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Abstract

Alterations of Tumour Protein 53 (TP53) Pathways in Diffuse Large
B-cell Lymphomas

Dalia Magdi Abdel Azim

Diffuse large B-cell lymphoma (DLBCL) is the most common type of lymphoma. It has
heterogeneous clinical features and varies markedly in response to treatment and in
prognosis. Although the clinical variables widely used in clinical practice may be useful
indicators in defining the underlying biological heterogeneity of DLCL, a search for
molecular expression, such as TP53, would improve the prognostic predict ability and
current understanding of the clinical behaviour of DLBCL.

Seventy-two cases of DLBCL were assessed by immunohistochemistry using primary
antibodies for TP53, p21, HDM2, Phospho-TP53, Bcl-2, Bcl-6 and MIB-1. There was a
significant positive correlation between high proliferation index and TP53, phopho-TP53
and Bcl-6 expressions (p<0.005), while a significant negative correlation was found with
Bcl-2 expression (p<0.005). Bcl-2 expression showed an inverse correlation with TPS3,
phospho-TP53, Bcl-6 (p<0.005). TPS3 assessed using the DO-1 antibody showed a
significant correlation with phopho-TP53 (p<0.005). p21 showed a similar correlation with
HDM?2 (p<0.005).

TP53 mutations were assessed using PCR-SSCP analysis in 64 cases of DLBCL. The
frequency of TP53 mutations in this study was 18.75%. Exon 7 harboured most mutations
(30%). There was a significant correlation between low expression of TP53 and phospho-
p53 assessed by immunohistochemistry and the presence of WT-pS3, but not vice versa.
Also, a significant correlation was found between missense TP53 mutations and
TP53+/p21- phenotype (p<0.005). High proliferation index correlated with TP53 mutations
(p<0.005). There was a strong association of the presence of TP53 mutations and low level
of miR-34a (p<0.05). A strong correlation between miR-34a expression levels and TPS53,
p21 and HDM2 (p <0.05).

In conclusion, although 80% of DLBCL cases posses WT-p53 gene , not of them are fully
functional and they show phenotypic variabilty in their TP53 activity. Other mechanisms
for inactivating TPS3 must be responsible, such as alterations of the downstream or
upstream regulators or targets that will mimic a TPS53 aberration.
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Chapter 1 Introduction

1 Introduction

1.1 Lymphomas

Lymphomas are a heterogeneous group of lymphoid malignancies arising in the
lymphoid tissue. They are mostly B-cell in origin with a minority of T-cell origin.
Lymphoid neoplasms are the sixth most common group of malignancies worldwide in
both men and women (Ferlay, Autier et al. 2007). Some lymphoid neoplasms have been
linked to certain infections and immunosuppressive drugs. However, the aetiologies of
most lymphoid neoplasms remain largely unknown. The heterogeneous nature of
lymphomas and evidence from epidemiologic studies increasingly point to aetiologic
heterogeneity among the lymphoid neoplasm subtypes (Rothman, Skibola et al. 2006).
Lymphomas are broadly classified into Hodgkin’s (HL) and Non- Hodgkin’s
Lymphomas (NHL).

1.1.1 Classification of Lymphomas

The understanding of the immunologic and molecular basis of lymphoid neoplasms
have resulted in the evolution of numerous clinical and pathologic classification
schemes over the past 50 years, particularly for (NHL). Lymphomas were categorized
predominantly by morphology according to the Rappaport classification (Rappaport
1966), by morphology and clinical prognosis according to the Working Formulation
(Rosenberg SA 1982) or by cell lineage and differentiation according to Kiel
classification (Stansfeld, Diebold et al. 1988). These lymphoma classification schemes
were largely replaced in 1994 by the Revised European-American Lymphoma (REAL)
classification, which incorporated morphologic, immunophenotypic, genotypic, and

clinical features into disease subtype definitions (Herrinton 1998).

In 2001, the World Health Organization (WHO) introduced a new classification built on
the REAL classification that represents the current “gold standard” for classifying all

haematopoietic neoplasms (Jaffe et al 2001). Within the lymphoid neoplasms, the WHO
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system distinguishes Hodgkin lymphoma from NHL based on morphologic and

immunologic characteristics.

Stage of differentiation and additional morphologic,

phenotypic, genotypic, and clinical features are used to distinguish the various NHL

subtypes (Table 1-1).

Tablel-1: WHO Classification of Non-Hodgkin Lymphoma. (From Jaffe et al 2001)

Precursor B-cell neoplams

Precursor leukaemia

/lymphoma

B-lymphoblastic
Mature B-cell neoplams
B-Chronic Lymphocytic Leukaemia
B-cell prolymphocytic leukaemia

Lmphoplasmacytic leukaemia /Waldenstrom

macroglobulinaemia
Mantle Zone Lymphoma
Hairy cell leukaemia
Plasmacytoma

Marginal Zone Lymphoma
Follicular Lymphoma
Mantle zone lymphoma

Diffuse Large B-cell Lymphoma

Burkitt’s lymphoma

Non classic HL

Nodular Lymphocyte Predominant HL

Precursor T-cell neoplasms

Precursor T-lymphoblastic leukaemia /lymphoma

Mature T-cell neoplams
T-cell prolymphocytic leukaemia
T-cell large granular lymphocytic lymphoma
Aggressive NK-cell lymphoma
Adult T-cell leukaemia /lymphoma
Extranodal NK/T-cell lymphoma
Mycosis Fungoides/Sezary syndrome
Systemic anablastic large T-cell lymphoma
Hepatosplenic T-cell lymphoma
Angioimmunoblastic T-cell lymphoma
T-cell

Primary cutaneous

disorders

lymphoproliferative

Enteropathy-type T-cell Lymphoma

Classic HL
Nodular sclerosis
Mixed cellularity HL
Lymphocyte-rich HL

Lymphocyte depleted HL
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1.1.2 Epidemiology of Non-Hodgkin Lymphoma (NHL)

The most striking finding in NHL is the unexplained increase in incidence over the past
twenty years in the Western world (Alexander, Mink et al. 2007). Age-adjusted
incidence rates show steady increase in both genders (Figurel-1) and the rates are
consistently higher in males more than females and in whites compared to non-whites.
Elsewhere extra-nodal B-cell lymphomas, nodal T-cell lymphomas, ‘high grade’
lymphoma and follicular lymphoma, are reported to have increased in incidence more
than others. In countries where HIV is more prevalent, increases in immunoblastic and

Burkitt-like NHL have been striking (Mead and Mason 1983).

Although the mortality of NHL has decreased in children and young adults, the overall
mortality has increased over time. The survival rate, however, differ considerably by
the histologic subtype. Low grade lymphomas as Follicular lymphoma (FL) and small
lymphocytic lymphoma (SLL) have higher rates than intermediate- grade lymphomas
such as DLBCL. High grade lymphomas such as CNS lymphoma and Burkitt’s
lymphoma have the poorest survival rates. Several risk factors are associated with the
development of NHL. These include immunodeficincy states, HIV, EBV (Brauninger,
Spieker et al. 2003), Helicobacter pylori (Greiner, Marx et al. 1994) and HTLV-1
(Burkitt 1983). Occupational and environmental exposure to pesticides, organic
solvents and UV radiation have been also linked to increased NHL risk (Dryver, Brandt
et al. 2004).
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18 males females - persons

10 .

Ye,* of diagnosis

Figure 1-1: Age-standardised incidence rate for NHL. From Office for National
Statistics. Cancer Statistics registrations: Registrations of cancer diagnosed in 2005,
England. Series MBI no.36. 2008

1.2 Diffuse Large B-  Cell Lymphoma

1.2.1 Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most frequent lymphoma in adults
worldwide, accounting for 30% to 40% of lymphoid neoplasms (Harris 1997). The
diversity in clinical presentation and outcome, as well as the pathologic and biologic
heterogeneity, suggest that DLBCL comprises several disease entities that may require
different therapeutic approaches. Although DLBCL is a potentially curable disease,
only 40 to 50 % of patients can be cured by anthracycline-based combination
chemotherapy, whereas the remainder succumbs to this disease, indicating that the
therapy should be tailored according to the genetic profile of individual patients

(Wright, Tan et al. 2003).
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Gene expression profiling has provided new insights into the biology of DLBCL by
identifying multiple markers involved in control of proliferation, apoptosis, signal
transduction, DNA repair. Alizadeh et al (2000) were able, by looking for signature
genes, to show that within low risk group, defined by the International Prognostic Index
(IPI), the distinction between germinal centre B-cell (CGB) and activated B-cell (ABC)
could further stratify patients for overall survival. CGB DLBCLs express hundreds of
genes that are characteristically expressed in normal germinal centre, whereas ABC
DLBCL down-regulate these genes. These genes encode well known germinal centre
CD10, along with a wide variety of transcription factors and signalling molecules such
as Bcl-6 and MUM-1 (Alizadeh, Eisen et al. 2000). Recently another GC marker, the
human germinal center-associated lymphoma (HGAL) was identified The restricted
expression and GC specificity of HGAL protein suggest that it may have an important
role in the diagnosis and subclassification of lymphomas and in the identification of

subtypes associated with different prognoses as well (Natkunam, Lossos et al. 2005).

Gene-expression profiling has identified three major subgroups of DLBCL, termed
germinal centre B-cell-like DLBCL (GCB-DLBCL). activated B-cell-like DLBCL
(ABC-DLBCL), and primary mediastinal DLBCL (PM-BCL). These three subgroups of
DLBCL are associated with a widely disparate clinical outcome with 5-year survival
rates of 59%. 30%. and 64% in patients with GCB-DLBCL. ABC-DLBCL, and
PMBCL respectively (Alizadeh AA et al. 2000, Rosenwald A 2003). In addition, GCB-
DLBCL is characterized by frequent REL amplifications, BCL2 translocations, and
ongoing somatic hypermutation of the immunoglobulin genes (Lossos. Alizadeh et al.
2000). In contrast, ABC-DLBCL and PMBCL have a constitutive activation of the
nuclear factor B (NF-B) pathway that they require for survival, which is not a feature of

GCB-DLBCL (Davis, Brown et al. 2001).
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1.2.2 Clinical Presentation

DLBCL, as with other types of NHL, is most commonly presented with painless
lymphadenopathy. Approximately 25% of patients present with anatomically limited
disease, while the remaining 75% having more advanced disease. Many patients
experience constitutional (B) symptoms. These include night sweats, night fevers and
unexplained weight loss. Extra-nodal involvement is quite common and almost any

organ can be affected by the disease (Oudejans, van Wieringen et al. 2009).

Several clinical parameters have been shown to be significantly associated with
outcome. These estimate the disease burden and the patient characteristics. The IPI
model was established in the early 1990s and it is still the best validated and most
successful prognostic tool. IPI comprises five elements: age, stage of disease,
performance status, extra-nodal sites and LDH levels. Despite the prognostic value of
[P1, it is purely based on the ability to predict clinical outcome without providing

insight into the biologic heterogeneity of DLBCL (Wilder, Rodriguez et al. 2002).

1.2.3 Pathology

In DLBCL, as the name implies, malignant B-lymphocytes diffusely efface the normal
architecture of the lymph node or extra-nodal site. The malignant cells are large,
transformed lymphoid cells with nuclei at least twice the size of a small lymphocyte.
DLBCLs typically express pan-B-cell markers CD19, CD20, CD22, CD79a and often
have surface immunoglobulin (50%-75% of cases). CD30 expression may occur, most

commonly with the anaplastic variant (ten Berge, Oudejans et al. 2003).

The Bcl-2 protein is expressed in 30-50% of DLBCL. and the prognostic significance of
Bcl-2 protein expression is controversial although in most studies it is associated with

reduced disease-free survival (Igbal, Neppalli et al. 2006). A proportion of cases
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express CDS5 but are cyclin-D1 negative. Expression of CD138 may be seen but mostly
in cases showing plasmablastic morphology but is rarely seen in other cases (Rafaniello

Raviele, Pruneri et al. 2009).

DLBCL comprises several morphological varieties immunoblastic, centroblastic,
anaplastic and T-cell rich (TCR). TCR is relatively uncommon morphologic variant of
DLBCL, representing about 3% of all DLBCLs in recent series (Sehn, Donaldson et al.
2005). The entity was first described as "T-cell-rich B-cell lymphoma" in 1988
(Ramsay, Smith et al. 1988). then the term "histiocyte-rich B-cell lymphoma" was
introduced by Delabie et al. describing minimal neoplastic B cells amid a prominent
infiltrate of histiocytes and small lymphocytes (Delabie, Vandenberghe et al. 1992). In
2001, the World Health Organization (WHO) formally defined T/HRBCL as a
morphologic variant of DLBCL characterized by fewer than 10% large neoplastic B
cells surrounded by a prominent inflammatory infiltrate, the majority of which are small

polyclonal T cells, with or without the presence of histiocytes (Jaffe ES 2001).

1.2.4 B-Cell Biology

The cross talk between normal B-cells ontogeny and their malignant counterparts is
indispensable for the understanding of lymphomagenesis (Figure 1-2). B cell
maturation process can be divided into four stages. The first stage is a B cell progenitor
stage before V (D) J recombination. The second stage is the generation of naive B cells
following V (D) J recombination, but before its encounter with antigen. The third stage
occurs in the germinal centre (GC) microenvironment and includes somatic mutation;
antigen selection and isotype switch events. The fourth stage is the post GC stage, which
corresponds to memory B cells and plasma cells, in which the mutational process had
been accomplished leading to the production of high affinity antibodies. Non-dividing

plasma cells, that are entirely dedicated to Ig synthesis and secretion, are the final
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effectors of humoral immunity. The cells in germinal centres demonstrate an extremely

high rate of proliferation and apoptosis (Engel and Hedrick 1988).

The first dangerous hurdle in B-cell differentiation is rearrangement of the
immunoglobulin genes of B-cell precursors in the bone marrow to form a B-cell
receptor (BCR). This molecular process, V(D)] RECOMBINATION, involves double-
stranded DNA breaks that are initiated by recombination-activating genes (RAG1 and
RAG2) and resolved by the non-homologous end-joining repair apparatus.
Occasionally, these breaks are resolved aberrantly, leading to chromosomal
translocations. In lymphomas, chromosomal translocations. created by aberrantly
resolved DNA breaks, typically replace the normal regulatory sequence of a gene with
heterologous regulatory elements that drive inappropriate gene expression near the

breakpoints (Oettinger 1992).

After antigen encounter, naive B cells follow one of three pathways: they can enter the
GC microenvironment, where they interact with T cells, follicular dendritic cells and
antigen; they can differentiate into short-lived plasmablasts outside of the GC; or they
can enter an unresponsive state known as anergy resulting in the production of memory
B-cells. In the GC, two molecular processes remodel DNA — immunoglobulin class
switch recombination (CSR) and immunoglobulin somatic hypermutation (MaclLennan

1994).
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DLBCL
GC
Memory B-cells
NaYve B cell CD5 Plasmablast
FL MZL
BL
LP-HL

Figure 1-2: Cell of origin of lymphoma in relation to normal differentiation. GC B-
cell is the origin of Follicular lymphoma (FL), Burkitt’s lymphoma (BL), Lymphocyte
predominance-HL and GC-DLBCL. Activated B-cell -DLBCL arise from memory B-
cells and Mantle zone Lymphoma arise from CD5 B-cells in the mantle zone ofthe GC.
Modified from (Kuppers, Klein et al. 1999).

B-cell lymphomas have been shown to arise from all steps along the B-cell
differentiation pathway. Although B-cell lymphomas show features of their
nonmalignant counterparts, they also acquire multiple genetic abnormalities that involve
their genesis and progression. Gene expression profiling studies have shown that B-cell
lymphomas retain at least some characteristics of their cell of origin (Rosenwald A

2003).

Most lymphomas are derived from germinal-centre (GC) B cells or from B cells that

have passed through the GC, indicating its role in the pathogenesis of B-cell lymphoma.
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As shown in Figure 1-2, the GC is surrounded by a mantle zone of naive B cells, most
of which express the CD5 marker. The marginal zone is a B-cell-rich zone located
between B-cell follicles and the T-cell area in the spleen. The origin of marginal-zone B
cells is debated, and probably includes post-GC memory B cells and naive B cells
involved in T-cell-independent immune responses (Papadaki, Stamatopoulos et al.

2007).

Extranodal mucosa-associated lymphoid tissue (MALT) lymphomas and nodal
marginal-zone B-cell lymphomas are presumably derived from marginal-zone B cells.
Splenic marginal-zone B-cell lymphomas comprise both follicular and marginal-zone B
cells, and often carry unmutated variable (V)-region genes. These lymphomas might
therefore be derived from naive B cells prone to undergo marginal-zone B-cell

differentiation (Dogan and Isaacson 2003).

Whereas most mantle-cell lymphomas are believed to be derived from CDS5" (naive) B
cells of the mantle zone, about 20-30% of cases carry mutated V-region genes,
indicating that they have passed through the GC. The origin of B-cell chronic
lymphocytic leukaemia (B-CLL) cells has been controversial. About half of the cases of
B-CLL carry mutations in V-region genes. Both subsets of B-CLL have been proposed
to derive either from CD5" B cells, memory B cells or marginal-zone B cells (Chiorazzi

and Ferrarini 2003).

1.2.5 Bcl-6

The proto-oncogene Bcl-6 was identified by virtue of its involvement in chromosomal
translocations associated with B cell-derived non-Hodgkin lymphoma (B-NHL). The
product of BCL6 is a nuclear phosphoprotein belonging to the BTB/POZ (bric-a-brac,
tramtrack, broad complex/Pox virus zinc fingers) zinc finger family of transcription

factors. BCL6 can repress transcription from promoters containing its DNA binding site
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(Davies, Hawe et al. 1999). In the B-cell lineage, Bcl-6 is selectively expressed in
mature B cells within germinal centre (GC), where B cells undergo immunoglobulin
gene hypermutation and isotype switching and are selected based on affinity maturation
(Oksana et al 2002).

The function of BCL6 is to repress genes involved in the control of lymphocyte
activation, differentiation and apoptosis within the GC. Downregulation of BCL6 is
necessary for normal B cells to exit the germinal centre, whereas BCL6 remains
constitutively expressed in a substantial fraction of B-cell lymphomas. Given the role of
BCL6 in DLBCL pathogenesis, BCL6 could be an excellent therapeutic target.
However, BCL6 is a fairly ubiquitous protein, and its functions in other organs must

also be considered (Parekh, Prive et al. 2008).

Bcl-6 can directly repress the transcription of the TP53 tumour suppressor gene. This
allows normal GC and DLBCL B-cells to escape apoptosis in response to DNA damage
and allows continued tumour-cell growth (Phan RT and Dalla-Favera R 2004).
Recently. BCL6 had been proven as a new target for TP53, regulated via a response

element frequently disrupted in B-NHL (Margalit et al 2006).

1.2.6 Bcl-2

Bcl-2 (B-cell leukaemia, lymphoma 2) was one of the first apoptosis regulating genes to
be identified in cases of follicular lymphomas with t(14;18). The dysregulated
expression of Bcl-2 is implicated in may cancers. Over-expression of Bcl-2 in cancer
cells leads to resistance to apoptosis induced by anti-cancer drugs and many other

apoptotic stimuli (Vaux et al 1988).

Bcl-2 family proteins share regions of conserved sequence similarity termed as BH

domains (Bcl-2 homology domains) with all members sharing at least one of the four
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identified BH domains (BH1-4) (Frenzel, Grespi et al. 2009). The Bcl-2 family of
proteins can be divided into three subfamilies based on their structural and functional
homology. The prosurvival (antiapoptotic) subfamily that includes Bcl-2, Bcl-xL and
Bcl-w, the second proapoptotic Bax subfamily including, Bax, Bak and Bok and the
third proapoptotic subfamily, which includes proteins such as Bid, Bad and Bim. In
general, the ratio of antiapoptotic to proapoptotic members is thought to dictate the fate
of the cell (Oltvai et al 1993).

BCL?2 is important in normal B-cell development and differentiation (Veis et al 1993).
Translocation (14; 18) (q32: q21). which is detected in 20-30% of diffuse large B-cell
lymphomas (DLBCL), is regarded as a major mechanism for Bcl-2 protein
overexpression. However, increased expression of BCL2 may also result from BCL2
gene amplification in DLBCL. The association of BCL2 protein over-expression with
survival of DLBCL is controversial, although a correlation with decreased overall

survival seems to exist (Colomo et al 2003).

1.3 Tumour Protein 53 (TP53)

1.3.1 Introduction

TP53 is a nuclear phosphoprotein that was discovered in 1979, forming complexes with
the large T antigen. in SV40 oncogene transformed cells (Linzer, Maltzman et al.
1979). From this start as a tumour antigen, TP53 stands today as the key tumour
suppressor in humans with over 52,000 papers published on this protein, to date.
Research on TPS53 is now proceeding at a blistering pace, and a complicated picture in
which the protein provides exquisite cellular protection coupled with remarkable
vulnerability has emerged. Human germ line mutations of 7P353 are responsible for the
Li-Fraumeni syndrome (LFS). characterized by elevated risk of developing childhood

and early-onset adult malignancies (Li 1990). Transgenic mice deficient in 7P53 are
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fertile, undergo normal development immunologically competency, but have a very
high incidence of tumours (Donehower, Harvey et al. 1992). In vitro, WT-p53 can
suppress or inhibit malignant transformation of cultured cells by viral or cellular
oncogenes, and stop growth of pre-transformed cells at the G1 phase of the cell cycle.
When DNA is damaged in vivo, TP53 levels increase and cell growth is interrupted,
pausing for either DNA repair followed by resumption of normal cell growth or
induction of programmed cell death (apoptosis). Cells lacking both functional alleles of
TP353 are unable to respond appropriately to DNA damage, permitting accumulation of
mutations and chromosomal rearrangements, and rapid selection of malignant clones

(Cadwell and Zambetti 2001).

TP53 is often referred to as the “cellular gatekeeper’ or the ‘guardian of the genome’
and its importance is emphasized by the discovery of mutations of 7P53 in over 50% of
all human tumours. TP53 functions faithfully by responding to constant bombardment
with genotoxic stress; whether causing cell cycle arrest, apoptosis, cellular senescence
or differentiation. In many cancers where 7P33 is wild-type, the TP53 pathway may be
altered by other oncogenic events. Functional inactivation of TP53 is not always the
result of a TP33 genetic defect. Viral and cellular oncoproteins that are capable of
transforming cells in culture have been shown to bind and inactivate TP53 (Hirose,

Masaki et al. 2003).

1.3.2 TP53 Protein Structure

The TP53 gene, located at 17p13. encodes a 53kD protein. 7P53 contains 11 exons
spanning 20 kb. It belongs to a family of highly conserved genes that also includes
TP63 and TP73. encoding p63 and p73 respectively (Benard, Douc-Rasy et al. 2003).
The human TPS53 protein comprises several domains (Figure 1-3): An amino-terminus
part (1-44) contains the transactivation domain. which is responsible for activating

downstream target genes; a proline-rich domain (58-101) that mediates TP53 response
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to DNA damage through apoptosis. DNA-binding domain (102-292) is a core domain
which is the target of most of TP53 mutations found in human cancers, oligomerization
domain (325-356), three putative nuclear localization signals (NLS) have been
identified in the C-terminus and two putative nuclear export signals (NES) (Berkson,

Hollick et al. 2005).

