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(57) ABSTRACT

The invention provides methods for determining a prognosis
of colorectal cancer in an individual comprising determining
an A-type lamin status of an individual and using the A-type
lamin status to determine the prognosis of the colorectal
cancer, and more particularly for predicting outcomes of col-
orectal cancer in the individual such as the survival or mor-
tality of the individual or the likelihood of recurrence of the
colorectal cancer. Kits for use in carrying out these methods
are also provided.




Patent Application Publication  Nov. 25,2010 Sheet 1 of 2 US 2010/0297618 A1

Pigurs 1s

Figure 1ib




Patent Application Publication  Nov. 25,2010 Sheet 2 of 2 US 2010/0297618 A1

Figure i




US 2010/0297618 A1l

METHODS FOR DETERMINING A
PROGNOSIS OF COLORECTAL CANCER

FIELD OF THE INVENTION

[0001] The present invention relates to methods for deter-
mining a prognosis of colorectal cancer in an individual using
a novel prognostic marker, and more particularly to predict-
ing outcomes of colorectal cancer in the individual such as the
survival or mortality of the individual or the likelihood of
recurrence of the colorectal cancer. These findings may be
used to help to determine appropriate treatments for patients
with colorectal cancer.

BACKGROUND OF THE INVENTION

[0002] Colorectal cancer is a highly prevalent form of can-
cer for which both improved treatments and clinical markers
to predict disease outcome are desired. Recent estimates indi-
cate that there are around 165,000 new cases of colorectal
cancer per year in the United States and 370,000 in Europe.
Colorectal cancer is therefore a major public health issue and
new technologies that can improve the clinical management
of this disease would be highly desirable.

[0003] As with many cancers, the early detection of col-
orectal cancer increases the likelihood that the tumour can be
successfully removed and the cancer cured. After diagnosis,
colorectal tumours are normally treated surgically and this is
often curative if the tumour is removed prior to the develop-
ment of a more aggressive phenotype. Colorectal cancers are
graded clinically and this information helps clinicians to plan
the most appropriate treatment strategy for each individual
patient.

[0004] There are two major grading systems in use for
colorectal cancer. Colorectal cancers are normally graded
according to the Dukes scale. This scale contains four grades;
A, B, C and D. Dukes C and Dukes D cases are the most
advanced stages and such patients generally have a poor long
term outlook despite the widespread use of treatments such as
adjuvant chemotherapy in addition to surgical intervention.
In contrast, patients with Dukes grade A colorectal cancer are
nearly always cured by surgical intervention alone. The
majority (around 70%) of Dukes Grade B cases are also cured
by surgical resection of the tumour, but around 30% of grade
B cases suffer recurrences of the colorectal cancer leading to
the death of the patient.

[0005] The alternative colorectal cancer grading system
which is becoming commonly used is the TNM grading sys-
tem. This system is based on the primary tumour size (T),
extent of spread to lymph nodes (N) and the presence of
metastasis (M), and together these criteria are used to define
the clinical stage of the colorectal cancer. The TNM stage can
be correlated with the Dukes staging system and those TNM
stage I patients with tumour extension into the muscularis
propria as well as the TNM stage II patients are generally
categorised as Dukes grade B (Sobin 2002).

[0006] A wide range of mutations have been described
which are associated with colorectal cancer (Bienz 2000). In
contrast to this, there is a distinct lack of markers that can be
used to accurately predict which colorectal cancer patients
will ultimately suffer a recurrence and die from the disease
and which will remain disease free in the long term. Such
information would be extremely useful clinically as it would
allow the identification of high-risk individuals who could be
given more aggressive treatment regimes and monitored on a
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more regular basis. Although such a prognostic marker would
be useful across all grades of colorectal cancer, it would be of
particular value in the Dukes grade B cohort of patients.
[0007] There has been widespread discussion as to the mer-
its of treating Dukes grade B patients with adjuvant chemo-
therapy alongside surgical intervention. Clinical studies have
shown a small survival benefit of providing adjuvant chemo-
therapy to Dukes grade B patients (Gray 2004). As the
observed survival benefit was relatively small there has been
areluctance to prescribe adjuvant chemotherapy as a standard
treatment strategy for all Dukes grade B patients. The sub-
population of Dukes grade B patients who suffer recurrence
of their colorectal cancer and subsequent mortality may in
fact derive greater clinical benefit from adjuvant chemo-
therapy than that observed when the population of grade B
patients is considered as a whole. Markers that can prospec-
tively identify this patient sub-population at the point of diag-
nosis/initial treatment would be extremely useful and could
enable the use of adjuvant chemotherapy as a standard treat-
ment for this high-risk group of patients.

[0008] The Lamin A/C gene encodes a number of interme-
diate type filament proteins, the A-type lamins, which are
major components of the nuclear lamina (Hozak 1995). The
nuclear lamina is a meshwork of filaments found on the
nucleoplasmic side of the nuclear membrane. Nuclear A-type
lamins have a range of roles including structural and regula-
tory functions. The Lamin A/C gene contains 12 exons and
alternative splicing within exon 10 of the lamin A/C messen-
ger RNA gives rise to two proteins; lamin A and lamin C (Lin
1993). The human lamin A protein is 664 amino acids in
length whereas the lamin C protein contains 572 amino acids.
The first 566 amino acid residues are common to both lamin
A and C. In addition to lamin A and lamin C there is a third
splice variant which is identical to lamin A, but which lacks
the exon 10 sequence. This form gives rise to a 634 amino acid
protein called lamin AA10 (Machiels 1996).

[0009] Changes in expression of the Lamin A/C gene have
been reported in a number of cancers and A-type lamin
expression has been reported to be downregulated in small
cell lung carcinomas (Broers and Ramaekers 1994) and in
testicular cancer (Machiels 1997). Loss of A-type lamins at
the protein level has been associated with a highly prolifera-
tive status in basal cell carcinomas (Venables 2001). In pri-
mary colon carcinomas and adenomas, it has been observed
that the expression of Lamin A/C is reduced and frequently
undetectable by immunohistochemistry and in a number of
cancers mislocalisation of A-type lamins to the cytoplasm of
the cells has been detected (Moss 1999). Further studies have
shown that the silencing of Lamin A/C gene expression by
promoter hypermethylation occurs in Nodal diffuse large
B-cell lymphoma and that this is associated with a decrease in
patient survival (Agrelo 2005). From the literature, loss or
mislocalisation of A-type lamins therefore appears to have
negative connotations with respect to cancer due to the asso-
ciation of loss/mislocalisation of A-type lamins with more
highly proliferative cellular behaviour and decreased patient
survival.

SUMMARY OF THE INVENTION

[0010] Broadly, the present invention is based on experi-
ments that demonstrate that the expression and cellular locali-
sation of the A-type lamin proteins from the Lamin A/C gene
is indicative of the prognosis of colorectal cancer patients.
More particularly, the work described herein confirms that the
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loss or mislocalisation of A-type lamin proteins correlates
with a positive prognosis (long term survival and reduced
chance of disease recurrence), whereas the presence of
A-type lamin proteins in their normal nuclear localisation
pattern is indicative of'a poor prognosis (recurrence of disease
and colorectal cancer associated mortality ) for colorectal can-
cer patients. Accordingly, the determination of A-type lamin
status, for example by determining the expression of A-type
lamin proteins, Lamin A/C gene expression and/or analysis of
the A-type lamin protein cellular localisation in tumour
samples may therefore be used as a prognostic indicator of
colorectal cancer patient outcome and thus help to determine
the most appropriate clinical treatment strategy for the
patient.

[0011] Thus, the present invention provides a means to
define the clinical prognosis of colorectal cancer patients. The
results may be contrasted with the findings reported in the
literature that suggest that an absence of Lamin A/C is likely
to be a poor prognostic indicator. The work described herein
shows that the opposite is in fact the case and that the presence
of Lamin A/C is an indicator of poor prognosis in colorectal
cancer patients.

[0012] Accordingly, the present invention may be used to
help in the prediction of colorectal cancer related mortality in
colorectal cancer patients. In this study, colorectal cancer
related mortality equates to all patients who death could be
directly attributed to colorectal cancer as opposed to those
who either survived or died due to an unrelated cause. In most
instances, the prognostic prediction of colorectal cancer
related mortality is equivalent to prediction of colorectal can-
cer recurrence and this invention can therefore be used to
identify a high risk group of patients with an increased like-
lihood of both recurrence of colorectal cancer and ultimately
colorectal cancer related mortality.

[0013] Accordingly, in a first aspect, the present invention
provides a method for determining a prognosis of colorectal
cancer in an individual, the method comprising determining
an A-type lamin status of the individual and using the A-type
lamin status to determine the prognosis of the colorectal
cancer.

[0014] Preferably, the A-type lamin status of the individual
is used for predicting the outcome of the colorectal cancer in
that individual. By way of example, the outcome of the col-
orectal cancer may be predicting colorectal cancer associated
survival or mortality of the individual and/or predicting the
probability of long term survival of the individual and/or
predicting recurrence of the colorectal cancer. Alternatively
or additionally, the A-type lamin status may be used for
determining the clinical treatment of the individual. By way
of example, this may be of help in selecting a type of chemo-
therapy or a chemotherapy regimen for administration to the
individual and/or in determining whether a colorectal tumour
should be treated by surgical resection.

[0015] As set out above, the assignment of individuals to
the existing Dukes scale and TNM grading system for col-
orectal cancer often fails to adequately distinguish some of
the patients who will respond well to treatment and remain
disease free and other groups of patients for whom a more
aggressive treatment regimen is needed. The methods dis-
closed herein may be used to help to solve these problems,
and so provide appropriate treatment to individuals with col-
orectal cancer. This may be by using the results of the method
of prognosis of the present invention alone to determine
appropriate treatment for a patient or by combining the results
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of the prognostic method of the present invention with an
existing grading systems for patients with colorectal cancer.
In particular, the present method may be used to help to
improve the prediction of outcome of patients categorised as
grade B on the Dukes scale or the equivalent TNM stage 11
patients onthe TNM grading system. A-type lamin status may
also be employed for predicting recurrence of early grade or
Dukes stage A colorectal cancer or adenomas.

