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Introduction
The tumor suppressor p53 is an essential protein that 

plays an important role in the upkeep of genomic stability, the 
progression of the cell cycle, the repair of DNA, and apoptosis. 
A number of human tumours have been shown to contain 
mutations in the TP53 gene, which is responsible for encoding 
p53. These mutations are linked to a poor prognosis and an 
aggressive form of the illness [1]. On the other hand, WT1 is 
a transcription factor that is required for the development 
of the gonads and kidneys. This is the case because WT1 is 
important for the development of these organs. According to 
Scharnhorst, et al.’s 2001 [2] research, it is an essential factor 

in the regulation of cellular proliferation, differentiation, 
and death. According to Oosterhuis and Looijenga’s research 
from 2005 [3], some mutations in the WT1 gene have been 
associated to the development of several different types 
of cancer, including leukemias, ovarian cancer, and breast 
cancer.

Studies have shown that the expression of p53 and WT1, 
either on their own or in combination with one another, 
might provide essential information regarding the prognosis 
of cancer patients. For instance, increased expression of p53 
and WT1 was related with a poor prognosis in patients who 
were diagnosed with nasopharyngeal cancer [4]. In contrast, 

Abstract 

This is a literature review study focusing on the expression of p53 and WT1. Both the p53 
and WT1 proteins are tumor suppressors, which means that they play a role in preventing the 
progression into cancerous ones. If these proteins are altered or deleted, they lose the ability 
to carry out their role, which might result in the development of cancer. The primary objectives 
of this study were to review the literature regarding the expression of both p53 and WT1 and to 
investigate their prognostic signifi cance; and to discuss our new hypothesis regarding the ratios 
of expression of WT1/p53, as well as our model regarding acute myeloid leukemia. In brief, 
the objectives were to make the focus in the suggested hypothesis as well as collecting the 
supportive literature. According to the fi ndings of the current research, the level of expression 
of WT1 and p53 can indicate either a favorable or unfavorable prognosis for cancer patients. 
Further, we demonstrated that the expression, not just as a quality variable but also as a quantity 
variable, may have a more substantial explanation in the progression of tumors than we had 
previously thought. According to the theory that was derived from this research, if the expression 
of WT1/p53 (the expression is given as a ratio) is somewhere around 4, then p53 acts as though 
it were wild type and off ers protection against tumors. In order to verify this idea, we need to do 
additional study.



The prognostic value of p53 and WT1 expression in cancer: new molecular insights and epigenetics explanations lead to a new medical 
hypothesis

 www.cancertherjournal.com 004https://doi.org/10.29328/journal.acst.1001034

high expression of WT1 was related with a better prognosis in 
patients with acute myeloid leukemia, but high expression of 
p53 was associated with a worse prognosis [5]. These ϐindings 
were published in the journal Blood.

It is well established that epigenetic modiϐications, such 
as methylation of DNA and alterations made to histones, 
have the ability to control how genes are expressed and play 
a signiϐicant part in the genesis and progression of cancer. 
Recent research has demonstrated that epigenetic alterations 
can also affect the expression and function of p53 and WT1, 
hence changing their prognostic value in cancer patients. This 
was discovered by looking at how these two genes interact 
with one another. For instance, it has been observed that the 
methylation of histone H3 at the WT1 promoter region is 
related with lower WT1 expression and a poor prognosis in 
patients with acute myeloid leukemia [6]. This is according 
to research that was conducted on these patients. In a similar 
vein, it has been demonstrated that the methylation of histone 
H3 in the p53 promoter area is related with lower p53 
expression and a poor prognosis in a variety of malignancies, 
including breast cancer and gastric cancer [7].

In addition, research has shown that the expression of p53 
and WT1 can control the epithelial-mesenchymal transition 
(EMT) process, which is an essential mechanism in the process 
of cancer metastasis [8]. The epithelial-to-mesenchymal 
transition (EMT) is characterized by the loss of epithelial 
traits and the acquisition of mesenchymal properties, which 
ultimately leads to an increase in cell motility, invasiveness, 
and resistance to apoptosis [9,10]. Recent research has 
demonstrated that p53 and WT1 are able to regulate EMT 
through their interactions with EMT-related transcription 
factors, such as Snail and Twist.