175 248 273 282

245 249
292 316 351 393
| HDM2)44 58 101 \/
< TAD [ PR DNA Binding Domain H 710 =1=

N
1.7% X 95.1% X 2/0 >

Nuclear Localisation Signal

Figure 1-3: TP53 protein domains. TP53 contains four highly conserved domains;
Transactivation domain (TAD), Proline rich (PR), DNA binding domain and
Tetramerisation domain (TTD). Codons 175, 245, 248, 249, 272 and 282 are considered
mutation hot-spots. Almost all of the point mutations that are found in cancers occur
within the central DNA-binding core of TP53; the percentage of mutations within each
region detected in cancers to date is indicated below. Modified from (Berkson, Hollick
et al. 2005).

1.3.3 TP53 Pathway

1.3.3.1 Upstream regulators of TP53 pathway (Input signals):

TP53 acts as a cellular stress sensor that is activated in response to DNA damage,
hypoxia, nucleotide depletion, aberrant growth signals, and chemotherapeutic drugs. All

these signals, regardless of the different input signal and the different consequences they
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pursue, converge to TP53 as the central node to monitor and respond to cellular stress as

shown in Figure 1-4 (Harris and Levine 2005).

Upstream Regulators of TP53 (Input)

Geontoxic Spindle Tonizing Heat/Cold Hyvpoxia Oncogenes
stress Damage Radiation Shock P &
ATM/ATR E2F
ACHK1/27
ARF
TP53 MDM2

Figure 1-4: Input signals of TP53. TP53 senses the DNA damage induced by several
input such as oncogenes and genotoxic stress. Modified from (Levine, Hu et al. 2006).

1.3.3.2 Core regulation of TP53: The HDM?2 negativefeedback loop:

One of the central components of TP53 regulation is the HDM?2, the human orthologue
of MDM2 (Murine Double Minute Clone 2). The HDM2 gene on chromosome 12q 12-
13 is induced by TP53. It encodes a protein that interacts with the N-terminal region of
TP53 directly masking the transcriptional activation domain and inhibiting TP53
tumour suppressor functions. HDM?2, acting as an ubiquitin ligase, it transfers

monoubiquitin tags to the lysine residues of TP53 leading to its degradation. Thus
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creating a negative feedback loop in which the TPS3 induces the expression of its own

negative regulator (Cheah and Looi 2001).

This auto-regulatory loop produces a TP53-HDM?2 oscillator that changes the levels of
both proteins. This oscillations are variable according to the type of cell and the
intensity of the input variable (Lahav, Rosenfeld et al. 2004). In some situations, HDM?2
transcription is induced later than that of other TP53 target genes; this may set a time
window within which TPS53 is allowed to exert freely its biochemical and biological
effects. However, it is noteworthy that excess HDM2 can also promote cancer

independently of TP53 (Bouska and Eischen 2009).

Alternative HDM2 slpice forms have been identified in Hodgkin's lymphoma (HL)-
derived cell lines. These isoforms were shown to have diverse effects on cell cycle
control that provide insight into their tumorigeneic mechanisms (Sanchez-Aguilera,
Garcia et al. 2006). Recently, the role of HDM2 as a positive regulator of TP53 activity
has also started to emerge. HDM2 stimulates TP53 mRNA translation by binding the
TP53 mRNA and. interestingly. this interaction also suppresses HDM2’s capacity to
promote TPS53 polyubiquitination and degradation. So the effect of HDM2 on TP53
expression is actually a balance between synthesis and degradation (Candeias, Malbert-

Colas et al. 2008).

Other HDM2-independent mechanisms affecting TP53 stability had been also reported.
The HDM2 family member MdmX is quickly emerging as a key regulator of TP53 as
well. Although the exact function of MdmX remains ambiguous, some evidence clearly
implicates MdmX as it is upregulated in many tumours expressing WT-pS53 (Parant,.
Reinke et al. 2001). Apart from the HDM?2 family members, once activated the TP53
induces the transcription of other ubiquitin ligases such as C'OP-I (COnstitutive
Photochromogenic-1) (Corcoran, Huang et al. 2004) and - (p53-induced RING-H2
domain protein) genes (Logan 2006).

16



Chapter 1 Introduction

1.3.3.3 Downstream regulators of TP53 pathway (Output signals):

TP53 is involved in several different aspects of cell cycle arrest. apoptosis. control of
genome integrity, and DNA repair. TPS53 as a tetramer, can bind to specific sequences
and thus transactivate a group of genes for example, p21/wafl, GADD-45, HDM2,
cyclin G, Bax, and IGF-BP3. Several groups have found that active TP53 is sensed
differently at different promoters, resulting in differential DNA binding and
transactivation On the other hand. TP53 can also inhibit the expression of some genes
such as Bcl-2 and topoisomerase 1la (Taylor and Stark 2001). TP53 activation results in
effector functions mediated by TP53-regulated genes that can be broadly divided into
four categories; apoptosis, cell cycle arrest, DNA repair and inhibition of angiogenesis
(Figure 1-5). The most extensively studied TP53 pathways are apoptosis and cell cycle

arrest.

Whilst having multiple downstream targets, the main target for TP53-induced cell cycle
arrest seems to be the p21/WAF1 gene. p21 has been identified by virtue of its
activation by TPS53, its association with cyclin/cyclin-dependent kinase (CDK)
complexes acting at the G,-S Transition. p21 binds to and inhibits CDK causing hypo-
phosphorylation of Rb, thus preventing the release of E2F and blocking the GI1-S
transition. Furthermore, the p21 protein was shown previously to interact with the
proliferating cell nuclear antigen (PCNA), thereby preventing DNA replication (Cayrol.
Knibiehler et al. 1998). Abnormalities of any of the downstream components of the

TPS53 pathway can have a phenotype similar to TP53 inactivation.
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Downstream Effectors (Output)

Binding of Bcl2,Bcl-XL

TP53 HDM2
Activation of BAX.BAK
Inhibition of
Cell Cycle : ;
Arreyst Apoptosis DNA Repair Angiogenesis
GADDA45 Maspin

Figure 1-5: TP53 Output signals. Several downstream functions are regulated by
TP53 such as cell cycle arrest mediated mainly (via p21), apoptosis (via NOXA, and
PUMA), DNA repair (via GADD45) and inhibition of angiogenesis (via maspin).
Modified from (Caron de Fromentel and Soussi 1992).

Although p21 is activated by TP53-dependent mechanisms in response to DNA damage
to ensure cell cycle arrest and repair, a variety of agents that promote differentiation can
up-regulate p21 independently of TP53. Similarly, the p21 gene can be activated by
transforming growth factor p, Ca2t, lovastatin, or nerve growth factor (Rao, Lowe et al.

1998).

Recently, a number ofreports demonstrated the induction ofp21 by inhibitors of histone
deacetylases (HDACs). The transcriptional activation ofthe p21 gene by these inhibitors
is promoted by chromatin remodelling, following acetylation of histones H3 and H4 in

the p21 promoter region. This activation ofp21 occurs in a TP53-independent fashion,
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and therefore HDAC inhibitors are promising agents for cancer therapy, since they are
operative in cells with mutated 7P53 gene, a hallmark of numerous tumours (Zopf,

Neureiter et al. 2007).

Mutations of TP53 result in the production of a protein with an abnormal structure and
prolonged half-life, which is unable to induce p21/WAF1 expression and accumulates in
the nucleus, the resulting over-expressed protein that can be detected by
immunohistochemistry. Consequently, the pattern of p21/WAFI1 cellular expression
correlates with nuclear accumulation of TPS53-encoded protein and/or 7P53 mutations.
The presence of the TP53+/p21- phenotype significantly impaired the outcome of
patients with GC-DLBCL, in contrast to patients with a non-GC phenotype (Visco,
Canal et al. 2006). Other cell cycle stages are also regulated by TPS3 including the
spindle checkpoint, centrosome homeostasis and the G,-M transition via 14-3-38 as a

cdk (Lee and Lozano 2006).

1.3.4 Regulation of Apoptosis

The process of apoptosis is tightly-checked process that lead to characteristic alterations
in cellular and subcellular structure, including cell shrinkage, nuclear fragmentation,
and chromatin condensation. The apoptotic pathway is a balance between pro and anti-
apoptotic signals. Depending on the extent and the nature of cell stressor, DNA damage
can induce cell cycle arrest to give the cell an opportunity to repair damaged DNA or
apoptosis, when the damage is beyond repair. Cell cycle arrest induced by TP53 is

mainly mediated by the CDK inhibitor (CKI), p21.

Apoptosis mediated by TPS3 on the other hand, depends on induction of numerous
proteins including pro-apoptotic members belonging to the BH3-only proteins family;
Bim (Bcl-2 interacting mediator of cell death), Puma (p53 up-regulated modulator of
apoptosis), and Noxa. These proteins instigate the intrinsic mitochondrial death

pathway either directly via disruption of the outer mitochondrial membrane, causing the
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release of cytochrome-C or smac-diablo, or indirectly by sequestering anti-apoptotic
proteins, such as Bcl-2 (Erlacher, Michalak et al. 2005). TP53 also induces the
transcription of Bax (Bcl-2 associated X protein) Bak (Bcl-2 homologous killer) which

inhibit the main pro-survival protein Bcl-2 as illustrated in Figure 1-6.

Moreover, a transcription-independent TP53-regulated apoptotic pathway was
identified, in which TP53 itself localizes to mitochondria and directly regulates the
mitochondrial antiapoptotic molecules Bcl-2 and Bcel-xL (Kuribayashi and El-Deiry
2008).

Damage is not repairable TP53 J Damage is repairable

(Bax) (NOX/T

Bak) rpUMA Bel2
(Bak) rp BCI-XL
NA Damage
Bcl2
Smac/ Cytochrome C
diablo
Apa TP53
Caspase 9
1APs
Caspase 3 Oncogenes
APOPTOSIS

Figure 1-6 : TP53 regulation of apoptosis. TP53 induces the proapoptotic proteins
PUMA and NOXA and can also directly localise to the mitochondria to regulate the
antiapoptotic proteins Bcl-2 and Bcl-XL. Modified from (Agarwal, Taylor et al. 1998).
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1.3.5 Post-translational modification of TP53

Rapid degradation of TP53 in normal cells is critical to efficiently dampen TPS53
activity under normal conditions, while the induction of a TP53 response is intimately
related to the stabilization of the TPS53 protein. The stabilization of TP53 involves
mechanisms to protect TP53 from HDM2 and is a common response to many different
and diverse forms of stress. The activation of TP53 and inhibition of cell growth in
response to these signals is thought to prevent the development and progression of
malignant cells, by preventing accumulation of genomic abnormalities and inhibiting
the outgrowth of abnormally proliferating cells, or cells growing under abnormal
conditions. Each of these stress signals is likely to inhibit HDM2-mediated degradation
of TP53, but this is achieved through numerous independent pathways (Li, Luo et al.
2002).

1.3.5.1 Phosphorylation of TP53:

Phosphorylation of TP53 induces conformational changes that alter interactions with
HDM2, and can also activate site-specific DNA binding activity. Recently, TP53 has
been shown to be phosphorylated at a number of sites after various forms of DNA
damage and several kinases have been implicated in this process. A plethora of kinases
have been shown to phosphorylate residues within the N-terminus of TP53 in vitro,
including ATM, ATR, DNA-PK, JNK and CKI. TP53 can be phosphorylated at
numerous serine and/or threonine residues within N-terminal and/or C-terminal regions
. as illustrated in Figure 1-7. (Nakamizo, Amano et al. 2008; Zhao. Traganos et al.

2008:; Jenkins, Yamaguchi et al. 2009).
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Figure 1-7: Post-translational modification of TP53 by phosphorylation. DNA
damage triggers TP53 phosphorylation at several N and C terminal residues by different
kinases. Modified from (Toledo and Wahl 2006).

On the other hand, HDM2 has been shown to be phosphorylated, possibly leading to
an inhibition of its ability to bind TP53, function as an ubiquitin ligase or export
TP53 from the nucleus. Although it well documented that TP53 can be
phosphorylated at several sites, which may profoundly affect the conformation of
TP53, the consequences of such phosphorylation for TP53 function are still unclear

(Kulikov, Winter et al. 2006).

The C-terminus of TP53 is of particular interest as a target for induced structural
changes. Within its C-terminus, TP53 could be phosphorylated at amino acids 315,
371, 372, 376, 378, 389, and 392, enhancing the in vitro specific DNA-binding
activity of TP53 (Qu, Huang et al. 2004). Phosphorylation within the N-terminal
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HDM2-binding domain in TP53 is most clearly involved in regulation of TP53
stability, by interfering with the ability of TP53 to bind to HDM2 (Unger, Juven-
Gershon et al. 1999). Interestingly, it was shown that TP53 phosphorylation at
Serine 392 is triggered specifically after UV irradiation but not after gamma
irradiation (Lu, Taya et al. 1998). Moreover, it was recently shown in mouse
embryonic fibroblasts that the absence of phosphorylation of TP53 at Serine 392
affects the basal expression of over two thousands — TP53 dependent genes (Bruins,

Bruning et al. 2008).

1.3.5.2 Other mechanisms of TP53 stabilization:

Although phosphorylation plays a role in stabilizing TP53 in response to some
forms of stress, it is now clear that not all TP53 activating signals depend on direct
phosphorylation. Some activating signals have been shown to specifically inhibit
the transcription of HDM2, thereby reducing HDM2 protein levels and increasing
TPS53 stability The stability of mutant forms of TPS53 in cancer cells indicates that
loss of TPS53 transcriptional activity results in a reduction of HDM2 expression and

failure to normally degrade TP53 (Hjerrild, Milne et al. 2001).

Cytoplasmic sequestration of TP53 would result in a similar inability of TP53 to
activate HDM2 expression, with consequent stabilization of the TP53 protein. In
this case, however, the cytoplasmic TPS53 protein would also fail to activate
transcription of other target genes that are necessary to mediate cell cycle arrest and
apoptosis, and is therefore likely to be defective in activating the full tumour
suppressor response. Expression of alternatively spliced versions of HDM2 in
tumours has also been correlated with stabilization of TPS3 (Jeyaraj, O'Brien et al.
2009).
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The best understood of the phosphorylation- independent stabilization mechanisms
at the moment involves activation of expression of the tumour suppressor protein

4" in humans, p14™*" binds directly to HDM2 in a region distinct from the

pl
TP53 binding domain, and inhibits the degradation of TP53 without preventing
binding. p14**" functions both by inhibiting the ubiquitin ligase activity of HDM?2
(Honda and Yasuda 1999) and by sequestering HDM2 into the nucleolus, thus
preventing nuclear export which is necessary for degradation. The activity of the
E2F1, one member of E2F family of transcription factors, is reflected by its ability
to stabilize TP53 (Elliott, Dong et al. 2001). Other oncogenes, such as Ras, Myc and
E1A have also been shown to stabilize TP53 through p14*%F

2003).

(Papp. Pemsel et al.

1.3.6 TP53 Family:

1.3.6.1 p63/p73

For a long time, TP53 was assumed to be the only member in his family. This
assumption was challenged by the discovery of other TP53 siblings; p63 and p73, in
1997 (Kaghad, Bonnet et al. 1997; Yang, Kaghad et al. 1998). These family members
share high level of sequence similarity with TPS53 in the DNA- binding domain,
allowing them to transactivate TP53-responsive genes causing cell-cycle arrest and

apoptosis.

However, although they shared homology, there are striking differences in function
between TP53, p73 and p63 as revealed by gene deletion studies. Thus, functional
spectrum of the TP53 family therefore exhibits diverse biological effects from
development. apoptosis and cell-cycle arrest and oncogenesis family by intermolecular
interactions is clearly evidenced by multiple-knockout mice, where TPS53 is completely

inactive if p63 and p73 are absent (Flores, Tsai et al. 2002)
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1.3.6.2 New TP53 isoforms

Another breakthrough in the field of TP53 research was the discovery of different
isoforms. TP53 gene transcription can be initiated in normal human tissue from two
distinct sites upstream of exon 1 and from an internal promoter located in intron 4.
Thus, TP53 now has a total of 12 possible mRNAs and 9 proteins (Bourdon, Fernandes
et al. 2005). Although it is still in the beginnings, it is clear that the isoforms show
different patterns of expression in tissues and cell lines. The expression of some of the
isoforms in tumours can infer a possible role in carcinogenesis. Furthermore, the
existence of dominant negative isoforms provides an explanation for an impaired TP53
response in the absence of coding region mutations. Moreover, the tissue-specific
expression of the TP53 isoforms could explain the tissue-specific regulation of TP53
transcriptional activity in responses to different stresses. Thus, the different output
signals adopted by TP53, resulting in the liver cell-cycle arrest in the liver or apoptosis
in the spleen in response to the same dose of the same stressor (Marcel and Hainaut
2009).

1.3.7 TP53 in DLBCL

The results of several studies support a relation between 7P53 mutations and the
development or progression of tumours as well as drug resistance (Sturm, Bosanquet et
al. 2003; Henriksson, Baldetorp et al. 2006). Mutation of the TP53 gene or an
accumulation of TP53 protein in tumour cells has been linked to prognosis in several
types of cancer. Yet, the prognostic significance of TP53 alterations is still a matter for
debate in the case of solid tumours. In B-cell chronic lymphocytic leukaemia, and in
multiple myeloma, 7P53 deletions have been associated with shorter survival and poor
response to therapy. 7P353 mutation in the cells of aggressive B-cell lymphoma was
associated with a poor response to chemotherapy and short survival (Ichikawa,

Kinoshita et al. 1997).
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Although mutations of TP353 gene are not a very common event in non-Hodgkin
lymphomas (NHL), yet, over-expression of TP53 protein seems to be a frequent finding
in these tumours. Mutations of 7P53, mostly missense, were observed in 20-30 % in
DLBCL cases with those in close proximity with DNA associated with a dramatic

clinical course (Zainuddin, Berglund et al. 2009).

Cancer-associated mutations in the TP53 gene occur almost exclusively within the
DNA-binding domain (exons 5-8), and inhibit the ability of TP53 to bind DNA in a
sequence-specific manner and activate gene transcription. The most frequently observed
TPS3 alterations occur at 7P53 residues that make direct contact with DNA. Mutations
in the DNA-binding domain, including the hot-spot mutations, may also confer a gain-
of-function to mutant TP53 that allow them to inhibit WT- p53 or p73, and thus actively
contribute to tumour progression. Testing for 7P53 mutations in tumour-derived cells
and tissue typically involves DNA sequence analysis of 7P33 exons 5-8, which encode

the DNA-binding domain (Lang, Iwakuma et al. 2004).

The impact of TPS3 alterations on tumuorigenesis is considerably more than the
statistics for 7P53 gene mutation indicate, as WT- pS3 may be functionally inactivated
by other mechanisms. WT- p53 is normally present at low levels and has a short half-
life. In contrast, mutations in 7P53 induce conformational changes which results in
altered protein having a longer half-life (4-8 hours) leading to accumulation of mutated
protein in cells making it possible to detect by immunohistochemistry (Adamson,

Thompson et al. 1995).
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1.4 Micro RNA 34a as potential TP53 target

1.4.1 Introduction

MicroRNAs (miRNAs) are a recently discovered class of small RNA molecules that
play a fundamental role in the regulation of eukaryotic gene expression. They are short
18-24 nucleotide RNAs that function as posttranscriptional gene regulators. These
small, non-coding RNAs have diverse functions, including the regulation of cellular
differentiation, development, proliferation and apoptosis. It is estimated that vertebrate
genomes encode up to 1,000 unique miRNAs, which are predicted to regulate
expression of at least 30% of genes (Lewis, Burge et al. 2005). miRNAs- regulated
gene expression is based on the study of the first two miRNAs, lin-4 and let-7, in
Caenorhabditis elegans. Lin-4 attenuates the translation, but not the mRNA level, of two
target genes, lin-14 and lin-28, by imperfect base pairing to complementary sequences

in the 3' untranslated region of the target mRNA (Cevec, Thibaudeau et al. 2008).

The central dogma of translational regulation is that gene expression may be controlled
by the efficiency of translation of a given mRNA in the absence of a corresponding
change in the steady-state level of that mRNA. Translational regulations provide the cell
with a more precise and prompt way of controlling expression of proteins that is readily
reversible. In addition, translational control also has the advantage of being energy-
efficient, that induce rapid changes in protein synthesis without the need for
transcriptional activation and subsequent mRNA processing steps (Sen and Roy 2007;
Cevec, Thibaudeau et al. 2008).

1.4.2 MiRNAs Biogenesis

MiRNAs are generated by a two-step process from long primary miRNAs (pri-

miRNAs) that are processed in the nucleus by the microprocessor complex, comprised
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of the RNase IIl enzyme Drosha and the double-stranded RNA binding domain
(dsRBD) protein DGCRS8 known as Pasha, to 60—70 nt precursor miRNA (pre-miRNA)
intermediates (Gregory, Nickels et al. 2004). Hairpin-shaped pre-miRNAs are
transported to the cytoplasm by exportin 5, where they are subsequently cleaved by
double stranded RNAse Dicer to generate an 22 nt miRNA (Kim 2005).

A single stranded miRNA is incorporated into RNA-induced silencing complex (RISC)
the other strand being degraded. RISC/miRNA complex represses protein translation by
binding to sequences in the 3' untranslated region of specific mRNAs and results in
either endonucleolytic cleavage of targeted mRNA or translational repression
depending on the degree of complementarity in the seed sequence, involving base 2-7
of the mature miRNA, between the guide RNA and the miRNA (Bartel 2004; Calin and
Croce 2006).
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Pre-miRNA
Transcription
iPasha
Pri-miRNA
o AAAAAAAA
Transcriptional Degradation of mRNA
. RISCk
Repression
Imperfect Base-pairing Perfect Base-pairing

Figure 1-8: miRNA biogenesis. (1) miRNAs are expressed in the nucleus as parts of
long primary miRNA transcripts (Pri-miRNA) which is digested (Drosha) to produce
the precursor miRNA (Pre-miRNA). (2) A cytoplasmic (Dicer) cleaves the pre-miRNA
leaving 1-4 nt 3' overhangs. (3) The single-stranded mature miRNA associates with the
RNA Induced Silencing Complex (RISC). (4) The miRNA/RISC complex represses
protein translation or degrades the mRNA according to base-pairing complementarity.
Modified and redrawn from (Saumet and Lecellier 2006).