[0016] Preferably, determining the A-type lamin status of
the individual comprises determining the expression of the
Lamin A/C gene, and/or the presence, amount and/or locali-
sation of an A-type lamin protein, or a fragment thereof. Both
determinations may include assessing the prevalence of the
A-type lamin status in question in the tumour cells, that is,
how many of the cells in a sample under consideration share
the A-type lamin status in question.

[0017] As explained in more detail below, A-type lamin
proteins include proteins and fragments thereof which have at
least 80% sequence identity to a Lamin A, Lamin C or Lamin
AA10 protein having an amino acid sequence as set out in
SEQID NO: 1to 3. The determination of expression of Lamin
A/C nucleic acid include the expression of nucleic acid mol-
ecules having at least 90% nucleic acid sequence identity to
the nucleic acid sequence set out in SEQ ID NO: 4 or which
are capable of hybridising to the nucleic acid sequence set out
in SEQ ID NO: 4 under stringent conditions.

[0018] Preferably, the method of the present invention is an
in vitro method carried out on a sample obtained from said
individual. In some embodiments of the present invention, the
method may therefore comprise an initial step of obtaining a
sample from the individual in question and/or preparing the
sample for analysis. Preferred examples of samples for use in
the method include blood samples, tissue samples or cell
samples. The choice of sample may depend on how the deter-
mination of A-type lamin status is carried out and can be
determined by the skilled person. Examples of suitable tissue
samples include a resected tumour sample or tumour biopsy
sample. Thus, the method may also include the steps of pre-
paring a sample for analysis from a resected tumour sample or
a tumour biopsy sample. The preparation may include the
step of staining the sample to enable the A-type lamin status
to be determined.

[0019] As described herein, the present invention is based
on the finding that a reduction in the expression of the Lamin
A/C gene, or a loss or a mislocalisation of A-type lamin
protein, correlates with a positive prognosis for the indi-
vidual. In the context, a reduction in the expression of the
Lamin A/C gene may mean that there is a lower level of
mRNA detectable in the tumour cells, for example as com-
pared to a control of the level of expression in normal cells.
Alternatively or additionally, a loss or mislocalisation of
A-type lamin protein may mean that the proteins are not
observed in their normal localisation pattern in the nuclei of
tumour cells. A positive prognosis generally means that the
individual is likely to survive in the long term after treatment
for the colorectal cancer and/or to have a reduced chance of
the recurrence of the colorectal cancer. In other aspects, the
present invention is based on the finding that the presence of
A-type lamin proteins in a normal nuclear localisation pattern
or the expression of Lamin A/C nucleic acid correlates with a
negative prognosis, where the negative prognosis may be
recurrence of disease or a increased chance of colorectal
associated mortality in the individual.



US 2010/0297618 A1l

[0020] 1In both instances, the determination of the A-type
lamin status in a sample containing colorectal cancer cells
may be carried out with reference to one or more controls,
although the need for controls will depend on the nature of the
test used. Generally speaking, suitable controls can be estab-
lished by those skilled in the art based on the finding disclosed
herein using results previously obtained from one or more
other patient samples known to correlate with a particular
outcome of colorectal cancer. The skilled person will appre-
ciate that the form of the control that is relevant in a particular
test will be dependent on how the A-type lamin status is
determined.

[0021] By way of example, in the immunohistochemical
experiments set out in the examples, a positive control was
conveniently provided by the nuclei within the normal intet-
stitial tissue surrounding the tumour. If these nuclei did not
stain positively, which occurs in less than 2% of cases, the
sample was discarded in favour of a second section. Thus, the
positive control in this instance is an internal one. The scoring
was then done by determining whether, and what proportion
of, the tumour cells nuclei stain positively for A-type lamins.
In the examples, a tumour was classified as Lamin A positive,
if greater than 10% of the tumour cells nuclei stained posi-
tively for A-type lamins.

[0022] The A-type lamin status of the individual may be
determined in a range of different ways that include, by way
of example, (a) determining the presence or amount of an
A-type lamin protein, or a fragment thereof, in the sample
obtained from the individual, (b) detecting the expression
and/or cellular localisation of A-type lamin proteins, (c)
detecting or determining the expression of Lamin A/C gene,
for example by examining Lamin A/C mRNA levels
expressed from the Lamin A/C gene.

[0023] Although the invention is exemplified using histo-
logical techniques, alternative analysis techniques may be
used to determine the expression of the Lamin A/C gene or the
presence, absence or localisation of lamin proteins and pro-
vide the prognostic information. This may be achieved (i)
using immunohistochemical analysis, (ii) by determining the
gene and/or protein expression levels of Lamin A/C nucleic
acid, (iii) using other forms of protein analysis techniques to
detectlamin A/C protein and/or its localisation such as the use
of binding assays, protein arrays, Western blotting, mass
spectrometry, or other protein detection methods known in
the art, (iv) using gene expression technologies such as
reverse transcriptase polymerase chain reaction (RT-PCR) to
determine mRNA expression levels and/or the presence of
Lamin A/C mRNA in a sample and/or (v) by using a microar-
ray technique to determine gene expression.

[0024] Preferably, the method comprises detecting the
expression and cellular localisation of A-type lamin proteins.
Such detection may involve the step of contacting an antibody
or antibody fragment capable of recognising said polypep-
tide, or fragment thereof, with said sample.

[0025] The analysis may comprise a qualitative analysis,
e.g. by monitoring the presence and cellular localisation of
A-type lamin polypeptides by microscopy, e.g. using immu-
nohistochemical staining. Immunohistochemical analysis
canbe performed on either paraffin fixed samples or on frozen
tissue samples.

[0026] Examples of possible IHC methods which could be
used to detect the lamin A/C polypeptide as described in the
present invention.
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[0027] Preferably, the presence, amount or cellular locali-
sation of A-type lamin proteins may be determined using a
binding agent capable of specifically binding to a A-type
lamin proteins, or fragments thereof. A preferred type of
A-type lamin binding agent is an antibody capable of specifi-
cally binding the lamin A proteins or fragment thereof. The
antibody may be labelled to enable it to be detected or capable
of detection following reaction with one or more further
species, for example using a secondary antibody that is
labelled or capable of producing a detectable result.

[0028] Alternatively, or additionally, the method for deter-
mining the A-type lamin status may comprise determining the
cellular localisation of an A-type lamin protein, or a fragment
thereof, in cells in a sample obtained from the individual.
Conveniently, this may be carried out by microscopy and may
employ immunohistochemical (IHC) analysis. IHC analysis
can be carried out using paraffin fixed samples or frozen tissue
samples, and generally involves staining the samples to high-
light the presence and location of A-type lamin proteins in the
cells.

[0029] Alternatively, or additionally, the present invention
may involve determining the A-type lamin status by deter-
mining the expression of the Lamin A/C gene. In one embodi-
ment, the expression of the Lamin A/C gene can be assessed
by determining the presence or amount of lamin A/C mRNA
in the sample and methods for doing this are well known to the
skilled person. By way of example, they include determining
the presence of A-type lamin mRNA in the sample (i) using a
labelled probe capable of hybridising to the lamin A/C
nucleic acid; and/or (ii) using PCR involving one or more
primers based on an A-type lamin nucleic acid sequence to
determine whether the A-type lamin transcript is present in a
sample. The probe may also be immobilised as a sequence
included in a microarray.

[0030] In a further aspect, the present invention provides a
kit for predicting colorectal cancer associated mortality or
recurrence in an individual in accordance with the methods
described herein. Preferably, the kit comprises the reagents
necessary for carrying out the determination of A-type lamin
status on a sample and instructions for carrying out the test
and interpreting the results. Preferred types of kit may com-
prise one or more of the following reagents:

[0031] (2) an antibody capable of recognising A-type
lamin polypeptides or fragments thereof, for example
for use in a binding assay such as an ELISA or in an
immunohistochemical test. The antibody may be
detected either by being directly labelled or through
interaction with one or more other species, for example
a labelled secondary antibody; and/or

[0032] (b)one or more primers based on the nucleic acid
sequence of the lamin A/C gene, for example for detect-
ing the presence of lamin A/C mRNA; and/or

[0033] (c)a probe based on the nucleic acid sequence of
the lamin A/C gene, for example for detecting lamin A/C
gene expression. As for antibody reagents, the probes
may conveniently be directly or indirectly labelled to
enable them to be detected.

[0034] The present invention includes the combination of
the aspects and preferred features described except where
such a combination is clearly impermissible or is stated to be
expressly avoided. Embodiments of the present invention will



US 2010/0297618 A1l

now be described by way of example and not limitation with
reference to the accompanying figures.

BRIEF DESCRIPTION OF THE SEQUENCES,
FIGURES AND TABLES

[0035] SEQ ID No: 1-3: Amino acid sequences of the
A-type lamin polypeptides encoded by the human Lamin A/C
gene.

[0036] SEQ ID No: 4: Nucleotide sequence of the human
Lamin A/C gene. The start codon is shown in bold type.
[0037] FIG. 1: JoL.2 antibody staining in normal colon and
colorectal cancer (CRC). Tissue sections from normal colon
(A)and two different CRCs (B and C) were stained with JoLL.2
as described in materials and methods. Staining was visual-
ised with DAB using the ABC amplification method. Positive
staining was revealed as an intense brown colouration at the
nuclear envelope giving a characteristic “halo-like” pattern.
In each section I=interstitial tissue. In section A, N=normal
colonic epithelium in a transverse section at the top ofa crypt.
InB and C, T shows a transverse section through a tumour. In
C nuclei are visible under phase optics despite the lack of
JoL2 staining. NB counter staining with Haemalum was
omitted from these sections in order to present a black and
white image.