In conclusion, the expression of p53 and WT1, either 
separately or in combination, might provide essential 
information regarding the patient’s prognosis in cases of 
cancer. The predictive relevance of p53 and WT1 in cancer 
patients is illuminated by novel molecular insights made 
possible by epigenetic alterations and the regulation of EMT 
by p53 and WT1. As a result, the investigation of epigenetic 
alterations in the p53 and WT1 promoter areas might serve 
both as a new diagnostic and therapeutic strategy in the 
treatment of cancer.

The prognostic value of p53 expression

It is well-established that p53 has a function in the 
prevention of cancer. In reaction to cellular stress or DNA 
damage, it causes cells to enter apoptosis, pause their cycle of 
cell division, or repair their DNA. Cancer patients frequently 
have mutations in the TP53 gene, which is the gene that 
encodes p53. These mutations are associated with a poor 
prognosis in cancer patients. Recent research, on the other 
hand, has demonstrated that the levels of p53 expression can 
also provide crucial prognostic information. For instance, 

a poor prognosis has been associated with high levels of 
p53 expression, which has been connected to a variety of 
malignancies, such as breast cancer, ovarian cancer, and 
esophageal cancer.

Patients who have breast cancer and high levels of p53 
expression have a lower chance of surviving without the 
disease and having a longer overall survival time. According 
to the ϐindings of a study that was carried out by Fan, et al. 
[11], increased p53 expression was linked to a shorter period 
of time in which breast cancer patients were disease-free. In a 
separate study conducted by Yang, et al. [12], the researchers 
came to the conclusion that elevated p53 expression was an 
independent predictor of a poor outcome in patients who 
had ovarian cancer. According to the ϐindings of the study, 
patients who had high levels of p53 expression had a shorter 
progression-free survival and overall survival time compared 
to those who had low levels of p53 expression.

p53 expression is also related with a bad prognosis in 
patients who have been diagnosed with esophageal cancer. 
Patients who had esophageal squamous cell carcinoma and 
high levels of p53 expression were found to have a lower 
chance of surviving without disease and for a longer period 
of time overall in a study that was conducted by Yoshimura, 
et al. [13]. The research also discovered that the level of p53 
expression in these patients was an independent factor in 
determining their prognosis.

In conclusion, the degree of p53 expression in a patient’s 
cancerous tumor can provide essential information on the 
patient’s prognosis. In breast cancer, ovarian cancer, and 
esophageal cancer, having high levels of p53 expression is 
linked to having a poor prognosis. Because of this, measuring 
p53 expression levels can serve as a biomarker for determining 
how well a patient would fare with their malignancy.

The prognostic value of WT1 expression

The Wilms tumor 1 (WT1) transcription factor is an 
essential component in the formation of both the kidneys and 
the gonads during embryonic development. In addition to 
this, it plays a role in the progression of both solid tumors and 
leukemia. Recent research has indicated that the expression 
of WT1 can provide essential information about a patient’s 
prognosis in the event that they have cancer. Patients 
diagnosed with Acute Myeloid Leukemia (AML) are more 
likely to have a poor prognosis if they have high levels of 
WT1 expression, which is also related with a lower chance of 
overall survival and disease-free survival. Patients with high 
levels of WT1 expression were found to have a considerably 
lower rate of complete remission, a greater rate of relapse, 
and a shorter overall survival compared to patients with low 
levels of WT1 expression in a study of 177 AML patients [14]. 
This was discovered in comparison to patients with low levels 
of WT1 expression. 
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In a similar manner, greater levels of WT1 expression 
are associated with lower disease-free survival and overall 
survival in patients who have breast cancer. Patients with high 
levels of WT1 expression were shown to have a signiϐicantly 
lower disease-free survival and overall survival compared to 
patients with low levels of WT1 expression in a study of 240 
breast cancer patients [15]. This was discovered in comparison 
to patients with low levels of WT1 expression. In addition, 
high levels of WT1 expression in ovarian cancer patients 
are associated with a poor prognosis, including a lower 
progression-free survival and overall survival time. Patients 
who had high levels of WT1 expression in their tumours were 
shown to have a considerably lower progression-free survival 
and overall survival rate than patients who had low levels of 
WT1 expression [16]. This was found in a study that involved 
244 people who had been diagnosed with ovarian cancer.