1.4.3 Micro RNA (miRNA) in Cancer

miRNAs have been implicated in the regulation of cell cycle, proliferation and
apoptosis, the hall marks of tumorgenesis. Recent evidences indicate that miRNAs can
function as tumour suppressors and oncogenes according to their function in cellular
transformation and expression in tumours (Cummins and Velculescu 2006). Calin et al.
(2002) were the first to show a possible implication of miRNAs in tumourgenesis when
they detected miR-15 and miR-16 genes deletion in B-cell chronic lymphocytic
leukaemia (CLL) (Calin, Dumitru et al. 2002). In 2005, those miRNA were shown to

induce apoptosis by targeting Bcl-2 (Cimmino, Calin et al. 2005).
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Later on, the miRNAs were an attractive target for cancer researchers and many

miRNAs were directly linked to several forms of cancers as either oncogenes or

tumour-suppressor genes (Table 1-2). For example, let-7, miR-15a, and miR-16-1

function as tumour suppressor genes while miR-17-92, miR-155, miR-372, and miR-

373 are considered as oncogenes. This differential expression of miRNA in cancer can

provide new approach for cancer diagnosis and prognosis. Moreover, due to their

inherent function in RNA interference and gene silencing, miRNA could have a striking

effect in tumour therapeutics (Wang and Wu 2009).

Table 1-2: miRNAs in cancer. miRNAs can act as oncogenes or tumour suppressor
genes. Adapted from (Zhang, Pan et al. 2007).

miR-15a
miR-16-1
Let-7
miR-181
miR-17-92
miR-155
miR -20a
miR -372, 373

miR -21

CLL
CLL
Lung cancer
Brain tumours
Lung cancer, lymphoma
Breast cancer, leukaemia
Lymphoma, lung cancer
Testicular germ line tumours

Brain tumours

Tumour suppressor gene
Tumour suppressor gene
Tumour suppressor gene
Tumour suppressor gene
Oncogene
Oncogene
Oncogene
Oncogene

Oncogene
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1.4.4 miR-34 family of miRNA

MiR-34s belong to an evolutionarily conserved miRNA family, comprising three
members (miR-34a, miR-34b and miR-34c). There are two miR-34 loci in vertebrate
genome, one on chromosome 1p36 encoding miR-34a while both miR-34b and miR-
34c share a common primary transcript from chromosome 11q23. The expression and
consequences of miR-34 activation vary in a tissue-dependent manner. In mice, miR-
34a is ubiquitously expressed with the highest expression in brain, whereas miR-34b/c
is mainly expressed in lung tissues. Therefore, the two miR-34 genes presumably have

tissue-specific functions (Bommer, Gerin et al. 2007).

mir-34a is encoded by the negative strand of chromosome 1(1p36), a region with
common loss in many cancers, implicating its tumour suppressor function. Moreover,
in cell culture experiments, miR-34 induction contributes to important outcomes of
TPS53 activation including G, arrest, cellular senescence and apoptosis. The full
spectrum of miR-34 targets is still not fully elucidated, although some key cell cycle
and apoptosis effectors have been already validated. These effectors include cyclin E2,

E2Fs and Bcl-2 (Lee and Dutta 2006; Petrocca, Visone et al. 2008).

1.4.5 TP53 and miRNA:

Mutations of 7P53 occur in more than half of human cancers, this has lead to an
extensive research on 7P53 as the most important tumour suppressor gene over the past
twenty years. TPS53 acts as the guardian of the genome by monitoring cellular stresses
and responding accordingly. The effector functions of TP53 as well its upstream signals
form a complex network in which 7P353 acts as the main maestro of genomic integrity.
TPS3 leads to diverse cellular responses varying from cell cycle arrest, activation of
apoptosis and DNA damage repair. Which pathway is actually activated, is tightly

coordinated in a context- dependent manner. The discovery of extensive network of
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miRNAs and their up or down-regulation in cancers could represent another arm in this

complex pathway (He, He et al. 2007).

TP53 can act as a link between miRNAs and tumourgenesis by exploiting their RNA
interference property. Microarray studies showed that many miRNAs (e.g. (miR-23a,
miR-26a, miR-34a, miR-30c, miR-103, miR-107, and miR-18) are regulated by TP53.
Among the expressed miRNAs, members of the miR-34 family stand out as direct
TP53 targets that presumably mediate different TP53 effector function such as
apoptosis and cell cycle arrest. Thus, this family of miRNAs may add new layer to the
TP53 complexity (Corney, Flesken-Nikitin et al. 2007).

A genome-wide chromatin immunoprecipitation (ChIP) study by Wei et al noted a
presumptive TP53 binding region within 30 kb of the precursor transcription units for
both miRNA34a and miRNA34b/c (Wei, Wu et al. 2006). This was followed by other
studies involving Immunoprecipitation and luciferase reporters showing that TP53
could bind to and activate transcription of miR-34 (Bommer, Gerin et al. 2007). miR-34
induction contributes to important outcomes of TP53 activation including G, arrest,

cellular senescence and apoptosis.
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1.5 Rationale, hypothesis and aims of the work

Diffuse large B-cell lymphoma (DLBCL), the most common type of lymphoma, is an
aggressive lymphoma, known to be heterogeneous both regarding morphology and
clinical outcome. TP53 is known to play a critical role in cellular responses since it
responds to damaged DNA by induction of G1 arrest, and, if DNA is not repaired,
TP53 may induce apoptosis. TP53 dysfunction can induce abnormal cell growth and
mutant TP53 can deregulate apoptosis, resulting in increased cell survival, genetic

instability and eventually malignant transformation (Sigal and Rotter 2000).

Mutated 7P53 is also associated with resistance to chemotherapy (Harris 1996).
Alterations in the TP53 gene are less common in haematological malignancies than in
solid tumours, and in B-cell lymphomas, mutations are found in 10-20% of tumours
(Peller and Rotter 2003). Exons 5-8 of TP53, which contain highly conserved domains
(HCD), have been identified as TP53 mutational hotspots. Mutations outside hotspot
exons account for less than 5% of all mutations and are infrequent in lymphomas
(Moller, Ino et al. 1999).

The hypothesis is that although 7P53 mutations are less frequent in lymphomas, TP53
over-expression is quite a common finding. So alterations of TP53 by inactivating
mutations, or other mechanisms, could be important factors to disrupt this major

tumour suppressor pathway.

The aims of this project were:

e To investigate TP53 expression and functional status by assessing the following
proteins which are either regulators or direct targets of TPS53. These include
p21, HDM2, TP53 phosphorylated at Serine 392.

e To immunophenotypically characterize a cohort of 72 cases of DLBCL using 3
antibodies; Bcl2, Bcl6 and MIB1.
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e To identify 7P53 mutations involving exons 5-9 which represent the majority of
TP53 mutations in DLBCL.
e To determine the expression level of miR-34a in DLBCL sections.

e To correlate the immunohistochemical, molecular data of TP53 and related

proteins and also with miR-34a.
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2 Materials and Methods:

2.1 MATERIALS

2.1.1 Cases Details:

After obtaining the ethical approval for handling human tissue, wax embedded formalin
fixed tumour blocks from 72 cases of diffuse large B-Cell lymphoma. The cases were
39 males and 33 female aged 17 to 89 at diagnosis were retrieved from the UHL.
Anonymised histopathology reports for were obtained. Validated positive controls from
different human carcinomas were used according to the primary antibody of interest.
No primary antibody was done in parallel with each run for all antibodies. Normal
tonsils fixed in the same way were used as controls for optimization of

immunhistochemical analysis.

2.1.2 Cell Lines:

Five cell lines were used in the study each harbouring a mutation in TP53 were
obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA).
They were selected according to the 7P53 mutation status. 7P53 mutations were
retrieved according to their TP53 mutational status from:
(http://p53.free.fr/Database/Cancer_cell lines/p53 cell lines.html). The individual

characteristics for each line and their 7P53 mutations are shown in Tables 2-1 and 2-2.

HCT-15: Epithelial-like derived from colorectal adenocarcinoma. It contains a reported

mutation in exon 5.

JURKAT: Round cells derived from human, T -cell leukemia (T-ALL). It contains a

mutation in TP53 exon 6.

RAJI: Lymphoblastoid cells derived from human, Black, Burkitt’s lymphoma, and

contain a mutation in 7P53 exon 7.
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HT29: Epithelial -like cells derived from human, Caucasian, colon adenocarcinoma,

grade II. It contains a reported mutation in exon 8.

SW-480: Epithelial-like derived from human colon adenocarcinoma Grade III-IV. It

contains a reported mutation in exon 9.

Hep-G2: Epithelial-like derived from hepatocellular carcinoma. Wild-type TP53 cell

line which was used as a control in RT-PCR.

Table 2-1: Cell lines morphology and culture conditions.

HCT-15 Epithelial-like 90% RPMI 1640 + 10% Colorectal
FBS adenocarcinoma
Jurkat Round cells 90% RPMI 1640 + 10% T -cell leukaemia
FBS + 2 mM L-glutamine (T-ALL)
Raji Lymphoblastoid 90-95% RPMI 1640 + 5- Burkitt’s lymphoma
10% FBS
HT-29 Epithelial-like 90% McCoy's SA + 10% Colon
FBS adenocarcinoma
SW-480 Epithelial-like 90-95% RPMI 1640 + 5- Colon
10% FBS adenocarcinoma

Table 2-2: TP53 mutational status in cell lines.

HCT-15 Exon 5 153 0G CCC GCC Pro Ala
Jurkat Exon 6 196 OT CGA TGA Arg STOP
Raji exon’7 234 T>C TAC CAC Tyr His
HT-29 exon§ 273 G>A CGT CAT Arg His
SW-480 exon9 309 C>T CCC TCC Pro Ser
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2.1.3 Tissue culture reagents:

Dulbecco minimum essential medium (DMEM) Sigma
Dimethyl sulphoxide (DMSO) Sigma
Foetal Bovine serum Sigma
Trypsin/EDTA and sterile phosphate buffered saline GibcoBRL
Flasks (canted neck with 0.2 um vented plug seal cap) Falcon

2.1.4 Antibodies and serum

Normal rabbit serum Gibco
Strept ABC complex/AP kit Dako
Primary Antibodies:

Different antibody dilutions and different buffers in heat induced antigen retrieval were
tested on positive controls according to manufactures’ data sheet to get the best staining

intensity and the least background (Table 2-3).

Secondary antibody: Biotinylated rabbit anti-mouse 1: 400 dilution from Dako.
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Table 2-3: Primary antibodies used in immunohistochemistry.

TP53 Pharmingen Do-1 1:1000 citrate buffer Colorectal
pH 6.0 carcinoma
p21 Dako SX118 1:50 TE buffer Gastric carcinoma
pH 9.0
MDM2 Abeam SMP14 1:200 Citrate buffer pH Breast Carcinoma
6.0
Phospho- Novocastra NCL-p53- 1:200 TE buffer Colorectal
p53 CMI pH 9.0 carcinoma
Ki-67 Dako MIB-1 1:100 Citrate buffer pH Normal tonsil
6.0
Bel-2 Dako 124 1:50 TE buffer Normal tonsil
pH 9.0
Bel-6 Dako PG-Bép 1:20 TE buffer Normal tonsil
pH 9.0
2.1.4.1 TP53:

Do-1 mouse monoclonal IgG2a from Dako. It recognizes N-terminal epitope mapping
between amino acid residues 11-25 of TP53 of human origin detecting both WT and
mutant TP53. Do-1 was validated to be used on archival histology specimens fixed in

formalin and embedded in paraffin (FFPE) (Vogelstein and Kinzler 1992).

2.1.4.2p21:

p21 mouse monoclonal antibody from Santa Cruz, clone SX118. The epitope
recognized by this antibody is localized to the amino acids 146-164 of p21. It has been

validated for immunohistochemical detection of p21 in FFPE sections (Sherr 1993).
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2.1.4.3 MDM2:

SMP14 mouse monoclonal from Abcam. It corresponds to amino acids 154-167 of
human MDM2. Its use on FFPE tissue sections has been documented (Zhang and
Xiong 2001).

2.1.4.4 Phosphospecific p53:

NCL-p53-CMI mouse monoclonal antibody clone FP3-2, IgG1. It detects human TP53
phosphorylated at serine 392 and can be readily used on FFPE sections (Matsumoto,
Furihata et al. 2004).

2.1.4.5 MIB-1:

MIB-1 mouse monoclonal IgG1. It has now been established as a reference monoclonal
mouse antibody for the demonstration of the Ki-67 which is preferentially expressed
during all active phases of the cell cycle (G1, S, G2and M-phases), but it is absent in
resting cells (GO-phase). It has been validated for use on FFPE specimens (Huuhtanen,
Blomgyvist et al. 1999).

2.1.4.6 Bcl-2:

Clone 124 mouse monoclonal antibody, IgG1. The antibody labels cells that express
Bcl-2 oncoprotein and its use on FFPE sections has been validated (Adams and Cory

1998).

2.1.4.7 Bcl-6:

Mouse Anti-Human BCL6 protein, Clone PG-B6p, is intended for use in
immunocytochemistry. The antibody labels cells expressing BCL6 protein and can be
applied on FFPE sections (Nakamura 2000).
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2.1.5 PCRoligonucleotides:

Table 2-4: Primers used in PCR amplification of TP53 exons 5-9.

Exon

Exon

Exon

Exon

Exon

TP53Ex5aF
TP53ex5aR
TP53ex5bF
TP53ex5bR
TP53ex6aF
TP53ex6aR
TP53ex7aF
TP53ex7aR
TP53ex8aF
TP53ex8aR
TP53ex9aF
TP53ex9aR

CTTGTGCCCTGACTTTCAACTCT
CGTCATGTGCTGTGACTGCT
TGTGCAGCTGTGGGTTGATT
AGCAATCAGTGAGGAATCAGAGGCC
CTTGTGCCCTGACTTTCAACTCT
CTTAACCCCTCCTCCCAGAG
TTGGGCCTGTGTTATCTCCTAG
GGGTCAGAGGCAAGCAGAG
CTTGCTTCTCTTTTCCTATCCTGA
TAACTGCACCCTTGGTCTCC
TGCAGTTATGCCTCAGATTCA
AAGAAAACGGCATTTTGAGTG

2.1.6 RT-PCR Analysis:

Table 2-5: Primers used in RT-PCR expression determination of miRNAs.

18s Forward
18s Reverse
MiRNA-34a
Forward
MiRNA-34a
Stem-loop RTP
Stem-loop
primer
Common

Reverse primer

GTAACAAGGTTTCCGTAGGT
TTGTTGCAACGAACAGGTC

TTGGCAATCACTAACTCCACTG

GTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAA
CC

GTCGTATCCAGAATTTGTTGCAACGAACAGGTCTGGATACGACTAA
TGATC

AGTGCAGGGTCCGAGGTATT
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2.1.7 General Laboratory reagents:

Thermal cyclers

Ammonium Persulphate (APS)
Boric acid Fischer
Bromophenol Blue

Centri-sep spin columns
dNTPs

EDTA

Formamide

Glycerol

100 bp ladder

MDE 2X gel solution
Magnesium chloride
B-mercaptoethanol
N,N,N’,N’-tetramethylethylenediamine(TEMED)
QIA quick PCR purificatio Kit
Silver Nitrate

Sodium hydroxide

Taq DNA polymerase

Tris base

Xylene cyanol

Materials and Methods

Perkin Elmer 9700,
Gene amp
Sigma
Scientific
Sigma
Princeton
Invitrogen
Sigma
Sigam
Sigma
Gibco
Lonza
Sigma
BDH
Sigma
Qiagen
Sigma
Sigma
Promega
Roche

Sigma
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2.1.8 Commonly used solutions and buffers:

AlJ buffer: 45SmM Tris-HC] (pH 8.8), 1 ImM ammonium sulphate, 4.5 mM magnesium
chloride, 110pg/ml BSA, 16.7 mM B-mercaptoethanol, 4.4 mM EDTA (pHS8.0), 200
mM dNTPs in water.

Agarose gel loading buffer: 0.2% Bromophenol blue, 0.2% xylene cyanolFF, 0.4 M
Tris-acetate, 50% glycerol, 0.02M EDTA, pH 7.5.

Blocking solution: 50ml TBS, 3% BSA, 0.01% Triton X100 and filtered.
Diaminobenzidine solution: 0.5mg/ml Diaminobenzidine, 0.03 hydrogen peroxide.

Eosin Solution: 20g Eosin,1800ml water, 1M1% calcium Chloride, 2MI1 38-40%
Formaldehyde.

Ethidium Bromide solution: 10 mg/ml in water

Formamide Dye Mix: 95% Formamide, 0.005% Xylene cyanol FF, 0.005%
Bromophenol blue, 10mM EDTA, 0.1% SDS.

Mayer's Haematoxylin Solution: 0.1% Haematoxylin, 5 ammonium or potassium alum,

0.02% sodium iodide, 0.1 acid, % choral hydrate

Phosphate buffered solution (PBS):137mM sodium chloride, 10mM sodium phosphate,
2.7mM potassium chloride, pH 7.4.

Red Developer: VAB 50 ml, Levamisole 12 mg, FRTR 25 mg and Naphthol 25 mg in
250pl DMF.

Silver Staining of SSCP gels:

e Fixer: 10% IMS, 0.5% Glacial acetic acid
e Stain: 1% silver nitrate
e Developer: 1.5% sodium hydroxide, 0.16% formaldehyde.

o Neutralizer: 0.75% sodium carbonate

10X TBE Buffer: 108g/1 Tris, 55g/1 boric acid, SmM EDTA, pH8.0 in water.
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SSCP denaturating Buffer: 95% formamide, 0.25 Bromophenal Blue, 0.25 Xylene blue,
10mM sodium hydroxide.

SSCP gel loading buffer: 0.25 Bromophenol blue, 0.25% Xylene Cyanol, 30% Glyceol

in water.
Tris-borate-EDTA (TBE): 100mMTris-base, 100mM Boric acid, 2mM EDTA.
Tris buffered Saline (TBS): 137mM sodium chloride, 10mMTris-base, pH7.4.

50X TAE buffer: 0.4 Tris- acetate, 0.2M EDTA, pH 7.5

2.2 METHODS:

2.2.1 H&E:

The sections mounted on silanated microscope slides were prepared by immersion in
Xylene (5 minutes, twice), followed by graded alcohols (99% 2x1 minute, 9%
Iminute). Then they were immersed in Mayer’s Haematoxylin solution, for
approximately 5 seconds, rinsed in running tap water, briefly immersed in Eosin
solution and rinsed in running tap water. The stained sections were then dehydrated by
immersion in graded alcohols (95% and 99% IMS for 15 seconds each) and transferred

to Xylene before being mounted using DPX mountant.

2.2.2.1 Coating Of the slides:

Vecta bond was used for coating microscope slides to increase the adherence of the

sections to the microscope slides.
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2.2.2.2 Assessment of TP53 by Immunohistochemistry

Sections were prepared by immersion in Xylene (5 minutes x2) followed by graded
alcohols (99% 2x1 minute, 9% Iminute), washed in running tap water ( Sminutes).
Heat induced antigen retrieval was done by microwaving the slides in a 10mM citrate
buffer pH 6.0 at 750 watts for 20 minutes. The sections were left to cool slowly to room

temperature for at least 45 minutes.

The sections were covered with 100-200pul (according to the size of the section) of 20%
normal rabbit serum diluted in blocking solution for 10 min in a humid chamber at
room temperature to block non-specific staining. Excess serum was then carefully
removed with a tissue and a 1:1000 dilution of primary antibody (DO-1) was added to
each section and allowed to incubate in the humid chamber overnight at 4°C. The

primary antibody was then washed off using TBS.

Then, 100pl of a 1:400 dilution of biotinylated secondary antibody (rabbit anti-mouse)
was added to each section and incubated for 30 min at room temp. During this
incubation time, the Avidin —Biotin -Alkaline phosphatase complex was prepared as

manufacturers’ instructions.

The secondary antibody was washed off and the ABC-AP solution added (100u1-200ul
per section) and incubated at room temperature for 30 min. TBS was used to wash off
the ABC solution and 200ul of NBT/BCIP were added for 20 minutes. The NBT/BCIP
solution was prepared as follows; one tablet of NBT/BCIP is dissolved in 10 ml of UP

water, hand shaken, and filtered twice.

The slides were then washed in TBS, followed by, running tap water for 5 min and
counter stained briefly for 10 sec with Mayer’s Haematoxylin. The sections were
finally dehydrated by immersing in graded alcohol to xylene and mounted using

aqueous mountant.
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Assessment of the TP53 was done by testing 10 different fields of the section and

counting and taking photograph of the immunopositive cells in the ten fields and. The

number of immunopositive cells was divided by the total number of the counted cells,

based on the total count of cells identified by B-cell markers CD20 and CD79a in

similar fields. The expression was defined as the percentage of positive cells in the total

number of the counted cells.

2.2.2.3 Assessment of p21, MDM?2 and phospho-p53 by Immunohistochemistry

Other Antibodies were stained in the same way with some modifications:

p21 immunohistochemistry: Heat induced antigen retrieval using TE buffer pH
9.0.

MDM2 immunohistochemistry: Heat induced antigen retrieval using citrate
buffer 6.0. Red developer was used for 60 minutes instead of NBT/BCIP.

The red developer was prepared in the fume hood by dissolving 12 mg of
Levamisole, followed by 25 mg of FRTR in 50 ml of VAB. Finally, mg25 mg
of Naphthol was dissolved in 250 ul DMF and added to the solution. The

solution was then filtered.

Phospho- p53 immunohistochemistry: Heat induced antigen retrieval using TE
buffer pH 9. Novalink polymer kit replaced ABC-AP complex and DAB
solution replaced NBT/BCIP. DAB was prepared by adding 1ml DAB to 50 pl
chromogen and was left on sections for 5 minutes. The sections were then

rinsed, counterstained and mounted using the DPX mountant.
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2.2.3 DNA extraction:

2.2.3.1 From Fixed tissues

Areas of interest were first determined by examining the H&E stained section. The
Formalin fixed, wax embedded sections were dewaxed and rehydrated through 99%
IMS and 95% IMS and left to air dry.

Areas containing the tumour cells were carefully scrapped in 500ul of 0.05 Tris pH
8/0.1% SDS. Proteinase K was then added to give a concentration of 1mg/ml and
overnight incubation was done for 48 hours. This incubation was further increased to 4

days to enhance the DNA yield.
e Phenol / chloroform purification:

Equal volume of phenol/24:1; chloroform:isoamyl alcohol (pH 7.5) was added, the
solution mixed briefly and then centrifuged at 13,000 rpm for minutes. The aqueous
layer containing the DNA was decanted into a fresh eppendorf and the process
repeated. The aqueous layer containing the DNA was eluted again into a fresh

eppendorf.
e Ethanol precipitation:

To the extracted DNA, 2.5 volumes of 100% Ethanol 1/10 volume of 1M NaCl and 1l
glycogen were added, this was mixed and left at -20°C to precipitate or overnight . The
DNA was pelleted at 13,000 rpm for 15 minutes at 4 °C and the supernatant removed.
The remaining pellet was washed (with care) with 70% ethanol /IMS and spun for a
further 15 minutes at 4 °C. The supernatant was once again removed and the sample
was left to air dry for approximately 15 minutes. The pellet was re-suspended to the
original volume of sterile UP water (30-50ul). Later on the Qiagen extraction kit was
used for extraction of DNA from paraffin embedded sections as this was attributed to

higher DNA quality and better SSCP staining of the bands.
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2.2.3.2 DNA extraction from cell lines

Five cell lines were used as positive controls for 7P53 SSCP analysis as they contain
reported 7P53 mutations within the exons of interest as previously mentioned in
materials section. The cells were grown to approximately 90% confluency at 37 °C in
washed with sterile PBS and then harvested by incubation at 37 °C for 2-3 minutes in a
trypsin/EDTA solution to encourage detachment from the flask walls. The walls of the
flasks were then washed with warm PBS and the cell suspension centrifuged at 1000

rpm for 5 minutes.

