Chapter 8
Mutant pS3 and the Response
to Chemotherapy and Radiation
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Abstract In addition to playing roles in the genesis and progression of cancer,
mutant p53 also appears to play a significant role in the response to cancer therapy.
In response to chemotherapy and radiation, two mainstays of cancer treatment, most
cancer cells harboring p53 mutations show a reduced sensitivity compared to cells
lacking p53 or those with wild type p53. However, there are also many instances
where mutant p53 has shown no effect or enhances cellular sensitivity to chemo-
therapy and radiation. Similar to the in vitro cellular studies, the majority of clinical
studies show a correlation between the presence of mutant p53 in patient tumors and
adverse outcomes following treatment with chemotherapy agents or radiation in
comparison to tumors with wild-type p53. However, it still remains unclear whether
the presence of mutant p53 in tumors can serve as a reliable prognostic factor and
aid in treatment planning. Thus, as genomic analysis of patient tumors becomes
more cost effective, the role of mutant p53 in tumor responses from cancer therapy
ultimately needs to be addressed. This chapter will discuss current mechanisms of
how p53 mutations affect cellular responses to chemotherapy and radiation and dis-
cuss patient outcomes based on p53 status.
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Part 1: The Role of p53 Status in Response to Chemotherapy
and y-Irradiation: In Vitro Studies and Mechanisms

Introduction

Some mutations in p53 are documented to impart “gain of function” properties
to the cells that harbor them including enhanced oncogenesis, tumorigenesis,
transformation, increased cell growth rates, and metastasis. Another gain of
function property that has been well studied over the years is the response of
cells to chemotherapy and radiotherapy. A large number of studies have exam-
ined the role of p53 mutants in the response to many commonly used anti-cancer
drugs and to ionizing radiation in vitro. Using cell lines that express different
forms of mutant p53, it has been possible to begin to characterize the role of
mutant p53 in the response to chemotherapeutic agents or y-irradiation.
Moreover, these in vitro studies have also been extremely useful for identifying
mechanisms of action of mutant p53 and have allowed for the identification of
signaling pathways and genes that contribute directly or indirectly to the p53
gain of function phenotype.

In addition to the in vitro studies, a large number of clinical studies have been
performed to determine if p53 status can be used to predict patient outcome from
treatment with chemo or radiotherapy. For the patient that has developed cancer and
for doctors treating these patients, this topic is of great importance as the presence
of mutant p53 in tumors may influence outcome from cancer therapies. Therefore,
this chapter is organized into two main parts. Part one focuses on the in vitro studies
describing the role of mutant p53 in response to chemotherapeutic agents and
y-irradiation and underlining mechanisms that may contribute to the cellular
responses. The second part of the chapter summarizes the role of p53 status in pre-
diction of patient outcome following treatment with chemo or radiotherapy. These
studies, organized by tumor site and treatment modality, aim to determine whether
p53 status can be used as a prognostic factor in cancer treatment.

The Role of WT p53

Although this chapter does not focus on the role of WTp53 per se, its role obviously
must be considered when discussing the effects of mutant p53. The WTp53 protein
performs at least three major functions in response to a variety of forms of geno-
toxic stress: induction of apoptosis, cell-cycle arrest and growth control, and induc-
tion of DNA repair processes. Thus, lack of these cellular functions, through
mutation of p53, will have profound affects on cellular responses to chemo and
radiotherapy. As an example, it is well documented that treatment with chemother-
apy agents or y-irradiation results in the induction of p21%f, a mediator of the G1
cell cycle checkpoint in cells that contain WTp35 but not in cells with mutant p53 [1].
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Thus, the absent functions of WTp53 when mutant p53 is present must be accounted
for. Are the cellular effects observed in cells that contain mutant p53 due to the
presence of mutant p53 or to the lack of WT p53? Indeed, many targets have been
identified for WT p53 that are known to sensitize cells to killing by anticancer
agents or radiation [2, 3]. Thus, these targets may not be activated if p53 is mutated.
It is also possible that mutant p53 can heterodimerize with WTp53 proteins and act
in a dominant negative fashion. So are the effects of mutant p53 due to the mutant
proteins themselves or due to a dominant negative effect? These questions are not
easily answered, especially in vivo, where it may not be possible to manipulate p53
genetics. The studies in vitro using isogenic p53 null cell lines have been more
successful in this regard as mutant pS3 can be directly compared to the absence of
p53, or to WTp53.

The Nature of p53 Mutations

To understand how p53 mutations impact the response to chemo and radiotherapy,
it is important to be aware of the different types of p53 mutations and the conse-
quences of these mutations. Although a great many p53 mutations have been
described, the majority of mutations in cancer are missense mutations located in
the DNA-binding domain of p53. These mutations most often result in the production
of full-length mutant protein that appears to exhibit effects over and above its loss
of WT activity. Some of these effects include a dominant negative activity by inter-
fering with WTp53, interference with the function of p63 and p73 [4, 5] and a ‘gain
of function’ activity, in which p53 mutant proteins display oncogenic properties in
their own right [6]. A large proportion of the missense mutations are associated
with gain of function activities and arise in the ‘hotspot’ residues, of p53: R175,
G245, R248, R273, R249 and R282. However, as might be expected, different p53
mutations do not have the same biological effects and it is likely due to the differ-
ential effects on protein function and conformation. For example, mutations at
residues R248 and R273 interfere with DNA binding, whereas G245 and R249
mutations produce local distortion of the protein, and mutations at R175 and R282
produce global distortion of the protein structure [6]. Therefore, it is not surprising
to see different results in the literature on the topic of the effects of mutant forms
of p53. A comparison of the effects of two different p53 mutants may not be
expected to yield similar results.

The Role of Mutant p53 in the Response to Chemotherapy

The p53 gene is one of the most frequently mutated genes in cancer. As such it is
important to determine how it affects the response of tumors to chemotherapy. To
this end, efforts have been directed to understand how p53 status impacts cell
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survival at the molecular level in response to a number of anticancer agents. It is
important to note that the literature is not in agreement on the results of these studies
and this perhaps is not surprising given all of the variables involved in these studies.
One must consider cell type, chemotherapy agent and dose, p53 mutation, and
genetic background of the cells in these experiments. It also important to note that
p53 is only one gene and analysis of one gene may not be enough to predict cellular
outcomes. The majority of reports in the literature show that mutant p53 confers
decreased sensitivity to chemotherapy to the cells in which it is expressed [1, 7-15].
On the other hand, there are also reports that claim the opposite result; that is, that
mutant p53 confers increased sensitivity to chemotherapy [16—18]. Still other
reports suggest that WTp53 may confer increased resistance to chemotherapy
agents [19]. A summary of the most significant reports is provided here.

