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Summary

Despite declining incidence and mortality, gastric cancer remains the fourth
most common cancer and the second leading cause of death in the world. Gastric
carcinogenesis is believed to occur through one of 3 pathways, the commonest of
which involves sequential changes in mucosal histology, from normal through
intestinal metaplasia and dysplasia to overt carcinoma. We aimed to investigate the
genomic changes that parallel these mucosal transformations as they progress along
the pathway described by Correa in 1988.

57 specimens representing the histological types of overt carcinoma, dysplasia,
intestinal metaplasia and adjacent histologically normal mucosa were obtained from
the archived formalin-fixed paraffin-embedded pathology blocks of 17 patients.
Genomic DNA was extracted from each specimen. Comparative genomic
hybridization was performed using a validated 2464-BAC clone array having an
average inter-clone interval of 1.4 Mb.

Our results revealed that all 4 histological types harbored extensive genomic
changes that were highly similar. Further array CGH experiments conducted with
tissue harvested from non-cancer gastrectomy specimens showed no evidence of
significant copy number aberrations. Additional experiments found that the distant
margin blocks of the same cancer patients had a distinctly different genomic signature
compared to the earlier 57 specimens.

Several prospective sets of specimens that were harvested and processed in our
laboratory confirmed that the genomic profile of gastric mucosa at the margin of a
cancer resection is almost normal while the copy number aberrations in adjacent

histologically normal gastric mucosa mirror those found in the tumor itself.



Several regions of interest that were found in our study included the +20q13,
+8223, -19p13 and +17g21 cytobands. These copy number aberrations were present in
the adjacent mucosa as well as in the tumors.

The genome-wide study of adjacent normal mucosa in gastric cancer with
array CGH has not been reported before and our findings are consistent with and
provide genomic evidence for field cancerization in gastric adenocarcinoma. Our
findings in gastric carcinoma are supported by recent discoveries of genomic,
proteomic and nanoscale structural abnormalities in histologically normal adjacent
colonic, prostatic, pancreatic and pulmonary tissue from cancer patients.

The concept of field cancerization was first proposed in 1953. This theory
suggests that chronic exposure to a DNA-damaging agent such as a chemical
compound or an infection like H.pylori leads to the clonal expansion of inappropriate
cell types that exhibit genetic instability. This premalignant state would eventually
lead to transformation into overt carcinoma. The field cancerization theory mirrors the
Correa hypothesis and it provides some explanation for the frequency of recurrence in
gastric cancer patients.

The understanding of gastric carcinogenesis as a field cancerization event
would provide the impetus to focus resources on the study of premalignant
histologically normal gastric mucosa that harbors the initiators of gastric

carcinogenesis.
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Chapter 1

Introduction and Literature Review

1.1  Gastric cancer epidemiology

Despite a major decline in incidence and mortality rates over the last fifty
years, gastric cancer remains the fourth most common cancer and the second leading
cause of cancer death in the world (1). More recently, developing countries have
tended to predominate in incidence. Changes in diet and improvements in hygiene are
generally considered as being responsible for the decrease in incidence rates in the
developed world (2). Male-to-female incidence ratios are usually about 1.5 to 2.5 with
higher ratios for intestinal-type cancer and higher risk populations (3).

The incidence of gastric cancer in Singapore has likewise been decreasing.
However, it remains firmly within the top five malignancies in the country. The latest
census shows that it is the 4™ most common malignancy and the 3" greatest cause of
cancer-related mortality in both males and females combined (4).

Most cases of gastric cancer present at an advanced stage and this is reflected
in the fact that the mortality rate of gastric cancer in a population is usually higher
than its incidence rate. The possible exceptions to this are countries with a high
incidence which have developed mass screening programs. Identifying and treating
gastric cancer at an early stage has the effect of prolonging overall survival and this
has been observed in Japan in the last 15 years.

The Singapore Gastric Cancer Epidemiology and Molecular Genetics Program
(GCEP) established in 2003 involves active mass screening of a cohort of 4000
patients in an attempt to determine possible targets for primary or secondary

prevention in order to reduce the incidence of gastric carcinoma (5).



1.2  Gastric cancer pathology

It is generally recognized that there are 2 main histological types of gastric
carcinoma as first described in 1965 (6). The Lauren classification defines these as: (a)
the intestinal type which is characterized by the metaplastic transformation of gastric-
type mucosa to an intestinal type with abundant goblet cells; and, (b) the diffuse type
which is defined by the presence of poorly differentiated signet ring cells. Both types

may also co-exist thereby giving rise to a third entity of “mixed’ pathology.

Normal gastric epithelium

Gastric intestinal metaplasia

Gastric adenocarcinoma

Figure 1. Histology of gastric mucosa



The intestinal type is the more common variant seen and it is associated with
an increased incidence of chronic atrophic gastritis and gastric atrophy. The diffuse
cancers do not have this association. It is believed that intestinal metaplasia (IM) is the
result of an inflammatory reaction which may be precipitated by ingestion of certain
substances or by the presence of an infection such as Helicobacter pylori.

The occurrence of gastric dysplasia has been postulated to be a further step in
the development of intestinal-type gastric cancer (7) although it is known that it may
on occasion regress. The problems associated with histological interpretation of
dysplasia are well-documented and these include inter-observational variation as well
as the difficulty in differentiating high-grade dysplasia from intramucosal carcinoma
(also known as early gastric cancer). The Vienna classification (8) (9) now provides
for more accurate diagnosis of dysplastic lesions. Nevertheless, the difficulty of
diagnosing dsyplasia accurately has hindered studies involving DNA or RNA as fresh
frozen specimens cannot be read with the required degree of accuracy while formalin-
fixed paraffin-embedded tissue is usually of suboptimal quality for genetic assays.

The other important category of precancerous stomach lesions are gastric
mucosal polyps. These may be divided into 3 main categories: fundic gland polyps;
hyperplastic polyps, and adenomas. The latter 2 have a slightly increased risk of
progressing to carcinoma, with adenomas generally recognized as being of greater

significance.



1.3 Etiology & Risk Factors

1.3.1 Risk Factors

With the exception of genetic syndromes, by far the strongest established risk
factor for gastric cancer is H. pylori infection. Male gender, smoking, previous gastric
resections and adenomatous polyps have also been associated with a higher incidence
of gastric carcinoma. Epstein-Barr virus has also been reported to be responsible for
approximately 5% of stomach malignancies and this subtype of gastric cancer has

been shown to have distinct molecular and clinicopathologic characteristics (10).

Infection: Helicobacter pylori
Epstein-Barr virus

Atrophic gastritis

Previous partial gastrectomy

Adenomatous gastric polyps

Blood group A

Type 11 intestinal metaplasia

Smoking

High salt intake and/or preserved foods

Genetic: Familial adenomatous polyposis (FAP)
Hereditary diffuse gastric cancer (HDGC)
Peutz-Jeghers Syndrome
Hereditary Nonpolyposis Colon Cancer (HNPCC)

Li-Fraumeni Syndrome (inherited TP53 mutation)

Table 1. Risk factors for gastric cancer



1.3.2 Etiology

It has been postulated that there are at least 3 important pathways that lead to
cancer in the stomach: (a) stepwise morphological transformation involving intestinal
metaplasia; (b) diffuse type gastric carcinoma which involves signet ring cells thought
to arise from the stem cell zone; and , (c) spasmolytic polypeptide expressing
metaplasia (SPEM) where the gastric glands become filled with cells that express the
polypeptide TFF2 (TreFoil Factor-2 also known as SP) (11).

The fundamental mechanisms underlying these pathways generally involve
some degree of genomic instability. Several phenotypes of instability have been
identified in gastric cancer (12).

The chromosomal instability phenotype is associated with mutation in genes
that control the segregation of genetic elements. Chromosomal rearrangement or
losses or gains of chromosomes can lead to either oncogene activation or tumor-
suppressor gene inactivation.