Based on these data, it appears that the expression of WT1 
can provide signiϐicant information regarding the prognosis of 
a variety of malignancies. Therefore, determining the degree 
of WT1 expression in a patient’s cancerous tissue may be 
helpful in determining the patient’s prognosis as well as in 
directing therapy decisions.

The prognostic value of p53 and WT1 expression 
combined

The co-expression of p53 and WT1 in cancer patients has 
been proven in a number of studies that were conducted more 
recently to be able to provide valuable prognostic information. 
It is related with a poor prognosis for breast cancer patients 
to have high levels of expression of both p53 and WT1. One 
study, for example, discovered that breast cancer patients 
who co-expressed p53 and WT1 had a considerably lower 
disease-free life and overall survival than those whose levels 
of expression of both proteins were low. This was the case for 
both disease-free survival and overall survival. Yoshikawa, 
et al. [17] conducted another study that produced ϐindings 
that were quite similar to those of the previous one. The 
researchers found that high levels of p53 and WT1 expression 
were independent predictors of a poor prognosis in breast 
cancer patients.

Co-expression of p53 and WT1 in ovarian cancer patients 
has also been found to be associated with a poor prognosis in 
these patients. For instance, a study discovered that patients 
with ovarian cancer who had high levels of expression for 
both p53 and WT1 had considerably lower progression-free 
survival and overall survival when compared to individuals 
whose levels of expression for both proteins were low. This 
was the case for both overall survival and progression-free 
survival. Another study found that the co-expression of p53 
and WT1 was an independent predictive factor for poor 
overall survival in patients with ovarian cancer [18]. This 
ϐinding was similar to the previous one.

Co-expression of p53 and WT1 has also been associated 

to a bad prognosis in patients who have been diagnosed with 
esophageal cancer. According to the ϐindings of one study 
[19], patients diagnosed with esophageal cancer who had high 
levels of expression for both p53 and WT1 had signiϐicantly 
lower rates of disease-free survival and overall survival when 
compared to patients whose levels of expression for both 
proteins were low. 

These ϐindings, when taken together, lend credence to 
the hypothesis that the simultaneous expression of p53 and 
WT1 can function as an essential prognostic factor in a variety 
of cancers. Further investigation is required to clarify the 
underlying mechanisms that contribute to the poor prognosis 
that is linked with the co-expression of these proteins and to 
investigate the potential treatment options that target this 
signalling pathway.

New molecular insights

The prognostic importance of p53 and WT1 expression 
in cancer patients has been shown by recent investigations; 
however, the underlying molecular mechanisms that are at play 
are not yet completely known. The epithelial-mesenchymal 
transition, also known as EMT, is a process that plays an 
important part in the progression and metastasis of cancer. 
This process allows epithelial cells to acquire a mesenchymal 
phenotype, allowing them to move and invade the tissues that 
are around them. Recent research has demonstrated that p53 
and WT1 are both capable of regulating EMT through a variety 
of distinct molecular mechanisms. It has been demonstrated 
that p53 can prevent EMT by simultaneously promoting the 
expression of E-cadherin and decreasing the expression of 
EMT-related genes like snail, slug, and zeb1. On the other hand, 
WT1 has been demonstrated to induce EMT by inhibiting the 
expression of E-cadherin while simultaneously promoting the 
expression of snail and zeb1. These ϐindings were published in 
2013 by Wang, et al. [10].

It is interesting to note that studies have shown that the 
co-expression of p53 and WT1 might have conϐlicting effects 
on EMT in certain forms of cancer. Co-expression of p53 and 
WT1 in breast cancer cells has been reported to prevent 
Epithelial-Mesenchymal Transition (EMT) in these cells by 
promoting the production of E-cadherin and decreasing the 
expression of snail and ZEB1. However, it has been discovered 
that the co-expression of p53 and WT1 in ovarian cancer cells 
promotes EMT by inducing the expression of Snail and ZEB1 
while suppressing the expression of E-cadherin [20]. This 
occurs as a result of the expression of E-cadherin.