Several studies provide evidence that cells that express mutant forms of p53
exhibit increased resistance (or decreased sensitivity) to chemotherapy agents. This
phenomenon was described as early as 1997 by O’Connor and colleagues [1] and
similar findings have been reported by several other research groups in different cell
types [7, 9, 20-23]. O’Connor and colleagues conducted an extensive study of the
role of p53 in a large spectrum of cancer cell lines against the growth inhibitory
action of 123 anticancer agents [1]. A total of 39 p53 mutant and 18 wild type cell
lines from a number of tissue types were examined. The overall conclusion was that
cells with mutant p53 tended to exhibit less growth inhibition compared to cells
with WTp53 when exposed to a number of clinically relevant anticancer agents
including DNA cross-linking agents, antimetabolites, and topoisomerase inhibitors.
Specifically, it was shown that mutant p53 conferred a median resistance to cispla-
tin, 5-FU, and bleomycin of 3—10 times to that of wild-type p53 cell lines [1].
Interestingly though, there was no difference observed between mutant p53 and
WTp53 containing cells in response to treatment with the antimitotic drugs such as
the Taxol family of agents [1].

Although a comparison of different cancer cell lines is a critically important piece
of information as shown by the O’Connor study [1], differences in the genetic back-
grounds of different cancer cell lines can obscure the overall role of p53. To address
the question in isogenic cell lines, Blandino and colleagues introduced different p53
mutants into the p53-null H1299 lung adenocarcinoma cell line and measured their
sensitivity to the chemotherapy agent, etoposide [9]. It was found that cells that
expressed the R175H p53 mutant but not the R273H mutant exhibited a decreased
sensitivity to etoposide compared to cells that expressed WTp53 or cells that
expressed vector alone (null-p53). In contrast, both pS3 mutants, R175H and R273H
exerted similar effects with regard to cisplatin treatment, that is, both mutants con-
ferred increased resistance to the drug [9]. Thus, not only are the effects of p53
mutants specific to the type of pS3 mutant but also to the form of chemotherapeutic
agent applied as well. Similar results were reported by Deb and colleagues who
showed that introduction of p53 mutants into the H1299 cell line conferred decreased
sensitivity to the chemotherapeutic agent etoposide [21]. However, in contrast to the
study by Blandino [9], the R273H p53 mutant was also found to confer reduced sen-
sitivity to etoposide treatment as measured by clonogenic assay [21].
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Several additional studies have used different cell types and agents to address the
question regarding the role of mutant p53 in the response to chemotherapy. Wong
and colleagues found that expression of the pS3 mutant, R273H, conferred doxoru-
bicin resistance in an A431 human squamous carcinoma cell line [23]. It was also
shown that expression of the R273H mutant into the p53-null human osteosarcoma
cell line, Saos-2 reduced sensitivity to doxorubicin and methotrexate [23]. In
another study it was shown that p53-null murine leukemic cells that expressed a
temperature sensitive p53 mutant, VI135A, exhibited decreased sensitivity to
doxorubicin or cisplatin compared to cells expressing no pS3 or WT p53 [7]. As pS3
overexpression in cell lines could represent an artificial level of mutant p53 overex-
pression, the opposite technique, of reducing mutant p53 has also been explored. To
validate this concept, the level of mutant p53 was reduced in human cancer cell lines
by siRNA and it was found that depletion of mutant p53 reduced the resistance to
anticancer drugs [24].

The Role of Mutant p53 and the Response to y-Irradiation

Radiation is one of the main treatment modalities for cancer. However, a great num-
ber of tumor types exhibit resistance to radiation. As p53 is one of the most com-
monly mutated genes in cancer, it is important to determine the role of p53 status in
radioresistance. The role of p53 GOF mutations and their response to radiation has
been studied in a variety of cancer cell lines derived from different tissue types. A
study of the role of p53 status and radiation in 60 different cancer cell lines was
conducted by O’Connor and colleagues [1]. In this report it was shown that, perhaps
as expected, the majority of cell lines expressing WTp53 showed a functional induc-
tion of mRNA for p21%*!, GADD45 and Mdm?2 in response to y-irradiation whereas
the majority of cell lines expressing mutant p53 did not [1]. This indicates that
mutation of p53 abrogates, for the most part, the radiation induced G1 checkpoint
in cell lines harboring mutant p53. But how does p53 status affect survival from
radiation treatment? In this area, it is clear that the results of the studies are mixed.
In some cells, evidence shows that the presence of mutant p53 reduces sensitivity to
radiation. In other cells, no effect is reported or the presence of mutant p53 has been
shown to increase radiosensitivity. There are number of factors that could contribute
to the variability observed in these studies including difference in genetic back-
ground of the cell lines, the type of p53 mutation present, the cellular environment
at the time of irradiation and the radiation dose. It is also clear that although p53 is
involved in the cellular response to radiation, it is certainly not the only factor
involved. These studies are summarized in several excellent reviews and the reader
is directed to these for more information on radiation and p53 [25-27].

One of the earliest reports to examine the role of p53 mutants and radiosensitiv-
ity was by Lee and colleagues [28]. In this study, transgenic mice were generated
that overexpressed the p53 mutants R193P or A135V. Hematopoietic cell lines
derived from the transgenic mice were then compared to WT littermate cell lines for



138 L. Tchelebi et al.

radiosensitivity. It was shown that overexpression of either R193P or A135V
increased the radiation resistance of mouse hematopoietic cell lineages by 45-57 %
[28]. Although the hematopoietic cells harboring the p53 mutants showed increased
radioresistance, there was no difference compared to WT cells when treated with
EMS, an alkylating agent [28]. In another early report, Li and colleagues utilized
temperature-sensitive myeloid cell lines that allowed permissive expression of no
pS53, WT p53 or the p53 mutant, A135V [7]. It was shown that induction of WT p53
expression greatly enhanced y-irradiation induced apoptosis relative to non-p53
producing cells. In contrast, induction of the p53 mutant A135V increased cell via-
bility following irradiation 3-fold relative to non-p53 producing cells [7].
Interestingly, treatment with Actinomycin D, a potent inhibitor of transcription,
abrogated the reduced apoptosis from y-irradiation in the cells expressing mutant
pS53 [7]. This result was one of the first hints that mutant p53 may act at the tran-
scriptional level to mediate its gain of function properties.

Bristow and colleagues employed rat embryo fibroblast (REF) clones to examine
how mutant p5S3 contributes to the radiation response [29]. It was shown that the
REF clones expressing p53 mutants (H273, N190, V135, P193, D236, A143)
showed increased clonogenic resistance in response to y-irradiation relative to the
non-mutant p53 expression REF clones which expressed low levels of p53 [29]. In
another report, Bristow and colleagues showed that cells that expressed the R193P
P53 mutant were observed to have a significantly higher survival fraction after 2
gray (SF2) (0.86) than the parental pS3-null cell line (0.65) [20]. However, with
regard to mechanism, no differences were observed in apoptosis rates between the
mutant p53 and control cell lines following doses of both 2 and 10 Gy [20]. Similarly,
and unlike the report by Li and colleagues [7], the relative radio-resistance of the
REF clones expressing mutant p53 compared to REF clones that did not express
mutant p53 was not explained by decreased apoptosis based on a number of
morphologic and biochemical end points [29]. The authors explain this finding by
citing evidence, that in general, REF clones do not undergo apoptosis in response to
treatment with y-irradiation [29].