The microsatellite instability (MSI) phenotype is characterized by defective
repair of DNA replication. Inefficiencies of one or more of the mismatch repair genes
can cause MSI which then results in frameshift mutations, thus altering the translation
of DNA into protein products.

The third phenotype involves the cytosine p guanine (CpG) island methylator.
Abnormal methylation of guanine and cytosine-rich regions results in silencing of
tumor-suppressor genes leading to uncontrolled cellular growth and malignancy.

The recent discovery of cancer stem cells has led to the intriguing possibility
that these immortal cells may be a key initiator of gastric carcinogenesis (13) (14).

The stem cell may either be an organ-specific indigenous gastric stem cell or a bone



marrow-derived cell (BMDC) recruited to the gastric epithelium as a result of chronic

inflammatory stress.

1.3.3 Hereditary diffuse gastric cancer (HGDC)

Diffuse-type gastric carcinoma is distinguished by the absence of defined
premalignant lesions and poorly differentiated histology (6). It is also associated with
H. pylori infection and is sometimes described as “linitis plastica’ alluding to a
macroscopic appearance of widespread thickening involving the entire organ.

The discovery of the genetic events leading to diffuse gastric carcinoma is one
of the success stories of modern genomics. A kindred of New Zealand Maoris that had
diffuse-type carcinoma were found to have hereditary mutations of CDH1, a tumor-
suppressor gene which codes for the protein E-cadherin (15). This protein mediates
homophilic cell-cell interactions and establishes cell polarity. Loss of both alleles of
the gene results in reduced expression of cadherin and this is found in up to 50% of all

gastric cancers and up to 83% of diffuse carcinomas (16).

1.34 Correa'shypothesis

Also known as the intestinal pathway of gastric carcinogenesis, this hypothesis
is central to our study as intestinal-type carcinoma is the predominant form in our
population. Pelayo Correa first postulated in 1975 that nitroso compounds arising
from ingested nitrites, in the presence of an impaired mucous barrier, may be the

initiating step in a cascade of events leading to overt carcinoma (17).
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The Correa model of gastric carcinogenesis implicates four distinct
histological entities: normal mucosa, intestinal metaplasia, dysplasia and carcinoma.
Assuming that accurate samples are obtained, it would then be possible to elucidate
the molecular and genomic signatures of each histological type. The accumulation of
genetic alterations in a linear or parallel route to overt carcinoma may then be

described much as it already has in colorectal malignancies (18).

14  Screening for Gastric adenocar cinoma

A mass screening program for gastric cancer has existed in Japan since 1960
(19). Despite intensive research for the last 49 years, the only recommended tools for
screening today remain diagnostic contrast radiography and endoscopy.

The last 20 years has seen rapid advances in technology for biomedical
research. The search for biomarkers is particularly interesting as it may one day
provide a simple tool for mass screening of any number of diseases, gastric cancer
among them. The advantages of a biomarker cannot be overstated as the cost of any
blood test or genetic test would almost certainly be at least an order of magnitude less
than that of endoscopy. The convenience of a serum biomarker would also encourage
a population to come forward for screening.

Biomarker discovery and genetic research are inextricably linked. A biomarker
may be a protein or even a genetic test itself. Thus one possible avenue for biomarker
discovery would lie along the route of research into abnormalities in the genomic

DNA of cancer patients.



15 Management of gastric cancer

The diagnosis of gastric cancer is in almost all instances made on diagnostic
endoscopy and biopsy. This is an invasive procedure and relatively expensive. As
early gastric cancer may be asymptomatic or present with non-specific symptoms such
as dyspepsia, the majority of patients are usually diagnosed at stage Il or worse unless
there is a nationwide screening program in place.

Surgical removal of the primary tumor and regional lymph nodes is the only
curative option for gastric cancer. Adjuvant chemotherapy and radiotherapy provide
adjuncts to curative surgery and also serve to slow tumor progression in advanced
cases. Neoadjuvant therapy may reduce tumor volume with the goal of eventual
curative resection.

Staging of the disease prior to surgery and at follow-up after surgery is usually
with CT scans and endoscopy. The problem with this is that microscopic disease is not
detectable with these methods and when macroscopic recurrence occurs it usually
signifies metastatic or incurable disease. Thus the issue of recurrence, particularly in
the locoregional lymph nodes, at the resection site and on peritoneal surfaces,
constitutes a difficult diagnostic and treatment problem.

In general, 5-year survival rates for gastric cancer are approximately 20%
worldwide except in Japan where the mass screening program and aggressive early
treatment has contributed to 5-year survival rates of up to 60% (20). Local recurrence
rates can be as high as 54% (21) (22).

Genomic and molecular markers that can predict disease patterns such as

lymph node metastasis (23) or survival (24) can prove to be a valuable tool in



diagnosing or prognosticating gastric cancer patients. Biomarkers are also useful in

optimizing the choice of adjuvant therapy (25) (26).

Stage Grouping

Stage 0 Tis NO MO
Stage A 11 NO MO
Stage 1B T1 N1 MO
T2a/b NO MO
Stage 11 Tl N2 MO
T2a/b NI MO
T3 NO MO
Stage IIIA T2a/b N2 MO
T3 N1 MO
T4 NO MO
Stage I11B T3 N2 MO
Stage IV T4 N1, N2, N3 MO
Tl B2, T3 N3 MO
Any T Any N MI
Summary
Stomach
T1 Lamina propria, submucosa
T2 Muscularis propria, subserosa
T2a Muscularis propria
T2b Subserosa
T3 Penetrates serosa
T4 Adjacent structures
N1 1 to 6 nodes
N2 7 to 15 nodes
N3 >15 nodes

Table 2. TNM staging adapted from UICC 6™ edition (2002)



1.6  Current research directionsin gastric cancer

The development of high-throughput technologies such as microarrays has
ushered in an era of research characterized by the extensive use of statistics and
bioinformatics. Microarrays can be classified in various ways. Arrays can be
constructed on glass slides, silicon substrate or even beads. The genetic probes on the
arrays may be complementary-DNA, oligonucleotides or small PCR fragments. These
probes are typically deposited on the substrate by spotting with fine-pointed pins,
inkjets or photolithography. Arrays can be designed for single channel or double-
channel usage depending on the need for absolute quantitation versus relative
estimation of one sample in comparison to another. Microarrays may be used to detect
DNA or RNA. Gene expression studies typically employ cDNA arrays while SNP

(single nucleotide polymorphism) studies usually involve oligo-arrays.

Gastric cancer, like any other malignancy, is characterized by multiple genetic
and epigenetic alterations. Intense research into the molecular biology of gastric
cancer over the past 20 years has revealed 3 pathways for gastric carcinogenesis as
mentioned in section 1.3.2. The 2 classical pathways are shown overleaf. The more

recently described SPEM pathway has yet to be fully characterized.

By far the most well known is the intestinal pathway and this is to be expected
since it is the most common form of gastric carcinoma encountered in clinical
practice. However, the breakthrough discovery of E-cadherin has catapulted the

diffuse pathway to prominence in recent years. All these pathways are characterized

11



by alterations of the genome in 3 fundamental ways: chromosomal instability,

microsatellite instability and epigenetic changes such as DNA methylation.
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Figure 3. Genetic (blue) and epigenetic (green) alterations in gastric carcinogenesis. [Adapted from pg

70 of reference (27)]

One of the limitations of conventional molecular research is that it fails to

address non-coding regions of the genome i.e. the gene deserts. Several techniques

such as comparative genomic hybridization (CGH) have been developed to address

this shortcoming and our laboratory has had some experience with these.
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A previous study in our laboratory using metaphase-spread conventional
comparative genomic hybridization (CGH) had demonstrated significant copy number

gains and losses in gastric cancer tissue (24).
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Figure 4. Chromosomal gains and losses in gastric cancer patients. Gains are shown as green lines and

losses as red lines. Thick solid lines are highly amplified regions. (24)

1.7 Array CGH

The chromosomal changes such as gene amplification and deletions can often
be detected by an increase or decrease in the amount of genomic DNA within the cell.
This was the basis of a technique first described by Kallioniemi in 1992 which utilized
competitive simultaneous in situ hybridization of fluorescent-labeled tumor and
normal DNA in equimolar quantities to a normal human metaphase spread. Regions of

relative amplification and deletion could then be identified by measuring the color

13



ratio of the two fluorescent dyes (28). This technique is now known as comparative

genomic hybridization (CGH).