In addition to EMT, the microenvironment of the tumor 
plays an important part in the growth of cancer and the spread 
of metastases. Recent research has demonstrated that p53 
and WT1 have the ability to govern the microenvironment 
of tumors through a variety of distinct molecular processes. 
p53, for example, has been shown to inhibit angiogenesis 
by inhibiting the expression of VEGF, a key pro-angiogenic 
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factor, and to promote immune surveillance by inducing 
the expression of immune-related genes such as CDKN1A, 
GADD45A, and TRAIL. Additionally, p53 has been shown to 
promote immune surveillance by inhibiting the expression 
of immune-related genes. On the other hand, it has been 
demonstrated that WT1 promotes angiogenesis by inducing 
the production of VEGF and FGF, another pro-angiogenic 
factor, as well as ECM remodelling by inducing the expression 
of MMPs, enzymes that breakdown ECM components [21]. 
In addition, it has been demonstrated that WT1 induces the 
expression of MMPs.

These ϐindings suggest that the co-expression of 
p53 and WT1 in cancer patients can inϐluence various 
molecular pathways that contribute to the progression and 
metastasis of cancer. These pathways include EMT and the 
microenvironment of the tumour. When we understand 
the molecular mechanisms that lie behind the prognostic 
signiϐicance of p53 and WT1 co-expression, we are better able 
to identify potential therapeutic strategies that target these 
pathways and improve the outcomes for cancer patients.

Epigenetic explanations

According to Dawson and Kouzarides [22], epigenetic 
alterations, which include DNA methylation and modiϐications 
to histones, have emerged as essential regulators of gene 
expression and play a signiϐicant role in the development and 
progression of many malignancies. In recent years, a number 
of studies have shown that epigenetic alterations play an 
important role in the regulation of p53 and WT1 expression, as 
well as their association with the prognosis of cancer patients.

DNA methylation is one of the epigenetic alterations 
that play a role in this process. This process leads to the 
addition of a methyl group to the cytosine residue of CpG 
dinucleotides, which in turn results in the silencing of gene 
expression [23]. Recent research has demonstrated that 
hypermethylation of the promoter regions of p53 and WT1 
is linked to reduced expression of these genes and a poor 
prognosis in a variety of malignancies. For instance, in breast 
cancer, lower expression of p53 and WT1 genes as well as a 
poor prognosis have been linked to hypermethylation of the 
p53 and WT1 promoters [24,25]. In a manner analogous, 
increased methylation of the p53 promoter in ovarian cancer 
has been linked to decreased levels of p53 expression and 
an unfavourable prognosis [26]. According to research from 
Bao, et al. [27], increased methylation of the WT1 promoter 
in AML is linked to lower levels of WT1 expression and a 
worse prognosis. The signiϐicance of DNA methylation in the 
control of p53 and WT1 expression, as well as its relevance 
in determining the prognosis of cancer patients, is brought 
into focus by these ϐindings. Histone modiϐication is an 
additional type of epigenetic alteration that plays a role in 
the regulation of the expression of p53 and WT1. According 
to Kouzarides’s research from 2007, histone modiϐications 
such as acetylation, methylation, and phosphorylation can 

inϐluence the shape of chromatin as well as gene expression. 
Recent research has demonstrated that the acetylation and 
methylation of histones in the p53 and WT1 promoter regions 
might impact the expression levels of the genes and their 
signiϐicance as a prognostic indicator in cancer patients. For 
instance, acetylation of histone H3 in the p53 promoter region 
is linked to enhanced p53 expression and a more favourable 
prognosis in breast cancer patients [22,28]. These ϐindings 
were published in two separate studies. The methylation of 
histone H3 in the WT1 promoter region, on the other hand, 
is linked to reduced WT1 expression and a poor prognosis 
in AML patients [29]. In addition, it has been shown that the 
methylation of histone H3 at the p53 promoter area is related 
with lower p53 expression and a poor prognosis in a variety of 
malignancies, such as breast cancer and gastric cancer [30,31]. 
These ϐindings were published in two separate studies. Based 
on these ϐindings, it appears that alterations to histones can 
play an important part in the regulation of the expression of 
p53 and WT1, as well as the prognostic signiϐicance of these 
genes in cancer patients.