A few recent studies have addressed the role of mutant p53 and radiosensitivity
on a much larger, more systematic scale. One of the first studies to compare the
effect of different p53 GOF mutants on radiosensitivity was by Okaichi and col-
leagues. In this study, isogenic, stable cell lines were generated by transferring dif-
ferent p53 mutants into the Saos-2 cell line, an osteosarcoma, which is null for p53
[30]. A total of 16 different p53 mutants were analyzed (T123A, L130V, Q143A,
V157F, H168R, R175H, 1195T, C238Y, C242F, G244C, G245S, R273H, C277F,
R280T, R282W, E286K) and compared to WTp53 and vector only (no p53). Cell
lines were then treated with y-irradiation and clonogenic assays performed to mea-
sure radiosensitivity. The parental Saos-2 cell line and vector only transformant
(p53 null) were more radioresistant than Saos-2 transfected with WTp53. The p53
mutants exhibited a range of radiosensitivities [30]. The 175H, 244C, 245S, 273H
and 282W transformants were similar in radiosensitivity to the parental and control
vector transformants but much more radioresistant than WTp53 transformants. In
contrast, the C242F transformants were similar to WTp53 in their radiosensitivity
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and the pS3 mutants T123A, I195T and C238Y were actually more radiosensitive
than WTp53. Thus, although most of the p53 mutants were more radioresistant than
WTp53 (12/16), they were not more radioresistant than cells lacking p53 [30].
Therefore in the context of this particular cell line, the p53 mutants do not seem to
exhibit a dramatic “gain of function” phenotype at least with regard to radioresis-
tance. Although in this study only one cell type was examined, the use of isogenic
cell lines was a major strength as analysis of cell lines with different genetic back-
grounds can make identification of the role of mutant p53 difficult.

A comprehensive study examined the role of p53 in radiosensitivity using a wide
range of tumor cell lines that varied in histological type [31]. In this study a total of
39 human tumor cell lines from 9 histological types were analyzed for p53 status,
radiosensitivity by clonogenic assay, and level of p21 expression. On the basis of
survival fraction after 2 GY (SF2), on average, cells that express WT53 exhibited
more cell killing than cell lines that express mutant p53. However, when similar
comparisons were made for cell killing at higher radiation doses, there was no
significant difference between cells that expressed WTpS3 versus mutant p53.
When compared within each histological cell type, the cell lines expressing mutant
p53 exhibited less cell killing (as measuring by SF2) than those cell lines that
expressed WTp53 [31]. However, again when cell killing is measured at higher
doses of irradiation, the differences between WT and mutant p53 expressing cell
lines, even within the same histological type are not significant. In summary, the
authors conclude that the cell lines fall into four radiosensitivity groups: very sensi-
tive (VS), sensitive (S), resistant (R) and very resistant (VR). Using this classification,
16/17 cell lines with WTp53 were sensitive (S) and only 1/16 was very resistant
(VR). In contrast, only 2/15 of the cell lines expressing mutant p53 were sensitive
(S), while 13/17 were resistant (R) and 2/17 were very resistant (VR). The cell lines
lacking p53 were also more radiosensitive than cell lines expressing mutant p53
suggesting some “gain of function” activity of mutant p53 in this setting [31].

In head and neck cancers, p53 is one of the most commonly altered genes. Thus,
it has been examined with regard to p53 status. In a very recent report on head and
neck cancer, Skinner and colleagues completed both a clinical study of patient
outcome and p53 status as well as an in vitro study of HNSCC cell lines [32]. The
clinical arm of this study found that patients with disruptive p53 mutations fared
worse than those with WT p53 or non-disruptive p53 mutations with regard to local
regional recurrence (LRR) and overall survival. The clinical aspects of this study are
covered in more detail in part 2 of this chapter. In the second part of the study, a total
of 38 HNSCC cell lines of known p53 status were analyzed by clonogenic assay for
response to y-irradiation. It was shown that cell lines harboring disruptive p53 muta-
tions were more radioresistant than those with WTp53 or non-disruptive p53 muta-
tions. Confirmation that the radioresistance was due to mutant pS3 was confirmed
by silencing mutant p53 in those cell lines expressing mutant p53 and showing that
the radioresistance was reduced [32]. These data argue that a ‘gain of function’
activity for mutant pS3, which has been observed for other cellular processes, also
exists for the response to radiation. An interesting aspect to this study was that the
in vitro radiosensitivity did not correlate with apoptosis or mitotic cell death but
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rather to radiation-induced senescence. Overall, the presence of disruptive p53
mutants strongly inhibited radiation induced senescence [32]. Thus, it may be
important to analyze the correct response to radiation of a particular cell type when
studying the role of p53 mutations.

In another recent study of head and neck cancer, the role of mutant p53 was
examined using an isogenic head and neck squamous carcinoma cell line pair gener-
ated to express WT p53 (HN30) or mutant p5S3 (HN31) respectively. It was shown
that the HN31 cells demonstrated increased radioresistance compared with their
wild type p53 (HN30) counterparts [33]. Interestingly, HNSCC cells expressing
mutant p53 displayed decreased mitochondrial respiratory capacity and increased
sensitivity to 2-DG inhibition of glycolysis [33]. This finding suggests that mutant
P53 may impact mitochondrial function and that head and neck tumors expressing
mutant p5S3 may be more susceptible to anti-metabolic strategies such as treatment
with 2-DG. As there are no clinically available treatment strategies designed to
specifically address mutant p53 containing head and neck tumors currently available,
and the associated radioresistance, this finding may allow for the development of
novel therapeutic approaches [33]. Although the above reports do support a role for
mutant p53 in modulating the response to radiation, others do not [12, 17]. There is
also some evidence that WTp53 can contribute to resistance from radiation [19].

Mechanisms of Mutant p53 in the Response
to Chemotherapy or Radiation

An investigation into the mechanism of how mutant p53 affects cellular functions
may allow for a better understanding of mutant p53 in cancer and promote the
identification of new cancer targets. Thus, the underlying mechanism of mutant
p53’s gain of function properties has been extensively investigated. However, in
this section, we restrict the discussion of mutant p53’s mechanisms to those associ-
ated with alteration of the response to chemo or radiotherapy acknowledging that
these mechanisms may not necessarily be dissociated from other gain of function
properties of mutant p53.