However, usage of metaphase chromosomes limits the detection of
abnormalities involving short regions (< 20 Mb) of the genome. Microarray
technology when applied to CGH, using a spotted array of mapped sequences instead
of metaphase chromosomes overcomes the limitations of conventional CGH (29). The
initial attempts were made with cDNA arrays but eventually the use of BAC-arrays
has come to be recognized as a better way to determine regions of chromosomal gains
and losses. The resolution of the array would then be a function of the length of the

spotted sequences and the distance between the sequences on the human genome.

BAC is an acronym for bacterial artificial chromosome. It was developed in
1992 as a means of cloning long sequences (>300kb) of the human genome and it
remains a useful tool for accurately replicating long sequences of human DNA (30).
A BAC-array isa DNA-microarray that uses BAC clones as the spotted probes instead

of the usual cDNA or oligonucleotides.

The advantages of BAC array CGH over conventional metaphase-spread CGH

include higher resolution (1 Mb vs. 20Mb), simultaneous coverage of the entire

genome and the requirement of smaller amounts of test DNA (300-500 ng vs. 1 pg)

14



1.8  Objectivesof this study

The objective of this study is to utilize BAC array CGH to document the
genomic aberrations in matched samples of gastric carcinoma, dysplasia, intestinal
metaplasia and adjacent normal mucosa. The intention is to discover whether or not
there is a steady progression of genomic copy number changes that parallels the
transformation of susceptible mucosa into overt carcinoma. This could be the first step
in an effort to discover possible regions of translocation, duplication or deletion.
Although outside the scope of this study, the eventual potential discovery of break-
points or duplicated/deleted genes could provide possible diagnostic, therapeutic or
prognostic markers that can improve the clinical management of patients with gastric

cancer.

15



Chapter 2
Materials & Methods

21  Obtaining samples

Records for all patients who had undergone gastrectomy for cancer at the
Singapore General Hospital for the last 5 years were traced. Their pathology records
were screened to identify gastrectomy specimens that contained all 4 histological
types that we required for our study: adjacent normal mucosa, intestinal metaplasia,
dysplasia and overt carcinoma.

A total of 15 suitable gastrectomy specimens were obtained in this manner.
The original formalin-fixed paraffin-embedded (FFPE) tissue blocks were then traced
from the archives of the Department of Pathology. Fresh slices from these blocks were
fixed on slides and read by our collaborating pathologists to confirm that the blocks
were suitable for our purposes.

Two additional sets of blocks containing all 4 tissue types were obtained from
collaborators in Malaysia. These were processed in the same manner and had
diagnosis and suitability re-confirmed by our pathologists.

We had the following inclusion criteria:

1. Only gastric adenocarcinomas were included in this study
2. All tissue was to be obtained from formalin-fixed paraffin-embedded blocks
3. All 4 histological types had to be present from blocks harvested from the same

patient at the same operation. “Adjacent normal” specimens are histologically
normal samples of gastric mucosa taken from the same paraffin block as
abnormal tissue. “Distant / Far normal” specimens are only taken from blocks

that are specifically labeled as the proximal or distal resection margins.

16



2.2 Core& Slice

The initial plan was to sample slices from the archived blocks using Laser
Capture Microdissection (LCM) (31). However, this was not possible for our study as
there was no expertise available within the Department of Pathology at that time for
the procedure.

In order to overcome this obstacle to the study, we designed another method of
sampling the blocks. We had available a machine used for constructing tissue
microarrays. Using this hollow *punch’ device usually employed for obtaining cores
for tissue microarrays, we were able to obtain cores of tissue from the blocks.

The procedure was as follows:

1. Slices taken from each block were read by the pathologist to identify areas for

core punch biopsy

2. 1 mm diameter ‘punch cores’ were obtained from the blocks
3. A 40-micron height section was taken from the mucosal end of the punch core
4, A standard slice was taken from the top and bottom of this 40-micron height

section and prepared on a glass slide

5. The top and bottom slices were read by a pathologist to confirm that only the

correct tissue type was present.

Fig 5. Punch cores

17



1.0 mm

Fig 6. Section of the “‘punch core’

40
microns

In order to verify that the sampling method was accurate for our purposes,
genomic DNA was extracted from a xenoimplanted tumor established from gastric
cancer cell line (SNU-5) and tested on CGH and aCGH using recommended
protocols. The results were compared against the known genomic profile of the
carcinoma in our records. At a slice thickness of 40 microns, we were able to obtain
enough DNA of sufficient quality that the aCGH profile of this extracted DNA
matched the known genomic signature of the SNU-5 cancer.

A literature search revealed that a similar form of microdissection had just
been described by another group (32) (33). The method described by Paris et al. used
a hollow bore instead of a tissue micro-arrayer punch. We also differed in that we did
not use the entire core but instead opted to use only a thin section of the core, thereby
allowing for an additional verification step of the top and bottom slices of this section.
We believe that the accuracy of our method would be enhanced since the possibility of
non-target tissue within the 40-micron-height section would be minimized.

Since LCM is employed on very thin single slices mounted on glass slides, the
potential disadvantage of our sampling method compared to LCM would be the
possibility of harvesting non-target tissue within the 40-micron space. However, given
the minute amounts of DNA available from a typical LCM specimen, whole genome

amplification (WGA) is inevitably necessary. WGA would potentially introduce

18



artefactual copy number aberrations if the genome is not uniformly amplified. WGA
methods like multiple displacement amplification (34), degenerate oligonucleotide-
primed PCR (35), ligation-mediated PCR (36) and primer extension preamplification
(37) are known to introduce copy number bias of dispersed genomic regions (38). The
advantage of our sampling method is that it allows isolation of sufficient DNA from

the sample itself, precluding the necessity for an additional WGA step.

2.3 DNA extr action

We used a commercial kit (PureGene from Gentra Systems Inc) to extract the
genomic DNA from the formalin-fixed paraffin-embedded tissue (FFPE) sections. The
protocol is detailed in Appendix 1. Briefly, the process involves de-paraffinization of
the sample with xylene which is subsequently removed with 100% ethanol.

A cell lysis solution and proteinase K are then added in the second step which
typically lasts 3 hours to overnight. This is followed by RNAse A treatment before
proceeding with protein precipitation.

Finally the DNA is precipitated with isopropanol and glycogen. The cell lysate
is centrifuged at 16000 g for 5 minutes and the supernatant drained to obtain a pellet
of purified DNA which is then hydrated to 20uL of solution.

The DNA concentration is then quantified with Nanodrop ND-1000
spectrophotometer (Thermo Fisher Scientific Inc.). The typical yield from a 40-micron
section was 30-40 ng/uL giving an overall yield of 600-800 ng. The DNA is then

stored at 4°C until required.
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DNA from FFPE tissue.
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2.3.1 Reference DNA

The procedure of CGH necessitates a reference DNA sample for use in the

competitive hybridization process. For our controls, we elected to use a pooled

reference DNA comprising equal amounts of DNA harvested from formalin-fixed

paraffin-embedded (FFPE) splenic tissue from 15 normal human males.
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The reasons for this decision are:

1. In order to study the adjacent normal tissue profile, we could not use the
histologically normal adjacent gastric tissue itself as the reference DNA
sample.

2. The use of patient blood as a reference DNA posed 2 problems:

a. The blood was often not available for most patients in our study

b. The use of lymphocyte DNA of a much higher quality than the FFPE
test specimens could introduce biases in the detected copy number
results.