[0038] Table 1: Correlation of colorectal cancer mortality
with genetic, epigenetic and protein changes in colorectal
tumour samples.

[0039] Table 2: Association of Lamin A/C expression status
with survival in Dukes grade B colorectal cancer patients
[0040] Table3: Association of Lamin A/C expression status
with survival in Dukes grade A colorectal cancer patients

DETAILED DESCRIPTION

[0041] LaminA/Cnucleic acidmolecules and polypeptides
The Lamin A/C gene encodes a number of intermediate type
filament proteins, the A-type lamins, which are major com-
ponents of the nuclear lamina(Hozak 1995). The nuclear
lamina is a meshwork of filaments found on the nucleoplas-
mic side of the nuclear membrane. Nuclear A-type lamins
have a range of roles including structural and regulatory func-
tions. The Lamin A/C gene contains 12 exons and alternative
splicing within exon 10 of the Lamin A/C messenger RNA
gives rise to two proteins; lamin A and lamin C (Lin 1993).
The human Lamin A protein is 664 amino acids in length
whereas the lamin C protein contains 572 amino acids. The
first 566 amino acid residues are common to both lamin A and
C. In addition to lamin A and lamin C there is a third splice
variant which is identical to lamin A, but which lacks the exon
10 sequence. This form gives rise to a 634 amino acid protein
called lamin AA10 (Machiels 1996). The amino acid
sequences of the human lamin A, lamin C and lamin AA10
proteins are shown in SEQ ID NO: 1 to 3 and the nucleotide
sequence of the human Lamin A/C gene is shown in SEQ ID
NO: 4.

[0042] In the present invention, the term “A-type lamin
status” includes the determination of the expression of the
Lamin A/C gene, and/or the determination of the presence,
amount and/or localisation of an A-type lamin protein, or a
fragment thereof. A-type lamin proteins include the proteins
encoded by the human lamin A/C gene, Lamin A, Lamin C
and Lamin AA10, the sequences of which are provided herein
as SEQ ID NO: 1 to 3. The nucleic acid sequence of the
human Lamin A/C gene is provided as SEQ ID NO: 4.
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[0043] A-type lamin proteins also include polypeptides,
proteins or fragments which have an amino acid sequence
having a specified degree of sequence identify to SEQ ID No.
1, 2 or 3. Preferred A-type lamin proteins, or fragments
thereof, have at least 80% amino acid sequence identity to the
Lamin A, Lamin C or Lamin AA10 protein having an amino
acid sequence as set out in SEQ ID NO: 1 to 3, more prefer-
ably at least 90% amino acid sequence identity, more prefer-
ably at least 95% amino acid sequence identity, and most
preferably at least 98% amino acid sequence identity to a
protein having the amino acid sequence set out in any one of
SEQ ID NO:1 to 3.

[0044] A “Lamin A/C nucleic acid” includes nucleic acid
molecules having a nucleotide sequence encoding an A-type
lamin protein comprising the amino acid sequence shown in
any one of SEQ ID NO: 1 to 3, or any one of the other A-type
lamin proteins of the present invention. The Lamin A/C
nucleic acid sequence may be the nucleic acid sequence
shown in SEQ ID NO: 4 or the portion of SEQ 1D NO: 4 that
encodes one of the lamin polypeptides, a complementary
nucleic acid sequence, or it may be a sequence variant differ-
ing from one of the above sequences by one or more of
addition, insertion, deletion and substitution of one or more
nucleotides of the sequence shown. Changes to a nucleotide
sequence may result in an amino acid change at the protein
level, or not, as determined by the genetic code. Nucleic acid
encoding a polypeptide which is a sequence variant prefer-
ably has at least 80% sequence identity, more preferably at
least 95% sequence identity, more preferably at least 98%
sequence identity, and most preferably at least 99% sequence
identity with the nucleic acid sequence shown in SEQ 1D NO:
4

[0045] “Percent (%) amino acid sequence identity” with
respect to the A-type lamin protein sequences identified
herein is defined as the percentage of amino acid residues in
a candidate sequence that are identical with the amino acid
residues in the A-type lamin sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity.
The % identity values can be generated by WU-BLAST-2
which was obtained from [Altschul et al, Methods in Enzy-
mology, 266:460-480 (1996); http://blast.wustl/edu/blast/
README html). WU-BLAST-2 uses several search param-
eters, most of which are set to the default values. The
adjustable parameters are set with the following values: over-
lap span=1, overlap fraction=0.125, word threshold(T)=11.
The HSPS and HSPS2 parameters are dynamic values and are
established by the program itself depending upon the com-
position of the particular sequence and composition of the
particular database against which the sequence of interest is
being searched; however, the values may be adjusted to
increase sensitivity. A % amino acid sequence identity value
is determined by the number of matching identical residues
divided by the total number of residues of the “longer”
sequence in the aligned region. The “longer” sequence is the
one having the most actual residues in the aligned. region
(gaps introduced by WU-Blast-2 to maximize the alignment
score are ignored).

[0046] Similarly, “percent (%) nucleic acid sequence iden-
tity” with respect to the coding sequence of the Lamin A/C
nucleic acid sequences is defined as the percentage of nucle-
otide residues in a candidate sequence that are identical with
the nucleotide residues the Lamin A/C coding sequence as
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provided in SEQ ID NO: 4. The identity values used herein
were generated by the BLASTN module of WU BLAST-2 set
to the default parameters, with overlap span and overlap frac-
tion set to 1 and 0.125, respectively.

[0047] The present invention also includes fragments of the
Lamin A/C nucleic acid sequences described herein, the frag-
ments preferably being at least 20, 40, 60, 120, 180, 240, 480
or 960 nucleotides in length. Preferred fragments encode a
portion of an A-type lamin protein or may be used as probes
for hybridisation to Lamin A/C nucleic acid present in a test
sample:

[0048] Generally, nucleic acid used in accordance with the
present invention may be provided as an isolate, in isolated
and/or purified form, or free or substantially free of material
with which it is naturally associated. Nucleic acid may be
wholly or partially synthetic and may include genomic DNA,
c¢DNA or RNA. Where nucleic acid according to the invention
includes RNA, reference to the sequence shown should be
construed as reference to the RNA equivalent, with U substi-
tuted for T.

[0049] The present invention also includes nucleic acid
molecules which are capable of hybridising to one of the
Lamin A/C nucleic acid sequences disclosed herein, or a
complementary sequence thereof, and more particularly are
capable of hybridising to SEQ ID NO: 4, or a complementary
sequence thereof. Stringency of hybridisation reactions is
readily determinable by one of ordinary skill in the art, and
generally is an empirical calculation dependent upon probe
length, washing temperature and salt concentration. In gen-
eral, longer probes require higher temperatures for proper
annealing, while shorter probes need lower temperatures.
Hybridisation generally depends on the ability of denatured
DNA to reanneal when complementary strands are present in
an environment below their melting temperature. The higher
the degree of desired homology between the probe and
hybridisable sequence, the higher the relative temperature
which can be used. As a result, it follows that higher relative
temperatures would tend to make the reaction conditions
more stringent, while lower temperatures less so. For addi-
tional details and explanation of stringency of hybridisation
reactions, see Ausubel et al, Current Protocols in Molecular
Biology, Wiley Interscience Publishers, (1995).

[0050] Preferably, a nucleic acid sequence will hybridise to
a Lamin A/C sequence of the invention, or a complementary
sequence thereof under “stringent conditions”. These are well
known to those skilled in the art and include those that: (1)
employ low ionic strength and high temperature for washing,
for example 0.015 M sodium chloride/0.0015 M sodium cit-
rate/0.1% sodium dodecyl sulfate at 50° C.; (2) employ dur-
ing hybridisation a denaturing agent, such as formamide, for
example, 50% (v/v) formamide with 0.1% bovine serum
albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM
sodium phosphate buffer at pH 6.5 with 760 mM sodium
chloride, 75 mM sodium citrate at 42° C.; or (3) employ 50%
formamide, 5xSSC (0.75 M NaCl, 0.075 M sodium citrate),
50 mM sodium phosphate (pH 6 8), 0.1% sodium pyrophos-
phate, 5xDenhardt’s solution, sonicated salmon sperm DNA
(50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42° C,,
with washes at 42° C. in 0.2xSSC (sodium chloride/sodium
citrate) and 50% formamide at 55° C., followed by a high-
stringency wash consisting of 0.1xSSC containing EDTA at
55°C.

[0051] Thenucleic acid sequences provided herein are use-
ful for identifying Lamin A/C nucleic acid in a test sample.
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The present invention provides a method of obtaining nucleic
acid of interest, the method including hybridising a probe
sharing all or part of the sequence provided herein, or a
complementary sequence, to the target nucleic acid. Hybridi-
sation is generally followed by identification of successful
hybridisation and isolation of nucleic acid which has hybri-
dised to the probe, which may involve one or more steps of
PCR. These methods may be useful in determining whether
Lamin A/C nucleic acid is present in a sample, e.g. in a
particular type of cells present in the sample.

Antibodies

[0052] The present invention may also employ agents
capable of specifically binding A-type lamin polypeptides,
for example to help in the determination of the presence,
amount or cellular localisation of the A-type lamin polypep-
tides. A preferred class of binding agents are antibodies. The
techniques for producing monoclonal antibodies that are
capable of binding A-type lamin polypeptides are a matter of
routine in the art. Preferred anti A-type lamin antibodies of
the present invention are preferably specific in the sense of
being able to distinguish between the one or more of the
A-type lamin polypeptides disclosed herein, of fragments
thereof, and other human polypeptides for which the antibody
has no or substantially no binding affinity (e.g. a binding
affinity of about 1000x worse). Specific antibodies bind an
epitope on the molecule which is either not present or is not
accessible on other molecules. Antibodies used in accordance
with the present invention will generally bind to all of the
lamin A polypeptides described herein given the fact that their
relatively small difference in sequence make it likely that they
will contain the same epitope.