The mechanism of how the cellular response to chemo or radiotherapy is affected
by p53 status has been widely investigated and hypothesized to be due to a number
of factors. In theory, signaling pathways involved in mediating cell survival, growth,
apoptosis, drug resistance or DNA repair could be involved. Indeed many of these
pathways and the genes within these pathways have emerged as candidates for the
action of mutant p53. For example, mutant p53 has been shown to be involved in
regulating apoptosis [6, 7, 9, 23], genomic instability [34], DNA repair [11, 25, 29],
senescence [32], autophagy [35], gene transcription [6, 21, 36—40], mitochondrial
function [41], drug resistance [39, 42], protein kinase signaling [43, 44] and the
microRNA pathway [45]. Some of the possible mechanisms for how mutant p53
could impart resistance to chemo or radiotherapy are summarized in Fig. 8.1.
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Fig. 8.1 A schematic of possible mechanisms of mutant p53 involved in the cellular response to
chemotherapy agents or y-irradiation is shown
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As WTp53 is a critical regulator of apoptosis, perhaps it is not surprising that
several reports have shown that expression of mutant p5S3 correlates with altered
apoptotic pathways. As one example, it was shown that expression of the p53
mutant, R273H, in A431 cells correlated with doxorubicin resistance and lower
rates of apoptosis [23]. Moreover, the drug resistance could be reduced by siRNA
directed against p53, and this correlated with an increase in the expression of pro-
caspase-3 and apoptosis [23]. Similar results were observed after introduction of
p53-R273H into the p53-null human osteosarcoma cell line, Saos-2. Induction of
expression of p53-273H in Saos-2 cells reduced sensitivity to doxorubicin and
methotrexate, reduced procaspase-3 expression, and reduced DNA fragmentation, a
marker of apoptosis [23]. Another link to apoptosis was established by Li and col-
leagues in myeloid cell lines [7]. It was shown that p53-null murine leukemic cells
that expressed a temperature sensitive p53 mutant, V135A, exhibited decreased
apoptosis rates in response to doxorubicin or cisplatin compared to cells expressing
no p53 or WT p53 [7]. In a study by Blandino and colleagues, it was shown that
expression of the p53 mutants 175H or 179H greatly reduced the rate of etoposide-
induced apoptosis in H1299 cells compared to vector transfected controls [9].
Other p53 mutants, such as 273H and 248W had a much milder protective effect.
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Considering the evidence for dysregulation of apoptosis in mutant p53 expressing
cells, it is not surprising that several genes related to apoptosis have also been found
to be altered in their expression levels in these cells. Notable examples include
upregulation of BAG-1 [46] and NF-kB2 [21] and downregulation of FAS [47] and
MST-1 [48]. For a more comprehensive review of genes dysregulated by mutant
P53, the reader is directed to the review by Brosh and Rotter [6].

The biological assay used to measure p53 function is critically important in
determining if a ‘gain of function’ effect of mutant p53 is present. For example,
Skinner and colleagues found that two modes of cell death commonly associated
with irradiation, apoptosis and mitotic cell death, were unaffected by p53 status
[32]. However, if radiation-induced senescence was assayed, then p53 status
played a significant role [32]. It was found that the presence of p53 mutations
correlating with decreased radiation-induced senescence, p21 expression, and
release of ROS [32]. In addition to apoptosis, a role for mutant p53 in modulating
autophagy was identified as well [35]. In this study, it was shown that although
y-irradiation increased the level of autophagy in the p53-null lung cell line,
H1299, expression of the R175H p53 mutant in H1299 cells greatly attenuated
the level of y-irradiation induced autophagy. Consistent with this result, the
expression of Beclin-1, a marker of autophagy, also increased in H1299 cells in
response to y-irradiation but not in H1299 p53-R175H expressing cells [35].
These results suggest a gain of function role for p53 mutants through inhibition
of autophagy in response to y-irradiation [35].

Another possibility that has been explored is that mutant p53 alters gene expression
of a wide array of genes involved in cancer pathways. Early evidence that transcrip-
tion dysregulation may be one mechanism of mutant p53 included the finding that
Actinomycin D, a potent inhibitor of transcription, blocked the reduction in apoptosis
rate mediated by mutant p53 in response to treatment with doxorubicin or cisplatin [7].
One of the first studies to address the role of gene transcription in the mechanism of
action of p53 GOF mutants was reported by Deb and colleagues in 2005 [21]. To avoid
difficulties inherent in comparing different cancer cell lines, Deb and colleagues gen-
erated isogenic stable cell lines of a non-small cell cancer cell line, H1299, which is
devoid of p53, that expressed either vector alone, or the GOF p53 mutants R175H,
R273H or D281G. Relative to vector-transfected cells, H1299 cells expressing mutant
forms of p53 showed a survival advantage when treated with etoposide as measured
by clonogenic assay [21]. Interestingly, however, cells expressing the transactivation-
deficient triple mutant p53-D281G (L22Q/W23S) had significantly lower resistance
to etoposide. As the L22Q/W23S mutant is shown to be deficient in transactivation,
this result suggested that the pS3 mutants were acting at the level of gene transcrip-
tion. To explore this further, RNA was extracted from H1299 or 21PT stable cell
lines that expressed the p53 mutants R175H, R273H, D281G, or vector alone and
analyzed for gene expression using an Affymetrix gene array chip. Analysis of the
gene array data indicated that all three p53 mutants upregulated a common set of
genes involved in a diverse array of processes including in cell cycle control, onco-
genesis, invasion, metastasis, DNA replication, cell survival, and transcription. One
of the genes found to be upregulated by pS3 GOF proteins was NF-xB2 (p100/p52),
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a member of a family of sequence specific DNA binding transcription factors. This
result raised the possibility that transcription factors themselves may be altered by
mutant p53 leading to a secondary level of gene induction or repression. To explore
the role of NF-xB2 in chemosensitivity, it was overexpressed in H1299 cells. It was
also shown that H1299 cells overexpressing NF-kB2 were less sensitive to etoposide
and siRNAs directed against NF-xB2 increased etoposide sensitivity [21]. As all
three p53 mutants activated the NF-kB2 pathway, one possible pathway through
which p53 mutants induce loss of drug sensitivity is via upregulation of the NF-xB2
pathway. Although evidence suggests that mutant p5S3 may act to induce the expres-
sion of genes apart from WTp53, the mechanism of transactivation by mutant p53 is
not yet clear. One hypothesis is that mutant p53 may interact with other transcription
factors and activate different promoters than when WTp53 is present. Evidence in
support of this theory was shown by using ChIP assays [38]. In this report, the
NF-xB2 promoter showed increased interaction with CBP and STAT?2 in the pres-
ence of mutant p53 [38]. Thus, in H1299 cells, mutant p53 may induce gain of func-
tion activities by enhancing recruitment of CBP and STAT?2 on the promoters of
target genes [38].