3. Since none of the patients had their own matched non-gastric FFPE tissue for
use as a reference DNA source, the reference DNA was sourced from patients
not part of the study group.

4. Pooled genomic DNA from 15 patients was used as a reference to minimize
the possibility that 1 sample alone may have some idiosyncratic copy number
aberration itself.

5. FFPE splenic tissue was used as few stomachs (or indeed any other organ) are
usually removed in surgery unless there is a gross abnormality. Spleens are the
exception as traumatic life-threatening splenic rupture is often routinely treated

with splenectomy. These spleens are normal in size, structure and histology.

The pooled spleen reference DNA was compared to a DNA sample from a
lymphocyte source which we had previously identified as normal. The resulting array
image can be seen in section 3.1.2 and the corresponding karyogram in section 3.1.5.
This was taken as confirmation that our pooled DNA was a valid reference point for

our study.
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24  Digestion of genomic DNA

This is the first step in the process of labeling DNA for hybridization (see
Appendix 2). We used Dpnll as the restriction enzyme in this step and the mixture

was incubated at 37°C for at least 5 hours to allow the reaction to run to completion.

25 Purification of DNA

The digested products had to be purified in order to filter out unnecessary
fragments that could have added to the ‘noise’ in the hybridization images. We used
another commercial kit for this stage (QIAquick PCR Purification Kit from Qiagen

Inc.) (see Appendix 2).

2.6  Labeling and hybridization

We obtained our BAC arrays from the University of California San Francisco
(UCSF) Comprehensive Cancer Center Microarray Core facility. The specific array
used was the HumArray 2.0 with an average spacing between clones of 1.4Mb (39).
This BAC array comprised 2464 BAC clones spotted in triplicate (7392 spots) on a
coated glass slide.

The protocol for BAC array hybridization was modified from that used by the
UCSEF core facility (http://cancer.ucsf.edu/array/protocols/index.php). The detailed

protocol can be found in Appendix 2 and Appendix 3.
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Briefly, we started with equal amounts (at least 500ng) of test and reference
genomic DNA. The DNA was first denatured at 99°C with a random primer solution
(Bioprime DNA labeling system from Invitrogen Inc.).

The mixture was then cooled on ice before adding Klenow fragment DNA
polymerase (Bioprime DNA labeling system from Invitrogen Inc.) together with a
mixture of 0.2 mM unlabeled dATP, dCTP, and dGTP; 0.1 mM unlabeled dTTP.
Finally, either Cyanine-3-conjugated dUTP (test DNA) or Cyanine-5-conjugated-
dUTP (reference DNA) was added to the mixture. (The cyanine-conjugated-dUTP
dyes were sourced from Amersham/GE Healthcare). The entire mixture was then
incubated at 37°C for at least 4 hours.

We used Microcon YM-30 Centrifugal Filter Units (from Millipore Inc.) to
remove unincorporated nucleotides from the labeling reaction. At this stage it was
possible to assess the labeling efficiency by the intensity of the color of the flow-
through. The concentration of the labeled product was then measured with the
Nanodrop ND-1000 spectrophotometer (Thermo Fisher Scientific Inc.).

As preparation for the hybridization process, we combined equal amounts
Cy3-dUTP-labeled test DNA and Cy5-dUTP-labeled reference DNA with human Cot-
1 DNA (from Invitrogen Inc.) and precipitated the mixture using 3M pH5.2 sodium
acetate and ice-cold 100% ethanol. The samples were allowed to fully precipitate for
60 minutes at -20°C and then centrifuged at 16,100 rpm at 4°C for another 60 minutes
to produce a violet-colored pellet of labeled genomic DNA. The pellet was then left to
dissolve in the dark for an hour in a 60puL of a pre-hybridization solution comprising

10% dextran sulfate, 2x SSC, 50% formamide, 4% SDS, and water.
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The labeled gDNA mixture was then denatured at 73°C and then incubated at
37°C for an hour to allow pre-annealing of the Human Cot-1 DNA to the labeled
probes.

The array boundaries on the glass slide are virtually invisible to the naked eye
and we marked these using a diamond-pen under phase-contrast microscopy. We then
applied Hybaid EasiSeal 65uL Frames (Cat.No.HBOSSSEZ2E from Fisher Scientific
Inc.) around each array. The arrays were then placed on a slide warmer at 37°C for 10
minutes.

The pre-hybridization solution was again employed, this time as a wetting
solution on the slide arrays. Once the wetting solution was re-aspirated, the
hybridization mixture itself was applied to the array. The glass slides were placed in a
horizontal position arrays facing up in a slide box containing some washing solution
(50% formamide and 2x SSC at pH7) in the base to maintain humidity. The box was
sealed with parafilm and placed on a slow rocker at 37°C for 48-68 hours in the dark.

Post-hybridization, the slides were washed in a solution of 50% formamide
and 2x SSC at pH7 at a temperature of 50°C for 20 minutes and then in PN buffer
(0.1M NazHPO4, 0.1% nonidet P40) at room temperature for 15 min. A final rinse in
2X SSC solution preceded the serial dehydration with ethanol solutions. The slides

were then spun-dried at 800 rpm in a centrifuge for 2 minutes prior to imaging.
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2.7  Imaging and post-processing

We obtained our array images using an Axon GenePix 4000B laser scanner

(Molecular Devices Inc.). This is a dual-laser scanning system at wavelengths of 532

nm (green) and 635 nm (red)

Fig 9. Genepix laser scanner

The combined color image was then obtained with green signifying a relative
abundance of test gDNA and red a relative deficiency of test gDNA. Yellow would
signify relatively equal amounts of both test and reference gDNA (see images in
section 3.1.2).

The combined color image was then broken down to its component
monochrome images at 532 nm and 635 nm (obtained directly from the scanner). The
monochrome images were then rotated through 90 degrees in preparation for post-

processing beginning with SPOT and SPROC software.
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SPOT is the software developed at UCSF to analyze the array images. SPOT
functions to provide statistics about each spot on the array (such as log; ratios of the
total integrated Cy3 and Cy5 intensities) in addition to performing local background
correction for each spot (40). SPROC is the companion program to SPOT that maps
each spot on the array to a specific clone and chromosome position, and averages over
replicate spots in order to output a final ratio value for each clone on the array (40).

SPROC contains information on a number of clones which have been found by
UCSF to be “bad’ clones. These are essentially clones that did not transfer adequately
during the manufacture of the array (i.e. when the array was printed on the glass slide
at UCSF). Using SPOT and SPROC, a modified SPOT file is first created. This is put
through a normalization process using the Statistical Microarray Analysis (SMA)
package in the R environment (www.r-project.org). The normalized log,
(test/reference) ratios are then used as the new input into the modified SPOT file. This
new SPOT file is then used to run SPROC again to obtain a final SPOT and SPROC

output file for further analysis.

2.8  Problems with the hybridization process

2.8.1 Quality of DNA from FFPE tissue

Numerous reports abound on the difficulty of obtaining good quality DNA

from formalin-fixed tissue (41) (42). Although formalin is excellent at preserving the

morphological structure of tissues, it is also a crosslinking agent that induces chemical

modifications and fragmentation of nucleic acid structures (42). Although the gold

standard for molecular analyses remains unfixed fresh or snap-frozen tissues these
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preservation methods cannot be used for our study because they do not provide
accurate morphological details sufficient to distinguish the histological features of
metaplastic and dysplastic mucosa within the stomach.

In order to gauge the quality of our extracted DNA, we ran several gels to
determine the degree of fragmentation of the genetic material. From the image in
Figure 10 below it is clear that the DNA from FFPE tissue comprised smaller
fragments compared to DNA from a blood lymphocyte sample. This was a clear

indicator that we could expect poorer results than we had from fresh tumor tissue.