[0053] Antibodies may be obtained using techniques which
are standard in the art. Methods of producing antibodies
include immunising a mammal (e.g. mouse, rat, rabbit, horse,
goat, sheep or monkey) with the protein or a fragment thereof.
Antibodies may be obtained from immunised animals using
any of a variety of techniques known in the art, and screened,
preferably using binding of antibody to antigen of interest.
For instance, Western blotting techniques or immunoprecipi-
tation may be used (Armitage et al, Nature, 357:80-82, 1992).
Isolation of antibodies and/or antibody-producing cells from
an animal may be accompanied by a step of sacrificing the
animal. As an alternative or supplement to immunising a
mammal with a peptide, an antibody specific for a protein
may be obtained from a recombinantly produced library of
expressed immunoglobulin variable domains, e.g. using
lambda bacteriophage or filamentous bacteriophage which
display functional immunoglobulin binding domains on their
surfaces; for instance see W(092/01047. The library may be
naive, that is constructed from sequences obtained from an
organism which has not been immunised with any of the
proteins (or fragments), or may be one constructed using
sequences obtained from an organism which has been
exposed to the antigen of interest.

[0054] Antibodies according to the present invention may
be modified in a number of ways that are well known in the
art. Indeed the term “antibody” should be construed as cov-
ering any binding substance having a binding domain with the
required specificity. Thus the invention covers antibody frag-
ments, derivatives, functional equivalents and homologues of
antibodies, including synthetic molecules and molecules
whose shape mimics that of an antibody enabling it to bind an
antigen or epitope. Humanised antibodies in which CDRs



US 2010/0297618 A1l

from a non-human source are grafted onto human framework
regions, typically with the alteration of some of the frame-
work amino acid residues, to provide antibodies which are
less immunogenic than the parent non-human antibodies, are
also included within the present invention.

[0055] A hybridoma producing a monoclonal antibody
according to the present invention may be subject to genetic
mutation or other changes. It will further be understood by
those skilled in the art that a monoclonal antibody can be
subjected to the techniques of recombinant DNA technology
to produce other antibodies or chimeric molecules which
retain the specificity of the original antibody. Such techniques
may involve introducing DNA encoding the immunoglobulin
variable region, or the complementarity determining regions
(CDRs), of an antibody to the constant regions, or constart
regions plus framework regions, of a different immunoglo-
bulin. See, forinstance, EP 0184 187A, GB 2 188 638 A or EP
0239 400 A. Cloning and expression of chimeric antibodies
are described in EP 0 120 694 A and EP 0 125 023 A.

[0056] Preferred antibodies for use in accordance with the
methods disclosed herein are isolated, in the sense of being
free from contaminants such as antibodies able to bind other
polypeptides and/or free of serum components. Monoclonal
antibodies are preferred for some purposes, though poly-
clonal antibodies are within the scope of the present inven-
tion.

[0057] Hybridomas capable of producing antibody with
desired binding characteristics are within the scope of the
present invention, as are host cells, eukaryotic or prokaryotic,
containing nucleic acid encoding antibodies (including anti-
body fragments) and capable of their expression. The inven-
tion also provides methods of production of the antibodies
including growing a cell capable of producing the antibody
under conditions in which the antibody is produced, and
preferably secreted.

[0058] The reactivities of antibodies on a sample may be
determined by any appropriate means. Tagging with indi-
vidual reporter molecules is one possibility. The reporter
molecules may directly or indirectly generate detectable, and
preferably measurable, signals. The linkage of reporter mol-
ecules may be directly or indirectly, covalently, e.g. via a
peptide bond or non-covalently. Linkage via a peptide bond
may be as a result of recombinant expression of'a gene fusion
encoding antibody and reporter molecule. One favoured
mode is by covalent linkage of each antibody with an indi-
vidual fluorochrome, phosphor or laser exciting dye with
spectrally isolated absorption or emission characteristics.
Suitable fluorochromes include fluorescein, rhodamine, phy-
coerythrin and Texas Red. Suitable chromogenic dyes
include diaminobenzidine.

[0059] Other reporters include macromolecular colloidal
particles or particulate material such as latex beads that are
coloured, magnetic or paramagnetic, and biologically or
chemically active agents that can directly or indirectly cause
detectable signals to be visually observed, electronically
detected or otherwise recorded. These molecules may be
enzymes which catalyse reactions that develop or change
colours or cause changes in electrical properties, for example.
They may be molecularly excitable, such that electronic tran-
sitions between energy states result in characteristic spectral
absorptions or emissions. They may include chemical entities
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used in conjunction with biosensors. Biotin/avidin or biotin/
streptavidin and alkaline phosphatase detection systems may
be employed.

Assays

[0060] The determination of A-type lamin status according
to the present invention may be carried out in many different
ways well known to those skilled in the art that include, by
way of example, (a) determining the presence oramount of an
A-type lamin protein, or a fragment thereof, in the sample
obtained from the individual, (b) detecting the expression
and/or cellular localisation of A-type lamin proteins, (c)
detecting or determining the expression of Lamin A/C gene,
for eXample by examining Lamin A/C mRNA levels
expressed from the Lamin A/C gene.

[0061] Preferably, the method comprises detecting the
expression and cellular localisation of A-type lamin proteins.
Such detection may involve the step of contacting an antibody
or antibody fragment capable of recognising said polypep-
tide, or fragment thereof, with said sample.

[0062] The analysis may comprise a qualitative analysis,
e.g. by monitoring the presence and cellular localisation of
A-type lamin polypeptides by microscopy, e.g. using immu-
nohistochemical staining. Immunohistochemical analysis
can be performed on either paraffin fixed samples or on frozen
tissue samples.

[0063] Examples of possible THC methods which could be
used to detect the Lamin A/C polypeptide as described in the
present invention.

[0064] Alternatively, or additionally, the method for deter-
mining the A-type lamin status may comprise determining the
cellular localisation of an A-type lamin protein, or a fragment
thereof, in cells in a sample obtained from the individual.
Conveniently, this may be carried out by microscopy and may
employ immunohistochemical (IHC) analysis. THC analysis
canbe carried out using paraffin fixed samples or frozentissue
samples, and generally involves staining the samples to high-
light the presence and location of A-type lamin proteins in the
cells.

[0065] Alternatively, or additionally, the present invention
may involve determining the A-type lamin status by deter-
mining the expression of the Lamin. A/C gene. In one
embodiment, the expression of the Lamin A/C gene can be
assessed by determining the presence or amount oflamin A/C
mRNA in the sample and methods for doing this are well
known to the skilled person. By way of example, they include
determining the presence of A-type lamin mRNA in the
sample (i) using a labelled probe capable of hybridising to the
lamin A nucleic acid; and/or (ii) using PCR involving one or
more primers based on an A-type lamin nucleic acid sequence
to determine whether the A-type lamin transcript is present in
a sample. The probe may also be immobilised as a sequence
includes in a microarray.

[0066] By way of further example a primary antibody that
is capable of specifically binding to an A-type lamin protein in
a binding assay or an experiment to determine the cellular
localisation of the lamin protein may be labelled with a
detectable molecule such as, but not limited to, radioactive or
fluorescent labels or to enzymes which utilise a chromogenic
substrate. Examples of radiolabels of use in this technique are
32P, *H or '“C. Examples of flucrescent molecules of use in
this technique are green fluorescent protein, Fluorescein
IsoThioCyanate (FITC), Rhodamine IsoThioCyanate
(TRICT) Cy3 and Cy5 Dyes. Examples of enzymes with
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chromagenic substrates of possible use in this technique are
peroxidase, alkaline phosphatase or glucose oxidase.

[0067] Instead of detecting the signal from the primary
antibody itself (as described above), a secondary antibody
which binds to the primary antibody can be utilised. The
secondary antibody may be labelled with a suitable molecule
for detection purposes examples of which are described
above.

[0068] In an alternative method of detection the primary or
secondary antibody may be labelled with a biotin molecule
which can then be bound by a streptavidin or avidin linked
enzyme with a suitable chromogenic substrate for detection.
[0069] Additional variations of the above techniques exist
that will be apparent to someone skilled in the art.

[0070] One way of detecting the presence of A-type lamin
polypeptides and their cellular localisation is by using A-type
lamin specific antibodies which may be monoclonal or poly-
clonal or recombinant antibodies generated, for example, by
phage display. These may be used to detect the presence of
A-type lamin polypeptides and to visualise their cellular
localisation by assays involving binding between A-type
lamin polypeptides and the anti-A-type lamin antibody. Suit-
able antibodies may be labelled with other compounds to aid
visualisation, e.g. using fluorescent, chromagenic or radio-
labels or secondary antibodies linked to similar labelling
compounds.

[0071] In the context of this invention antibodies which
could be used in such a technique could be generated by
standard techniques involving immunisation of animals or
could be generated in vitro by recombinant techniques. Anti-
bodies could in this context be whole immunoglobulins or
fragments of antibodies (Fab fragments) that correspond to
the anti-idiotype. Such antibodies can be readily produced by
the skilled person as discussed above.

[0072] The invention demonstrates the use of histological
analysis to detect Lamin A/C protein and its localisation and
from this the prognosis is determined. However, additional
methodologies could be employed which could define
whether or not Lamin A/C was present in a sample and there-
fore a poor prognosis was likely. Gene expression technolo-
gies such as reverse transcriptase-polymerase chain reaction
(RT-PCR) can give accurate measurement of mRNA expres-
sion levels and the presence of Lamin A/C mRNA in a sample
as opposed to its absence could also be used to provide the
prognostic information. RT-PCR can be performed in a range
of formats including quantitative versions and with sensitivi-
ties that enable the determination of mRNA levels in a single
cell. Additional methodologies to detect Lamin A/C gene
expression will be apparent to those skilled in the art includ-
ing a range of gene expression microarray formats that are
now widely used. Such technologies make use of probes and
primers with homology to the gene of interest which in this
case is the Lamin A/C gene as shown in SEQ ID NO: 4.
[0073] Although the invention is exemplified using histo-
logical techniques, alternative protein analysis techniques
could also be used to determine the presence/absence of
Lamin A/C and provide the prognostic information. These
may include techniques such as protein arrays, western blot-
ting, mass spectrometry as well as other protein detection
methods which will be apparent to those skilled in the art.