In another approach to uncover mechanisms underlying p53 GOF mutant
activities, a proteomic analysis was used to identify mutant p53 interacting pro-
teins [41, 49]. From this analysis, MCM?7, a protein involved in DNA replication,
was shown to specifically interact with mutant p53 but not WTp53 [49]. Another
protein, Tim50, which forms part of the mitochondrial protein import machinery,
although not shown to physically interact with mutant p53, was found to be highly
overexpressed in cancer cell lines that also express p53 mutants. Analysis of the
Tim50 promoter revealed that mutant p53, but not WTp53 was able to upregulate
TimS50 transcription [41]. Interestingly, reduction of Tim50 expression by siRNA
reduced the resistance of cells harboring the p53 mutant, R175H, to paclitaxel but
had no effect upon cells lacking p53. These findings identify the Tim50 gene as a
transcriptional target of mutant p53 and suggest a novel mechanism by which p53
mutants enhance chemoresistance [41].

Chemoresistance may also be attributed, at least in part, by the action of mutant
pS3 in the dysregulation of the microRNA pathway. It was shown that expression of
the p53 mutant, R275H, in the p53-null lung cell line H1299, resulted in the down
regulation of the expression of miR-223. Moreover, in a colon and breast cancer cell
line that expressed the p53 mutant, R273H, down-regulation of mutant p5S3 by shRNAi
increased miR-223 expression [45]. Chromatin immunoprecipitation (ChIP) assays
showed that mutant p53 was capable of binding to the miR-223 promoter [45].
Consistent with these results, overexpression of miR-223 sensitized cells to cisplatin
or 5-fluorouracil. Moreover, down-regulation of mutant p53 also upregulated the lev-
els of the Stathmin protein, a known target of miR-223. Thus from this data a model
was proposed whereby mutant p53, through the down-regulation of miR-223, upregu-
lated the Stathmin protein which contributed to chemoresistance [45].

Mutant pS3 may also act to alter protein phosphorylation signaling pathways. One
of the genes found to be upregulated in H1299 cells following expression of the p53
mutants R175H, R273H, and D281G was the protein tyrosine kinase Axl [44].
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Consistent with this result, knockdown of endogenous mutant p53 in two different
human lung cancer cell lines, H1048 (p53-R273C) and H1437 (p53-R267P) reduced
Axl expression [44]. It was suggested that mutant p53 may act directly at the AxI pro-
moter as ChIP assays demonstrated the presence of mutant p53 at the Axl promoter
[44]. As it is known that AxI expression affects some of the same pathways as mutant
pS3 such as apoptosis, cell adhesion, and motility, the role of mutant p53 was investi-
gated in these processes. Interestingly, knockdown of Axl by RNAI resulted in a reduc-
tion of mutant p53 gain of function activities in lung cancer cells expressing endogenous
mutant p53, including growth rate and cellular motility. Taken together, these results
suggest that mutant pS3 may act to upregulate the Axl protein tyrosine kinase which
then executes, at least in part, some of the p53 gain of function activities.

Conclusions and Possible Reasons for Discrepancies
Among the Studies

The results of the studies described here, which notably represents only a small
fraction of the total studies in the literature on mutant p53, gives a somewhat
mixed verdict with regard to how mutant p53 affects the cellular response to chemo-
therapeutic agents or y-irradiation. Although the majority of mutant p53 studies
suggest that the presence of mutant p53 reduces sensitivity to chemotherapy or
radiation, there are many studies that show no effect or show the opposite effect;
that is, that mutant p53 enhances sensitivity to these agents. Thus, it is important to
examine some of the possible reasons for these discrepancies. First, it is important
to note that unless isogenic cancer cell lines containing mutant p53 are compared to
each other, the same result after treatment with chemo or radiotherapy should not be
expected. Cancer cell lines that are derived from different tissues are known to
respond differently to different chemotherapeutic agents regardless of p53 status.
This is because the cancer cell lines, much like different patient tumors, show a
great amount of genetic variability. Another important point, as mentioned earlier,
is that p53 gain of function mutants act differently depending upon the location and
type of mutation in p53. It is well documented that the degree of chemoresistance
depends critically on the type of mutation present in p53 [1]. Another important
variable to consider is the type of biological assay performed to measure “gain of
function” of p53 in response to treatment with chemo or radiotherapy. For some p53
mutants and cell types, a clonogenic assay may be appropriate. Chemo or radio-
therapy responses are typically measured using this assay which measures the
reproductive integrity of cells regardless of the specific mode of cell death involved
[50]. For this reason, the clonogenic assay has long been the ‘gold standard’ for
measuring responses to chemo or radiotherapy. Unfortunately, not all cell lines form
colonies in vitro. For example, some HNSCC cell lines do not form colonies and
therefore other viability assays, such as the MTT growth assay, are employed.
Although most of the studies discussed here employ the clonogenic assay, in the
cases where it is not used, it is important to recognize that this could be one source
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of variability in the results observed. Finally, there may also simply be variability
due to how different investigators conduct their experiments. The larger question
that remains is what is the significance of these in vitro studies and the mechanisms
uncovered for the action of mutant p53 in a clinical setting? Inevitably, as these new
targets are discovered, it will become important to evaluate the significance of these
findings in animal models or in clinical settings.

Part 2: The Role of pS3 Status in Response to Chemotherapy
and y-Irradiation: Clinical Studies and Patient Qutcome

Introduction

The p53 gene and its protein product have been extensively studied in vitro and in
animal models. But how can what is known about p53 at a molecular level trans-
late to a clinical setting? Numerous studies have been conducted to analyze the
relevance of a tumor’s p53 status in regards to patient outcome. Special attention
has been, and continues to be, paid towards understanding the implications of
having WT versus mutant pS3 in response to cancer therapy. Ultimately, if we are
able to establish a relationship between p53 mutational status and response to
therapy, we will be able to sequence each patient’s tumor and ascertain which
patients will respond to which therapies. In so doing, the morbidity associated
with ineffective treatment modalities, and the delay in achieving response with
effective ones, can be avoided.

This chapter aims to review what has been shown with respect to p53 mutation
status and the response to treatment of various tumor types. The review is limited
specifically to p53 mutation, not p53 over-expression, deletion, or loss of function.
It is also limited to chemotherapy and radiation therapy as the treatment modalities
studied. Unlike surgery, which acts to physically remove cancer cells, chemo and
radiation rely on intrinsic and extrinsic cellular pathways, involving genes such as
P53, to cause cancer cell death.