<
F &

£/

Fig 10. DNA from FFPE tissue comprises significantly smaller fragments. First marker is GeneRuler

100bp DNA Ladder Plus (Fermentas) and the second is GeneRuler 1kb DNA Ladder (Fermentas).
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2.8.2 Quality of hybridization results

The procedures for hybridization when we began our study in 2004 were
relatively primitive compared to the alternatives for automated hybridizations today.
As such there was a steep learning curve in our initial efforts. Our first few attempts at
hybridization were unsuccessful in large part due to small oversights in the
complicated hybridization or washing process. Examples include loss of the labeled
probes at some stage; uneven coverage of the array by the hybridization mixture and
increased background noise from particulate contamination.

Fortunately, these obstacles are largely operator-dependent and once we

mastered the protocol, there were few further errors.

Fig 11. Examples of poor hybridizations
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29 Deter mination of threshold

Unlike conventional CGH on metaphase spreads where log, (test/reference)
values of more than +0.3 signify amplifications and less than -0.3 signify deletions,
the determination of significant copy number changes in array CGH is less
straightforward. Measurement variation varies from hybridization to hybridization and
hence the threshold of one may differ from another.

We adopted the method described by Douglas et al. (43). The first step was to
establish regions of modal copy number in independent normal versus normal
hybridizations. We used our pooled spleen reference DNA for this purpose and
performed 3 sets of hybridizations. Based on the autosomal chromosomes, a threshold
log, ratio value of +/- 0.232 representing the 99% confidence interval of normal copy
number was determined. Thereafter, modal regions in subsequent hybridizations
involving test versus reference samples were defined by the above threshold, and used
to calculate the coefficient of variation and 99% confidence intervals. Log; ratios
falling above and below these 99% confidence intervals were then deemed as
amplifications and deletions.

In order to further refine our data analysis specific to the identification of
potential regions of changes, we opted to exclude copy number changes reported by
only one or two neighboring clones. We thus required changes in at least 3 contiguous

clones before we considered a region of genomic DNA to be amplified or deleted.
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2.10 Dataanalysisand the development of ACAVIS

We discovered that it was difficult to visualize the overall gross changes
simply by analyzing the datasets of the 2464 clones in software like Microsoft Excel
alone. We were therefore obliged to develop our own software for this purpose.

Array CGH Analysis and Visualization (ACAVIS) is the result of our
collaboration with faculty members from Nanyang Polytechnic. The program is
written in Java and primarily functions to provide graphical representation of the
numerical data from SPOT and SPROC.

The images generated include genome-wide karyograms as well as
representations of individual chromosomes. Options exist to view the data as lines or
as outliers/points only. In addition, the ability to represent up to 20 different samples
in one image at the same time vastly simplifies the search for obvious regions of
differences.

In addition to its graphical functions, ACAVIS integrates several statistical
functions such as filtering and LOWESS (Locally Weighted Scatter plot Smoothing)
which allow us to analyze the data from various perspectives. It can also show the

frequencies of gains or deletions as a sidebar on the chromosome.
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31

Sampleresults

Chapter 3

3.1.1 Sample acquisition results

Results & Initial Analysis

A total of 57 specimens were obtained and histologically confirmed by our

collaborating pathologist. As illustrated in the Table 3, the majority of patients had

intestinal-type carcinomas with only one having diffuse-type cancer. Unfortunately,

we were unable to obtain further clinical information on the 2 specimens from

Malaysia.
Patient Cancer stage |Histological type | Surwival | Recurrence
Number | Sex Age | (AJCC/UICC) (Lauren's) {rmonths) * | (months) #
1 M 79 1A Mixed A (29) N
2 F 77 1A, Intestinal A 31 I
3 2 z g E . B
4 ] 45 3" Intestinal A (78) N
5 F 80 1I1A Mixed A BN N
6 M 78 e Intestinal D (39) R (25)
7 i B2 1A Intestinal A (B0O) N
o] h B3 e Intestinal A (B1) M
9 ] o1 1A, Intestinal A BN N
10 ] B3 Il Intestinal A (48) N
11 M 78 1A Intestinal - -
12 M b2 I Intestinal A (B85 N
13 M 81 e Mixed - -
14 M B0 IV Intestinal D11 -
15 M B9 I Diffused D 79) N
16 F 74 I Intestinal A BN R (23)
17 - E - - - -

* A = alive; D = deceased

# N = no recurrence; R = recurrent cancer

Numbers within brackets are months from the date of gastrectomy to survival and

recurrence status

Table 3. Details of the 17 patients
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Of the 17 patients, we were unable to recover some tissue types from the
archived FFPE blocks. This was, in almost all cases, due to tissue quality issues which
were flagged by our pathologist. Table 4 below illustrates the sample types available

for hybridization for each patient.

Patient | Adjacent

No Normal | Metaplasia | Dysplasia| Tumor Total
1 4
2 4
3 3
4 3
5 4
6 4
7 4
8 4
9 4
10 3
11 4
12 3
13 3
14 3
15 3
16 2
17 2
57

Table 4. Specimens by tissue type

Given that one patient had diffuse-type carcinoma, 2 had indeterminate
pathology and 3 had mixed-type pathology by Lauren classification, we were hesitant
to include them in our analysis since our initial goal was to investigate the genomic
changes along the Correa pathway of intestinal-type carcinogenesis.

However, as will be evident in the later analysis, stratification by Lauren type

will prove to be of lesser import than our eventual findings.
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(a) Adjacent normal (top slice of a 40 micron section)

(b) Intestinal Metaplasia (bottom slice of a 40 micron section)

Fig 14(a) & (b).Histology from 40 micron sections
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(c) Dysplasia (close up view of a top slice)

(d) Carcinoma (close up view)

Fig 14 (c) & (d) (cont.) Histology from 40 micron sections
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3.1.2 Hybridization images

Figures 15, 16 and 17 are typical hybridization images obtained for different

tissue types immediately after acquisition with the Axon GenePix scanner:

e 8
JLLLLT.

Fig 15. Hybridization image of lymphocyte normal versus pooled spleen reference showing no obvious

red or green areas to suggest copy number abnormalities
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Fig 17. Hybridization image of overt gastric carcinoma versus pooled spleen reference
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3.1.3 Image processing

The SPOT and SPROC software required the images to be separated into
individual 532nm and 635 nm intensities before the values could be entered. SPOT
also read the data from each clone in a horizontal fashion thus necessitating rotation of
the image. Figures 18, 19 and 20 are typical hybridization images at various stages of

post-processing:
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Fig 18. Single channel (Cy3) monochrome image
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Fig 20. Image after processing with SPOT

42



3.1.4 Conversion of image datato copy number values expressed asL og; ratios

We used SPOT and SPROC (from the UCSF Microarray Core website) to

convert the intensity data from the GenePix scanner to numerical data and Log, ratios.

The screenshots in Figures 21 and 22 show the typical output from these programs.
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Fig 21. Screenshot showing a typical SPOT output in Microsoft Excel format

43



CTO.2051_Humdmay,

P 11628 HumArmays

ala =]

&k

RP111104 Humass
RP11890G Humdsm,
P 1- 304 HumAerayd

[al=n

oo

Fig 22. Screenshot showing a typical SPROC output in Microsoft Excel format

'\ PRTRLA_T4_0050407_SPRAOL

E__I | B
Bad P LomAm  Rawrat  Lea2st
-1.22601 0.

oolooooooooooooooooooooooaooosoaloooooooooo

ocooloo

1123455
281451
-2 15

-2 47058
218781
-165118

G
DL426506
(E
0206779
norsr
[EEC i)
0310858
D453
01230
019129
DIEMET
0190
023748

D 15MET|

1 O4TET2
D

0T4ER

3 107809

0150657
D2ure

nanMe
[iT:vipn)
0307
0T
021558
031637

0

0INEs
0.17am
0055453

004%18
0151313
[RLTET
0095394
0047726
0 anrinn
0078
0.125099
00582
0256902
0056941
0 9
0.143938

0135880
009637
0170403
0 105

H
Z2d0( NRpl

1645

e

16832
198

FrET)

16
T

gy
Q06

arar

%4
W
104
11025
108,15

1262

14828

16367

16658
16256

[T 1]