Treatment Following Status Determination

[0074] Patients falling into a high risk group as defined by
their Lamin A/C status would be kept under intensive review
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for the appearance of tumour markers and monitored by CT
scans and regular colonoscopy. These high risk patients could
be given adjuvant chemotherapy with agents such as 5-Flur-
ouracil and folonic acid. Although these treatments have
some side effects, in the case of Dukes grade B patients this
could be justified by the fact that only the high risk grade B
patients as identified by their Lamin A/C status would be
given the adjuvant chemotherapy.

Materials and Methods
Patient Study Population

[0075] The patients studied were incident colorectal cancer
(CRC) cases and subcohort members from a Dutch prospec-
tive cohort study: the Netherlands Cohort Study on diet and
cancer (NLCS). The original cohort included 58,279 men and
62,573 women, aged 55-69 years at baseline, all originating
from 204 municipal population registries throughout the
Netherlands. From 1989 until 1994, 929 incident cases with
histologically confirmed Colorectal Cancer (CRC) were
identified. For each patient cohort year, within the study
period, there was a five year follow-up. Patient material and
data, including pathology reports were collected and a
CREAM (Colorectal Epidemiology and Mutation) database
established to store all corresponding clinical, epidemiologi-
cal and biological data. A randomly selected cohort of men
and women was taken from the CRC cohort and 41 pm
sections from paraffin embedded tumour samples were
stained using Immunohistochemistry (IHC) for the presence
and localisation of Lamin A/C.

Immunohistochemistry

[0076] Patient CRC sections were de-paraffinised in two
xylene washes, then re-hydrated in decreasing concentrations
of ethanol from 100 to 50%, followed by washing with dis-
tilled water. To inhibit endogenous peroxidase activity, tissue
sections were treated with freshly prepared 3% H,0, in
methanol for 15 min and washed three times with distilled
water. Antigen retrieval was carried out by immersing slides
into 90° C. 10 mM Citrate buffer (pH 6.0) for 20 minutes.
Following antigen retrieval, tissue sections were incubated
with a blocking solution (5% normal goat serum in PBS) for
30 minutes at room temperature. Slides were washed with
PBS and incubated with the monoclonal primary antibody for
Lamin A/C-Jo12 (Dyer 1999) at a dilution of 1:10 overnight at
4° C. Slides were washed three times with PBS, then incu-
bated with a biotinylated goat-antimouse secondary antibody
ataconcentration of 1:400 for 45 minutes. The Dako ABCKit
(mouse) was used for development of diaminobenzidine tet-
rahydrochloride (DAB) chromagen to allow detection of the
primary antibody. Following incubation with the secondary
antibody, the slides were washed three times with PBS and
signal amplification using the ABC reagents was carried out
according to manufacturer’s instructions. The slides were
washed with PBS and tissue sections were stained with DAB
at a concentration of 0.5 mg/ml in PBS containing 0.01%
H,0,. Sections were counterstained with Haemalum to high-
light nuclei, then dehydrated with increasing concentrations
of ethanol from 50 to 100% followed by two washes of xylene
and cover-slipped using Entellan histological mounting
medium.

Scoring

[0077] Tissue sections were scored blind on two occasions
by separate individuals for the presence and localisation of
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Lamin A/C as shown by DAB staining. Counterstaining with
Haemalum was used to show the presence of unstained
nuclei. Lamin expression was graded on the presence (N, ) or
absence (N,) of Lamin A/C in the nucleus. The N, group
included all patient material showing >10% of tumour cell
nuclei staining positive for lamin A/C. A note of nuclear
staining intensity was also made as well as the presence or
absence of cytoplasmic staining. Where IHC had been suc-
cessful adjacent stromal tissue stained strongly positive and
was as such used as an internal control. Sections were then
scored blind for tumour architecture based on current patho-
logical staging into 4 groups; Well differentiated, Moderately
differentiated, Poorly differentiated and Undifferentiated.
The clinicopathological Dukes’ stage of the tumours was
retrieved from hospital pathology reports via the CREAM
database.

Data Analysis

[0078] Once all scoring had been completed, information
was retrieved from the CREAM database for patients in ques-
tion and correlated with scored data. Incidence rate ratios
(RR) and corresponding 95% confidence intervals (CI) for
CRC-related death with the presence and absence of Lamin
A/C were estimated using Cox proportional hazards models.
Stratified analysis was also carried out to correlate mortality
from CRC related death against Lamin A/C expression across
the clinicopathological Dukes’ stages. Multivariate analysis
of currently held epidemiological, clinical and biological data
within the CREAM database against mortality and Lamin
A/C expression was also carried out, although in some cases
it showed it was not possible to maintain the categorisation
due to small numbers of cases per category.

[0079] The total person years at risk were also estimated
from the sub-cohort. Adjustments for the covariates; age,
tumour location, tumour architecture, gender and other bio-
logical variables showed no significant effects on findings.
The N, group was chosen to be the reference group in all
analyses. P-values <0.05 were considered to be statistically
significant. All analyses were performed with the STATA
statistical software package.

Results
Lamin Staining in Normal Colon and in CRC

[0080] Typical expression patterns for lamin A/C in normal
colon are illustrated in FIG. 1A. The anti-lamin A/C mono-
clonal antibody JoL2 stained the nuclei of differentiated
colonic epithelial crypt cells intensely. In addition, the
nuclear envelopes within adjacent normal stromal cells were
also intensely stained. In tissue from CRC the nuclear enve-
lopes of adjacent normal stromal cells were also always
intensely stained and this provided a positive reference within
each section (FIGS. 1B and C). Within the cancer two distinct
patterns of staining were observed: some cancers had
strongly positive staining at the nuclear envelopes of most
cells (FIG. 1B). In contrast, other cancers had negative stain-
ing at the nuclear envelope, which contrasted starkly with the
staining of cells in the surrounding normal stromal tissues
(FIG. 1C).

[0081] Expression of lamin A/C is correlated with an
increased risk of death from colorectal cancer To investigate
the association of lamin A/C expression with survival in CRC
patients, those patients with high levels of expression oflamin
A/C within the tumour who died of CRC related death were
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compared to those patients with no expression of lamin A/C
within the tumour using a Cox proportional harzards model.
Patients with Dukes stage A, B or C CRC were combined in
order to achieve sufficient numbers for statistical analysis. In
this analysis, the group described as No CRC Death, repre-
sents all patients who either survived or died from causes
other than CRC. The Cox Hazard ratio method assumes that
the ratios of individuals that are positive or negative in each
group (i.e. No CRC Death and CRC Death) should be equiva-
lent. Therefore, the greater the deviation of the Cox ratio
between the two groups, the more highly significant is the
data. Table 1 shows that the ratio of lamin A/C +ve/-ve in the
No CRC Death group is 257/138 (or 1.86) compared to 97/23
(or 4.22) in the CRC Death group (p=0.001) indicating that
the presence of lamin A/C in a CRC is strongly correlated
with poor survival.

[0082] Inorderto assess whether lamin A/C expression s a
better indicator of prognosis than other markers, Cox Hazard
ratios were determined independently for genetic lesions
associated with CRC progression. These included methyla-
tion of four different promoters, with activating nmutations in
the Ras proto-oncogene, with inactivating mutations in the
APC tumour suppressor gene, micro satellite instability or
p53 expression status. There was no significant differences in
the Cox Hazard ratios in the No CRC Death compared to the
CRC Death groups for any of these markers, suggesting that
of those tested, expression of lamin A/C is the only marker
with significant prognostic potential (Table 1).

[0083] Extracted survival data for Dukes B patients Whilst
expression of lamin A/C was indicative of poor prognosis in
the entire cohort of Dukes A, B and C patients together, there
were too few individuals in the Dukes A and Dukes B sub-
groups to statistically analyse independently of Dukes C.
Nevertheless sufficient patients were available within the
Dukes B sub-group to indicate that the trend in this group was
similar or identical to that of the entire cohort. Table 2 shows
an extracted data set showing the raw data for the Dukes B
sub-group and the trends appear to be very similar.

Extracted Survival Data for Dukes A Patients

[0084] Whilst expression of lamin A/C was indicative of
poor prognosis in the entire cohort of Dukes A, B and C
patients together, there were too few individuals in the Dukes
A and Dukes B sub-groups to statistically analyse indepen-
dently of Dukes C. Nevertheless sufficient patients were
available within the Dukes A sub-group to indicate that the
trend in this group was similar or identical to that of the entire
cohort. Table 3 shows an extracted data set showing the raw
data for the Dukes A sub-group and the trends appear to be
very similar.

TABLE 1
NoCRC CRC p-  Relative
Death  Death Total value  risk

Lack of APC promoter 224 71 295 0465 0.866
methylation.

APC promoter methylated. 150 41 191

Lack of HMLHI promoter 291 91 382 0.846 0.956
methylation.

HMLH]1 promoter methylated. 82 24 106

Lack of MGMT promoter 208 69 277 0.286 0.814
methylation.