The cells were then pelleted (centrifuged at 1000 rpm for 5 minutes), re-suspended in
rapid extraction buffer containing Proteinase K and incubated for 3 hours at 56 °C. The

DNA was then purified by Phenol: chloroform extraction as previously described.

2.2.4 PCR

The DNA, micro-dissected from tumour samples and extracted from cell lines, was
amplified using Hot Start PCR on Perkin Elmer thermal cycler. The sequences of the
oligonucleotides used are given in materials section. The samples were subjected to 40

cycles of amplification under the following conditions (Table 2-6).

Reaction
10X AJ Buffer Sul
Template DNA 1pl
Primers (F/R) 1l each
Taq Polymerase 1 unit
PCR grade water 40ul
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Table 2-6: PCR conditions for primer sets used.

5F/5R

6F/5R

7F/5R

8F/5R

9F/5R

94°C 5 min

94°C 5 min

94°C 5 min

94°C 5 min

94°C 5 min

94°C 30 secs; 60°C 30 secs; 72°C 30 secs
94°C 30 secs; 60°C 30 secs; 72°C 30 secs
94°C 30 secs; 60°C 30 secs; 72°C 30 secs
94°C 30 secs; 60°C 30 secs; 72°C 30 secs

94°C 30 secs; 60°C 30 secs; 72°C 30 secs

72°C 7 min

72°C 7 min

72°C 7 min

72°C 7 min

72°C 7 min
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2.2.5 SSCP Gel Analysis

Single Stranded conformation polymorphism (SSCP) is a gel electrophoresis based
technique, which allows the detection of mutations and polymorphisms in PCR
products. First announced in 1989 as a new means of detecting DNA polymorphisms,
or sequence variations, SSCP analysis offers an inexpensive, and labour efficient

method for scanning for genetic variation before sequencing (Sunnucks et al. 2000).

It is based on the principle that the electrophoretic mobility of a single stranded DNA
through a gel is dependent on size, charge and shape of the molecule, unlike the
mobility of double stranded DNA which is dependant only on size. Under non-
denaturing conditions, single stranded DNA has a folded secondary structure that is

determined by intramolecular interactions dictated by its nucleotide sequence.

A single nucleotide difference between two similar sequences is sufficient to alter the
secondary structure of one relative to the other, resulting in the difference in mobility of
the sequences. Under specific conditions, this altered mobility can be detected visually
on the gel, and the resulting band shift sequenced to investigate the type of alteration

present as shown in Figure 2-1.
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Figure 2-1: The principle of SSCP analysis. Modified from (Gasser, Hu et al. 2006).
The DNA of interest is subjected to PCR amplification, followed by denaturation at
94°C for 3 minutes followed by rapid chilling on ice. The products are then resolved on
mutation detection enhancement (MDE) gel system. Aberrant bands are selected for
further sequencing.

The cases were screened for mutations and/or polymorphisms using SSCP analysis
following PCR amplification performed on tumour samples using oligonucleotides
designed from the flanking intronic sequences of 5 individual exons of the TP53 gene

(exons 5-9 as described in materials).
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The products from standard PCR using the 7P53 exon 5-9 were combined with a
denaturing stop solution containing NaOH, denatured at 94°C for 3 minutes and chilled
on ice for 5 minutes. The products were resolved on 0.6X non- denaturing mutation

detection enhancement (MDE) gel system to detect any mutations or polymorphisms.

The gel running conditions were individual to the product size from the PCR primer set
used, but generally, they were fractionated on a dual midi-system (20cmx20cm) at 4°C.
In general, the gels were subjected to a constant power of 350v, for 30 minutes,
followed by 300V, overnight at 4°C. Cells lined mutant for each exon were used as
positive controls after a database search to identify mutant cells lines as stated in

materials.

2.2.5.1 SSCP gel preparation:

A 20x20 cm gel glass plates were first washed with up water and 75% alcohol 5 times
to remove grease. One mm spacers were placed between the plates and glisseal was
applied to create a seal. The plates were sealed in a gel-pouring rack and gel solution
was prepared. MDE gel was used at 0.6-0.8X final concentration in 0.6X TBE buffer
depending on amplicon size. Ammonium persulphate 10% solution and N,N,N*,N"-
tetramethylethyl enediamine (TEMED) were added to final concentration of 0.5ul/ml.
The gel was poured between the plates using a syringe and Imm comb was inserted.

The gel was then allowed to set at room temperature for 2 hours.

2.2.5.2 SSCP sample preparation:

Adjusted volumes (3-8.5ul) of PCR products, according to band intensity on 3%
agarose gel, was added to 9ul SSCP loading buffer and heated to 95°C for 5 minutes
and immediately chilled on ice for 5 minutes. The PCR product/SSCP loading buffer
was then loaded onto the gel and the gels were run at 500 V for 30 minutes followed by

270-350 V overnight depending on amplicon size.
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2.2.5.3 Silver staining

The gels were first fixed by incubation in 10% IMS/0.5 Acetic acid for 2x3 minutes
followed by a 0.1% solution of Silver Nitrate for 15 minutes. After rinsing briefly in 2
changes of water, the gels were developed in an aqueous solution of 1.5% NaOH/16%
formaldehyde until the bands became clear. This was then discarded and replaced by

0.05 Na2Co3 as the neutraliser for at least 1 hour then the gels were photographed.

2.2.5.4 Selection of Aberrant bands:

A sterile, disposable needle was used to stab the gel over the band. Then, this needle
was then placed into 20ul of standard PCR buffer in a thin-walled eppendorf and then
discarded, and the scratched products re-amplified with 40 cycles of PCR using the

same primer set. The re-amplified products were run on a 3% agarose gel.

2.2.6 Sequencing:

2.2.6.1 DNA purification

The successfully re-amplified products were subjected to a clean-up procedure using
the QIAquick DNA Cleanup System (Qiagen). This purification system was used to
remove PCR components such as primers and enzymes as well as traces of MDE gel in
the product. This was achieved efficiently using a bind-wash elute procedure to remove

possible contaminants.

2.2.6.2 Sequencing Reaction

The automated service offered by the Protein and Nucleic Acid Chemistry Laboratory
(PNACL), University of Leicester, uses the ABI prism377 sequencer. Completed and
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purified reactions were provided to them for sequencing. The sequencing reaction was

performed using the Big Dye Terminator protocol.

The purified PCR products (3-8.5ul according to the strength of bands) were added to
8ul Big Dye Terminator Mix and 3.5ul PCR primer. The reaction mix was subjected to
40 cycles of PCR as follows:

96°C: 10 seconds; 50°C: 5 seconds; 60°C: 4 minutes; soak at 4°C

The samples were then purified again using the Centri-Sep columns to remove un-
incorporated dyes and primers. The sequencing data was received electronically and
subsequently analysed using the Chromas Software 1.45 and 2. The sequence copied in
was compared to wild-type T7TP53 sequence using the Blast-n search:
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).RNA extraction and production of cDNA using

stem loop RT primer.

Cell line lysis in Tri-Reagent™ (Sigma) was thawed out as required. Total RNA was
then extracted using Tri-Reagent™ as described by the manufacturers. Tissues are
micro-dissected under the guidance of H&E stain of the same tumour section. The
RNA pellet was then air dried before being re-suspended in sterile ultra-pure water.
Paraffin sections from normal tissue and DLBCL cases, not belonging to the T-cell rich
subtype, were extracted using 0.05M Tris pH 8.0. 0.1% SDS before being incubated
overnight at 37°C with proteinase K (final concentration of 0.5 pg/ml).

Total RNA was then extracted using Tri-Reagent™ as described in the manufacturer’s
instructions. The total RNA was then used to produce cDNA using AMV reverse
transcriptase (3.33 U/ul) (Promega), 1X RT buffer (Promega), 0.25mM dNTPs, 0.25
U/ul RNase inhibitor and 55 nM stem-loop primers (Sigma) as described in. The 25ul
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reactions were then incubated in a thermal cycler (7500 fast Applied Biosystems) for 30
mins at 16 °C, 30 mins at 42 °C, 5 mins at 85 °C followed by soak at 4 °C.( Chen at al
2005). The cDNA was then stored at 4 °C until required for RT-PCR. Appropriate RT

reactions were also carried out using sterile ultra-pure water.

2.2.7 Real Time PCR detection of miRNA expression:

Real time PCR was carried out using a SYBR™ green PCR protocol on a Step-one
Plus™ PCR machine The 10ul PCR reaction contained 4 pl cDNA (diluted 1:5), 0.2ul
from forward and reverse primer (2nM), Sul SYBR Green Master mix™ and 0.06pl
water. The reactions were incubated in a 96-well plate at 95 °C for 10 min, followed by
95 °C for 15 seconds and 62 °C for 1 minute. The reactions were run in triplicate with
appropriate RT reactions and water blank also being run. The cycle threshold (Ct) was
then determined using the default threshold settings.

The mature miRNA nucleotide sequences were obtained from the miRBase at the
Sanger institute (http://microrna.sanger.ac.uk/) .The miRNA primers were designed
using Primer 3. Stemloop primer for miR- 34a was designed by Dr. James H Pringle,
Department of Cancer studies and Molecular Medicine, University of Leicester. All of
the oligonucleatides used for PCR analysis were validated by performing a BLAST
(Basic Local Alignment Search Tool) search (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Housekeeping Genes 18S rRNA was used as the endogenous control for normalization

in RT Quantitative analysis of gene expression.
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Figure 2-2: The principle of Stem loop RT reaction (Modified and redrawn from
Chen at al 2005).

2.2.8 Statistical analysis:

The data variables were grouped as scale, nominal or ordinal. Two-tailed p values were
generated for two contingency tables, using Fisher’s exact test, and for larger tables
using Chi-square analysis. Spearman's correlation test was used for assessment of
correlation between two continuous variables. Non-parametric Mann-Whitney Test was
used to compare the median age of diagnosis between different phenotypes. Kruskall-
Wallis test was used to correlate the proliferation index and other parameters. The
program SPSS for Windows Release 10 was used for statistical analysis. The results

were considered as statistically significant when p<0.05.
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3 Chapter 3: Inmunohistochemical analysis of TP53
pathways

3.1 Introduction:

Diffuse Large B-cell lymphomas (DLBCL) represent the most common type of NHL in
Western world. They are characterised by heterogeneous clinical, immunophenotypic
and genetic features. DLBCL is a heterogeneous category comprising all lymphoid
tumours composed of large neoplastic B cells that do not satisfy the criteria of other
more accurately delineated lymphoma entities (Harris, Jaffe et al. 2000). Alterations of

several cell cycle regulators have been identified in DLBCL including the 7P53 gene.

Activation of TP53 induces a plethora of effector functions. It was estimated to induce
or repress more than 150 genes involved in cell cycle regulation (Vousden 2000). The
p21/WAF1 gene is a transcriptional target of TP53, required for cell cycle arrest in
response to DNA damage and cellular stress, via its function as a cyclin-dependent
kinase inhibitor. Because the p21/WAF1 gene itself is not a target for mutations,
identification of the p21-negative phenotype most likely reflects the presence of a non-
functional, mutant TP53 that has been also associated with an aggressive clinical course
(Shariat et al 2003).

The HDM2 proto-oncogene binds to TPS53 and acts as a negative regulator, inhibiting its
transcriptional transactivation activity’ Over-expression of HDM2 may overcome WT
p53-mediated suppression of transformed cell growth, and it is one of the mechanisms
inactivating TP53 function. Because TP53 transactivates HDM2, over-expression of
HDM2 products in the context of an altered TP53 could be explained by mutations
acquiring "gain of function". Such paradigm for 7P53 mutations has been reported to
enhance tumorigenicity, metastatic potential, and resistance to certain therapeutic agents
(Foroutan, Ali Ruf et al. 2007). Alternatively, HDM2 over-expression could be
produced by the transactivating functions of the recently described TP53 homologues,

p63 and p73 (Kato, Shimada et al. 1999).
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Post-transcriptional modification of TP53 by phosphorylation of numerous serine and
threonine residues within the N- and C-terminal regions of this protein has been
proposed to be an important mechanism by which TP53 stabilization and function are
regulated (Meek 1994). Phosphorylation of TP53 at Serine 392 was the more frequent
modification among other possible phosphorylation sites of TP53 in human tumour-
derived cell lines and tumour tissues (Minamoto, Buschmann et al. 2001). Moreover,
Serine 392 phosphorylation regulates the oncogenic function of mutant 7P53 by
facilitating cellular resistance to DNA-damaging agents (Yap, Hsieh et al. 2004).

3.2 Aims:

e To investigate TP53 and related protein expressions in DLBCL.

3.3 Objectives:

o To investigate TPS3 expression and functional status by assessing the following
proteins which are either regulators or direct targets of TP53 namely, p2l,
HDM2, TP53 phosphorylated at Serine 392.

e To characterize by immunophenotyping a cohort of 72 cases of DLBCL using 3
antibodies; Bcl2, Bcl6 and MIBI.

e To correlate the results of the routine immunohistochemical panel used for

DLBCL diagnosis with TP53 and related protein expressions.

3.4 Results:

3.4.1 Optimisation of Inmunohistochemical analysis:

Formalin fixed, paraffin embedded (FFPE) tumour sections from 72 cases of DLBCL
were immunohistochemically assessed for TP53, p21, HDM2 and phospho-p53, Bcl-6,
Bcl-2 and MIB-1. Immunohistochemisry was done as a part of the diagnostic work-up

routinely done in the pathology department, UHL.
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TP53 immunohistochemical analysis had been previously validated in the lab and hence
no further optimisation was required. Generally, all sections were dewaxed and antigen
retrieval was carried out for 20 minutes at 750 watts. However, the buffer used in heat-
induced antigen retrieval was optimised according to the antibody of interest, as shown
in Table 3-1. The primary antibody was incubated overnight at 4°C. ABC-AP, from
Dako was used and different chromogens were tested for each antibody. The red
developer was used in all antibodies except for TP53 and p21, where NBT/BCIP was
used instead. The final parameters were selected based on optimal staining on positive

control tissue coupled with the minimal background staining (Table 3-1).

Table 3-1: Different optimisations used for immunohistochemistical analysis.

p21/Wafl 1:50%* * TE buffer (pH 9.0)* * Red developer Gastric
1:100 « Citrate buffer (pH 6.0) + NBT/BCIP* carcinoma
1:200
1:500
1:1000
HDM2 1:50 * TE buffer (pH 9.0) * Red Breast
1:100 « Citrate  buffer (pH developer* carcinoma
1:200* 6.0)* « NBT/BCIP
1:500
1:1000
Phospho- 1:50 * TE buffer (pH 9.0)* * Red Colorectal
p353 1:100 « Citrate buffer (pH 6.0) developer* carcinoma
1:200%* * NBT/BCIP
1:500
1:1000
1:500

* refers to t tie dilution, buffer and chromogen adopted in the study.

3.4.2 Analysis ofimmunohistochemical staining:

After proper optimisation of each antibody, the immunohistochemical analysis of TP53,
p21, Phopho-p53 and HDM2 was performed for all cases. A positive tumour control
and a negative parallel section for each case, where TBS replaced the primary antibody,
were included in each run.
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The scoring of each immunohistochemical marker was performed in the light of CD20
and Cd79a expression in similar fields. This was done to ensure the expression of the
protein of interest was assessed in malignant B-cells only. A total B-cell count was
estimated in at least 5 High power fields (HPF), the total number of the cells expressing
the immunohistochemical marker was counted and a percentage score was calculated as
shown in Table 3-2. The total numbers of B-cells in TCR lymphoma cases ranged from
70-120 cells/HPF and the corresponding number in classic DLBCL ranged from 200-
250 cells/HPF.
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Table 3-2: Evaluation of Imnmunhistochemical analysis for each antibody used.

TP53

p21

HDM2

Phospho-p53

MIB-1

Bcl-6

Bcl-2

Positive cells where counted in ten HPFs
and the percentage was estimated based

on the average of counts in the ten fields.
Cases were considered as negative if <

20% and positive if > 20%.

The number of positive cells was counted
in 1000 cells in at least 5 HPFs and the
percentage was estimated. Cases were

considered as negative if < 5% and
positive if> 5%.

The number of positive cells was counted
in 1000 cells in at least 5 HPFs and the
percentage was estimated. Cases were

considered as negative if < 10% and
positive if> 10%.

The number of positive cells was counted
in 1000 cells in at least S HPFs and the
percentage was estimated. Cases were

considered as negative if < 20% and
positive if> 20%.

The number of positive cells was counted
in 1000 cells in at least S HPFs and the
percentage was estimated. Cases were
considered as having low proliferation

index if < 20% and having low
proliferation index if> 20%.

The number of positive cells was counted
in 1000 cells in at least 5 HPFs and the
percentage was estimated. Cases were

considered as negative if < 10% and
positive if> 10%.

The number of positive cells was counted
in 1000 cells in at least 5 HPFs and the
percentage was estimated. Cases were

considered as negative if < 10% and
positive if> 10%.

Modified from (Walker

and Levine 1996)

(Hinnis, Luckett et al.
2007)

(Moller, Nielsen et al.
2002)

Modified from (Walker

and Levine 1996)

(Faneyte, Schrama et
al. 2003)

(Zhang, Ohshima et al.
1999)

(Zhang, Ohshima et al.
1999)
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Figure 3-1: Example of a case of DLBCL. (A): H&E staining. (B): CD20. (C):
CD79a. (D): CD5 (E): CD3. (F): Bcl-6 positive staining. (G): Bcl-2 positive staining.
(H): MIB-1 negative.
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Figure 3-2: Example of a case belonging to TCR subgroup. (A): H&E staining. (B):
CD20. (C): CD79a. (D): CD5 (E): CD3. (F): Bcl-6 negative staining. (G): Bcl-2
negative staining. (H): MIB-1 positive.
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Follicular lymphoma DLBCL
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Figure 3-3: A case of transformed FL into DLBCL. (A): H&E. (B): CD20. (C):
CD79a. (D): CDS5. (E): Bcl-2. (F): Bel-6 .(G): MIB-1.
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Table 3-3: The relationship of the pathologic subtype to other clinico-pathological
parameters.

<60 24 5
Age
>60 41 2
M 34 5
Gender

F 31 2
33 1

TP53
+ 32 6
53 1

p21
+ 12 6
53 2
HDM2
+ 12 5
43 5
Phospho-p53

+ 22 2
30 2

Bcl-6
+ 35 5
30 6

Bcl-2
+ 35 1

Total 65 7
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3.4.4 Immunophenotypic characterisation of DLBCL:

3.4.4.1 Proliferation Index:

Ki 67 antigen (MIB-1) was used as marker of cellular proliferation. The staining was
predominantly nuclear and occasionally cytoplasmic. Only nuclear staining in large
malignant B-cells was considered for scoring. A cut off of 20 % was used for defining
positive immunostaining. MIB-1 staining ranged from 20-95% with a median and SD
of 60% and 20.6% respectively. The full data for each case is shown in Table 3-12.
Figure 3-1 shows examples of high and low proliferating tumours. The percentage of

MIB-1 was calculated in relation to the total B-cells in similar fields.

Proliferation index showed a significant correlation with age (p=0.026), as the mean
rank was higher in patients aged 60 years or older. Nevertheless, this correlation was
not seen with gender or with the pathological subtype. Proliferation also showed a
significant positive correlation with TP53, phospho-TP53 and Bcl-6 (p=0.001, 0.001
and 0.003 respectively), while the mean rank for MIB-1 positivity was significantly
higher in Bcl-2 positive cases (p=0.001). Proliferation index showed no correlation

with p21 and HDM2 expressions (p=0.7 and 0.337 respectively).
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H&E MIB-1

Figure 3-4: Photomicrographs showing examples of assessment of proliferation
index by Ki-67 antibody. (A): MIB-1 negative staining (<20% of 200 total cells/HPF).
(B): MIB-1 positive staining in TCR case (80 % of 80 total cells/HPF). (C): MIB-1
positive staining in DLBCL cases (80% of 200 total cells/HPF). (D): MIB-1 positive
staining in DLBCL cases (90% of200 total cells/HPF).
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Table 3-4: Relationship between proliferation and Clinico-pathologic parameter.

<60 29 29.90 0.026*
Age
>60 43 40.95
M 39 36.73 0.9
Gender
F 33 36.23
Diagnosi  DLBCL 65 36.38
ND
s TCR 7 37.57
P53 34 25.6 0.001**
+ 38 46.3
P21 - 54 35.98 0.7
+ 18 38.06
HDM?2 - 55 35.2 0.337
+ 17 41.71
Phospho- 48 28.78
0.001**
p33 + 24 51.94
Bcl-6 32 28.44
0.003**
+ 40 42.95
Bcl-2 36 54.65
0.001%**
+ 36 27.35

*refers to statistical significance at the 0.05 level, *+ refers to statistical significance at the
0.005 level, ND: Not Determined, excludedfrom statistical testing due tofew number of

cases.
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3.4.4.2 Bcl-6:

The Bcl-6 antibody staining was confined to B-cells with no staining of plasma cells or
macrophages. Therefore, dense micro-granular or diffuse staining only confined to the
nucleus was counted. Positive Bcl-6 immunostaining was found in 40/72 of cases
(55%). A cut-off of 10% was used to define positive Bcl-6 in DLBCL. Figure 3-4 gives

examples of Bcl-6 positive and negative tumours and the corresponding H&E staining.

Bcl-6 expression did not correlate with age, gender, or the pathologic subtype of
patients. There was a significant correlation between Bcl-6 and Bcl-2 protein
expressions (p=0.001), 29 0f40 tumours with positive Bcl-6 had down-regulated Bcl-2,
compared to 7 of 32 with negative Bcl-6. However, no such correlation could be found
with TP53 or other immunohistochemical markers. The summary ofthe findings for
Bcl-6 in relation to other markers is summarised in Table 3-5. The full data for each

case 1s shown in Table 3-12.

H&E Bcl-6

mgkmML * 5

Figure 3-5: Examples of positive and negative Bcl-6 immunostaining. (A) Bcl-6

negative immunostaining (<10%). (B) Bcl-6 positive immunostaining (> 10%).
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Table 3-5: Bcl-6 and clinico-pathologic parameters.

Age

Gender

Diagnosis

TP53

p21

HDM?2

Phospho-

p53

Bcel-2

Tota

== refers to statistical significance at the 0.005 level, ND: Not Determined, excluded

from statistical testing due tofew number o fcases.