1 piel |cheominds TELOMERE P
AFMZIAYIAEhClones RPT 140016
AFMOTW shClones RP11-GIM
AFMIII hshClones RP11-11105
AFMSEVeAEhCinnes BT 156184
AFMAT: fishClones RF11-80J11
AL patsap RHIGE)
AFMZAYIishClanes RPT1-15901
AFM21TVHishClones RP1 1. 1B8FT
AEMISERE bl BP0 7EMIS
AFMAIIT fishClones RP11-219F4
AFMITIChishClones RP11-265F 14
AFMAISEAShCIones HF11-148CA
AFMIEIZA fishClones AP11-224F0
ME4765 RestsMap  RHB3163
AFMIZIXEAshCInngs AP T-1S
DISINgEsteMap  ANGETS]
AP T fishClanes RP11.7213
AFMIIATLARNC |onee RP1 1E7F X
AFMB291\ishClones RP11-286H13
AFMAT A sfishClones RP11-406
SSAWITSE srehap  RHTGT62
RHEG58E steMap  AHEISEE
AFMIATERshClones RP11-62823
AFMATIASCIones RFT 1104113
SHGC.744 steMap  RHT0E20
AFMALAE AshClones RF11-4PE
AFMI1 1WefishClones RP11-51A20
AFMAIOTVishClones RP111E1ATT

AFMDSI OIS RINTERPOL_(3_CONTEXTS

AFMBXIT: fishClones AP11-21907
AFMBI1 TifishClones RP11-207P5
AFMITAYIARhClones RP1 Az
MISTH0 stshlap  WATIS6
AFMISEE fishClones RP11-6802
AFMIETFRRhClones RE11-283004
TALl  nFla TALI
AFMATTE fishCanes RP11-23580
AF WA fishClones RP11185G13
AFMAISL: fshClones AP SEME2
AFMADSTfishClones BP11-145624
AFMATEL AghClones RPT1-12010
HEOIT7, M steMap  RHEOE

AF MW fishClones AP11-6F 240
AFWMIEICAEhClones RF11-10085Y
AFNNSTERShClones AF11 B5314
AFMZNY shClones HP11-3045

W

L e e =S
MARKERS MARER_MAP_S0l, MAPFING DNASOUR CLOMENC KE_POSTTWELL 1D UGEFA

| )
0 Humearinys GE1-,
A0E Humasray: RFT1
333 HumAmay, RP1T1
A HumAsrinys P11
B HumAray RET1
BE17 HumAmaylRP11
S5 HumArays RP11
EE4 HumAmay AT
12042 HumAsray.RP11
13349 Humasray, P11
14791 HumAmay: RPTI

RP1

12900 HumArray: P11
2132 Humaray CT0-
21963 MumAsray. HPT1
23710 Hurmdaray: CTD
2234 Huméaray: AP
LLEH HumAray. P11
25900 HutAray; RPT)

7543 Humiaray’ CT0-
275E0 HumAmay: RMCT
T8 HumAmayl AP
AHOI HumAray RP1
32248 HumAmay. CTD-
20 Humurays RF11
624 HumAmay:RP11
3018 HumAmay.RP11
S0 HumAmsy. WP
5490 HumaAmay, AP
35935 HumAmuyiRP11
L HumAray. A1 1
774 HumAuray: RMCT
41808 Humasrayg AP 1
45171 Humaray, RPT1
7052 HumArry; CTOH
50120 Huméurayt RP1 1
S350 Humamrsy: RFT1
54937 Humray: RP11
SEETE Humsrsys AP
STB5T Humaay, RPT1
53519 HumAsray. CTD-
BUESL Humssray, AP
BT &3 Humamray. RFT1
61842 HumAray RPT1
B HumAminy. P11 o

As mentioned in section 2.7 earlier “‘bad’ clones were removed at this stage before we

applied the Statistical Microarray Analysis (SMA) package in the R environment

before regenerating the final SPOT and SPROC output for further analysis.

3.1.5 Conversion of datato graphical representation of Copy Number

Figures 23-27 illustrate the typical graphical output from ACAVIS in the line

format and outlier format for both genome-wide karyograms and individual

chromosomes.
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Fig 23. Genome-wide karyogram of lymphocyte normal versus pooled spleen reference showing

minimal copy number changes well within what is acceptable as normal

Fig 24. Genome-wide karyogram of carcinoma vs. pooled spleen reference showing gross abnormalities

in copy humber
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Fig 26. Combined genome-wide karyogram of 4 hybridizations from the same patient. Green represents

adjacent normal; Red represents metaplasia; Blue represents dysplasia; Purple represents carcinoma

Fig 27. Magnified chromosome 8 (in outlier format) from the preceding karyogram
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3.2  Combined resultsfor all 17 patients

57 samples were successfully hybridized versus the pooled spleen reference as

shown in the Table 5.

Table 5. 57 hybridizations from the 17 patients

3.2.1 Similarity of copy number profiles between thetissue types

Patient Mormal Metaplasia
1 hyb hyb
2 hyb hyb
3 hyb nia
4 hyb hyb
9 hyb hyb
& hyb hyb
[ hyb hyb
& hyb hyb
9 hyb hyb
10 hyb hyb
11 hyb hyb
12 hyb n'a
13 hyb n/a
14 hyb n/a
15 hyb n/a
16 hyb n/a
17 hyb n/a

Dysplasia
hyb
hyb
hyb
n'a
hyb
hyb
hyb
hyb
hyb
n/a
hyb
hyb
hyb
hyb
hyb
n'a
n/a

Tumor
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb
hyb

The combined results of all 17 patients yielded an interesting pattern. All the 4

tissue types in each patient tended to appear highly similar in terms of the general

trend of amplifications and deletions. This result was consistent both in graphical

format and in the form of raw data as seen in the Figures 28 and 29.
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Fig 29. Screenshot of Excel spreadsheet showing similar areas of copy number abnormalities in 17

adjacent normal and 17 cancer samples.
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3.3  Analysisof the combined results for 17 patients

3.3.1 Combined karyogram of all 17 patients

Adjacent Normal

Py COM Bprr imant

Fig 30. Genome-wide karyograms of adjacent normal (above) and carcinoma (below) for all 17 patients
shows similarities although the sheer amount of overlapping data precludes close comparison on this

view.
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In order to better examine this finding of widespread similarity, we decided to

focus on 2 tissue types instead of 4. Our reasons were:

1. All 17 patients had adjacent normal and tumor tissues allowing a greater
sample size as a basis for comparison

2. The theoretical difference between tissue types should be greatest between

adjacent normals and tumors.
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Fig 31. Magnified view of chromosome 8 for all 17 patients shows similar copy number changes

between adjacent normals and carcinoma. The green and red bars represent the frequency of the copy

number abnormality occurring with values ranging from 0 to 17 patients. There are 17 colors of dots

representing the 17 patients.
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3.3.2 Additional Tables & Graphsfor all 17 patients

The bar charts in Figure 32 demonstrate that the similarity of adjacent normal

and tumor tissue types occurs across the entire genome in our group of 17 patients.

Copy number changes in 17 histologically normal samples

936 gb31 10k 149

Frequency plot of changes

Clone Order

Copy number changes in 17 tumour samples

1
911 140 IH: 3

Frequency plot of changes
o

Clone Order

Fig 32. Bar charts of clone position on the x-axis versus % frequency (out of 17) on the y-axis
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Summary of copy number changes in 17 patients

Gain

14011 211) 281 351|Jg@1 491 561 631|470

71 841 911 981 1051 121 11‘;1 1261 13 40H 1411 1541 16]1 1681 1751 1821 130141961 2031 2101 1171 2241 2311 {2381

Loss

Cloﬁe Ordér

Fig 33. Bar chart summarizing the copy number changes present in>50% of 17 patients. Changes in
adjacent normal mucosa appear as short orange bars and in tumor mucosa as long green bars. (Bar
lengths do not denote frequency of occurrence.) The changes are ordered according to clone order from

chromosome 1 to Y. Grey vertical lines demarcate chromosomes

The chart in Figure 33 illustrates that with few exceptions (e.g. position 211)
the changes that occur in a majority of the 17 adjacent normals tend to be mirrored in
the corresponding 17 cancers as well and vice versa.