With very few exceptions, this chapter is concerned exclusively with studies that
analyze p53 status via gene sequencing methods, as opposed to immunohistochemi-
cal staining (IHC). Studies involving IHC to assess p53 status were avoided because
IHC lacks standardization and is subject to a number of biases including observer
bias and variation in scoring methods among institutions. IHC is also more likely to
result in false positive or false negative results and is therefore not as sensitive for
detecting p53 mutations as is direct gene sequencing [51]. Another limitation of
THC is that it relies on a small number of pre-defined protein markers per tissue sec-
tion to discover the presence or absence of the mutated protein. In order to develop
a clinically relevant molecular indicator of response to therapy, a standardized,
unbiased, and sensitive mechanism for detecting the status of the molecular marker,
in the present case p53, is needed.
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Gynecological Malignancies

Changes in p53 are the most frequent genetic event described in advanced ovarian can-
cer [52]. Understanding the role of mutant p53 in response to therapy, therefore, may be
of particular importance in the treatment of this cancer. In advanced disease, where
chemotherapy is the mainstay of treatment, knowledge of the relationship between p53
status and response to therapy could help to determine which chemotherapeutic agent
would be most effective and which agents should be avoided in a particular patient.

Taxane- and platinum-based chemotherapeutic agents are routinely used in the
treatment of ovarian cancer. There is evidence, however, that the presence of mutant
p53 within tumor cells can impact a patient’s response to these drugs. Existing data
seems to show, however, that the effect of p53 mutational status on response to each
of these therapies is not concordant. With respect to platinum-based chemotherapy,
several studies have shown that tumors harboring a p5S3 mutation are more likely to
be resistant to treatment [53-57]. Indeed, not only the presence of mutant p53, but
also the specific type of mutation, has been shown to play a role in response to
platinum-based chemotherapy [53]. However, despite the large number of studies that
have found a correlation between p53 status and response to platinum-based chemo-
therapy, there is some data suggesting that no such association exists [58]. In the case
of taxol-based chemotherapy, on the other hand, it has been shown that harboring a
P53 mutation in tumor cells predicts a favorable response to treatment [59]. These
results imply that certain patients, namely those without a mutant p53, will respond
better to platinum-based chemotherapy, while those who harbor a mutation are more
likely to respond to taxol-based agents. More research in this area will enable clini-
cians to tailor each patient’s therapy in order to avoid subjecting cancer patients to
taxing chemotherapeutic regimens which confer no clinical benefit.

The role of p53 status in other gynecological malignancies has also been studied,
however, results are less conclusive than in the case of ovarian cancer. In cervical
cancer, for instance, there remains a controversial correlation between p53 status
and response to therapy [60]. Moreover, the data that is available assesses p53 status
via IHC and gene expression as opposed to gene sequencing [60] which makes it
difficult to draw meaningful conclusions given operator bias and lack of standard-
ization, as previously discussed. There is some evidence, however, that cervical can-
cers with mutant p53 detected by gene sequencing are more likely to be radio-resistant
[61]. Radiation therapy may, therefore, not be the appropriate modality of treatment
for patients with these tumors. However, further investigation is needed before
meaningful conclusions can be drawn.

Breast Cancer

Breast cancer is the most common non-cutaneous cancer among women and the
second most common cause of cancer death among women. As in the case of
many other malignancies, p53 is the most commonly mutated gene in breast
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cancer [62]. There are a number of treatment approaches that can be used in the
management of breast cancer, some of which are interchangeable. For instance,
lumpectomy with radiation is equivalent to mastectomy in many cases of early
stage cancer. In the case of larger tumors, neoadjuvant chemotherapy can be
used to decrease tumor volume in an attempt to avoid what may otherwise be a
disfiguring surgery. Given this arsenal of treatment approaches and the morbid-
ity associated with each one — including toxic radiation and chemotherapy — the
ability to predict response to therapy would be invaluable in the management of
patients with breast cancer. Determining the relationship between p53 muta-
tional status and response to these various therapies could save many patients
from undergoing unsuccessful treatments, and their associated complications,
from the outset.

Neo-adjuvant chemotherapy is often employed in the management of locally-
advanced invasive breast cancer; however, response to chemo varies and is often
unpredictable [63]. Furthermore, there exist a number of agents to choose from,
some of which may be more successful than others. Patients who fail to respond to a
particular neo-adjuvant regimen are not only subjected to the toxic effects of an inef-
fective therapy, but, their tumors are potentially given time to grow and spread until
an effective regimen is initiated. Predicting a response to chemotherapy in the neoad-
juvant setting via assessment of tumor markers, such as p53, would be beneficial to
a great number of patients. The studies published to date which utilized gene
sequencing to assess p53 status and response to chemotherapy in the neoadjuvant
setting, however, have unfortunately shown conflicting results [64—66].

Hormonal therapy is another treatment modality often used in breast cancer
therapy. Tamoxifen, which is commonly used, works by binding to estrogen recep-
tors, decreasing DNA synthesis, and inhibiting estrogen effects. Because it is
involved in regulating the cell cycle, it is highly plausible that a mutation in p53
may play a role in response to the drug. The current consensus in the literature
seems to be that mutated p53 causes resistance to tamoxifen [62, 67, 68].
Currently, whether or not tamoxifen is prescribed to patients is largely predicated
on a tumor’s hormone receptor status. However, even in patients whose tumors
are highly estrogen or progesterone receptor positive, tamoxifen therapy has
been known to fail, thus exposing women to a drug that can cause osteoporosis
and increase the risk of uterine cancer, while conferring no benefit in the man-
agement of their disease. It would, therefore, be valuable to find an additional
means of predicting response to this drug. One of these may be via assessment
of p53 status.

There is limited data in the literature that studies the role of p53 mutation in
response to radiation therapy in breast cancer, another mainstay in the treatment of
this disease. Moreover, the available studies seem to have conflicting results. In the
case of combined treatment, for instance, involving neoadjuvant chemo, surgery,
and radiation therapy, it was found that a mutation in p53 predicted a poor response
to therapy [69], while in the case of radiation therapy alone, a mutant p53 was
shown to sensitize tumors to therapy [70]. More studies are needed before conclu-
sions linking p53 mutation to treatment response can be drawn.
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Head and Neck Cancer

Genetic changes in p53 have been reported to occur in approximately 45 % of head
and neck cancers [71, 72]. Treatment for head and neck cancer is selected on the
basis of site and stage of disease. Patients’ response to therapy can vary widely for
any given site at any given stage, however. Due to the prevalence of p53 mutations
in head and neck cancers and the heterogeneity in treatment response, there has
been significant interest in attempting to find molecular markers that can predict
response to therapy. In the case of neoadjuvant chemotherapy and the response of
patients with various stages of head and neck cancer, it has been found that p53
mutations predict failure to respond to treatment [14]. In patients treated with radia-
tion therapy, either in the adjuvant setting or as primary therapy, it has also been
found on numerous occasions that a mutation in p53 makes tumor cells less likely
to respond to treatment [15, 32, 73, 74]. Finally, in one study in which both treat-
ment modalities were assessed, p5S3 mutational status again predicted an unfavor-
able response to therapy [75].