MGMT promoter methylated. 166 4 210

Lack of K-Ras promoter 55 16 71 0.653 1.286
methylation.
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TABLE 1-continued

NoCRC CRC p-  Relative
Death  Death Total value risk

K-Ras promoter methylated. 10 4 14
Lack of Ras activating 254 70 324 0.253 0.807
mutation.
Ras activating mutation. 141 48 189
Lack of APC truncating 50 16 66 0.767 0923
mutation.
APC truncating mutation 345 104 449
Lack of Microsatellite 357 111 468 0.287 0.640
instability.
Microsatellite Instability. 36 6 42
Lack of P53 expression. 179 47 226 0377 1.180
P53 expression. 215 72 287
Lack of Lamin A/C 138 23 161 0.001 0.465
EXpIession.
Lamin A/C expression. 257 97 354
[0085] Correlation of colorectal cancer mortality with

genetic, epigenetic and protein changes in colorectal tumour
samples. Ten potential prognostic markers for CRC were
investigated including methylation of the APC, HMLH1 and
MGMT and K-Ras promoters, activating mutations in the Ras
gene, inactivating mutations in the APC gene, microsatellite
instability (MSI, expression of p53 and expression of lamins
A/C. The p-value is based upon a hazard ratio in which all
Dukes grade A, B and C patients are included. Dukes D
patients were excluded since >90% died irrespective of the
marker.

TABLE 2

Association of lamin A/C expression status
with survival in Dukes B CRC patients.

No CRC Death CRC Death Total
Lamin A/C +ve 118 35 153
Lamin A/C -ve 43 5 48

CRC related death of Dukes B patients correlates with the presence of (+ve) rather than
absence (—ve) of expression of lamin A/C.

TABLE 3

Association of lamin A/C expression status
with survival in Dukes A CRC patients.

No CRC Death CRC Death Total
Lamin A/C +ve 75 12 87
Lamin A/C -ve 60 3 63

CRC related death of Dukes A patients correlates with the presence of (+ve) rather than
absence (—ve) of expression of lamin A/C.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 664

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens
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-continued

<400> SEQUENCE: 1

Met Glu Thr Pro Ser Gln Arg Arg Ala Thr Arg Ser Gly Ala Gln 2Ala
1 5 10 15

Ser Ser Thr Pro Leu Ser Pro Thr Arg Ile Thr Arg Leu Gln Glu Lys
20 25 30

Glu Asp Leu Gln Glu Leu Asn Asp Arg Leu Ala Val Tyr Ile Asp Arg
35 40 45

Val Arg Ser Leu Glu Thr Glu Asn Ala Gly Leu Arg Leu Arg Ile Thr
50 55 60

Glu Ser Glu Glu Val Val Ser Arg Glu Val Ser Gly Ile Lys Ala 2Ala
65 70 75 80

Tyr Glu Ala Glu Leu Gly Asp Ala Arg Lys Thr Leu Asp Ser Val Ala
85 90 85

Lys Glu Arg Ala Arg Leu Gln Leu Glu Leu Ser Lys Val Arg Glu Glu
100 105 110

Phe Lys Glu Leu Lys Ala Arg Asn Thr Lys Lys Glu Gly Asp Leu Ile
115 120 125

Ala Ala Gln Ala Arg Leu Lys Asp Leu Glu Ala Leu Leu Asnh Ser Lys
130 135 140

Glu Ala Ala Leu Ser Thr Ala Leu Ser Glu Lys Arg Thr Leu Glu CGly
145 150 155 160

Glu Leu His Asp Leu Arg Gly Gln Val Ala Lys Leu Glu Ala Ala Leu
165 170 175

Gly Glu Ala Lys Lys Gln Leu Gln Asp Glu Met Leu Arg Arg Val Asp
180 185 190

Ala Glu Asn Arg Leu Gln Thr Met Lys Glu Glu Leu Asp Phe Gln Lys
195 200 205

Asn Ile Tyr Ser Glu Glu Leu Arg Glu Thr Lys Arg Arg His Glu Thr
210 215 220

Arg Leu Val Glu Ile Asp Asn Gly Lys Gln Arg Glu Phe Glu Ser Arg
225 230 235 240

Leu Ala Asp Ala Leu Gln Glu Leu Arg Ala Gln His Glu Asp Gln Val
245 250 255

Glu Gln Tyr Lys Lys Glu Leu Glu Lys Thr Tyr Ser Ala Lys Leu Asp
260 265 270

Asn Ala Arg Gln Ser Ala Glu Arg Asn Ser Asn Leu Val Gly Ala Ala
275 280 285

His Glu Glu Leu Gln Gln Ser Arg Ile Arg Ile Asp Ser Leu Ser Ala
290 295 300

Gln Leu Ser Gln Leu Gln Lys Gln Leu Ala Ala Lys Glu Ala Lys Leu
305 310 315 320

Arg Asp Leu Glu Asp Ser Leu Ala Arg Glu Arg Asp Thr Ser Arg Arg
325 330 335

Leu Leu Ala Glu Lys Glu Arg Glu Met Ala Glu Met Arg Ala Arg Met
340 345 350

Gln Gln Gln Leu Asp Glu Tyr Gln Glu Leu Leu Asgp Ile Lys Leu Ala
355 360 365

Leu Asp Met Glu Ile Hisg Ala Tyr Arg Lys Leu Leu Glu Gly Glu Glu
370 375 380

Glu Arg Leu Arg Leu Ser Pro Ser Pro Thr Ser Gln Arg Ser Arg Gly
385 390 395 400
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-continued

Arg Ala Ser Ser His Ser Ser Gln Thr Gln Gly Gly Gly Ser Val Thr
405 410 415

Lys Lys Arg Lys Leu Glu Ser Thr Glu Ser Arg Ser Ser Phe Ser Gln
420 425 430

His Ala Arg Thr Ser Gly Arg Val Ala Val Glu Glu Val Asp Glu Clu
435 440 445

Gly Lys Phe Val Arg Leu Arg Asn Lys Ser Asn Glu Asp Gln Ser Met
450 455 460

Gly Asn Trp Gln Ile Lys Arg Gln Asn Gly Asp Asp Pro Leu Leu Thr
465 470 475 480

Tyr Arg Phe Pro Pro Lys Phe Thr Leu Lys Ala Gly Gln Val Val Thr
485 490 495

Ile Trp Ala Ala Gly Ala Gly Ala Thr His Ser Pro Pro Thr Asp Leu
500 505 510

Val Trp Lys Ala Gln Asn Thr Trp Gly Cys Gly Asn Ser Leu Arg Thr
515 520 525

Ala Leu Ile Asn Ser Thr Gly Glu Glu Val Ala Met Arg Lys Leu Val
530 535 540

Arg Ser Val Thr Val Val Glu Asp Asp Glu Asp Glu Asp Gly Asp Asp
545 550 555 560

Leu Leu His His His His Gly Ser His Cys Ser Ser Ser Gly Asp Pro
565 570 575

Ala Glu Tyr Asn Leu Arg Ser Arg Thr Val Leu Cys Gly Thr Cys Gly
580 585 590

Gln Pro Ala Asp Lys Ala Ser Ala Ser Gly Ser Gly Ala Gln Val CGly
595 600 605

Gly Pro Ile Ser Ser Gly Ser Ser Ala Ser Ser Val Thr Val Thr Arg
610 615 620

Ser Tyr Arg Ser Val Gly Gly Ser Gly Gly Gly Ser Phe Gly 2Asp Asn
625 630 635 640

Leu Val Thr Arg Ser Tyr Leu Leu Gly Asn Ser Ser Pro Arg Thr Gln
645 650 655

Ser Pro Gln Asn Cys Ser Ile Met
660

<210> SEQ ID NO 2

<211> LENGTH: 572

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 2

Met Glu Thr Pro Ser Gln Arg Arg Ala Thr Arg Ser Gly Ala Gln Ala
1 5 10 15

Ser Ser Thr Pro Leu Ser Pro Thr Arg Ile Thr Arg Leu Gln Glu Lys
20 25 30

Glu Asp Leu Gln Glu Leu Asn Asp Arg Leu Ala Val Tyr Ile Asp Arg
35 40 45

Val Arg Ser Leu Glu Thr Glu Asn Ala Gly Leu Arg Leu Arg Ile Thr
50 55 60

Glu Ser Glu Glu Val Val Ser Arg Glu Val Ser Gly Ile Lys Ala Ala
65 70 75 80

Tyr Glu Ala Glu Leu Gly Asp Ala Arg Lys Thr Leu Asp Ser Val 2Ala
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-continued

85 90 95

Lys Glu Arg Ala Arg Leu Gln Leu Glu Leu Ser Lys Val Arg Glu Glu
100 105 110

Phe Lys Glu Leu Lys Ala Arg Asn Thr Lys Lys Glu Gly Asp Leu Ile
115 120 125

Ala Ala Gln Ala Arg Leu Lys Asp Leu Glu Ala Leu Leu Asn Ser Lys
130 135 140

Glu Ala Ala Leu Ser Thr Ala Leu Ser Glu Lys Arg Thr Leu Glu Cly
145 150 155 160

Glu Leu His Asp Leu Arg Gly Gln Val Ala Lys Leu Glu Ala Ala Leu
165 170 175

Gly Glu Ala Lys Lys Gln Leu Gln Asp Glu Met Leu Arg Arg Val Asp
180 185 190

Ala Glu Asn Arg Leu Gln Thr Met Lys Glu Glu Leu Asp Phe Gln Lys
195 200 205

Asn Ile Tyr Ser Glu Glu Leu Arg Glu Thr Lys Arg Arg His Glu Thr
210 215 220

Arg Leu Val Glu Ile Asp Ash Gly Lys Gln Arg Glu Phe Glu Ser Arg
225 230 235 240

Leu Ala Asp Ala Leu Gln Glu Leu Arg Ala Gln His Glu Asp Gln Val
245 250 255

Glu Gln Tyr Lys Lys Glu Leu Glu Lys Thr Tyr Ser Ala Lys Leu Asp
260 265 270

Asn Ala Arg Gln Ser Ala Glu Arg Asn Ser Ash Leu Val Gly Ala Ala
275 280 285

His Glu Glu Leu Gln Gln Ser Arg Ile Arg Ile Asp Ser Leu Ser Ala
290 295 300

Gln Leu Ser Gln Leu Gln Lys Gln Leu Ala Ala Lys Glu Ala Lys Leu
305 310 315 320

Arg Asp Leu Glu Asp Ser Leu Ala Arg Glu Arg Asp Thr Ser Arg Arg
325 330 335

Leu Leu Ala Glu Lys Glu Arg Glu Met Ala Glu Met Arg Ala Arg Met
340 345 350

Gln Gln Gln Leu Asp Glu Tyr Gln Glu Leu Leu Asp Ile Lys Leu 2Ala
355 360 365

Leu Asp Met Glu Ile His Ala Tyr Arg Lys Leu Leu Glu Gly Glu Glu
370 375 380

Glu Arg Leu Arg Leu Ser Pro Ser Pro Thr Ser Gln Arg Ser Arg CGly
385 390 395 400

Arg Ala Ser Ser His Ser Ser Gln Thr Gln Gly Gly Gly Ser Val Thr
405 410 415

Lys Lys Arg Lys Leu Glu Ser Thr Glu Ser Arg Ser Ser Phe Ser Gln
420 425 430

His Ala Arg Thr Ser Gly Arg Val Ala Val Glu Glu Val Asp Glu Glu
435 440 445

Gly Lys Phe Val Arg Leu Arg Asn Lys Ser Asn Glu Asp Gln Ser Met
450 455 460

Gly Asn Trp Gln Ile Lys Arg Gln Asn Gly Asp Asp Pro Leu Leu Thr
465 470 475 480

Tyr Arg Phe Pro Pro Lys Phe Thr Leu Lys Ala Gly Gln Val Val Thr
485 490 495
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-continued