<60

>60

M

F

DLBCL

TCR

13

19

15

30

17

15

23

25

23

25

32

16

24

24

35

17

23

31

30

10

25

15

29

11

40

0.574

0.191

ND

0.255

0.391

0.490

0.280

0.001**

Results
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3.4.4.3 Bcl-2:

The pro-survival protein Bcl-2 showed as cytoplasmic staining. Bcl-2 was positive in
36 of 72 cases (50%). Examples of the different staining patterns for Bcl-2 are given in
Figure 3-6. The cytoplasmic Bcl-2 staining was assessed in the whole tumour area in
the same fields showing mostly large malignant B-cells and assessed in only malignant

B-cells previously highlighted in similar fields by CD20 and CD79a.

There was no correlation between Bcl-2 expression and age or gender. Although there
was a tendency for low expression of Bcl-2 in TCR lymphoma subgroup, this did not
reach statistical significance (p=0.053). There was a significant inverse correlation
between Bcl2 and TP53, Phosho-p53 and Bcel-6 (p<0.005), while a similar correlation,
but to a lesser extent, with HDM2 (p<0.05) was observed (Table 3-6). The full data for

each case is shown in Table 3-12.

vv*9?-

Figure 3-6: Photomicrographs showing examples of positive and negative Bcl-2
immunostaining (A): Bcl-2 negative immunostaining (<10%). (B): Bcl-2 positive
immunostaining (> 10%).
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Table 3-6: Bcl-2 and clinico-pathologic parameters.

Results

<60 14 15
Age 0.5
>60 22 21
M 22 17
Gender 0.172
F 14 19
DLBCL 30 35
Diagnosis ND
TCR 6 1
11 23
TP53 0.004**
+ 25 13
24 30
p21 0.086
+ 12 6
24 31
HDM2 0.047*
+ 12 5
Phospho- 18 30
0.003**
pS3 + 18 6
7 25
Bcl-6 0.001**
+ 29 11
Total 36 36

*refers to statistical significance at the 0.05 level, =+ refers to statistical significance at
the 0.005 level, ND: Not Determined, excluded from statistical testing due to few

number o fcases.
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3.4.5 TP53:

Sections were stained with Do-1 monoclonal antibody that recognizes both mutant and
WT-p53. Colorectal carcinomas served as a control for this analysis and a cut-off of
>20% was applied to define immune-positivity. Ten different fields were examined and
a percentage was estimated based on the total cells showing B-cell markers; CD20 and
CD79 in similar fields. The percentage of staining ranged from 2.2 - 66.7% with a
median and SD of 20% 14.75 respectively as shown in Figure 3-6. Thirty four cases
(47.2%) showed staining < 20% and were considered negative. Isolated, strong nuclear
TP53 staining was found in few cases, this was also considered negative. TP53 nuclear
staining >20 % was found in 38 cases (52.8%). Examples of TP53 immunostaining are

given in Figure 3-7. The full data for each case is shown in Table 3-12.
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%

Figure 3-7: Immunohistochemical staining of TP53 in DLBCL using the DOI
antibody. Photomicrographs of cases showing nuclear staining with NBT and BCIP
substrate: (A): TP53 negative staining in a TCR case (< 20% of 80 cells/HPF) (B):
TP53 positive in a TCR case (>20% of 80 cells/HPF). (C): TP53 negative in a DLBCL
case (<10% of 200 cells/HPF). (D): TP53 negative in a DLBCL case (<20% of 200
cells/HPF). (E): TPS53positive case (> 20%, of 200 cells/HPF). (F): Positive TP53 in
colorectal carcinoma.
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TP53 and other biological and immunohistochemical markers:

Although TP53 protein expression was higher in patients aged 60 years or older (26
positive compared to 17 negative cases for TP53 in older patients), this did not reach
statistical significance (p=0.088). There was no correlation between TP53 expression

neither with gender nor with pathologic subtype.

Significant correlation was found between TP53 and phospho-p53 staining (r=0.52,
p<0.001) as shown in Figure 3-8. All cases stained positive for phospho-p53 also
stained positive for TP53 by DO-1. While 34 cases with positive TP53 staining were
negative for phospho-p53. On the other hand a strong negative correlation was found

between TP53 and Bcl-2 protein expression (p<0.005) as given in Table 3-7.

Legend
100.00- Filne for Total

90 00-
g 6000
Q- 40.00-
2000
R Sq Linear = 0.522
000- *%
000 20.00 40 00 60.00

TPS3

Figure 3-8: Correlation between TP53 and phospho-specific TP53 (r=0.522,

p<0.001).
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Table 3-7: TP53 and other clinico-pathologic parameters.

Age <60 17 12
0.088
>60 17 26
Gender M 17 22
0.332
F 17 16
DLBCL 33 32
Diagnosis ND
TCR 1 6
- 26 28
p21 0.501
+ 8 10
- 26 29
HDM?2 0.604
+ 8 9
Phospho-p53 . 34 14
0.001**
+ 0 24
Bcl6 : 17 15
0.255
+ 17 23
Bcl-2 : 11 25
0.004*
+ 23 13
Total 34 38

*refers to statistical significance at the 0.05 level, ** at the level 0.005, ND: Not

Determined, excludedfrom statistical testing due tofew number o fcases.
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3.4.6 p21/WAFI:

p21/Wafl, clone SX118, monoclonal antibody was used to stain sections retrieved from
72 DLBCL cases. Colorectal carcinomas were used as positive control for this antibody
and a cut-off of >5% was applied to define immune-positivity. Staining for p21 was
predominantly nuclear with occasional cytoplasmic staining, only nuclear staining in
neoplastic B-cells was considered positive. Expression of p21 was relatively frequent in
DLBCL, positive staining (> 5%) was found in 24 patients (33.3%). The percentage of
nuclei stained positive with p21 antibody ranged from 0.5- 40%, with a mean and
median of 5.1 and 3.3 respectively. Examples of p21 immunohistochemical staining are

given in Figure 3-9. The full data for each case is shown in Table 3-12.

Figure 3-9: p21 immunohistochemical staining. Photomicrographs of cases showing
nuclear staining with NBT and BCIP substrate. (A): Negative immunostaining in a
DLBCL case (<5% of 250 cells/HPF). (B): Positive immunostaining (>5% of 200
cells/HPF). (C): Positive immunostaining in TCR case (>5% of 100 cells/HPF). (D):
Positive immunostaining in gastric carcinoma.
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p21 and other biological and immunohistochemical markers:

Seven cases included in this study belonged to T-cell rich subgroup of lymphomas, p21
staining was found in 6/7 cases (85.7%) of these cases. In cases of DLBCL, p21 was
positive in 12 out of 65 cases (18.5%, p=0.001). No significant correlation was found
between p21 expression and age or gender. There was a significant correlation between
p21 and HDM2 protein expressions (p=0.001), while there was no such correlation with
other markers. Although 12 of 18 cases with p21 positivity had low expression of Bcl-

2, this did not reach statistical significance (p=0.086), as shown in Table 3-7.

Table 3-8: p21/Wafl and other biological and clinico-pathologic parameter.

Age <60 22 7
0.559
>60 32 11
Gender M 30 9
0.444
F 24 9
DLBCL 53 12
Diagnosis ND
TCR 1 6
TP53 26 8
0.501
+ 28 10
47 8
HDM2 0.001**
+ 7 10
Phospho-p53 - 37 11
0.381
+ 17 7
Bcl6 : 23 9 0.391
+ 31 9
Bcl-2 24 12
0.086
+ 30 6
Total 54 18

*refers to statistical significance at the 0.05 level, ** at the level 0.005, ND: Not

Determined, excludedfrom statistical testing due tofew number o fcases.

§1



Chapter 3 Results

3.4.7 Establishment of TP53/p21 phenotype:

p21 is a WT-p53 inducible gene, located at chromosome 6p. Mutations of TP53 result in
the production of a protein with an abnormal structure and prolonged half-life that is
detectable by immunohistochemical methods. This mutant TP53 is unable to induce
p21-WAFI1 expression and hence the presence of TP53+/p21- would point out non
functional TP53.

To describe the complex distribution of p21 and its relationship with TP53 expression,
four patterns of staining were defined. TP53+/p21- was the commonest pattern found in
28 cases (38.9%) followed by a double negative pattern; TP53-/p21- in 26 cases
(36.1%). Double positive pattern; TP53+/p21+, was found in 10 patients (13.9%).
Neoplastic cells expressed p21 with lack of TP53 expression; TP53-/p21+, in eight
patients (11.1%), this represented the least common phenotype as shown in Table 3-9
and Figure 3-8. Examples of different TP53/p21 phenotypes assessed by

immunohistochemistry are shown in Figure 3-9.

Table 3-9: Frequency of the four TP53/p21 patterns.

TP53
Positive Negative
Positive 10(13.9%) 8(11.1%)
Negative 28(38.9%) 26(36.1%)

Figure 3-8: Venn diagram depicting the different TP53/p21 expression patterns.
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Figure 3-9: TP53/p21 expression patterns in DLBCL. (A): TP53+/p21-, (B): TP53-
/p21+ in DLBCL, (C): TP53+/p21+ in TCR lymphoma, (D): TP53-/p21- in DLBCL.
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3.4.8 Phospho-specificTP53:

NCL-p53-CMI monoclonal antibody was used to assess phospho-p53 which is
phosphorylated at Serine 392. Colorectal carcinomas were used as positive control for
this antibody. Positive staining for phospho-p53 (> 20%) was detected in 24 cases
(33.3%). The percentage of phospho-TP53 ranged from 0.5- 90% with a median and
SD of 7.8 and 21.6366 respectively. Examples of Phospho-TP53 imuunohistochemical

staining is shown in Figure 3-10. The full data for each case is shown in Table 3-12.

Figure 3-10: Phospho-p53 immunohistochemical staining. (A): Negative
immunostaining (> 20% of 70 cells/HPF). (B): Positive immunostaining in classic
DLBCL case (> 20% of 250 cells/HPF). (C): Positive immunostaining in TCR case (>
20% of 70 cells/HPF). (D): Positive immunostaining in colorectal carcinoma.
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Phospho-p53 and other biological and immunohistochemical markers:

A significant correlation was found between phospho-p53 and older age of the patients
(60 years or older, p<0.05). However, there was no correlation between phospho-p53
and gender or with the pathological subtype. No correlation was found between p21
and phospho-p53 (p=0.57) and with HDM2 (p=0.468). A significant negative
correlation was found between phospho-pS3 and Bcl-2 (p=0.005), 18 of 24 tumours
with positive phopho-p53 had down-regulated Bcl-2. There was no correlation between
Bcl-6 and TPS3 phosphorylated at serine 392 (p=0.28), which was similar to the
finding noted to TP53 detected by DO-1 (p=0.26), as shown in Table 3-10.
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Table 3-10: Phospho-p53 and other biological and immunohistochemical markers.

J’_
Age <60 24 5
0.022%*
>60 24 19
Gender M 25 4
0.402
F 32 10
DLBCL 43 22
Diagnosis ND
TCR 5 2
TP53 . 34 0
0.001**
+ 14 24
p21 . 37 17
0.576
+ 11 7
. 36 19
HDM2 0.468
+ 12 5
Bcl6 - 23 9
0.28
+ 25 15
Bcl-2 . 18 18
0.005**
+ 30 6
Total 48 24

*refers to statistical significance at the 0.05 level, Rt the level 0.005, ND: Not

Determined, excludedfrom statistical testing due tofew number o fcases.
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3.4.9 HDM2:

HDM2 protein expression was assessed in 72 DLBCL using SMP14 on paraffin
embedded sections. A cut-off of > 10% was applied. Although some occasional
cytoplasmic staining was found in some cases, only nuclear staining was considered
positive. Breast carcinomas were used as positive controls in this study. Positivity of
neoplastic B-cells for HDM2 was found in 23.6% and ranged from 0.5-33.3%, with a
median and SD of 4 and 8.3 respectively. Examples of different staining patterns are

shown in Figure 3-12. The full data for each case is shown in Table 3-11.

Figure 3-12: Photomicrograph of HDM2 immunohistochemical staining. (A):
Negative immunostaining in DLBCL. (B): Positive immunostaining in DLBCL. (C):
Positive immunostaining in TCR case. (D): Positive immunostaining in breast
carcinoma.
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HDM?2 and other biological and immunohistochemical markers:

Like p21, HDM2 expression was higher in T-cell rich subgroup. Among 7 cases of
TCR, HDM2 was positive in 5 cases (71.4%) compared to 12/65 cases (18.46%) of
DLBCL. But there was no correlation between age and gender (p=0.175 and 0.437
respectively). There was a significant correlation between HDM2 and p21 expression
(r=0.3337, p<0.005). A significant correlation was also found between HDM?2
expression and Bcl-2 negativity (p<0.05). While no correlation was found between

HDM2 and TP53 or phospo-TP53 (p=0.9 and 0.7 respectively) as shown in Table 3-12.

Table 3-11: HDM2 and other biological and immunohistochemical markers.

Age <60 20 9 0.175
>60 30 8 '
Gender M 29 10 0.437
F 26 7 '
. . DLBCL 53 12
Diagnosis ND
TCR 2 5
TP53 26
0.604
+ 29
p21 : 47 7
.001%*
. g 10 0.00
Phospho- 16 1
53 .
p . 19 5 0.468
Bcl6 25 7
0.49
+ 30 10
Bcl-2 24 12 0.047%
+ 31 5 '
Total 55 17

*refers to statistical significance at the 0.05 level, ** at the level 0.005, ND: Not

Determined, excludedfrom statistical testing due tofew number o fcases.
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3.4.10 Summary of the results:

Seventy-two cases of DLBCL were assessed by immunohistochemistry using primary
antibodies for TP53, p21, HDM2, Phospho-TP53, Bcl-2, Bcl-6 and MIB-1. Seven cases
of them belonged to the TCR lymphoma subgroup. There was a significant correlation
between the older age of the patients (> 60 years) and MIB-1 and phospho-TP53 over-
expression but not with the other markers. The gender of the patients did not show a

statistically significant correlation with any of the markers.

There was a significant positive correlation between high proliferation index and TP53,
phopho-TP53 and Bcl-6 expressions (p<0.005), while a significant negative correlation
was found with Bcl-2 expression (p<0.005). Bcl-2 expression showed an inverse
correlation with TP53, phospho-TP53, Bcl-6 (p<0.005 each) and HDM2 (p<0.05).
TP53 assessed using the DO-1 antibody showed a significant correlation with phopho-
TP53 (p<0.005), but not with p21 or HDM2. p21 showed a similar correlation with
HDM2 (p<0.005). The full data for individual cases is given in Table 3-12.
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Table 3-12: Collective data of TP53 and other related protein assessed by 1HC.
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22
23
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26
27
28
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Cases ID p21 TP.S3 Phospho-
pi3
66 5 20 36.7 6.6 90 . +
67 0.5 21 25 5 80 +
68 8.3 233 25 10 90
69 4.2 22.9 5.7 8 75 + +
70 1 23 25 30 65
71 8 9 7.5 12.5 75 . +
72 2.5 35 46 6 70 +
73 0.5 48 55 4 90 +

For TP53, p21, HDM2, MIB-1 and phospho-p53 the score given represents the
percentage of B-cells stained with antibody in relation to the total B-cells in similar

fields. Bcl-6 and Bcl-6 were assessed as positive >10% or negative <10%.
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3.5 Discussion:

Diffuse large B-cell lymphoma (DLBCL) is the most common type of lymphoma,
comprising 30% of all non-Hodgkin’s lymphoma. It has many heterogeneous clinical
features and varies markedly in response to treatment. The marked molecular
heterogeneity that underlies the aggressive behaviour of these tumours could provide
important aspects to the understanding and can improve the prognostic predictability as
well (Wright, Tan et al. 2003).

This part of the study involved 72 cases of DLBCL, 39 males and 33 females, aged 17-
89 at diagnosis. TP53 over-expression (> 20%) was abserved in 52.8% of DLBCL
cases. The frequency of TP53 expression, when assesed using immunohistochemistry is
disparate, ranging from 27% (Leroy, Haioun et al. 2002) to 56% (Paik, Jeon et al.
2005). This can be the result of many factors such the antigen retrieval methods and the
cut-offs adopted. Also the effect of storage and the fixative used (Prioleau and Schnitt
1995; Jacobs, Prioleau et al. 1996; Bertheau, Cazals-Hatem et al. 1998; van den Broek
and van de Vijver 2000).

There was no correlation between the gender of the patients and any of the
immunhistochemical markers. The older age of the patients (=60 years) showed a
correlation with MIB-1 (p< 0.05) and phospho-p53 (p<0.05), but not with other
markers, the lack of correlation between TP53 and the biological factors such as age
and gender have been previuosly reported (Lan, Chang et al. 2007; Li, Jiang et al.
2008). The absence of such correlation was also shown regarding TP53 expression as

well as polymorphisms of HDM?2 and TP53 genes (Zainuddin, Berglund et al. 2009).

The proliferative indices of NHLs are useful prognostic indicators and provide
information independent of other histological and clinical variables (Hall, Levison et al.
1990). In this series, MIB-1 staining ranged from 20-95%. A strong correlation was
found between the proliferation index and TP53, Phospho-p53 and Bcl-6. This in
concordance with previous studies showing similar results in regards to TP53 and MIB-
1 strong correlation so that TP53 over-expression in highly proliferating tumours could

be concluded (Cesarman, Inghirami et al. 1993; Pescarmona, Pignoloni et al. 2001).
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Bearing in mind that TP53 over-expression can be detected in begnin and malignant

haematopoietic cells that are rapidly proliferating (Danova, Giordano et al. 1990).

There was a negative correlation between the proliferation index and the anti-apoptotic
protein Bcl-2 (p<0.005). A similar finding was shown by other groups (Bai, Agnantis et
al. 2003; Jerkeman, Anderson et al. 2004), keeping the notion that anti-apoptotic can
inhibit cellular proliferation (Janumyan, Sansam et al. 2003). While a clear relationship
was not observed in a recent study examining paediatric DLBCL (Miles, Raphael et al.
2008).

BCL6 is a key gene for GC formation, and deregulation of BCL6 can lead to B-cell
lymphoma (Cattoretti, Angelin-Duclos et al. 2005). Bcl-6 is a TP53 transcriptional
target (Margalit, Amram et al. 2006) and at the same time, BCL-6 can suppress TP53
expression in GC. This important function of Bcl-6 as a TP53 repressor is crucial to
allow GC B-cells to tolerate the physiological DNA breaks required for
immunoglobulin class switch recombination and somatic hyper-mutation (Phan and

Dalla-Favera 2004).

Recent evidences have indicated that BCL-6 constitutive activation represses TP53 by
binding two specific DNA sites within the 7P53 promoter region. Bcl-6 protein
expression was positive in this study no correlation was found between TP53 and BCL-
6 expressions assessed by immunohistochemistry (p=0.25). Similar results were
reported by other groups (Visco et al 2006). This finding could be explained by the
presence of TP53 mutations or other pathways exerted by the TP53 which can override
this suppressor effect of Bcl-6. The other possible explanation is that Bcl-6 is regulated
by an evolutionarily conserved TPS53 response element that is frequently disrupted in
NHL (Margalit et al 2006).

The resistance to apoptosis is an important factor in lymphomagenesis (Hermine,
Haioun et al. 1996). In this series Bcl-2, the main anti-apoptotic protein, over-
expression was found in 50% of the cases. There was an inverse correlation between
the expression of Bcl-2 and MIB-1, Bcl-6 and HDM2. A similar inverse correlation was

previously reported in some studies (Raible, Hsi et al. 1999), but not in other studies
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(Skinnider, Horsman et al. 1999). There was also a strong negative correlation between
Bcl-2 and TP53 and phospho-p53 expressions. This finding is similar to other groups
who showed that WT-p53 down-regulate the anti-apoptotic Bcl-2 protein and the loss
of this repression may lead to up-regulation of Bcl-2 (Miyashita, Harigai et al. 1994).
Similar finding was also reported in FL, gastric lymphoma (Nakamura, Akazawa et al.
1996) and primary large cell lymphoma of the bone (Huebner-Chan, Fernandes et al.
2001).

p21 protein product is believed to block cyclin/cyclin-dependent kinase (CDK)
complex activity and thus prevents the passage of cycling cells from the G1 to the S
phase in a TPS53-dependent or TP53-independent manner. Expression of p21 was
relatively frequent in DLBCL (33%), which is higher than the frequency of 19%
reported by other groups (Chilosi, Doglioni et al. 1996). This could be due to the low
cut-off value, adopted in this series, for p21 scoring (5% cut-off compared to 10% used
in other studies). Another explanation for this high frequency is the inclusion of TCR
subgroup in the analysis. Among classic DLBCL, p21 was positive in 12 of 65 patients
(18.5%).

There was a strong tendency for p21 over-expression in cases belonging to TCR
subgroup. This could be a bias from the small number of patients belonging to this
group or could be a true finding curtailed by the different pathologic profile of TCR
lymphomas. In TCR lymphomas, the neoplastic B-cells are scattered among large
population of T-cells or histiocytes. Occasional tumour cells have been shown to
receive stimulatory signals from surrounding inflammatory cells via cytokines secreted
or direct cell to cell signalling. There was no correlation between p21 expression and

biological parameters like age and gender of the patients

To further stratify the cases examined according to the functional status of TP53, four
different TP53/p21 patterns were analysed. TP53+/p21- was the commonest pattern
found in 28 cases (38.9%) , in agreement with other reports showing a frequency of
31% for this pattern.(Visco, Canal et al. 2006). While other groups showed a lower
frequency (26.31%) (Villuendas, Pezzella et al. 1997). This could be due the higher

frequency of p21 in this study, for the above mentioned reasons. The least frequent
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pattern was TPS53-/p21+ (11.1%), this could be the result of TP53- independent
expression of p21 as seen in other types of cancer (DiGiuseppe, Redston et al. 1995).

This was also found in normal cells and tissues and is related to cell differentiation.

Double negative phenotype (TP53-/p21-) was seen in 36.1% of cases, this could be
explained by presence of TP53 deletion or null mutation with result in absent or
truncated protein incapable of activate p21 transcription. A similar finding but with less
frequency was reported by (Villuendas, Piris et al. 1992). The other possibility in these
cases is that TP53 is wild type and hence under tight check of HDM2 and other
ubquitin ligases or lack of signals activating TPS53 itself. Double positive pattern
(TP53+/p21+) was found in 13.9% of cases. This can indicate a transcriptionally active
TP53.

Post-translational modifications of TP53 represent an important mechanism for the
regulation and stabilisation of TP53. Phosphorylation-related function has been
demonstrarted to affect sequence-specific DNA binding (Wang and Prives 1995) and
transcriptional activities of TP53 (Hall, Campbell et al. 1996). In this study, all
phospho-p53 positive tumours were positive for TP53 protein expression detected by
DO-1. Yap et al 2004 have shown that phosphorylation of TP53 at serine 392
phosphorylation had a clear effect on the anti-apoptotic function of mutant TP53, which
was independent of the DNA binding activity of TP53.

In this study, phospho-p53 positive tumours showed a high proliferation index
compared to phospho-p53 negative tumours. A similar finding was also reported by
Matsumoto et al (2004) where Serine 392 phosphorylation of TP53 was significantly
associated with proliferative activity of tumour cells (Matsumoto, Furihata et al. 2004).
Moreover phosphorylation of mutant TP53 at serine 392 was shown in urinary tract
tumours to be associated with dominant-negative effects and thereby have pro-

oncogenic functions (Furihata, Kurabayashl et al. 2002).