Table 6 on the next page summarizes the regions of similar copy number
changes in both tumors and adjacent normal gastric mucosa. Examination of
chromosome 8¢, which we know to be highly amplified in gastric cancer, reveals that

at least 3 cytobands are also amplified in adjacent normals.
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3.3.3 Clustering

The next attempt at classifying the data was involved determining if the
genomic profiles of the samples clustered according to any particular pattern. We used
Cluster 3.0 and TreeView, both written by Michael Eisen from the Howard Hughes
Medical Institute at the University of California at Berkeley
(http://rana.lbl.gov/EisenSoftware.htm).

Using average linkage unsupervised hierarchical clustering and TreeView, we
generated the cluster diagram seen in Figure 34. The long image on the left is the
entire group of clones going down vertically with the 37 samples going across
horizontally. The image on the right is a magnified section taken from the main image
with the tree at the top also magnified.

On the horizontal axis, C represents spleen versus spleen controls. T represents
carcinoma and N represents adjacent histologically normal mucosa. I, D and M
represent the Lauren classifications of intestinal, diffuse and mixed pathologies. For
example, TI represents an intestinal-type tumor.

The dendrogram (at the top of Figure 34) and the order of the columns after
unsupervised hierarchical clustering demonstrate that the controls are fundamentally
different from all the other samples. The second conclusion that can be gleaned from
the cluster diagram is that there is no evidence of any segregation between cancers and
adjacent normals regardless of Lauren type. Neither is there any evidence of grouping
according to Lauren type although it should be recognized that the small numbers of
diffuse and mixed pathologies precludes any meaningful conclusions regarding this

point.
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Fig 34. Cluster and tree view of 17 tumors, 17 adjacent normals and 3 controls. C
represents spleen versus spleen controls. T represents carcinoma and N represents
adjacent histologically normal mucosa. I, D and M represent the Lauren
classifications of intestinal, diffuse and mixed pathologies. X is undifferentiated. For

example, TI represents an intestinal-type tumor (see text)
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3.3.4 Regionsof interest different between normal and tumors

Despite the fact that the bar charts and the cluster diagram so eloquently
illustrate the genomic similarity of tumor and adjacent normal tissues, it is
nevertheless tempting to probe into possible differences between these two tissue
types in an effort to discover possible regions of interest which may contain sequences
that propel genetically altered adjacent mucosa down the road to overt carcinoma.

Using the data used to construct the bar charts in section 3.3.2, we searched for
BAC clones for which the difference in the frequency of a copy number aberration
was greater than 5%. The cytoband was then matched against the UCSC (University
of California at Santa Cruz) Genome database to identify the RefSeq genes present in

these regions.

Frequencies (%) Possible
No. Clones Cytoband Position (KB) Normal | Tumor | Change Genes
1 RP11-138K16 1p21.2 99419-99595 41 53 Del PALMD
2 RP11-94D19 3pla.2 60739-60909 47 53 Del FHIT
5 RP111019 |5112q121| 5676958928 | 41 | 59 | Del | PDEAD |
APGI10L,
4 RP11-47N20 | 5q14.1914.2 81388-81542 47 59 Del ATG10
RP11-207B2 5q14.2 81757-81757 41 53 Del
5 RP11-66E14 6p24.3 8799-8799 47 65 Del
6 RP11-193J17 7011.22 71146-71146 a7 53 Amp CALN1
7 Craieons | i | oo |4 |6 Am | ot
8 RP11-182C2 10g25.1 111415-111495 47 53 Del ADD3
RP11-182P7 10g25.2 111544-111544 47 53 Del ADD3
9 RP11-26516 18q12.3 35981-36148 a7 53 Del

Table 7. Frequency table of cytobands and genes in corresponding regions

From Table 7, it can be seen that the regions with the greatest differences in
copy number frequencies between tumor and adjacent normal involve amplification of

7932.1 and deletion of 5911.2q12.1. The respective genes in those regions are SND1
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and PDEA4D. Little is known about SND1. PDE4D is known to encode functional
proteins that degrade the cAMP, which itself is a key signal transduction molecule.
Up-regulation of PDE4D may play an important role in epithelial-mesenchymal

transition (44).

34 Initial conclusions

The obvious conclusion was that tumor and adjacent normal gastric mucosa
were genomically alike. Given that the morphological and histological appearances of
these two tissue types are vastly different from tumor, this was a difficult conclusion

to accept initially.

The consideration of other possibilities to account for the experimental
findings included possible tissue contamination, whether at the initial sampling stage
or further down the line at the primer stage, or even at the hybridization stage if any
reagents had been compromised. We repeated several hybridizations on samples with

excess DNA using fresh reagents and clean equipment and our findings were similar.

Another potential source of bias was the FFPE tissue. Given the notorious
cross-linking of DNA known to occur in this circumstance, we could not quantify the
degree of its effect on our final results since we had no matched fresh specimens for

comparison.
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The unexpected experimental findings prompted the decision to embark on a

series of further experiments to either confirm or refute our findings. To that end the

next set of experiments were designed to contemplate the following questions:

1.

Are there significant copy number changes in the margin blocks of the 17

patients?

Would freshly harvested gastric tissue with minimal formalin fixation

processing produce similar results?

Are there significant copy number changes in DNA from the FFPE gastric

mucosa of non-cancer patients?
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Chapter 4

Further Experiments

In order to determine if our results were indeed true or perhaps due to
experimental error, we proceeded to perform 3 further sets of experiments: (a) array
CGH on the stomach tissue of non-cancer patients; (b) array CGH profile of the
margin blocks from the initial set of patients; and, (c) array CGH on freshly harvested
gastric cancer specimens. ‘Margin blocks’ contain paraffin-embedded formalin fixed

tissue taken from the proximal and distal resection margins of gastrectomy specimens.

4.1  Stomach tissue from non-cancer patients

This experiment was designed to demonstrate or exclude the possibility that
there was tissue contamination at some point along our sampling or hybridization
procedures. Samples were obtained from gastrectomies for perforated or bleeding

benign peptic ulcers

4.1.1 Methodology

Samples were obtained from patients who had undergone gastrectomy for non-
cancer diagnoses. We were only able to obtain specimens from 2 patients who had
undergone gastrectomy for large perforated ulcers. The relative scarcity of such
gastrectomies today is testimony to the efficacy of proton-pump inhibitors and the sea-

change in management of peptic ulcer disease.
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Specimens from both patients were processed in a similar fashion, undergoing

formalin-fixation and paraffin-embedding. The coring process and the verification of

the 40 micron sections were also performed as previously described.

Subsequent DNA extraction, random primer labeling and hybridization were

conducted in identical fashion as for the 57 previous specimens. The arrays were

imaged and the results are shown below.

4.1.2 Results
Patient \ Age \ Sex \ Race \ Surgery
Non-cancer patients
1 76 F Chinese 2005
2 49 M Chinese 2005
Cancer patients

1 80 M Chinese 2004
2 78 F Chinese 2004
3 - - - 2004
4 50 M Chinese 2000
5 81 F Chinese 2004
6 81 M Chinese 2002
7 66 M Chinese 2001
8 65 M Chinese 2002
9 83 M Chinese 2004
10 65 M Chinese 2002
11 80 M Chinese 2003
12 69 M Chinese 1999
13 85 M Chinese 2000
14 63 M Chinese 2002
15 76 M Chinese 1999
16 75 F Chinese 2004
17 - - - 2004

Table 8. Comparison of
non-cancer (benign ulcer)
patients with cancer
patients
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The epidemiological data of the non-cancer patients with benign ulcers who
underwent gastrectomy is summarized in Table 8. No data is available on the NSAID
usage and Helicobacter pylori status of the cancer patients. Surgery denotes the date

the paraffin block was created.