In conclusion, epigenetic alterations, such as methylation 
of DNA and modiϐications to histones, are implicated in the 
genesis and progression of a variety of malignancies and play 
an important part in the regulation of gene expression. Recent 
research has demonstrated that alterations to a person’s 
epigenome can have an effect on the prognostic value of p53 
and WT1 expression in cancer patients. The investigation of 
epigenetic alterations in the p53 and WT1 promoter regions 
has the potential to yield novel molecular insights into the 
prognosis of cancer patients and has the potential to be 
utilized as a new diagnostic and therapeutic strategy in the 
treatment and management of cancer.

How does the expression of WT1 impact the stabilization 
of p53?

There has only been a modest amount of study done on 
the direct connection between WT1 and p53, as well as the 
two proteins’ potential to stabilize one another. Nevertheless, 
there are a few studies out there that point to the possibility of 
a connection between the two.

According to the ϐindings of one study [32], WT1 is able 
to bind with p53 and suppress its transcriptional activity, 
which suggests a negative regulatory link between the two. In 
addition, a different study [33] shown that the overexpression 
of WT1 in p53-deϐicient cells might lead to an increase in 
apoptosis, which is one of the most recognizable functions of 
p53. Based on these observations, it seems likely that WT1 
and p53 engage in some kind of functional interaction with 
one another, even though the precise nature of this link is still 
unknown. Overall, additional research is required to properly 
understand the potential interaction and stability between 
WT1 and p53. This can only be accomplished by careful 
observation and experimentation.
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There are multiple pathways via which the expression of 
WT1 can have an effect on the wild-type p53’s ability to remain 
stable. According to Scharnhorst, et al.’s 2001 [34] research, 
WT1 has been found to directly interact with p53 and boost 
its transcriptional activity, which ultimately results in an 
increase in the expression of p53’s target genes. In addition, 
Schumacher, et al. [35] found that WT1 can indirectly affect 
the activity of p53 by controlling the expression of other genes 
that are involved in the p53 signalling pathway. These genes 
include MDM2 and MDMX.

Additionally, WT1 has the ability to modify p53 in a post-
translational manner, which can inϐluence the protein’s 
stability. For instance, it has been demonstrated that WT1 
can bind with the p53 protein and stabilize it by preventing 
the ubiquitination and destruction of the p53 protein that 
is mediated by the E3 ubiquitin ligase MDM2 [36,37]. This 
is accomplished by blocking the ubiquitination of the p53 
protein.

Th e results of our study
It has been discovered that Wilms tumor (WT1) and p53 

proteins are implicated in the pathogenesis of a variety of 
different forms of cancer, including hematological cancers. 
This study’s objective was to shed light on the diagnostic 
and prognostic implications of the expression of WT1 and 
p53 in Acute Myeloid Leukemia (AML). This is because WT1 
and p53 interact with one another and play a range of roles 
that are dependent on the unique environment in which 
they are found. Methods: A total of twelve samples of Bone 
Marrow (BM) were collected from AML patients who fulϐilled 
the requirements of the French-American-British diagnostic 
criteria. These patients had previously received a diagnosis 
of the disease that was consistent with those criteria. Nine 
normal BM samples were included in the study in order 
to make the analysis and comparison process easier. An 
immunohistochemistry examination was carried out so that 
the levels of WT1 and p53 expression could be determined. 
The expression rates of WT1 and p53 in the BM of AML 
patients were found to be statistically considerably higher 
(p = 0.005) when compared to control BM, and they were 
shown to be closely correlated (r = 0.855, p = 0.001) with 
one another. This was discovered when comparing the BM of 
AML patients to control BM. When compared to individuals 
who had just been diagnosed with the condition, patients 
who had AML that had relapsed showed a signiϐicantly higher 
expression of WT1, but not p53. It turned out that there was 
no discernible difference between patients who responded 
well to chemotherapy and those who did not in terms of how 
well chemotherapy worked to treat the patients. However, 
the relative ratio of p53 to WT1 expression was deϐinitely 
associated to the responsiveness groups (p 0.05), and it was 
noted that the ratio was considerably larger among poor 
responders. This was due to the fact that poor responders had 
a greater amount of p53 to WT1 expression. This transpired 