The HDM2 proto-oncogene binds to TP53 and acts as a negative regulator, inhibiting
its transcriptional trans-activation activity Over-expression of HDM2 may overcome
wild-type p53-mediated suppression of transformed cell growth, and it is one of the

mechanisms inactivating TP53 function. In this study, HDM2 was positive in 23.6% of
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cases. HDM2 over-expression was found more frequently in TCR probably due to the

different cell population in this subgroup.

Strong positive correlation was found between p21 and HDM2 protein expression
(r=0.3337, p<0.005). This could be explained by the fact that both proteins are direct
transcriptional targets of TP53 and it seems that in this cohort, HDM2 has been acting
more like a target than a negative regulator of TP53. A similar finding of the lack of
correlation was previuosly reported in different types of cancers such as colorectal

adenomas and carcinomas (Hao, Gunther et al. 1998; Abdel-Fattah, Yoffe et al. 2000)
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4 :Molecular and Immunhistochemical Analysis of TP53

4.1 Introduction

The Tumour protein 53 (TP53) can be thought of as a critical ‘node’ of the cellular
circuitry. It is where various signalling pathways converge, from normal operations, like
response to growth factors, to abnormal oncogenic stimuli. The activity of TP53 as a
transcription factor is highly regulated by post-translational modifications, such as
acetylation, phosphorylation, protein—protein interactions and protein stabilization (Batta
and Kundu 2007). The regulation of protein stabilization is most critical upon the first
indication of genotoxic stress. Cellular mechanisms for the rapid accumulation,
stabilization and deployment of TP53 as a potent transcription factor are imperative for
preventing the growth of a damaged cell. As soon as it is sufficiently stabilized, TP53 has
several options at its disposal, and it is becoming more apparent that additional factors help

TP53 to choose a particular cell response.

The importance of 7P53 as a tumour suppressor is reflected by its high rate of mutation in
human cancer, with more than 50% of adult human tumours bearing inactivating mutations
or deletions in the TP53 gene. Mutations of TP53 are less frequent in haematological
malignancies than in solid tumours, accounting for 5% of myelodyplastic syndromes, 15%
of chronic lymphocytic leukaemias, 30% of Burkitt’s lymphomas and 50% of acute
lymphoblastic leukaemias (Ichikawa 2000; Sahu and Das 2002; Klumb, Hassan et al.
2004). ‘

In B-cell lymphomas, mutations are found in 10-20% of tumours. Exons 5-9 of 7P53
containing highly conserved domains have been recognized as mutation hotspots.
However, mutations of 7P53 outside hotspot exons have been reported to account for 5%

of all mutations (Pignon, Vinatier et al. 1994). Several studies have also associated TP53
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mutations with poor prognosis, drug resistance and occurrence of relapses (Stokke,

Galteland et al. 2000).

Involvement of TP53 mutants in cancer progression is associated with either trans-
dominant suppression of wild-type p53 or a wild-type p53-independent oncogenic gain of
function. Mutant TP53 can produce this trans-dominant effect via heteromerization with
WT p53 in Tetramerization region (residues 319-360). Although still controversial, mutant
TP53 can have a gain of function, acting as a dominant negative for TP53 family
members; p73 and p63 (Marin, Jost et al. 2000). On the other hand, it has been suggested
that the gain of function of TP53 mutants originate from trans-activating certain genes
involved in carcinogenesis like MDR-1 (Lin, Teresky et al. 1995), c-myc, the proliferating
cell nuclear antigen promoter (PCNA), the interleukin-6 promoter and the human heat

shock protein 70 promoter (Tokalov, Pieck et al. 2007).

Molecular epidemiological data shows that mutations at R175, R248, R249, R273, R282,
and G245 are the most common missense mutations of 7P53 (Hernandez-Boussard,
Rodriguez-Tome et al. 1999). Overall, the commonest is R273, while in leukaemia and
lymphomas is R248. The type of mutatgensis plays also a role in selecting the mutant
formed, as shown by the in vitro role of aflatoxin Bl in causing G>A mutation in codon
249 (Lee, Lee et al. 2000).

4.2 Aims:

The TPS53 protein expression is relatively high in Lymphomas compared to 7P53 gene
mutations. The aim of this chapter was to identify 7P53 mutations in DLBCL and correlate
with the immunophenotypic markers that characterise DLBCL including TP53 and p21.
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4.3 Objectives:

e To assess the frequency, location and characteristic functional significance of 7P53
mutations in a cohort of DLBCL. PCR-SSCP analysis of exons 5 -9, was performed
on DNA extracted from formalin fixed tissue section by micro-dissection and
confirmed by sequencing.

e To correlate the mutation results with TP53 and its related proteins expression as

well as the immunophenotypic markers used for routine diagnosis of DLBCL.

4.4 Results:

4.4.1 Optimisation of Techniques:

4.4.1.1 DNA extraction form fixed tissues:

DNA extraction from formalin-fixed paraffin embedded sections has been validated in
several reports. However the quality of extracted DNA has always been problematic
(Soong and lacopetta 1997). DNA, micro-dissected from tumour sections, was first
extracted using phenol: Chloroform: IAA and precipitated with ethanol. Although the
DNA yield was satisfactory, this technique showed a compromise in the DNA quality and
was subsequently replaced by the Qiagen extraction kit. The latter showed better
consistency in the PCR results. The time of proteinase K digestion was increased from 48

hours to 4 days to increase the yield as shown in Figure 4-1.
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4.4.1.2 Polymerase Chain Reaction:

After optimisation of the DNA extraction method, the DNA from cases and cell line
controls were amplified using Perkin Elmer thermal cycler with 7P53 exons 5-9 primer
sets. Different annealing temperatures and numbers of cycles were adjusted for each primer
set and the products were run on 3% agrose gel. A cell line positive control and water

blank were always included in the run.

SSCP technique was subjected to further optimisation regarding the amount of PCR
products used and also the gel running conditions. The running conditions are critical to
nature of separation of ssDNA. The composition of MDE gel used, length of run and the
current applied were all optimised to get the best separation as shown in Table 4-1. After
PCR amplification, the products were run on 3% agarose gels. Although strong bands were
seen for the amplified DNA extracted using phenol: Chloroform: IAA, the silver stained
bands were fuzzy. Therefore the Qiagen kit was used for the extraction of all cases, which
was attributed to better SSCP staining. When, strong bands were achieved, only 3ul were

used in the SSCP. On the other hand, up to 8.5 ul were used for weak bands.
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Case/Cell line ID

L 31 32 33 34 35 36 37 38 40 41 43 44 46 47 48 + -

Case/Cell line ID
L 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 4647 48 49 + -

Figure 4-1: Showing PCR products for exon 5 primer set before (A) and after (B)
optimisation of the PCR conditions. (A): Proteinase K digestion was applied for 48
hours. (B): Proteinase K digestion was applied for 4 days. Numbers represent cases ID,

+:cell line control,-: water blank, L: 100bp ladder.
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Table 4-1: Different SSCP running conditions optimized for exons 5-9.

5 245 0.6 350V for 30 minutes, followed by 300V overnight at 4°C

0.8 450V for 30 minutes, followed by 300V overnight at 4°C+

6 160 0.6 300V for 30 minutes, followed by 200V overnight at 4°C
0.8 350V for 30 minutes, followed by 250V overnight at 4°C+

7 165 0.6 300V for 30 minutes, followed by 200V overnight at 4°C
0.8 350V for 30 minutes, followed by 250V overnight at 4°C+

8 199 0.6 350V for 30 minutes, followed by 300V overnight at 4°C

0.8 350V for 30 minutes, followed by 300V overnight at 4°C+
9 127 0.6 350V for 30 minutes, followed by 300V overnight at 4°C

0.8 300V overnight at 4°C+

#Refers to the optimised conditions used for each primer set.

4.4.1.3 Re-amplification o faberrant bands:

The DNA scratched from the silver stained gel was re-amplified using the same primer set
used in the original PCR. The number of cycles was increased to 40 to compensate for the
small amount of starting template. Examples of the results of amplification for exons 5-9
are shown in Figures 4-2. All aberrant bands were subjected to re-amplification and
sequencing in 3 different experiments. The sequencing was performed by the protein and
nucleic acid chemistry laboratory (PNACL) at the University of Leicester. The approach
for the selection and subsequent re-amplification of aberrant bands was described in

Chapter 2.
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Exon 5 Exon 6
3 25 30 35 4561 67 8 17 10 A - L B 9 60 15 - L
Exon 7 Exon8 Exon9
52 54 C 25 31 - L L 17 38 D - L 22 70 58 E 24 -
H i

Figure 4-2: Re-amplification of aberrant bands for 40 cycles using TP53 exons 5-9

primers sets. Numbers represent cases 1D, A: HCT-15, B: Jurkat, C: Raji, D: HT-29, E:

SW-480, L: 100 bp ladder, water blank.
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4.4.2 Characteristics of the patients:

Sixty four patients, 30 females and 34 males, were investigated for the presence of 7P53
gene mutations. Seven cases were excluded from this part of the study as they belonged to
TCR lymphomas where most of the DNA to be extracted would represent the T-cell and
not the malignant B-cells population. One case of DLBCL failed to show any amplified
PCR products on the agarose gel performed, which is most probably due to DNA quality
from the fixative used. The age of the patients ranged from 19-89 at diagnosis. Patients >
60 years had higher frequency of TPS53 protein expression (25 of 38 cases) compared to 13
of 38 patients aged < 60 years. Patients with TP53 mutations detected were generally older
but this did not reach statistical significance (p=0.07). Ten of twelve patients with 7TP53
mutations aged > 60 years. The presence of mutations did not differ significantly with

gender, nor did TP53 protein expression.

Table 4-2: Correlation between age ofthe patients and TP53 gene status and protein

analysis.
Age Total p
<60years >=60years
TP53 WTp53 23 29 52 0.07
Mutation TP53 2 10 12
mutation
Total 25 39 64
TP53 IHC Positive 9 22 31 0.08
Negative 16 17 33
Total 25 39 64 !
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4.4.3 PCR-SSCP Analysis

Several attempts had been made to optimise DNA extraction, PCR conditions and SSCP
running conditions. Five cell lines were included along with cases of DLBCL. Each case
was subjected to PCR amplification as mentioned in Chapter 2. No successful PCR
amplification was retrieved from case 10 in all exon 5-9 primer set. This could be
attributed to improper DNA quality from formalin cross-linking effect. The SSCP gel was
run according to the size of amplicon produced by each primer set as mentioned before.The
PCR products were tested on 3% agarose gel prior to SSCP. The amount of PCR products
used in SSCP analysis was adjusted (3-8.5pl) according to the band strength.

All aberrant bands on SSCP gels were subjected to further sequencing. Cases and cell line
controls were run on 0.6X MDE buffer. The gels were then silver stained and scanned.
Sequencing of aberrant bands was done in triplicate for each band, and information about
mutations found were obtained using p53 knowledge database (http:/p53.bii.a-
star.edu.sg/aboutp53/dnaseq/index.php) and IARCTP53 mutation database (http://www-
pS3.iarc.fr).
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4.4.3.1 Exon 5:
Case/Cell line ID

35 67 HCT-15

% %

few **

Iw

Figure 4-3: SSCP analysis of TP53 exon 5. Arrows represent aberrant bands selected

for sequencing.
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Band A (case 3):

1*0 I

TOAOCOCTCCTCAAATAOCOATOOTOA

G>A

CCATGAGCGCTGCTCA&ATAGCGAT

ITIITIITIIIN IXIT ITXIIINIX
CCATGAGCGCTGCTCAfIATAGCGAT

Figure 4-4: Band A showed a G >A transition mutation at codon 184 causing an

Aspartic to Aspartine amino acid change.
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Band B (case 35):

TT ST5XC6CACTGCCCCC

TTGTGAGGCACTGCCCCCACC

[ULilL 1t JU LLiJ LLI LI

TTGTGAGGCGCTGCCCCCACC

Figure 4-5: Showing G>A transition mutation in codon 175 causing an Arginine to

Histidine change.
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Band C (case 67):

80 90
cce6eCcC COO CAC CC ACO TCCO
*

G>A

3 80 90
CC GCCC GGCACCC GCc GgTCCGC

ACACCCCCGCCCGGCACCC&CGTCCGC

ITITITITITNITINIINT XITIINNX
ACACCCCCGCCCGGCACCCHiICGTCCGC

Figure 4-6: Showing G>A transition mutation at codon 156 causing an Arginine to

Histidine change.
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Band D (HCT-15):

TO 00
cecceccccoccACCco

CCACACCCCCGGCCGGCACCC
ITITITIIIE ITITIIIIIIII
CCACACCCCCGCCCGGCACCC

Figure 4-7: Showing C>G transversion mutation at condon 153 causing a Proline to

Serine change.
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4.4.3.2 Exon 6:

Case/Cell line ID
Jurkat 9 60

Figure 4-8: SSCP analysis of TP53 exon 6. Arrows represent aberrant bands selected

for sequencing.
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Band E (Jurkat):

C>T

GCATCTTATC1GAGTGGAAGGAAA

ITITIITIIIT ITIIIIIN IIIII
GCATCTTATCCGAGTGGAAGGAAA

Figure 4-9: Showing C>T mutation resulting in stop codon (196).

115



Chapter 4 Results

Band F (case 9):

Ml Ml
CGAATTT CC AT GT C GAGT AT

* o<

G>A

O 60
i AATTT CC CTGTCCAGTATT
%

GAAATTTGCATGT GGAGTATT

ITITITIIM IITIITITIII
GAAATTTGCGTGT GGAGTATT

Figure 4-10: Showing G>A transition at codon 202 causing an Arginine to Histidine

change.
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Band G (Case 60):

SO
‘99" 1ftoc 370733 07

GGAAGGA-ATTTGCGTG

ITITIIM IIIIIIII
GGAAGGAAATTTGCGTG

Figure 4-11: Showing a Deletion of A at codon 200 .
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4.4.3.3 Exon 7

HHH

52

Case/Cell line ID

Figure 4-12: SSCP analysis of TP53 exon 7. Arrows represent aberrant bands selected

for sequencing.
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Band H (Case 52)

. 66, 70 80
. EER EERI11 .oemmIITI.TITIIT1I

«..
JCfecT GGGCGOCATOAACCA OAGGCCCATCCT

G>A

0 60 0 &

:AT CD CC CCCAT6AACC GC ACCCCCATCCTCA i @

CAT GGGCGGCATGAACCAGAGGCCCATCCTC

ITITITITITITIIIIM IITIIIIIIIII
CATGGGCGGCATGAACCGGAGGCCCATCCTC

Figure 4-13: Showing a G>A mutation at condon 248 causing an Arginine to

Glutamine amino acid change.
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Band I ( case 54):

80 90
CCATCCTCACCATCAfCACACTC G AA<
*

CCAATCACCACACTGGAAGA

ITITTIM IIITITIIIII
CCAATCATCACACTGGAAGA

Figure 4-14: Showing a T>C mutation at condon 255 causing an Isoleucine to

Threonine amino acid change.
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Band J (case 73):

G&CATGA ACT GGA6 GCCC ATCCTC

C>T

GGCATGAACC GGAGGCCCATCCTCAC

CGGCATGAACTGGAGGCCCATCC

OHIITIIrrCrMm ITIXIITIIINI
CGGCATGAACCGGAGGCCCATCC

Figure 4-15: Showing a G>A mutation at condon 248 causing an Arginine to

Tryptophan amino acid change.
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Band K (Raji):

T>C

20 30
TC CACTACAACTACAT C

%

WT

TCCACE£ACAACTACAT

ITITI IITIIITIII
TCCACXACAACTACAT

Figure 4-16: Showing T>C transition mutation at codon 234 causing a Tyrosine to

Histidine amino acid change.
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Band L (Case25):

G>A

GGCCGCATGAACCGGAGCCCCATCCTCACCATCA

WT

Figure 4-17: Showing G>A transition mutation at codon 248 causing an Arginine to

Glutamine AA change.
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4434 Exon 8:

Case/Cell line ID
SW-4 38 25

- etam p* P (O»>=

b

1 - & tx i*ki . Aft bi fai

X [

Figure 4-18: SSCP analysis of TP53 exon 8. Arrows represent aberrant bands selected

for sequencing.
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Band M (case 17):

c>T

0 60 7t
:CTGGGAGAGACCGGCGCACA

U

WT

TGGGAGAGACTGGCGCACA

ITITITITIIIT IITIITII
TGGGAGAGACCGGCGCACA

Figure 4-19: Showing a C>T transition mutation at codon 282 causing an Arginine to

Tryptophan Amino acid change.
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Band N (case 38, HT-29 and SW-480):

G>A

TTT6ACCTCCCT CTTTCTCCCt

TTGAGGTGCGTGTTTGTGTGC

111111111 v 11111111111
TTGAGGTGCATGTTTGTGTGC

Figure 4-20: Showing a G>A tranition mutation at codon 273 causing an Arginine to

Histidine AA change.
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4.4.3.5 Exon 9:
Band O (Case 58):

TTT C CCCTINT 8 OCi CT- * OTCIT 0

T>C

60 0 &0
"ATTT CACCCTTCAGGTACTAAGTCTTGG

TTTCACCCTTCAGGTACTAAGTCTTGG

ITITITIIIIIIIM III ITTNN III
TTTCACCCTTCAGGCACTAAGTCTTGG

Figure 4-21: Showing a T>C mutation in the exon 9-intron 10 boundary.
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4.4.4 Summary of TP53 Gene Mutations:

In this part of the study, sixty-four cases belonging to classic DLBCL were investigated.
Twelve TPS53 mutations were identified in 12 DLBCL cases (18.75%) using PCR-SSCP
analysis. All of these mutations had been reported previously in different types of cancers
(see references in Table 4-2). Ten cases (83.3%) of these mutations were single nucleotide
substitutions involving exons 5-9. One cases (8.3%) had a FS mutation in exon 6 and one
patient (8.3%) had a somatic mutation found in the exon9- intron 10 boundary and giveing
rise to a splice variant, one case (8.3%) had a deletion of A at codon 200 that caused a
frame-shift mutation. Exon 7 was the most common site for all mutations (30%) and

Arginine was the most affected amino acid.

Exon 5 had 3 mutations at codons 156, 175 and 184 due to G to A change, all of them
involving the amino acid Arginine as shown in Figures, 4-3, 4-4, 4-5, 4-6 and 4-7. Exon 6
had 2 mutations at codons 200 and 202. A FS mutation at codon 200 caused by a deletion
of A and a missense mutation at codon 202 due to G to A change producing Histidine

instead of Arginine, as shown in Figures 4-8, 4-9, 4-10 and 4-11.

Four mutation were found in exon 7, three of them were at codon 248 which is a mutation
hot spot previously reported in DLBCL and the fourth mutation at codon 255 due to a T>C
transition (Hernandez-Boussard, Rodriguez-Tome et al. 1999), as shown in Figures 4-12,
4-13, 4-14, 4-15, 4-16 and 4-17 Exon 8 harboured 2 mutations at codons 273 and 282 due
to a G>A and T>C transitions as shown in Figures 4-18, 4-19 and 4-20. One patient had a
T>C in exon 9-intron 10 boundary, Figure 4-21. All of the mutations found in exons 5-9 in

cases and cell line controls are given in Table 4-2.
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Sx wz

E~ow T E~om 8

E~o=g

Exon 9

A (Case 3)

B (Case 35)
C (Case 67)

D (HCT-15)

E (Jurkat)

F (Case 9)

G (Case60)

H (Case52)

I (Case54)

J (Case 73)

K (Raji)

L (Case 25)

M (Case 17)

N (FIT-29,
SW-480,
Case 38)

0 (CaseS8)

Missense
Missense
Missense
Missense
Stop
Missense
FS
Missense

Missense

Missense
Missense
Missense
Missense

Missense

Splice

184
156
175
153
196
202
200
248

255

248
234
248
282
273

Intron
10

non-functional, NA: Non-available.

G>A
G>A
G>A
C>G
C>T
G>A
G>A
G>A

T>C

C>T
T>C
G>A
C>T

G>A

T>C

Asp>Asn
Arg>His
Arg > His
Pro >Ser
Arg>NA
Arg>His
Arg> His
Arg>Gln

Ile>Thr

Arg>Trp
Tyr>His
Arg>Gln
Arg>Trp

Arg >His

NA

AAT
CAC
CAC
GCC
TGA

CAT

CAG

ACC

TGG
CAC
CAG
TGG

CAT

Results

PF
PF
NF
PF
NA
PF
NA
NF

NF

NF
NF
NF
NF

NF

NA

L2
S4
L2

NA

NA

S9

L3

S8

L3

H2
S10

NA

(Kelsey, Hirao et al. 2005)
(Walsh, Casadei et al. 2006)
(Quesnel, Verselis et al. 1999)
(Goan, Chang et al. 2005)
(Iinuma, Okinaga et al. 2000)
(Feng, Shiozawa et al. 2005)
(Tannapfel, Busse et al. 2001)
(Bendig, Mohr et al. 2004)

(Dansonka-Mieszkowska, Ludwig
et al. 2006)
(Pivnick, Furman et al. 1998)

(Gwosdz, Balz et al. 2005)
(Bendig, Mohr et al. 2004)
(Bougeard, Limacher et al. 2001)

(Wong, Verselis et al. 2006)

(Ott K, (2003)

PF: partially functional, NF:
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4.4.5 Correlation between TF53 gene mutations and protein

expression:

Under normal conditions, WT-p53 has a half-life of 30 minutes. Unlike other tumour
suppressor genes, which are usually hit by a deletion or translocations, TP53 mutations
are mostly missense. The mutation alters the TP53 conformation and leads to a
stabilized protein that is readily detected by immunohistochemical methods.
Alternatively, this TP53 protein over-expression could be due to the rapidly

proliferating nature of high-grade lymphomas.

WT p53 was found in 32 of 33 (96.96% %) cases that were negative for TP53 by IHC,
There was a strong positive correlation between TP53 negativity by
immunohistochemistry and WT-p53 (p<0.005). On the other hand, eleven ofthe thirty-
one cases (35.48 %) negative for DO-1 staining (<20%), had a confirmed mutation in
TP53. There was no significant correlation between TP53 positivity and the presence of
mutation (p=0.333). Similarly, TP53 phosphorylated at Serine 392 showed a significant
correlation of its negativity by immunohistochemistry (40 of43 cases, p<0.005) and the
absence of mutation of TP53 gene. Nevertheless, there was no correlation between its

positivity and the presence of such mutation (9 of 21 cases, p=0.591).

Table 4-4: Correlation of TP53 and TP53 phosphorylated at Serine 392 protein

expressions and TP53 mutational status.