Ile Trp Ala Ala Gly Ala Gly Ala Thr His Ser Pro Pro Thr Asp Leu
500 505 510

Val Trp Lys Ala Gln Asn Thr Trp Gly Cys Gly Asn Ser Leu Arg Thr
515 520 525

Ala Leu Ile Asn Ser Thr Gly Glu Glu Val Ala Met Arg Lys Leu Val
530 535 540

Arg Ser Val Thr Val Val Glu Asp Asp Glu Asp Glu Asp Gly Asp Asp
545 550 555 560

Leu Leu His His His His Val Ser Gly Ser Arg Arg
565 570

<210> SEQ ID NO 3

<211> LENGTH: 634

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 3

Met Glu Thr Pro Ser Gln Arg Arg Ala Thr Arg Ser Gly Ala Gln 2Ala
1 5 10 15

Ser Ser Thr Pro Leu Ser Pro Thr Arg Ile Thr Arg Leu Gln Glu Lys
20 25 30

Glu Asp Leu Gln Glu Leu Asn Asp Arg Leu Ala Val Tyr Ile Asp Arg
35 40 45

Val Arg Ser Leu Glu Thr Glu Asn Ala Gly Leu Arg Leu Arg Ile Thr
50 55 60

Glu Ser Glu Glu Val Val Ser Arg Glu Val Ser Gly Ile Lys Ala Ala
65 70 75 80

Tyr Glu Ala Glu Leu Gly Asp Ala Arg Lys Thr Leu Asp Ser Val Ala
85 90 85

Lys Glu Arg Ala Arg Leu Gln Leu Glu Leu Ser Lys Val Arg Glu Glu
100 105 110

Phe Lys Glu Leu Lys Ala Arg Asn Thr Lys Lys Glu Gly Asp Leu Ile
115 120 125

Ala Ala Gln Ala Arg Leu Lys Asp Leu Glu Ala Leu Leu Asn Ser Lys
130 135 140

Glu Ala Ala Leu Ser Thr Ala Leu Ser Glu Lys Arg Thr Leu Glu CGly
145 150 155 160

Glu Leu His Asp Leu Arg Gly Gln Val Ala Lys Leu Glu Ala Ala Leu
165 170 175

Gly Glu Ala Lys Lys Gln Leu Gln Asp Glu Met Leu Arg Arg Val Asp
180 185 190

Ala Glu Asn Arg Leu Gln Thr Met Lys Glu Glu Leu Asp Phe Gln Lys
195 200 205

Agn Ile Tyr Ser Glu Glu Leu Arg Glu Thr Lys Arg Arg His Glu Thr
210 215 220

Arg Leu Val Glu Ile Asp Asn Gly Lys Gln Arg Glu Phe Glu Ser Arg
225 230 235 240

Leu Ala Asp Ala Leu Gln Glu Leu Arg Ala Gln His Glu Asp Gln Val
245 250 255

Glu Gln Tyr Lys Lys Glu Leu Glu Lys Thr Tyr Ser Ala Lys Leu Asp
260 265 270

Asn Ala Arg Gln Ser Ala Glu Arg Asn Ser Asn Leu Val Gly 2la 2Ala
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-continued

275 280 285

His Glu Glu Leu Gln Gln Ser Arg Ile Arg Ile Asp Ser Leu Ser Ala
290 295 300

Gln Leu Ser Gln Leu Gln Lys Gln Leu Ala Ala Lys Glu Ala Lys Leu
305 310 315 320

Arg Asp Leu Glu Asp Ser Leu Ala Arg Glu Arg Asp Thr Ser Arg Arg
325 330 335

Leu Leu Ala Glu Lys Glu Arg Glu Met Ala Glu Met Arg Ala Arg Met
340 345 350

Gln Gln Gln Leu Asp Glu Tyr Gln Glu Leu Leu Asp Ile Lys Leu 2Ala
355 360 365

Leu Asp Met Glu Ile His Ala Tyr Arg Lys Leu Leu Glu Gly Glu Glu
370 375 380

Glu Arg Leu Arg Leu Ser Pro Ser Pro Thr Ser Gln Arg Ser Arg Cly
385 390 395 400

Arg Ala Ser Ser His Ser Ser Gln Thr Gln Gly Gly Gly Ser Val Thr
405 410 415

Lys Lys Arg Lys Leu Glu Ser Thr Glu Ser Arg Ser Ser Phe Ser Gln
420 425 430

His Ala Arg Thr Ser Gly Arg Val Ala Val Glu Glu Val Asp Glu Glu
435 440 445

Gly Lys Phe Val Arg Leu Arg Asn Lys Ser Asn Glu Asp Gln Ser Met
450 455 460

Gly Asn Trp Gln Ile Lys Arg Gln Asn Gly Asp Asp Pro Leu Leu Thr
465 470 475 480

Tyr Arg Phe Pro Pro Lys Phe Thr Leu Lys Ala Gly Gln Val Val Thr
485 490 495

Ile Trp Ala Ala Gly Ala Gly Ala Thr His Ser Pro Pro Thr Asp Leu
500 505 510

Val Trp Lys Ala Gln Asn Thr Trp Gly Cys Gly Asn Ser Leu Arg Thr
515 520 525

Ala Leu Ile Asn Ser Thr Gly Glu Gly Ser His Cys Ser Ser Ser Gly
530 535 540

Asp Pro Ala Glu Tyr Asn Leu Arg Ser Arg Thr Val Leu Cys Gly Thr
545 550 555 560

Cys Gly Gln Pro Ala Asp Lys Ala Ser Ala Ser Gly Ser Gly 2Zla Gln
565 570 575

Val Gly Gly Pro Ile Ser Ser Gly Ser Ser Ala Ser Ser Val Thr Val
580 585 590

Thr Arg Ser Tyr Arg Ser Val Gly Gly Ser Gly Gly Gly Ser Phe Gly
595 600 605

Agp Asn Leu Val Thr Arg Ser Tyr Leu Leu Gly Asn Ser Ser Pro Arg
610 615 620

Thr Gln Ser Pro Gln Asn Cys Ser Ile Met
625 630

<210> SEQ ID NO 4

<211> LENGTH: 3181

«<212> TYPE: DNA

<213> ORGANISM: Homo Sapiens

«<400> SEQUENCE: 4
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-continued

actcagtgtt cgcgggageg ccgcacctac accagccaac ccagatcceg aggteccgaca 60
gegeceggee cagatcecca cgectgccag gagcaagcceg agagccagec ggeeggegea 120
ctccgactee gagcagtete tgtecttega ceccgagecce gegeccttte cgggaccect 180
gececegeggy cagegetgee aacctgcegg ccatggagac ccegteccag cggegegeca 240
cececgeagegyg ggcgcaggece agcetecacte cgetgtegee cacccgeatce acceggetgce 300
aggagaagga ggacctgcag gagctcaatg atcgcttgge ggtctacatc gaccgtgtgce 360
gctegetgga aacggagaac gcagggctge gecttegecat caccgagtet gaagaggtgg 420
tcageccgega ggtgtecegge atcaaggecg cctacgagge cgageteggg gatgeccgca 480
agacccttga ctcagtagec aaggagegceg cccgectgca gectggagetg agcaaagtgce 540
gtgaggagtt taaggagctg aaagcgcgca ataccaagaa ggagggtgac ctgatagcetg 600
ctcaggctceg getgaaggac ctggaggcte tgctgaacte caaggaggcec gcactgagca 660
ctgctctecag tgagaagege acgctggagg gegagctgca tgatctgegg ggccaggtgyg 720
ccaagcttga ggcagcecta ggtgaggecca agaagcaact tcaggatgag atgctgegge 780
gggtyggatge tgagaacagyg ctgcagacca tgaaggagga actggactte cagaagaaca 840
tctacagtga ggagetgegt gagaccaage gecgtcatga gacccgactg gtggagattg 900
acaatgggaa gcagegtgay tttgagagee ggetggegga tgegetgeay gaactgeggy 960
cccageatga ggaccaggtyg gageagtata agaaggaget ggagaagact tattetgeca 1020
agetggacaa tgecaggeay tcetgetgaga ggaacageaa cctyggtygggy getgeccacy 1080
aggagetgea geagtegege atcegeateg acagectete tgeccagete agecagetee 1140
agaagcaget ggeagecaay gaggcegaage ttegagaccet ggaggactca ctggecegtyg 1200
agegggacac cageeggegy ctgctyggegy aaaaggageg ggagatggee gagatgeggyg 1260
caaggatgca gcagcagety gacgagtace aggagettet ggacatcaay ctggeeetgg 1320
acatggagat ccacgcctac cgcaagetet tggagggega ggaggagagg ctacgectgt 1380
ceeccagece tacctegeag cgeagecgtyg geegtgette ctetecactcea teccagacac 1440
agggtygggy cagegtcace aaaaagegca aactggagte cactgagage cgecageaget 1500
tctcacagea cgeacgcact agegggegeg tggeegtgga ggaggtggat gaggagggea 1560
agtttgtecg getgegcaac aagtccaatg aggaccagte catgggcaat tggcagatca 1620
agcgcecagaa tggagatgat cccttgctga cttaceggtt cccaccaaag ttcaccectga 1680
aggctgggca ggtggtgacy atctgggetg caggagetgg ggcecacccac ageccececta 1740
ccgacctggt gtggaaggea cagaacacct ggggetgegyg gaacagectyg cgtacggete 1800
tcatcaacte cactggggaa gaagtggeca tgcgcaagcet ggtgegetca gtgactgtgg 1860
ttgaggacga cgaggatgag gatggagatg acctgctcca tcaccaccac ggetcecact 1920
gcagcagcete gggggaccce getgagtaca acctgegete gegcacegtg ctgtgeggga 1980
cctgegggea gectgecgac aaggeatcetg ccageggete aggagcccag gtgggeggac 2040
ccatctecte tggctettet gectecagtyg tcacggtcac tcgcagetac cgcagtgtgg 2100
ggggcagtgy gggtggcage ttcggggaca atctggtcac ccgetectac ctectgggea 2160
actccageccce ccgaacccag ageccccaga actgcagcat catgtaatet gggacctgee 2220