While, in head and neck cancers overall, p53 mutation appears to portend poor
response to therapy, some studies focusing on specific sites have found that no
correlation exists between treatment and p53 status. For instance, in the case of
nasopharyngeal cancers, one study found that p53 mutations were infrequent and
were not associated with failure of radiation therapy [76]. Another study that
focused only on laryngeal cancers found that, while p53 mutation was a common
occurrence in these cancers, the presence of a mutation had no bearing on response
to radiation [77]. In the case of oropharyngeal cancers, on the other hand, p53 muta-
tion was associated with radiation resistance [78]. These findings may imply that
the effect of p5S3 mutation on response to various therapies varies by site. Further
investigation is needed to determine for which tumor sites the knowledge of p53
mutational status would be applicable. More evidence is also needed to assess
whether mutation in p53 predicts a favorable or unfavorable response to therapy in
those sites where it plays a role.

Prostate Cancer

Like breast cancer in women, prostate cancer is the most common non-cutaneous
cancer in men and the second most common cause of cancer-related death
among men. P53 mutations, however, have only been reported in approximately
twenty percent of prostate cancers [79]. This may, at least in part, explain why
there is so little data regarding the role of p53 mutations in response to therapy
for this disease. With respect to prostate cancer therapy, radiation or surgery are
the first-line therapies used to treat the disease. However, there is a subset of
patients who fail radiation therapy and subsequently need to undergo salvage
prostatectomy. Conversely, patients who fail surgery undergo salvage radiation
which can result in good tumor control. It would, therefore, be beneficial to
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determine whether or not a particular patient’s tumor is radiosensitive prior to
initiating therapy.

There is little available data regarding prostate cancer, pS3 status by sequencing
techniques, and treatment outcomes. Most of the available studies have analyzed
p53 status by IHC, to look for the presence of mutated p53 [79, 80]. One study that
used both genetic sequencing and IHC to determine p53 status found that p53
immunoreactivity by IHC predicted failure to respond to radiation therapy, while
the presence of a true gene mutation had no significant association with response to
treatment [81]. This result has been replicated, seeming to indicate that in the case
of prostate cancer, p53 mutational status does not predict response to radiation
therapy [82]. More research is needed, however, before it can be concluded that no
association between p53 and response to therapy exists.

Hematologic Malignancies

Hematologic malignancies encompass those tumors that affect the blood, bone
marrow, and the lymph nodes. They affect both pediatric and adult populations.
Chemotherapy is the mainstay of treatment for these malignancies but response to
therapy is unpredictable. While some patients achieve disease-free survival using
certain chemotherapeutic regimens, other patients with the same disease fail to
adequately respond to the same treatment regimen.

The frequency of p53 mutations in hematologic malignancies has been reported
as anywhere from 5 to 50 % [83]. The disparity in frequency of mutations among
researchers might explain why results regarding the effect of p53 mutation status on
response to treatment are also varied. In one study that looked at patients with acute
myelogenous leukemia (AML), myelodysplastic syndrome (MDS), and chronic
lymphoblastic leukemia (CLL), p53 mutation predicted a favorable response to che-
motherapy in all three diseases [84]. Another study involving exclusively patients
with CLL found that p53 mutations were significantly correlated with poor response
to treatment [85]. In the case of lymphomas, studies have failed to show a signifi-
cant relationship between p53 status and response to treatment [86, 87]. There are a
number of explanations as to why these results are so varied. One explanation is that
p53 status and response to therapy in hematologic malignancies is dependent upon
the specific disease entity - ALL versus CLL versus CML, and so on. Another expla-
nation may be that it depends on the specific chemotherapeutic agents used.
Ultimately, the answer is most likely to be a combination of both.

Pulmonary Malignancies

Non-small cell lung cancer is the most common non-cutaneous cancer world-
wide and it is the number one cause of cancer death worldwide. In certain cases,
the response to therapy can be as low as fifty percent. This is especially true in
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advanced disease, which portends the worst prognosis. Not only are responses to
therapy among patients varied, but there are a number of different chemothera-
peutic regimens that can be employed in treating the disease. Therefore, identify-
ing tumor markers that predict response to therapy in the case of pulmonary
malignancies, such as non-small cell lung cancer, would be of great benefit to
patients and clinicians, alike.

In locally advanced disease, chemotherapy with or without the addition of radiation
is increasingly being used in the neo-adjuvant setting but response to treatment is
unpredictable at the present time. Furthermore, there are different options that can be
used for induction chemotherapy, among them are cisplatinum and paclitaxel. Results
in the literature have shown that while cisplatinum-based induction chemotherapy
either alone [88] or in combination with radiation therapy [89] is ineffective in the case
of p53-mutated cancers, response to paclitaxel either alone [90] or in combination
with radiation therapy [91] was unrelated to p53 status. These results indicate that, for
patients whose tumors harbor a p53 mutation, cisplatinum-based regimens should be
avoided. Meanwhile, the fact that p53 status is unrelated to response to paclitaxel sug-
gests that the drug can be used regardless of whether or not a mutation is present. It also
signals a need to identify more tumor markers that can help us guide treatment.

Tumors of the Central Nervous System

In the case of central nervous system (CNS) tumors, which encompasses a number
of different tumor histologies, data analyzing p53 mutational status and response to
therapy are limited. This may be explained by the fact that p5S3 mutation is a highly
infrequent event in certain CNS tumors [92, 93]. Another explanation may be that
that mutation status is difficult to assess. CNS tumors are frequently unresected, as
in the case of primary lymphoma, or are unresectable, as in the case of brainstem
gliomas, so there is limited tissue available for study.

It is important to realize that p53 may not play a role in the tumorigenesis of
every tumor type. Therefore, determining the mutational status of these tumors
would not be beneficial in predicting response to therapy. For example, Yeung et al.
attempt to summarize what is known about the mechanism of radioresistance in
vestibular Schwannomas (VS) because radiation therapy has emerged as an alterna-
tive treatment modality to surgery for these tumors [94]. The authors hoped that in
determining the mechanisms of radioresistance in VS, tumor markers could
eventually be identified to guide treatment planning. In identifying markers that
predict tumor response to treatment, patients with radioresistant tumors could
eventually be identified prior to initiating radiation therapy where treatment failure
is likely to ensue. These patients could be selected for microsurgical resection
instead. However, the authors found that in these tumors, p53 mutations do not con-
tribute to tumor pathogenesis and, therefore, mutational status is unlikely to be a
helpful marker in predicting treatment response.



8 Mutant p53 and the Response to Chemotherapy and Radiation 151

In other tumor types, pS3 mutation may be so infrequent that knowing a tumor’s
p53 status may be of low yield in terms of predicting response to therapy. In a study
looking at glioblastomas and response to either radiation therapy or temazolomide,
pS53 mutations were only observed in 15 % of tumors out of a total of 301 tumors
analyzed [95]. The authors found a trend towards increased response to temazolo-
mide in the presence of p53 mutations, but their finding was not statistically signifi-
cant, likely because of the small number of p53 mutated tumors.