+ - +
20 32 12 40
WT-p53 (p<0.001) (p<0.001) 52
Mutant p53 11 1 9 3 12
(p=0.333) (p=0.591)
Total 31 33 21 43 64
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4.4.6 Correlation of TP53 Gene Mutations and Different TP53

Induced Proteins:

Although TP53 and phospho-p53 proteins under-expression significantly correlated
with the absence of TP53 gene mutations (p<0.05), there was no significant correlation
between TP53 gene mutations and p21 and HDM?2. While taking in consideration that
the TP53 protein over expression could be due to mutations of the TP53, resulting in
the stabilization of mutant TP53 that could be detected by immunohistochemistry or
due to over-expression of the WT-p53 in response to carcinogeneic stresses, different

TP53/p21 expression patterns were further studied.

Table 4-5: Correlation between TP53 gene status and immunohistochemical

markers.
WT-p53 + - + - + - + -
20 32 12 40 11 41 11 41 52
Mutant TP53 11 1 9 3 1 11 1 11 12
P QCl01 0.001 0.436 0436

4.4.7 Association of T53 Gene Mutations with TPS53 and p21

Expression Patterns:

p21 /WAF-1 is a universal cdk- inhibitor implicated in mediating TP53-dependent Gl
growth arrest and cellular differentiation. Because mutations of p21 gene are very rare,
p21 has been regarded as functional TP53 marker. To further analyze cases with TP53

over expression, p21 was included to differentiate between functional and non

functional TP53.
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There was a statistically significant correlation found between 7P53 mutations,
regardless of its type, and TP+/p21- phenotype (p<0.05). With the detailed analysis
according to the mutation type, TP53+/p21- phenotype was found in 10 of 10 cases
with missense mutations in exons 5-8 (p<0.005). One case with a Frame shift mutation
in exon 6 had a TP53-/p21- phenotype while a splice variant had a TP53+/p21+

corresponding to functional TP53 as shown in Figure 4-23 and Table 4-6

10000
TP53 Gene
- 10.«H t Wr
a. Amissense
AFS
Splice
A A
i 0oo-
A A4 A AA
1 OOOES"
—F~ e —
0.00 20 00 40.00 60 00
TP53

Figure 4-22: The relationship between TP53 gene status and TP53/p21 expression
patterns. All of TP53 missense mutations have a TP53+/p21- phenoptype.
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Table 4-6: TP53 and p21 proteins in relation to TP53 mutations.

TP53-/p21 + 7
1 TP53+/p21- 16
§ TP53-/p21- 25
£

TP53+/p21 + 4

Total 52

10

10

Results

26

26

64

4.4.8 Correlation between TP53 gene mutations and Bcl-2, Bcel-6

and MIB-1:

There was a significant correlation between MIB1 expression and the presence of TP53

mutations (p=0.001). The mean rank of MIB-1 expression for WT-p53 tumours was

28.44% compared to 50.08% of mutant TP53 tumours. On the other hand no such

correlation was found between TP53 mutations and Bcl-2 or Bcl-6 (p=0.5 and 0.3

respectively). Table 4-6 shows the expression of Bcl-2, BC1-6 and MIB-1 in relation to

TP53 mutational status.
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Results

Table 4-7: Correlation of TP53 mutational status with MIB-1, Bcl-2 and Bcl-6

protein expression.

MIB-1 Bcl-2
TP53 gene mean - +
rank
WT-p53 28.44% 24 28
Mutant- TP53 50.08% 6 6
P 0.001 0.081

4.4.9 Significance of the data:

Bcl-6

25 27

0.35

Total

52

12

64

TP53 mutations were assessed using PCR-SSCP analysis in 64 cases of DLBCL. The

frequency of TP53 mutations in this study was 18.75%. Exon 7 harboured most

mutations (30%), followed by exon 5 (25%) and exons 6 and 8 (16.7% each). There

was a significant correlation between low expression of TP53 and phospho-p53

assessed by immunohistochemistry and the presence of WT-p53, but not vice versa.

Also, a significant correlation was found between missense TP53 mutations and

TP53+/p21- phenotype (p<0.005). High proliferation index correlated with 7TP53

mutations (p<0.005). Other imuunohistochemical markers investigated in the study

such as p21, HDM2, Bcl-2 and Bcl-6 did not shown a significant correlation with TP53

mutations.
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4.5 Discussion

TP53 located on chromosome 17p13 is by far the most studied tumour suppressor gene
(Miller, Mohandas et al. 1986). It encodes a 53-KD nuclear phosphoprotein that plays a
crucial role on the control of cell cycle. TPS53 acts a sensor for cellular stress that has
many functions ranging from cell cycle arrest, DNA repair or apoptosis. 7P53 gene
mutations have been associated with nearly 50% of human cancers regardless of the
origin. However in lymphomas, 7P53 gene mutations are not a frequent event in the
tumourigenesis , accounting for 10-20% of tumours (Peller and Rotter 2003). Mutations
of TP53 are usually associated with advanced disease, poor survival and resistance to
chemotherapy. It has been also related to transformation of follicular lymphomas (Lo
Coco, Gaidano et al. 1993).

Mutations of TP53 are usually missense, unlike other tumour suppressor genes. They
are mostly located in exons 5 through 9 which contain the highly conserved domains.
Mutational hotspots occur in codons 175, 245, 248 and 273 (Hainaut, Soussi et al.
1997). Although the presence of inactivating mutations is the main causes of loss of
TP53 function, other mechanisms may also operate in tumours lacking of inactivating

mutations.

Mutant TP53 has an extended half-life detected by immmunohistochemistry, which
unlike TP53 mutation is quite common finding in lymphomas. In this study, TP53
protein over-expression was found in 48.4% of DLBCL. Sixty four cases were selected
for SSCP and confirmed by sequencing. The present study analysed mutations of 7P53
exons 5-9 in 64 cases of classic DLBCL. This region includes the majority of 7P53
mutations reported in different types of cancers and in lymphomas in particular. In this
study mutations of 7P53 were identified in 18.75%, which is within the range
previously reported in other studies ranging around 20% (Sanchez-Beato, Saez et al.
2001; Kerbauy, Colleoni et al. 2004).

Mutations outside of exons 5-9 constitute less than 5% of mutations in general and are

infrequent in NHL (Hoollstein M 1991). Exon 7 was the most commonly affected exon
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(30%), especially at codon 248. This was also reported by other investigators (Klumb,
Furtado et al. 2003). While other studies showed higher prevalence of exon 5 (Kamata,
Mitani et al. 2007) or exon 6 (Bhatia, Gutierrez et al. 1992) mutations in regards to the
frequency of 7P53 mutations among different exons. Other mutations found in this
study are; one FS mutation in exon 6 and one splice variant in exon 9 and have been

reported before (Eguchi, Yao et al. 2000; Ott, Vogelsang et al. 2003).

Concerning 7P53 alterations, most were point mutations that lead to an increase in
protein stability and accumulation in the nucleus of tumour cells. An important finding
that emerged from this study is TP53 expression dissociated from the presence of
mutations. 7P53 gene mutations was found in 11/31cases showing TP53 protein over-
expression (p=0.333). However, a very significant association between TP53 protein
negativity and the absence of mutation (p<0.005) was found. One possible explanation
for this apparent discrepancy is that the distribution of mutations in high-grade
lymphomas is not limited to the classic hot spots of the 7P53 gene (Kocialkowski,
Pezzella et al. 1995). Nevertheless, mutations in the exons 4 and 10 are rare and
frequently these mutations are FS or non-sense type. Such null mutations are usually

not detected by IHC analysis because no protein is produced (Soussi and Beroud 2001).

On the order hand, the specificity of SSCP analysis is <75% and some mutations may
simply have escaped detection. Moreover TP53 over-expression can be detected in
begnin and neoplastic cells, which are rapidly proliferating (Danova, Giordano et al.
1990) and not related to 7P53 mutations. Other mechanisms that may lead to TP53
protein accumulation could not be excluded in this study either. Such mechanisms like
the binding to SV40 Large T-antigen (Amara, Trimeche et al. 2008), HPV- E6 and E7
and Ebstein Barr virus in cases of Burkitts lymphoma have been documented (Werness,
Levine et al. 1990).

TP53 protein expression (>20%) was found in 31 of 64 cases of DLBCL, after
excluding T-cell rich subgroup and one case that failed to show any bands after PCR

amplification. Eleven of the thirty one cases (35.5%) positive for DO-1 had a confirmed
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mutation of TPS53 gene. There was no significant correlation between TP53 positivity

and the presence of mutation.

This has led to the proposal that TP53 detection being synonymous with 7P53 mutation
is not valid in this study. Nevertheless, the findings of this series, where no mutation
was detected in 20 out of 31 cases with high TP53 levels, do suggest that the nuclear or
cytoplasmic stabilization of TP53 protein could also depend on other factors has been
described in soft-tissue sarcomas (Oliner, Pietenpol et al. 1993). Similar finding was
reported in several studies showing that TP53 expression is independent of TP53
mutations (Oka, Sarker et al. 1998; Sanchez-Beato, Sanchez-Aguilera et al. 2003).
Similarly the TP53 phosphorylated at Serine 392 showed a significant correlation of its
negativity by immunohistochemistry (40/43 cases, p<0.005) and the absence of
mutation of 7P53 gene. Nevertheless, there was no correlation between its positivity

and the presence of such mutation (9 of 21 cases, p=0.591).

There was no correlation between 7P53 mutations and p21, HDM2 or other biological
parameters of the studied group, this relates to several published studies reporting the
absence of correlation between TP53 mutations and p21 (Chapusot, Assem et al. 2001)
which could be explained by the presence of TP53-independent mechanisms for p21
regulation (Mottet, Pirotte et al. 2009). Also the absence of correlation between TP53
mutations and age or gender have been documented in previuos studies (Huang, Jin et

al. 2001).

Four patterns of TP53/p21 were established. There was statistically significant
correlation found between 7P53 mutations, regardless of its type, and TP53+/p21-
phenotype (p<0.05). with further classification of mutations according to its type,
TP53+/p21- phenotype was found in 10 of 10 cases with missense mutations in exons
5-8 (p<0.005). A similar finding was reported by several groups (Villuendas, Pezzella
et al. 1997; Girlando, Slomp et al. 1999), and was explained by the fact that missense
mutations of TP53 at the core domain results in a protein with a prolonged half-life that
fails to bind to DNA (Kern, Kinzler et al. 1991) and subsequently fails to up-regulate
the transcription of many TP53 target genes, mainly p21 (Kern, Kinzler et al. 1991).
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This finding was also confirmed by subsequent studies further suggesting that the
TP53+/p21- phenotype could be used as a marker for 7P53 gene status in NHL (Went,
Dellas et al. 2004).

In this study, a significant correlation was found between 7P53 mutations and high
proliferation index (p<0.005). The mean rank of MIB-1 staining by
immunohistochemistry was 28.44% in WT-p53 compared to 50.08% where TP53
mutations were found. This in concordance with other studies, showing a similar
finding, in other types of tumours such as nerve sheath and breast cancer (Kindblom,
Ahlden et al. 1995; Offersen, Alsner et al. 2008).

However, no correlation was found between TP53 mutations and Bcl-6 nor with Bcl-2
(p=0.35 and 0.081 respectively). The relationship of TP53 and Bcl-6 is complex. First
Bcl-6 is a direct transcriptional target of Tp53 and second Bcl-6 can suppress TP53 in
normal GC B-cells. The presence of TP53 mutations was found equally distributed
among Bcl-2 positive and negative cases (6 in each group). These results are in
concordance with previous reports studying the relationship between TP53 and Bcl-2
and Bcl-6 (Amara, Trimeche et al. 2008).
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5 :MiR-34a as new target of TP53 in DLBCL:

5.1 Introduction

Mutations of 7P53 occur in more than half of human cancers, this had led to an extensive
research on 7P353, as the most important tumour suppressor gene over the past twenty
years. TP53 leads to diverse cellular responses varying from cell cycle arrest, activation
of apoptosis and DNA damage repair. Which pathway is actually activated is tightly
coordinated in a context- dependent manner. The discovery of extensive network of
miRNAs and up or downregulation in cancers could represent another arm in this

complex pathway (He, He et al. 2007).

In theory, miRNAs might act like both tumour suppressor genes and oncogenes, hence
their name oncomirs. The first study involving miRNAs in cancer was in chronic
lymphocytic leukemia (CLL) that showed miR-15 and miR-16 functioning as tumour
suppressor genes (Calin, Ferracin et al. 2005). These observations might be of interest

both for diagnostic and prognostic purposes.

Several studies have implicated TP53 in the regulation of miRNA expression (Raver-
Shapira and Oren 2007; Tarasov, Jung et al. 2007; Kumamoto, Spillare et al. 2008). All
studies identified members of the miR-34 family as direct transactivation targets of TP53.
The precise function of miR-34a as a TP53 helper is unclear at this point, as some reports
implicate miR-34a in cell cycle arrest whereas others suggest that miR-34a promotes

apoptosis (Hermeking 2007).

5.2 Aim

The hypothesis is that miR-34a is a potential target of TP53 that can act in synchrony

with or independent of p21. The aim of this chapter was to determine the expression level
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of miR-34a in DLBCL sections and to correlate that level with other

immunohistochemical markers and the mutational status of 7P53 gene.

5.3 Materials and methods

The expression of the miR-34a was investigated in sixty two cases belonging to DLBCL
and Hep-G2 cell line using RT-PCR. Multiplex stem-loop RT-PCR with 18s was used as
an endogenous RNA control. Normal tonsil was used as reference tissue. Details of RNA

extraction and RT-PCR are given in the methods section.

5.4 Results

5.4.1 Data analysis

AAC studies were performed on the miRNA data using the SDS 2.1 software (Applied
Biosystems, CA, USA). The studies were then exported to the Microsoft® Office Excel®
2007 software (Microsoft Corporation, WA, USA) for further analysis. There were two
methods for AACt analysis. AACt values for each case was calculated in relation to
normal tonsil as the reference tissue. For statistical reasons, MiR-34a expression was
grouped into 3 groups of high, low and normal expression according to AACt interquatile
range. AACt> 75%was defined as low expression, <25% as high expression and between

25-75% as normal expression.

5.4.2 Expression of miRNAs in DLBCL cases

The expression of the miR-34a was investigated in sixty two cases of classic DLBCL.
Seven cases belonging to T-cell rich group as well as 3 cases (patient 8, 10 and 67), that
failed to show expression by RT-PCR, were excluded from this analysis. The expression
of miRNA-34a from 62 cases, normal tonsil and Hep-G2, a cell line with WT-p53 was
assessed. Ct values for miR-34a were normalised using 18s rRNA using the equation ACt

= Ct (mir-34a) — Ct (185) @s shown in figure .High A CT (e.g. cases 52) corresponded to low
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expression, while low ACT (e.g. cases 71) corresponded to high expression. All cases and
HepG2 A Ct were correlated to ACT of normal tonsil as it represents the closest cell

population and microenvironment of DLBCL. AACT were calculated from the equation

AACt= ACt (case) "ACt (tonsil)-

Amplification Plot

Low ACt corresponds to high

4 expression of miR-34a
°0
44
40

18s

ACT
10

to

oa High ACt corresponds to low
00

09
*to

expression of miR-34a

Figure 5-1: An example amplification plot produced by qRT-PCR. The figure shows
fluorescence curves for miR-34a and 18s internal control in triplicate. The figure also
illustrates how the ACt determines expression levels for the miRNAs; the Ct values are
calculated by the qPCR machine using default threshold settings.

Fifteen cases (24.18%) had AACt values of miR-34a ranging from -2.03863 to -9.26184,
corresponding to increased miR-34a expression compared to normal tonsil, thirty two
(51.61%)cases had a AACt value ranging from -2.03863 to 2.0976, corresponding to
normal miR-34a expression. Low expression of miR-34a was found in 15 cases

24.18%), with AACt ranging from 2.0976 to 5.40 as shown in Figure 5-1 and Table 5-1.
ging

MiR-34a expression was grouped into 3 groups of high, low and normal expression
according to AACt. AACt> 75%was defined as low expression, <25% as high expression
and between 25-75% as normal expression. Twenty patients (32.2%) had a high

expression of MiR-34a, 21 cases (33.9%) had nearly normal expression and 21 cases
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(33.9%) had low expression. There was no correlation between miR-34a expression and

age or gender.

Table 5-1: Collective data of miR-34a, TP53 mutational status, and TP53 and

related proteins expression.

2 -3.31323  6.36063 WT 8.8 8.2 7.2 10 99 +

3 -0.0571 9.61676 M 40 1.2 0 2.8 920 +

4 -1.3564 8.31746 WT 4 6 2.8 4 40 + +
5 -2.62302  7.05085 WT 35 2.5 0 6 50

6 -1.3365 8.33736 WT 36 1.2 20.8 1.6 60 + +
7 1.02556 10.6994 WT 2.5 4 0 1 75 + +
9 1.20126 10.8751 M 44 0.8 11.6 18 80 +

1 1.0081 10.6819 WT 9 1.5 0 3 50 +

13 -5.3929 4.28096 WT 6 2 2 4 40

14 1.60286 11.2767 WT 15 13.5 12 4 30 +

16 1.64633 11.3202 WT 17.2 5 7.7 5 25 +

17 2.94363 12.6175 M 55.6 0.6 72.7 11 80 +

18 -1.11377  8.5601 WT 21.1 0.6 61.1 11 70 + +
19 -1.7413 7.93256 WT 5 6 15 1 50 - +
20 9.8805 9.8805 WT 4 2.5 2 0.5 50 - -
21 3.3872 13.0610 WT 5.8 1.7 0 0.8 25 + -
22 1.88506 11.5589 WT 9.4 20.6 1.8 0.5 50 + +
23 0.0977 9.77156 WT 25 33 33 0.5 80 + -
24 2.09018 11.7640 WT 10.6 10 4.4 0.5 50 + -
25 10.8645 10.8645 M 45 15 85 1 70 + +
26 2.41433 12.0882 WT 20.5 2.7 0 1.1 40 - -
27 11.8634 11.8634 WT 5 1 2.5 0.5 50 + -
28 3.90846 13.5823 WT 22 3 5 1 50 + -
29 0.89263 10.5665 WT 21.5 3.5 6.5 2 50 - -
30 4.85003 14.5239 WT 5 0.5 3.5 1 80 + +
31 4.18316 13.8570 WT 27.5 0.5 2 1 90 + +
32 4.07093 13.7448 WT 20.5 8.5 9 114 80 - +
34 1.47913 11.153 WT 21.7 2.8 38.9 1 80 - -
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35
36
38
39
40
41
2
43
45
46
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
64
65
66
68
70
71
72
73

11.3812
9.42006
9.21436
12.0190
11.1636
7.84190
7.32346
9.55333
-0.83033
-5.32354
-4.9218
-2.49416
-6.81107
0.1791
-0.23764
5.39623
1.15470
-1.7087
-0.23382
2.01559
2.1197
0.77030

1.66246
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-1.5857
-3.36007

11.3812
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8.84353
4.35033
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2.8628
9.85296
9.43623
15.0701
10.8285
7.96517
9.44005
11.6894
11.7935
10.4441
11.3363
3.05913
5.53943
6.66283
4.74837
3.79283
6.06733
3.79990
12.562
0.41203
8.08816
6.31379
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WT
WT
WT
WT
WT
WT
WT
WT
WT

WT

WT
WT
WT
WT
WT
FS
WT
WT
WT
WT

WT
WT
WT
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46
10.8
66.7

4.7

3.3

10.5

10

9.3
52.7

12.5
28.8

16.4

19
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21.3
25
20.5

233
23

35
48

7.5

5.3
20
5.5
7.5
1.3
10
15
24
0.71
40
15

3.3
0.5
0.5
33

1.5
0.5

1
0.6
0.5
0.5
7.3
0.7
2.5

0.5
0.5

35
0
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7.1

18
16
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Cases 1, 15, 33, 37, 44, 47 and 69 were excluded from the study as they represented TCR
subgroup. Cases 8, 10 and 67 failed to show RT-PCR amplification. WT: WT-p53, M: missense

mutation, S: splice mutation, FS: Frame-shift mutation.

5.4.3 Correlation between TP53 and miR-34a:

Normal expression of miR-34a was found equally distributed between TP53 positive
and negative cases analyzed by IHC. A significant correlation was found between TP53
protein and miR-34a expressions (p<0.05), using Pearson correlation. Most of cases
(10/15) with lower levels miR-34a had positive TP53 immunostaining, compared to
normal tonsil. While 11 of 15 cases with high miR-34a expression were TP53 negative
by immunohistochemistry as shown in table 5-2 and Figure 5-2. This possibly relates to
presence of mutations in 7P53 gene that stabilizes the protein while abolishing his

transcriptional activation of mi-R34a promoter.

The relationship between miR-34a and TP53 gene mutations was further analysed,
Fourteen out of fifteen cases that showed high miR-34a expression levels, had a WT-p53
and the other case had a splice variant mutation in exon 9-intron 10 boundary. Normal
miR-34a expression was found in 31 cases, five of them had a missense mutation in exon
5-8. While cases 10 cases with WT-p53 and 5 cases with TP53 mutations had low
expression of miR-34a .Although there was a trend towards the association between high
expression of miR-34a and WT-p53, that did not reach statistical significance (p=0.57).
Yet with subsequent analysis of the mutation type, whether missense or other types, it
was shown that the 9 cases with missense mutations identified, all had either low or
normal miR-34a expression. No cases with missense mutations had a high miR-34a
levels (p=0.01). Figure 5-3 shows the relationship between TPS53 immunohistochemical

scoring and AACt of miR-34a in 62 DLBCL cases in relation to 7P53 gene status.

Interestingly, mutations in codon 248 and 273which are considered mutational hotspots
in haematological cancers, showed low expression of miR-34a Mutations at these
particular sites are classified as contact (class I) mutants, which occur in DNA contact

areas on either the L3 loop or the nearby loop-sheet-helix motif of TP53. The other
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missense mutations found in this series are in codons 156, 184, 202, 255 and 282. All

those mutants were identified in cases showing normal expression of miR-34a.

AWT

A missense

60 00-
40.00-
%
CL
A A
20 00- 1 *
A A
Aa w Aa
Afc A * A
000-
T e -
-1000 -5.00 0.00 5.00 10.00

deltadelta Ct

Figure 5-2: The relationship between TP53 and AA Ct of miR-34a in 62 DLBCL
cases. High miR-34a levels correlated with low TP53 expression and WT-p53 and low

miR-34a correlated with TP53 over-expression and missense mutations.
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Table 5-2 : Summary of miR34a, TP53 protein and mutational status

High miR-34a 14 0 1 4 1 15
(splice)
Normal miR-34a 27 4 1 16 16 32
(FS)
Low miR-34a 10 5 0 10 5 15
Total 51 9 2 30 32
P 0.01* 0.028*

* refers to significance at the 0.05 level.

5.4.4 Correlation with other TPS53 related proteins; p21, HDM2 and
Phospho-p53:

Significant correlation was found between MiR-34a and p21 protein expression (p<0.01).
Among 15 patients showing high expression of miR34-a, positive p21 staining was found
in 9 cases (45%). While, 15 out of 15 cases with low expression of miR-34a, had a
negative p21 immunostaining (100%). HDM2 showed a similar significant correlation
with miR34a (p<0.01). Figure 5-3 shows the relationship between miR-34a, assessed by
RT-PCR, and p21 and HDM2 protein expression assessed by immunohistochemistry.
Figure 5-4 shows the correlation between miR-34a and p21 in relation to TP53
mutational status, phospho-specific p53, however, showed no correlation with miR-34a.