aggcaggggt gggggtggag gcttectgeg tectectcac ctcatgecca cccectgecc 2280
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16
-continued
tgcacgtcat gggagggggc ttgaagccaa agaaaaataa ccctttggtt tttttcettet 2340
gtattttttt ttctaagaga agttattttc tacagtggtt ttatactgaa ggaaaaacac 2400
aagcaaaaaa aaaaaaaagc atctatctca tctatctcaa tcctaatttc tcctcectte 2460
cttttcectg ctteccaggaa actccacatc tgccttaaaa ccaaagaggg cttcctctag 2520
aagccaaggg aaaggggtgc ttttatagag gctagcttcet gecttttetge cctggetget 2580
gccecccacee cggggaccet gtgacatggt gectgagagyg caggcataga ggettceteeg 2640
ccagectect ctggacggca ggctcactge caggccagcee tccgagaggg agagagagag 2700
agagaggaca gcttgagceg ggcccctggg cttggectge tgtgattcca ctacacctgg 2760
ctgaggttce tctgectgece ccgeccccag tecccaccee tgcecccage ccceggggtga 2820
gtccattcte ccaggtacca gectgcgettg cttttctgta ttttatttag acaagagatg 2880
ggaatgaggt gggaggtgga agaagggaga agaaaggtga gtttgagctg ccttccctag 2940
ctttagaccc tgggtggget ctgtgcagtc actggaggtt gaagccaagt ggggtgctgg 3000
gaggagggayg agggaggtca ctggaaaggg gagagcctge tggcacccac cgtggaggag 3060
gaaggcaaga gggggtggag gggtgtggea gtggttttgy caaacgcetaa agagecctty 3120
cctececccatt tcccatctge accecttcete tccteccccaa atcaatacac tagttgttte 3180
t 3181

1. A method for determining a prognosis of colorectal
cancer in an individual, the method comprising determining
an A-type lamin status of the individual and using the A-type
lamin status to determine the prognosis of the colorectal
cancer.

2. The method of any one of the preceding claims, wherein
determining the A-type lamin status of the individual com-
prises determining the expression of the Lamin A/C gene,
and/or the presence, amount and/or localisation of an A-type
lamin protein, or a fragment thereof.

3. The method of claim 2, wherein the A-type lamin pro-
tein, or fragment thereof, has at least 80% sequence identity to
aLaminA, Lamin C or Lamin AA10 protein having an amino
acid sequence as set out in SEQ ID NO: 1 to 3.

4. The method of claim 2, wherein the Lamin A/C gene has
at least 90% nucleic acid sequence identity to the nucleic acid
sequence set out in SEQ ID NO: 4 or is capable of hybridising
to the nucleic acid sequence set out in SEQ ID NO: 4 under
stringent conditions.

5. The method of any one of claims 2 to 4, wherein a
reduction in the expression of the Lamin A/C gene in colorec-
tal cancer cells, or a loss or a mislocalisation of A-type lamin
protein from the nuclei of colorectal cancer cells, correlates
with a positive prognosis.

6. The method of claim 5, wherein the positive prognosis is
long term survival and/or a reduced chance of recurrence of
the colorectal cancer in the individual.

7. The method of any one of claims 2 to 4, wherein the
presence of A-type lamin proteins in a normal nuclear locali-
sation, or normal expression of the Lamin A/C gene, corre-
lates with a negative prognosis.

8. The method of claim 7, wherein the A-type lamin pro-
teins are present in the nuclei of at least 10% of the colorectal
cancer cells in a sample.

9. The method of claim 7 or claim 8, wherein the negative
prognosis is recurrence of disease or colorectal associated
mortality in the individual.

10. The method of any one of the preceding claims,
wherein the A-type lamin status is used for predicting the
outcome of the colorectal cancer in the individual.

11. The method of claim 10, wherein the outcome is (a)
predicting colorectal, cancer associated survival or mortality
of the individual and/or (b) predicting the probability of long
term survival of the individual and/or (c) predicting recur-
rence of the colorectal cancer in the individual.

12. The method of any one of the preceding claims,
wherein the A-type lamin status is determined with reference
to one or more controls.

13. The method of any one of the preceding claims,
wherein the A-type lamin status is used for determining clini-
cal treatment of the individual.

14. The method Of claim 13, wherein determining the
clinical treatment comprises selecting a type of chemo-
therapy or a chemotherapy regimen for administration to the
individual.

15. The method of claim 14, wherein determining the clini-
cal treatment comprises determining whether a colorectal
tumour should be treated by surgical resection.

16. The method of any one of the preceding claims,
wherein the A-type lamin status is used for classifying the
individual in a grading system for patients with colorectal
cancer.

17. The method of claim 16, wherein the grading system is
the Dukes scale or the TNM grading system.

18. The method of claim 17, wherein method is for improv-
ing the prediction of outcome of patients categorised as grade
B on the Dukes scale or the equivalent group of patients in the
TNM grading system.
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19. The method of claim 17, wherein A-type lamin status is
employed for predicting recurrence of early grade or Dukes
stage A colorectal cancer or adenomas.

20. The method of any one of the preceding claims,
wherein the method is an in vitro method carried out on a
sample obtained from said individual.

21. The method of any one of the preceding claims,
wherein the method comprises the initial step of obtaining a
sample from said individual.

22. The method of claim 20 or claim 21, wherein the
sample is a blood sample, a tissue sample or a cell sample.

23. The method of claim 22, wherein the tissue sample is a
resected tumour sample or tumour biopsy sample.

24. The method of claim 22 or claim 23, wherein the
method comprises the further step of preparing the sample for
analysis or staining the cells in the sample for determining the
A-type lamin status.

25. The method of any one of the preceding claims,
wherein determining the A-type lamin status comprises deter-
mining the presence or amount of an A-type lamin protein, or
a fragment thereof, in the sample obtained from the indi-
vidual.

26. The method of claim 25, wherein the method employs
a binding agent capable of specifically binding to the A-type
lamin protein, or the fragment thereof.

27. The method of claim 25 or claim 26, wherein the
binding agent is an antibody capable of specifically binding
the A-type lamin polypeptide or fragment thereof.

28. The method of any one of the preceding claims,
wherein determining the A-type lamin status comprises deter-
mining the cellular localisation of an A-type lamin protein, or
a fragment thereof, in cells in a sample obtained from the
individual.

29. The method of claim 28, wherein determining the cel-
lular localisation of the A-type lamin protein comprises
detecting the presence and cellular localisation of A-type
lamin polypeptides by microscopy

30. The method of claim 28 or claim 29, wherein the
method employs immunchistochemical analysis.

Nov. 25,2010

31. The method of claim 30, wherein the immunohis-
tochemical analysis uses paraffin fixed samples or frozen
tissue samples.

32. The method of claim 30 or claim 31, wherein the
method comprises staining the samples.

33. The method of any one of the preceding claims,
wherein determining the A-type lamin status comprises deter-
mining the expression of the lamin A/C gene.

34. The method of claim 33, wherein determining the
expression of the lamin A/C gene comprises determining the
presence or amount of lamin A/C mRNA in the sample.

35. The method of claim 34, wherein determining the pres-
ence of A-type lamin mRNA in the sample comprises:

(1) using a labelled probe capable of hybridising to the

lamin A nucleic acid; and/or

(i1) using PCR involving one or more primers based on an

A-type lamin’nucleic acid sequence to determine
whether the A-type lamin transcript is present in a
sample.

36. The method of claim 35, wherein the probe is immo-
bilised in a microarray.

37. A kit for predicting colorectal cancer associated mor-
tality or recurrence in an individual according to the method
of any one of the preceding claims.

38. The kit of claim 37, wherein the kit comprises reagents
necessary for carrying out the determination of A-type lamin
status on a sample and instructions for carrying out the test
and interpreting the results.

39. The kit of claim 37 or claim 38, wherein the kit com-
prises one or more of the following reagents:

(a) an antibody capable of recognising A-type lamin

polypeptides or fragments thereof; or
(b) primers based on the nucleic acid sequence of the
Lamin A/C gene for detecting the presence of Lamin
A/C mRNA; or

(c) aprobe based on the nucleic acid sequence of the Lamin
A/C gene for detecting Lamin A/C gene expression.

L
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