due to the fact that there was a correlation between the ratio 
and the response groups. Poor responders were separated 
from good responding patients and control participants by a 
statistically signiϐicant and dominant p53 expression (p53/
WT1 > 1.0). Good responding patients and control individuals 
also displayed a dominant WT1 expression (p53/WT1 = 1.0), 
however. Conclusions: The idea that WT1 and p53 proteins 
play an intermediary role in the progression of AML is given 
more support by the observation that patients with AML have 
greater expression levels of both proteins in their bone marrow. 
It is possible that a high WT1 expression rate has a poor 
prognostic value for the disease. This is something that can be 
speculated about. In addition, the patient’s responsiveness to 
chemotherapy may be characterized by a certain ratio of wild-
type p53 expression to wild-type wild-type p53 expression. 
It is possible that the patient will have a positive response 
to chemotherapy if the WT1 expression is dominant. In this 
article, we suggest a kinetic model in which the ratio of p53 to 
WT1 could be successful as a laboratory means to evaluate the 
prognosis value of AML, including the patient’s sensitivity to 
the chemotherapy regimen. In this model, the ratio of p53 to 
WT1 might be effective as a laboratory approach to evaluate 
the prognostic value of AML.

In addition, we discovered that the absence of AML is 
guaranteed when the expression of WT1/p53 is around 4. 
Using the concepts of epigenetics, we were able to develop our 
model, which showed that there may be an intervening area 
of interaction before the expression rate reached 1 [37]. This 
was possible because of the way epigenetics works.

However, the precise processes that are responsible for 
the effect that WT1 expression has on the stabilization of p53 
could be different depending on the context of the cell and the 
particular kinds of stressors that are experienced by the cell.

Discussion of our hypothesis
It is possible to think that we have introduced a new medical 

hypothesis because no previous literature was identiϐied up 
to the best knowledge of the authors. The study suggests that 
the relative ratio of p53 to WT1 expression could be used 
as a laboratory approach to evaluate the prognostic value 
of AML, including the patient’s sensitivity to chemotherapy. 
A dominant WT1 expression may be indicative of a positive 
response to chemotherapy. These ϐindings provide potential 
markers for predicting treatment outcomes and personalizing 
therapeutic approaches in AML (Figure 1).

Additionally, the study mentions the use of epigenetics in 
developing the kinetic model for evaluating the expression 
of WT1 and p53. Epigenetic processes could contribute to 
the regulation of WT1 and p53 expression, inϐluencing their 
interaction and impact on AML progression. The precise 
mechanisms underlying the stabilization of p53 by WT1 may 
vary depending on the speciϐic cellular context and types of 
stressors experienced by the cells.
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Overall, this study contributes to the understanding of the 
role of WT1 and p53 in AML and highlights their potential 
as diagnostic and prognostic markers. Further research is 
warranted to explore the underlying molecular mechanisms 
and validate the utility of the p53/WT1 ratio as a predictive 
tool in clinical practice.

Conclusion
The ϐindings from our study shed light on the diagnostic 

and prognostic implications of WT1 and p53 expression in 
Acute Myeloid Leukemia (AML). The results demonstrate that 
AML patients have signiϐicantly higher expression levels of 
both WT1 and p53 proteins in their bone marrow compared 
to control samples. This supports the notion that WT1 and 
p53 play an intermediary role in AML progression. Overall, 
our study contributes valuable insights into the role of WT1 
and p53 in AML and suggests their potential as diagnostic and 
prognostic markers. Further research is warranted to validate 
the utility of the p53/WT1 ratio as a predictive tool in clinical 
practice and to unravel the underlying molecular mechanisms 
involved. This knowledge could ultimately enhance patient 
management strategies and improve outcomes for individuals 
with AML. 
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Figure 1: The ratio of expression of Wt1/p53 (red line) and p53/WT1 (blue line).
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