(76.9) 36(70.6) 0.632

  II~ III 24(26.7) 8(21.6) 16(30.2)   9(23.1) 15(29.4)  

TNM stage              

  I-II 42(46.7) 27(73.0) 15(28.3) 0.001 24(61.5) 18(35.3) 0.019

  III- IV 48(53.3) 10(27.0) 38(71.7)   15(38.5) 33(64.7)  

Tumor size (cm)              

  <5 cm 34(37.8) 11(29.7) 23(43.4) 0.269 13(33.3) 21(41.2) 0.514

  ≥5 cm 56(62.2) 26(70.3) 30(56.6)   26(66.7) 30(58.8)  

Lymphovascular Invasion 5(5.6) 1(2.7) 4(7.5) 0.645 1(2.6) 4(7.8) 0.384

Positive lymph nodes 44(48.9) 9(24.3) 35(66.0) 0.001 13(33.3) 31(60.8) 0.012

Distant metastasis 5(5.6) 2(5.4) 3(5.7) 1.000 0(0.0) 5(9.8) 0.063
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Figure 1: p53 and TFAM expression in colon adenocarcinoma tissues. Immunohistochemistry of p53 and TFAM for colon 
adenocarcinoma and corresponding paracancerous tissues A. Scoring of p53 and TFAM staining according to staining index described 
in methods B, C. The linear correlation between p53 and TFAM expression in colon adenocarcinoma and corresponding paracancerous 
tissues D.

Figure 2: Association of p53 A. or TFAM B. expression and 5-year survival in colon adenocarcinoma tissues.
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between p53 and TFAM expression to each other. p53 
and TFAM expression of colorectal cancer cell lines LS-
174T, HCT116, Lovo, RKO, RKO-E6, Caco-2, Sw480, 
HT-29 and Colo-205 was determined by Western blot 
(Figure 3A-3D). Quantification of protein levels was 
normalized to GADPH. p53 expression was higher in 
the cell lines of p53 mutation type compared with that of 
p53 wild type (p < 0.05), while overall TFAM expression 
was not apparently different between them (Figure 3C). 
Then, we quantitatively investigated the p53 and TFAM 
expressions of individual cells (Figure 3D). A relatively 
high TFAM expression could be observed in cells with 
high p53 expression (HCT116 and SW480). Furthermore, 
a positive linear correlation was found to confirm the 
relationship between p53 expression and corresponding 
TFAM expression (r = 0.753, p = 0.001; Figure 3E).

Due to its p53 loss, RKO-E6 cell line has weaker 
p53 staining compared to RKO (Figure 3A), which 
was confirmed quantitatively by analyzing p53 protein 
expression (p = 0.023; Figure 3D). Intriguingly, TFAM 
expression of RKO-E6 was also significantly lower 
compared with that of RKO (p = 0.015).

Up-regulation of TFAM expression by p53

We further investigated whether it was p53 that 
upregulated TFAM (Figure 4).

HCT116 was used as control and p53 as well as 
negative control siRNAs oligo was transfected into 
HCT116 (p53-siRNA and NC-siRNA, respectively, 
Figure  4A). Transfection of p53-siRNA was aimed to 
suppress p53 expression. HCT116 with p53-siRNA had a 
lower p53 as well as TFAM expression compared with that 
of control and HCT116 with NC-siRNA. Then, HCT116 
was transfected with p53-pEnter and Empty-pEnter 
(Figure 4B). p53-pEnter could lead to p53 overexpression. 
HCT116 with p53-pEnter had a higher p53 as well as 
TFAM expression than that of control and HCT116 
with Empty-pEnter. Besides, HCT116 was treated with 
Pifithrin-α, a p53 inhibitor (Figure 4C). Compared with 
control, TFAM expression of HCT116 with Pifithrin-α 
treatment was low, while p53 expression was not affected. 
These results were confirmed by immunofluorescent 
staining (Figure 4D). In general, in every circumstance, 
low TFAM expression was associated with low p53 
expression (or inhibition of p53), and vice versa.

Table 2: Multivariable cox regression analysis of overall survival in 90 colon adenocarcinoma cases

Features HR (95% CI) p value

Average years
(<65 vs. ≥65) 0.611 0.271-1.381 0.237

Gender
(Male vs. Female) 1.816 0.855-3.726 0.104

Location
(Left vs. Right) 1.400 0.712-2.754 0.329

Histologic grade
(I(II vs. II( III) 0.858 0.380-1.934 0.711

TNM stage
(I-II vs. III- IV) 0.458 0.116-0.924 0.041

Tumor size
(<5 cm vs. ≥5 cm) 0.420 0.193-0.913 0.029

Lymphovascular Invasion (No vs. Yes) 0.501 0.148-1.695 0.266

Positive lymph nodes
(No vs. Yes) 0.740 0.144-3.793 0.718

Distant metastasis
(No vs. Yes) 0.246 0.071-0.857 0.028

TFAM expression
(Low vs. High) 0.421 0.287-1.014 0.042

p53 expression
(Low vs. High) 0.677 0.300-1.532 0.349

HR: hazard ratio; CI: confidence interval.
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cancer, the relationship among p53, TFAM and mtDNA 
copy number is unknown. In the present study, we have 
revealed that co-expression of p53 and TFAM was 
more common in colon adenocarcinoma tissues than 
in paracancerous tissues of patients with colon cancer. 
Patients with either high p53 or high TFAM expression 
were prone to developing advanced TNM stage and 
positive lymph nodes, and having a low 5-year survival 
rate. However, after multivariate survival analysis, p53 
expression was not associated with survival rate while 
consistently, advanced TNM stage, large tumor burden, 
presence of distant metastasis, and high TFAM expression 
were correlated with poor overall survival. Then, after 
investigating the relationship between p53 and TFAM 
expression in vitro, we found that p53 could upregulate 
TFAM but not the other way around. Additionally, it 
was also observed that either p53 or TFAM expression 
could induce an elevation of mtDNA copy number. 
Taken together, it could be speculated that p53 regulates 
TFAM expression and alteration of mtDNA copy number 
succeeds to the change of either p53 or TFAM expression. 
To our knowledge, there is currently no research exploring 
the relationship among p53, TFAM and mtDNA copy 
number all together in colorectal cancer. Thus, this 

study could provide further insights into understanding 
colorectal cancer.

p53, known as the guardian of genome [26], has 
a critical role of inducing apoptosis and preventing 
oncogenesis [27]. Accumulation of p53 protein in cancer 
is common [13], which does not have to relate to p53 
mutation in colorectal cancer [14, 15]. Consistent with the 
literacy [13], we found that colon adenocarcinoma tissue 
from our patients had high p53 expression. In addition, 
advanced TNM stage and positive lymph nodes, and a 
low 5-year survival rate were related to p53 expression. 
Different from our observation, some authors suggested 
that, for all patients or patients with a body mass index 
higher than 30 kg/m2, no correlation could be observed 
between p53 expression and survival rate [28]. The 
difference between our results might be mainly ascribed 
to different methods involved for evaluating level of 
p53 expression, plus we did not record the body mass 
index of our patients. Additionally, we did not observe 
a relationship between p53 expression and overall 
survival. This might be explained simply as a result of 
the role of p53 as an upstream factor, and the key factor 
affects survival should be its downstream effector. For 
example, in a recent study, high p53 expression was 
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