Knowing a tumor’s p53 status may be helpful, not only in predicting who will
respond to which therapies, but also in identifying those patients who no longer
require additional therapy. Choroid plexus tumors are pediatric tumors with poor
survival rates which can be treated with chemotherapy, radiation therapy, or both. In
a study by Tabori et al. [96], the authors found that patients without pS3 mutations
who were treated only with chemotherapy had excellent survival rates. The authors
concluded that adding radiation therapy to the treatment regimen was unnecessary.
If other studies were conducted also supporting this finding, that tumors with mutant
P53 have an excellent response to chemotherapy, children diagnosed with choroid
plexus tumors could be spared an additional, unnecessary treatment modality that
increases morbidity with no survival benefit.

Tumors of the Gastrointestinal Tract

P53 status has been widely studied in tumors of the gastrointestinal tract. These
focus primarily on colon cancer, which is the third most frequently diagnosed can-
cer in the United States in both men and women. Unfortunately, however, a great
number of these studies analyze p53 status by IHC rather than by gene sequencing,
as with many of the other tumors sites we have seen. Again, because IHC is a less
sensitive means of detecting p53 mutation it is not very helpful in determining a
clinically useful means of assessing the relationship between p53 and response to
therapy. Thus, these individual studies will not be discussed here.

A number of review articles and meta-analyses have been published attempting to
uncover the potential role of p53 status as predictive of GI tumors’ response to ther-
apy. These review articles highlight the fact that studies using gene sequencing to
determine p53 status are few and far between. In their review of the available literature
which assesses predictors of histological response to neo-adjuvant radiation and
chemo-radiation, for instance, Smith et al. note that there are three times as many stud-
ies using IHC to detect p53 mutational status as there are studies using either gene
sequencing or single strand conformational polymorphism analysis. Another review
article by Peterson et al. [97] similarly found that, when either chemotherapy or radia-
tion was the treatment modality used, analysis by IHC was much more frequently
employed than gene sequencing. Not only is detection by IHC less reliable, but the use
of this method in place of gene sequencing can result in different, even conflicting,
results. In a review by Munro et al. [51], for instance, the authors found that when
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studies used IHC to detect p53 abnormalities, they found no relationship between p53
and treatment response to chemo, while they found that p53 mutation was associated
with a poor response to radiation therapy. The same review article found that when
studies used gene sequencing to detect alterations in the gene, p53 mutation was asso-
ciated with an unfavorable response to both chemotherapy and to radiation.

While many of these review articles focus on the relationship between p53 muta-
tion and treatment outcome, another approach is to draw conclusions regarding
response to therapy in wild-type tumors. In a review of the available literature
studying p53 status as a predictive biomarker in response to neo-adjuvant chemo-
radiation, Chen et al. [98] found that wild-type tumors were associated with good
response to neo-adjuvant treatment. Unfortunately, it is not possible to extrapolate
the data and conclude that having a mutated p53 would therefore predict a poor
response to therapy. This is not possible because in certain cases, as we have seen
with tumors in other organ systems, there may be no predictable relationship
between p53 mutation and treatment response and other tumor markers may be
needed.

More research is undoubtedly needed before any definitive conclusions can be
drawn. However, in looking at the actual studies included in the reviews and the
meta-analyses mentioned above using gene sequencing, the current evidence shows
that p53 mutation is associated with poor response to therapy in the case of gastro-
intestinal tumors. In the case of neo-adjuvant radiation, the presence of a p53
mutation detected by gene sequencing has been found to predict a poor response to
treatment [99, 100]. Adjuvant chemotherapy, too, in the presence of a p53 mutation
has been shown to be less effective [101]. Finally, in the case of chemotherapy given
for advanced, Stage IV colorectal cancer, studies have shown a poor response to
treatment when p53 is mutated in tumor cells [102, 103].

P53 and response to treatment has also been studied in other gastrointestinal
tumors, such as esophageal carcinoma. Like with many other cancers, the treat-
ment of esophageal carcinoma employs a number of treatment modalities, none of
which have been overwhelmingly effective in controlling this disease. There is,
therefore, an interest in trying to identify tumor characteristics which can predict
treatment response in order to avoid unnecessary, costly, and taxing therapies. In one
study looking at esophageal carcinoma alone, p53 mutation was associated with
poor response to chemo-radiation [104]. More studies are needed to support this
finding.

Conclusions

Tumor markers are increasingly being studied as a means to determine tumor
response to therapy. If tumor markers could be correctly identified which predict
therapeutic response, unnecessary treatments, and the cost and morbidity associated
with them, could be avoided. Effective therapies could also be identified early on in
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Table 8.1 Studies that analyzed the role of mutant p5S3 and patient outcome to treatment with
chemotherapy or radiation were reviewed

pS3 pS3
mutation - good mutation — poor
Treatment patient response patient response No
Tumor type modality to treatment to treatment correlation Conclusion
Ovarian Chemo: 0 5 1 Poor response
Platinum-based
Chemo: 1 0 0 Good response
Taxol-based
Cervical RT 0 1 0 Poor response
Breast Chemo 2 0 2 Inconclusive
Tamoxifen 0 3 0 Poor response
RT 1 0 0 Good response
Combined 0 1 0 Poor response
Head Chemo 0 1 0 Poor response
and neck RT 0 5 2 Poor response
Both 0 1 0 Poor response
Prostate RT 0 0 2 No correlation
Leukemia  Chemo 1 1 0 Inconclusive
Lymphoma Chemo 0 0 2 No correlation
NSCLC Chemo: 0 2 0 Poor response
Platinum-based
Chemo: 0 0 2 No correlation
Taxol-based
CNS Both 0 0 2 No correlation
GIT RT 0 2 0 Poor response
Chemo 0 2 0 Poor response

The table shows the number of studies identified, organized by tumor site and treatment modality,
that were performed using p53 gene sequencing as the principal method to identify mutant p53.
The conclusion was poor response if the majority of studies indicated a correlation with mutant
p53 and poor patient outcome, good response if the majority of studies indicated a good patient
response, and inconclusive if no majority was found. NSCLC non-small cell lung carcinoma, CNS
central nervous system, GIT gastrointestinal

the management of aggressive tumors, allowing for more effective tumor control.
Knowledge of tumor markers and response to therapy can, therefore, be used to
guide treatment selection, resulting in better patient outcomes. In the case of p53,
this review has shown that in the majority of tumor sites including ovarian, breast,
head and neck, lung and gastrointestinal tumors, research has shown that p53 muta-
tion predicts an unfavorable response to both chemotherapy and radiation (Please
refer to Table 8.1 for a summary of the data.). Despite all that has been done thus far,
much more research is needed before p53 mutational status can be adapted to the
clinical setting. However, with further research, sequencing of the p5S3 gene may
allow us to identify those patients harboring p53 mutations and spare them from
unnecessary, costly, taxing, and ultimately ineffective treatments.
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