(p=0.2) as shown in Table 5-3 and Figure 5-3.
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Table 5-3: The relationship between miR-34a expression and TP53, p21, HDM2 and

Phospho-p53.

High 4 11 9 6
miR-34a
Normal 16 16 2 30
miR-34a

Low 10 5 0 15
miR-34a

Total 30 32 11 52

P 0.028%* 0.011*

* refers to significance at the 0.05 level.

12

0.01l*

28

13

50

20

0.248

11

23

42

15

32

15

62
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Figure 5-3: The correlation between p2land HDM2 and miR-34a. High miR-34a
correlated with p21 and HDM?2 over-expression. Low miR-34a correlated with low p21
and HDM2 expressions.
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Figure 5-2: The relationship of TP53 mutations and p21 and AACt of miR-34a. All
ten missense mutations and one FS mutations had a lower expression of p21 and miR-
34a. WT p53 and a splice mutation in intron -10 had higher levels of p21 and miR-34a.
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5.4.5 Correlation of miR-34a and different TP53/p21 patterns:

The 15 cases showing low miR-34a expression had only 2 TP53/p21 patterns namely;
TP53+/p21- or TP53-/p21- in 10 and 5 cases respectively. This probably infers a non-

functional TP53 gene, due to a mutation, in the first pattern and deletion in the second.

High levels of miR-34a were found in 15 cases, which had pattemTP53-/p21+ ,TP53-
/p21- and TP53+/p21 +in 5, 6 and 4 cases respectively. This finding possibly underlies a
functional TP53 whether also expressing p21 or not. And also drives the attention that
TP53 positivity or negativity by IHC can implicate a functional or non-functional TP53.
On the other hand, normal expression of TP53 was found in 4 patterns mainly in
TP53+/p21-(15 cases) andTP53-/p21-(15 cases). Although there is tendency for
TP53+/p21- pattern to have lower miR-34a levels, this did not reach statistical

significance (p=0.4).

5.4.6 Correlation with other MIB-1, Bcl-2 and Bcl-6:

There was not significant correlation between the level of miR-34a and Bcl-2 or Bcl-6
proteins. The median rank of MIB-1 scoring by IHC was 34.27, 29.62 and 32.73 in cases
expressing miR-34a in higher, normal and low levels respectively (p=0.07). Neither Bcl-
2 nor Bcl-6 protein expression by IHC showed a significant correlation with miR-34a

levels (p=0.3 and 0.5 respectively) as shown in Table 5-4.

Table 5-4: The relationship between miR-34a and MIB-1, Bcl-2 and Bcl-6

expressions.
High miR-34a 34.27 9 6 9 6 15
Normal miR-34a 29.62 18 14 16 16 32
Low miR-34a 32.73 5 10 10 5 15

p 0.67 0.3 0.5
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5.4.7 Summary of results

miR-34a expression levels were investigated in 62 cases of DLBCL. Expression levels
was claSsiﬁed as high, normal and low in 24.18%, 51.6% and 24.18% respectively. A
significant correlation was found between TP53 protein and miR-34a expressions
(p<0.05). Yet, the striking finding in this study, is the strong association of the presence
of TP53 mutations and low level of miR-34a (p<0.01). Mutations in codons 248 and 273,
both classified as Class I mutant, were the most frequent among cases showing low level
of miR-34a. No correlation was found between miR-34a and phospho-TP53, MIB-1, Bcl-
2 or Bcl-6 yet it showed a strong correlation with p21 and HDM2 (p <0.05). In this
series, there was a strong correlation between the expression of both p21 and miR-34a.
Whether this a causal issue relating to TP53 being WT in some cases and thus inducing
miR-34 which regulates p21 or just inducing both of them independently is not clear at

this point.

These data suggest that WT p53 found in this cohort of cases was able to induce several
downstream effectors. One of them utilizes an accurate and energy efficient way of
controlling the expression of several proteins; this highlights the potential role of MiR-

34a as a potential TP53 target.

5.5 Discussion

With the recent discovery of noncoding RNAs, (miRNA) and small interfering RNAs
(siRNA), as translational regulators, it is clear that miRNAs play important roles in
regulating gene expression. Translational control has been shown to play a fundamental

role in oncogenesis (Sheikh and Fornace 1999).

miR-34 family contains three members; miR-34a , b and c, coded by two loci in the
vertebrate genome, one on chromosome 1p36 encoding miR-34a while both miR-34b and
miR-34¢ share a common primary transcript from chromosome 11q23. miR-34a is

expressed at higher levels than miR-34b/c in all tissues, with the exception of the lung,
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where miR-34b/c is dominantly expressed (Bommer, Gerin et al. 2007). Several studies
using chromatin immunoprecipitation (ChIP) and luciferase reporters assay, showed a
presumptive TP53 binding region within 30 kb of the precursor transcription units for
both miRNA34a and miRNA34b/c. TP53’s functions as a transcription factor are well
documented, and thus miRNAs acting via RNA interference pathway (RNAIi), offered the
TP53 the possibility to indirectly repress target gene expression at the posttranscriptional

level.

miR-34a expression levels was investigated in 62 of DLBCL, miR-34a correlated with
TP53 protein expression (p<0.05), but not with phospho-p53. Interestingly, the presence
of missense mutations in 7P53 associated with a lower level of miR-34a expression
(p=0.01). All cases with a missense 7P53 mutation identified by SSCP and confirmed by
sequencing had either low or normal expression of miR-34a, but none had a high level of
expression. Codon position 248 was the most frequent target of mutation in all series and
especially among cases with low expression of miR-34a (3/5 cases). This mutational
hotspot site resides where DNA contact occur and hence classified as contact mutant
(Cho, Gorina et al. 1994). The fourth mutation was in codon 273, also a contact (class I)
mutant. While the fifth mutation was in codon 282, known as denaturing or
conformational (class II) mutant, affecting the stability of TP53. Obviously this is a
simplified view of those mutations as they can share some of each others' properties. As,
some conformational mutants can retain some of DNA binding capabilities and vice

versa.

This finding correlates to several studies on the role of 7P53 in the induction of miR-34
although they were done in vitro. Tarasov and colleages performed a genome-wide
screening for microRNAs regulated by the transcription factor encoded by 7P53. By
conditional activation of TP53 in H1299 lung cancer cells, carrying a homozygous
deletion of the TP53 locus, and monitoring the levels of miRNA induced or inhibited by
TP53 activation. Amid thirty-four miRNAs exhibiting significantly increased expression,
the induction of miR-34a was most pronounced among all differential regulations
(Tarasov, Jung et al. 2007). In 2008, Ji et al transfected TP53-deficient human gastric

cancer cells with miR-34 mimics. Their results suggest that the restoration of miR34 can
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inhibit tumour formation and growth via inhibition of Bcl2, a key inhibitor of apoptosis,

Notch, and HMGA2 (Qing Ji 2008).

In DLBCL, there was a strong correlation between the expression of both p21 and miR-
34a (p <0.01). This could indicate that in some cases investigated in this study, functional
TP53 is capable of inducing both p21 and miR-34a and thus acting on the transcriptional
and posttranscriptional regulation of the cell cycle. This was reported in a study by Paris
et al who showed that the cellular response to Nutlin-3, a small-molecule inhibitor of the
TP53 repressor HDM2, varies widely among human cancer derived cell types. They
reported that TP53 have several players at its disposal in the apoptotic machinery, namely

p21, miR34a and /4-3-3c (Paris, Henry et al. 2008).

The other explanation is that miR-34 itself can modulate the expression of p21. This was
reported by Yamakuchi et al (2008), showing that miR34a can increase expression of p21
and PUMA, another transcriptional targets of TP53. Moreover they showed that miR-34a
can repress silent information regulator 1(SIRT-1), a NAD-dependent deacetylase and
increases acetylated TP53 thus activating the TPS53 signalling pathway (Yamakuchi,
Ferlito et al. 2008).

There is also other evidence that other miRNAs can regulate p21 and other cdk-
inhibitors. For example, a recent study showed that miR-106 and miR-93, which are up
regulated in stomach cancer cells, can down regulate p21 (Ivanovska, Ball et al. 2008;
Kim, Yu et al. 2009). Another study found that miR-192 and miR-215 can act as targets
as well as regulators of TP53; that seem to suppress cancerogenesis through p21

accumulation and cell cycle arrest (Braun, Zhang et al. 2008).

There was a significant correlation between miR-34a and HDM2 (p <0.01). In this series,
HDM2 was shown to act more as a TP53 target as shown from HDM2 and miR-34a
expression levels. The relationship between TP53 and HDM2 is very complex. First
HDM?2 is induced by TP53. Secondly HDM2 acting as an ubiquitin ligase will induce
TP53 degradation. Concomitant Lack of HDM?2 and miR-34a expression is probably the
result of non-functional TP53. This was reported in the study by Paris et al, giving
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evidence that after TP53 activation of p21, miR34a, PUMA and PIGs (p53- inducible

genes), similar increase in HDM2 was observed (Paris, Henry et al. 2008).

Recently, the ability of HDM2 to induce TP53 has been discovered. HDM?2 stimulates
TP53mRNA translation by binding the TP53 mRNA which meanwhile also suppresses
HDM2’s capacity to promote TP53 polyubiquitination and degradation. So the effect of
HDM2 on TP53 expression is actually a balance between synthesis and degradation
(Candeias, Malbert-Colas et al. 2008).
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6 Discussion, conclusions and future work

6.1 Discussion

Since the description of TP53 as the Guardian of the genome by David Lane, it has
been the most extensively studied tumour suppressor protein (Lane and Crawford
1979). The TP53 gene product is a 393 amino acid nuclear phosphoprotein, which
under normal circumstance, is a short lived protein that attains a latent conformation.
Upon its activation by several types of genotoxic stresses like DNA damage, hypoxia,
oncocogene activation and viral replication, TP53 have several pathways at its disposal

(Levine 1997). Among these, are growth arrest, apoptosis, and cellular senescence.

The TP53 gene is the most frequent target of genetic alterations, being mutated in more
than half of human cancers (Iwakuma, Lozano et al. 2005). The mutant TP53 proteins
first lack the WT-p53 activity and second can have new gain of function properties that
promote oncogenesis (Kim and Deppert 2004). Most of 7P53 mutations are missense,
which is quite unique among other tumour suppressor genes. Most tumour suppressor
genes are inactivated by frame shift or nonsense mutations leading to the complete
elimination of the gene products or the production of truncated proteins which are both
non-functional (Blagosklonny 2000).

DLBCL is the most common aggressive NHL and comprises nearly 40% of adult
lymphomas. The disease represents a clinically and genetically heterogeneous entity.
The disease has a poor prognosis in half of the patients because of its aggressive and
highly proliferating nature. With the introduction of Rituximab, the overall survival has
been improved (Habermann, Weller et al. 2006). In DLBCL, TP53 is of heightened
interest regulating the cell proliferation and apoptosis. The frequency of TP53
mutations in haematological malignancies is less than solid tumours, with mean of
14%, but they carry unfavourable prognosis relative to WT-p53 (Peller and Rotter
2003).
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In this study, several TP53 related proteins were assessed along with routinely used
markers for DLBCL diagnosis. These include; p21 as the most important downstream
target of TP53, HDM2 the best known regulator of TP53 and Phospho-specific TP53 as
a marker of activation of TP53. These were analysed in context with the molecular data
gathered from screening for 7P53 mutations in exons 5-9 by SSCP-sequencing and the

recently discovered TP53 target namely miR-34a.

The study involved 72 cases of DLBCL retrieved from the UHL pathology archive over
the period from 2000-2006. These included seven TCR cases and 65 classic DLBCL
cases. TP53 over-expression (> 20%) was observed in 52.8% of DLBCL cases. The
frequency of TP53 over-expression in the literarture varies from 27% (Leroy, Haioun et
al. 2002) to 56% (Paik, Jeon et al. 2005). This could be explained by differences in the
cut-offs used, the fixation and the antigen retrieval methods used (Olapade-Olaopa,
MacKay et al. 1998; van den Broek and van de Vijver 2000). It of special importance to
note that TP53 over-expression can be detected in rapidly proliferating normal and

neoplstic haematopoietic cells (Danova, Giordano et al. 1990).

Because molecular analysis of TP53 is not carried out routinely in most laboratories,
several attempts have been made to use TP53 immunohistochemistry as a surrogate
marker for TP53 mutations (Maestro, Gloghini et al. 1997). In this series there was no
significant correlation between TP53 positivity and the presence of mutation (p=0.33)

and thus this hypothesis cannot be proven based on this study.

However the findings of this series, where no mutation was detected in 20 out of 31
cases with high TP53 levels (p<0.005), do suggest that the nuclear or cytoplasmic
stabilization of TP53 protein could also depend on other factors, as has been described
in other tumours such as soft-tissue sarcomas (Oliner, Pietenpol et al. 1993). Similarly
the TP53 phosphorylated at Serine 392 showed a significant correlation of its negativity
by immunohistochemistry (40/43 cases, p<0.005) and the absence of mutation of 7P53
gene. Nevertheless, there was no correlation between its positivity and the presence of

such mutation (9 of 21 cases, p=0.591). Similar findings were reported in several
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studies showing that TP53 expression is independent of 7P53 mutations (Oka, Sarker et
al. 1998; Sanchez-Beato, Sanchez-Aguilera et al. 2003).

This has led to the establishment of four TP53/p21 expression patterns to further assess
the TP53 functionality. This is based on the ability of TP53 to cause cell cycle arrest via
its main downstream target, p21. A TP53+/p21- phenotype was found in 28 of 72 cases
and was correlated to 7P53 missense mutations (p<0.005). This in concordance to
several reports suggesting the role of 7P53 missense mutations in the production of a
more stable protein (TP53+), while abolishing its ability to induce p21 (p21-)
(Villuendas, Piris et al. 1992; Visco, Canal et al. 2006).

In this series, there was a strong correlation between TP53 and MIB-1 (p<0.005) and
phospho-p53 (p<0.005). There was also a strong negative correlation between and
TP53 and Bcl-2 expressions (p<0.005). In this study, all phospho-p53 positive tumours
were positive for TP53 protein expression detected by DO-1. Yap et al 2004 have
shown that phosphorylation of TP53 at serine 392 phosphorylation had a clear effect on
the anti-apoptotic function of mutant TP53, which was independent of the DNA binding
activity of TP53. In this study, phospho-p53 positive tumours showed a high
proliferation index compared to phospho-p53 negative tumours. A similar finding was
also reported by Matsumoto et al (2004) where Serine 392 phosphorylation of TP53
was significantly associated with proliferative activity of tumour cells (Matsumoto,
Furihata et al. 2004).

It was also observed that rapidly proliferating tumours show over-expression of TP53
(p<0.005) and was correlated to TP53 mutations (p<0.005) which has been reported
before in lymphomas (Cesarman, Inghirami et al. 1993). There was a negative
correlation between the proliferation index and the anti-apoptotic protein Bcl-2
(p<0.005). A similar finding was shown by other groups (Bai, Agnantis et al. 2003;
Jerkeman, Anderson et al. 2004), keeping the notion that anti-apoptotic protein , Bcl-2,
can inhibit cellular proliferation (Janumyan, Sansam et al. 2003). While a clear
relationship was not observed in a recent study examining paediatric DLBCL (Miles,
Raphael et al. 2008).
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This relationship observed in this study, between TP53 and Bcl-2, is similar to other
groups who showed that WT-p53 down-regulate the anti-apoptotic Bcl-2 protein and
the loss of this repression may lead to up-regulation of Bcl-2 by the previous
identification of a TP53-dependent negative response element in the bcl-2 gene
(Miyashita, Harigai et al. 1994). Similar finding was also reported in other types of
lymphomas such as FL, gastric and primary bone lymphomas (Huebner-Chan,
Fernandes et al. 2001).

The frequency of TP53 mutations was 18.75% in this study, which is comparable to the
average frequency of several reports (Leroy, Haioun et al. 2002; Young, Weisenburger
et al. 2007). All of the mutations identified were previously reported. Exon 7 harboured
most of the mutations (30%), especially at codon 248 which is considered a mutation
hot-spot. The distribution of 7P53 mutations among different exons is variable in the
literature, mostly reporting exon 7 as the most common target of inactivating mutations.
Other exons constitute less frequent targets of such mutation, with exon 9 representing
the least of them. This relates to the frequency reported by IARC and p53 knowledge
database (Hainaut, Hernandez et al. 1998).

The HDM2 gene is a cellular proto-oncogene that is often amplified in less than 10 %
of all human cancers, but most frequently in soft tissue sarcomas (Momand, Jung et al.
1998). HDM2, as an ubiquitin ligase, regulates the activity of TP53 protein by targeting
TP53 for proteasomal degradation or enhance TP53 nuclear export where it is degraded
in the cytoplasm. HDM2 protein overexpression (>10%) was found in 23.6% of cases.
Strong positive correlation was found between p21 and HDM2 protein expression
(r=0.3337, p<0.005). Yet no correaltion was found between individual HDM2 or p21
and TP53 overexpression and mutations which is similar to other reports (Villuendas,

Piris et al. 1992).

Recently, a small class of RNAs (miRNAs) was found to act as TP53 helpers after their
known roles in cancer has been established (le Sage and Agami 2006). The miR-34
family, particularly miR-34a, has been catching the spotlight as being direct TP53
targets (Bommer, Gerin et al. 2007) based on the discovery of a presumptive TP53
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binding domain in the precursor transcription units of both miR-34a and miR-34b/c
(Wei,Wu et al 2006). miR-34a expression levels was assessed in 62 DLBCL cases.
miR-34a correlated with TPS53 protein expression (p<0.05) and with TP53 missense
mutations (p=0.01). This finding correlates to several in-vitro studies (Bommer, Gerin
et al. 2007) , but to my knowledge this is first study reporting the relationship between
TP53 and miR-34a in DLBCL.

Another interesting finding that arise from this study, is the correlation between the
expression of both p21 and HDM2 and miR-34a (p <0.05). Whether it is based on the
ability of functional TP53 to concomittently induce theses proteins or that miR-34a can
regulate the expression of p21 and HDM2 is not clear at this point. Both explanations
could be valid based on previous studies supporting the two hypotheses (Paris, Henry et
al. 2008 and Yamakuchi, Ferlito et al. 2008). A summary of the finding observed in this
syudy, is shown in Figures 6-1 and 6-2.

- MIB-1 P53 |« Phosph- |
— p53
'Bcl-z =" | Hom2
: /¢’/, \\a\
Bcl-6 miR-34a p21

Figure 6-1: TP53 in relation to immunhistochemical markers. A strong positive
correlation was found between TPS53 and MIB-1 (p<0.005) and phopho-pS53 (p<0.005).
A strong negative correlation was found between TP53 and Bcl-2 (p<0.005) and miR-
34a (p<0.05). No correlation was found between TP53 and p21, HDM2 or Bcl-6.
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Figure 6-2: TP53 mutational status. TP53 over-expression can be due to missense
mutations causing a conformational change in TP53 that leads to its stabilisation, or due
to over-activation of TP53 in response to carcinogenic stress. On the other hand low
expression of TP53 can be due to the presence of WT-pS3 or due to loss of 7P53 by
deletions or null mutation. In this study, missense 7P53 mutations showed a correlation
with low mi-34a (p<0.05), the presence of a TP53+/p21- phenotype (p<0.005) and high
proliferation index (p<0.005).

6.2 Fulfilment of the aims:

The aims of this thesis have been achieved, by molecular analysis of 64 cases of
DLBCL and relating the findings to the expression of Tp53 and related proteins and
miR-34a. In conclusion, this study showed a significant positive correaltion between
TP53 and MIB-1, phospho-p53 and negative correlation between TP53 and Bcl-2 and
miR-34a. TP53 missnse mutations showed a correlation with low miR-34a, the

presence of a TP53+/p21- phenotype and high proliferation index.

There was no correlation, however, between TP53 and its main downstream target
(p21) or with its main regulator (HDM2). This suggests that not all cases with WT-p53

are fully functional and are not all phenotypically similar. Other mechanisms for
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inactivating TP53 must be responsible, such as alterations of the downstream or

upstream regulators or targets that will mimic a TP53 aberration.

6.3 Future Directions

The delineation of DLBCL into GC and ABC subtype could provide further insights in
relation to TP53 pathway. These will need further characterisation of cases by CD10
and MUM-1; which was not feasible in this study because of the lack of available
sections. Other TP53 regulators, apart from HDM2 should also be addressed. These
include COP-1, PIRH-2 and other HDM2 family members such as HDM-4 and HDM-
X. Also the study of other TP53 isoforms as well as p63 and 73 in DLBCL will be
helpful to capture the full picture of TP53 network in those lymphomas. Although it has
a low frequency in lymphomas, other TP53 exons, outside the hotspot regions should

also be screened for the presence of mutation.

It would be also useful to have survival data to assess the prognostic relevance of the
markers studied. Unfortunately due to ethical restrictions, this was not done in this
study. Acquiring a pre and post-transformation sections as well as pre and post relapses
would be very helpful to show if TP53 or any of the markers could be used to predict
the clinical behaviour of DLBCL.

To further unravel the connection between TP53 and the miR-34 genes, it will be
important to define the targets of miR-34s in more detail using additional approaches,
e.g., proteomic analyses. Furthermore, the relevance of the individual target
downregulations mediated by miR-34s for tumor suppression by TP53 needs to be
determined. Knock-out approaches combined with mouse models of cancer will
presumably allow the function of miR-34 genes and their relevance for tumour
suppression in vivo to be determined. In addition, it will be interesting to determine to
what extent TP53-induced miRNAs or direct TP53-mediated repression account for the
downregulation of genes observed after TP53 activation. Which pathway takes the

upper hand or occurs first is still not understood.
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Small interfering RNAs (siRNAs) are currently tested and optimized for clinical
applications (de Fougerolles, Vornlocher et al. 2007). Therefore, it may be possible to
restore miR-34 function for cancer therapeutic purposes in the future. Given the tumor-
suppressive functions of the miR-34 family, it will be interesting to determine whether
detection of miR-34a has diagnostic or prognostic advantages as previously shown for

other miRNAs (Calin and Croce 2006)
Another relative of miRNA, piwi-interacting RNAs (piRNAs) were discovered in rat

germline cells that play a role in gene regulation (Lau, Seto et al. 2006). Acting via
RNA interference means that a rapid repression can be achieved without change of the
steady state levels of mRNA. Thus the world of these small RNAs is providing new
insights about genome control in normal and malignant cells. Finally, while miR-34a
seems to catch the spotlight, other family members miR-34b/c also play a role in a
tissue specific context. Other mi-RNAs induced by TP53 remains to undiscovered. A
summary of the proposed other markers that can further unravel the TP53 pathway is

given in Figure 6-3.
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p14/ARF | | HDM2
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Figure 6-3: Recommended markers for future studies. These include other
miRNAs; such as miR-15 and miR-16, other TP53 modifications; including other
phosphorylation sites, TP53 isoforms, TP53 family members and other ubiquitin ligases
and pl4.
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