The hybridization image in Figure 35 shows a relatively uniform yellow color

across most of the BAC clones suggesting that there are few deletions or

amplifications.

Fig 35. Hybridization image of gastric mucosa from non-cancer patient vs. pooled spleen reference

The genome-wide karyograms for both non-cancer patients in Figure 36 show
that despite the yellow appearance of the hybridization image, there are a number of

copy number changes present.
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Fig 36. Genome-wide karyograms of both non-cancer patients



However, on closer inspection and comparison with the karyograms seen in
Chapter 3, it is fairly evident that both the number and magnitude of the copy number
aberrations are greatly reduced in the non-cancer patients. This is perhaps most
obvious in magnified views of single chromosomes seen in Figure 37 below.

Non-cancer Patient 1 Non-cancer Patient 2 Tumour
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Fig 37. Chromosome 8 profile of both non-cancer patients compared to a tumor specimen

There is also a notable reduction in copy number aberrations in these non-
cancer specimens in comparison to the adjacent normal specimens from both the
archived tissues as well as from 3 newly-processed prospective samples as seen in
Figure 42 (in Section 4.3.2)

The data from these 2 non-cancer patients was then added to the cluster
analysis described in section 3.3.3. The resultant cluster and tree diagram is shown in
Figure 38. The same abbreviations apply as in section 3.3.3 with the addition of U to
represent the 2 non-cancer Ulcer patients.

It is immediately obvious that the 2 non-cancer patients cluster together with

the controls away from all the cancer patients.
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RP11-141C22
RF11-61F1
RP11-126B8
RP11-109P3
RP11-235F7
RPF11-229H14
RP11-51L23
RP11-212M6
RP11-172G5
RP11-273E14
RP11-254E10
RP11-233G1
RPF11-69L7
RP11-47012
RF11-119B13
RP11-93I2
RP11-254K1
RP11-105C15
RP11-257017
RPF11-45H18
RP11-220L3
RP11-124A11
RP11-327F6
RP11-182H2
RP11-144119
RP11-82P15
RF11-24M13
RP11-23G2
RP11-60H17
RP11-62E15
RF11-246B13
RP11-64C15
RP11-73D20
RF11-78F9
RP11-94K4
RP11-3L10
RP11-146J7
RF11-43B19
RP11-140K14
FPF11-165014
RP11-105H21
RP11-183B1
RP11-243C1
RP11-205I14
RPF11-196H14
RP11-112G9
RPF11-162118
RP11-1704
RP11-170016
RP11-62H18
RP11-32K17
RF11-29G23
RP11-276R17
RF11-3916
RP11-42117
RP11-230R13
RP11-114E12
RP11-193J17
RF11-35F20

Fig 38. Cluster and tree view of 17 tumors , 17 adjacent normals, 2 non-cancer ulcers and 3 controls. C represents

spleen versus spleen controls. U represents the ulcers. T represents carcinoma and N represents adjacent
histologically normal mucosa. I, D and M represent the Lauren classifications of intestinal, diffuse and mixed

pathologies. X is undifferentiated. For example, TI represents an intestinal-type tumor (see text)
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4.1.3 Discussion

The obvious difference in the genomic signature of histologically normal
gastric mucosa from cancer versus non-cancer patients is interesting. This difference

could perhaps be attributed to one of two possibilities:

1. Histologically normal adjacent mucosa in gastric cancer is genomically
abnormal with gross copy number aberrations.

2. The age of the archived tissue versus the recently processed (albeit FFPE) non-
cancer tissue might be a deciding factor in the quality of the DNA, leading to

differences in the genomic signature.
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4.2 Distant resection margins of the original group of 17 patients

As mentioned earlier, thus far all the “normal’ specimens in the initial 57
samples in section 3 can be defined as ‘adjacent normals’. This is because they were

all harvested from the same block as the tumor specimens.

The purpose of this experiment is to determine if the distant resection margins

are similar to the adjacent normals or the tumors.

4.2.1 Methodology

In order to perform this additional experiment, we attempted to trace the
margin blocks of the gastrectomy specimens of our original 17 patients. However, we
were only able to obtain proximal (gastric) and distal (duodenal) margin blocks for 8
of the 17 patients. Of the remaining 9 patients, several had no margin blocks available

and a few had only proximal oesophageal margins after a total gastrectomy.

Table 9 summarizes the characteristics of the margin blocks we were able to
obtain. Distances of the histologically uninvolved surgical margin to the histologically
involved edge of the primary tumor are also listed to provide an idea of the magnitude

in differences of location of these margin specimens from adjacent normal samples.
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Distance from uninvolved surgical margin (in crm)

— =
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o 7] <C o [=)
2 F 77 4.5 4
5 F 80 5 4
B M 78 3 1.5
7 M 62 5 4
8 M 63 8 25
10 M 63 4 5
14 M 60 5.5 2.5
16 F 74 3 5

Table 9. Margin blocks of 8 patients

All the margin blocks were processed as described in Chapter 2. DNA
extraction, random primer labeling and hybridization were also performed in an
identical manner. Proximal gastric margins were considered ‘Far Normals’. Distal
duodenal margins do not comprise gastric tissue and are not considered gastric

margins for our purposes here.

4.2.2 Resaults

Since the primary aim of this experiment is to determine whether or not the
margins (Far Normals) have a similar genomic profile as the adjacent normals and the
tumors, another cluster diagram was constructed. In Figure 39, T signifies tumor, N
signifies adjacent normal and F signifies far normal. The numerals after each alphabet

denote the patient number.
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The appearance of the dendrogram at the top would give the impression that

unlike the non-cancer patients, these margins do not segregate on a first-order branch.

However, closer inspection will reveal that despite this, there is a real clustering of the

Far Normals (proximal margin samples) away from the tumors and the adjacent

normals. All the margin samples are on the far right of the cluster diagram indicating

that it highly probable that the margins are at some level fundamentally different from

the tumor and adjacent normals.
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RP11-13C20
RP11-58619
RP11-541A15
RP11-43B19
RP11-62H18
RP11-71615
RP11-1E10
RP11-102E12
RP11-2301I16
RP11-194F13
RP11-748M14
RP11-15A11
RP11-119B13
RP11-9312
RP11-217L13
RP11-264H7
RP11-542B5
RP11-43B4
RP11-17TM17
RP11-15H7
RP11-54P3
RP11-101H17
RP11-146J7
RP11-50J20
RP11-172K14
RP11-109G16
RP11-209F21
RP11-255D5
RP11-7TH16
RP11-61T15
RP11-67L13
RP11-24M13
RP11-105C15

Fig 39. Cluster diagram of 8 tumors (T), 8 adjacent normals (N) and 8 far normals (F)
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Taking the comparison one step further, we used the distal duodenal margins

to subtract away the ‘noise’ in our array CGH signatures. This was done by excluding

any genomic abnormalities that appeared in the uninvolved duodenal samples as well

since the duodenal samples do not constitute gastric tissue

The cluster diagram was then reconstructed using this dataset (Figure 40) and

the difference between the far normals and the adjacent normals became more

pronounced with first order differences emerging in the dendrogram. The far normals

again cluster tightly on the far right.
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Fig 40. Cluster diagram after subtracting ‘noise’ in duodenal mucosa
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The DNA from the margin blocks have a distinctly different genomic profile

compared to the adjacent normals and the tumors. This result establishes several

points:

1. The age of the archived tissue is unlikely to be a major factor in determining
the outcome of our initial experiments. This is clearly shown by the fact that
different genomic signatures can be obtained from blocks of an identical age,
with distance from tumor being the only differentiating factor.

2. Distance from the primary tumor is a significant determinant of genomic
instability in histologically normal gastric mucosa in cancer patients

3. The concept of a zone of “cancerization’ surrounding the primary tumor should

be considered.

The detailed analysis of cytobands showing copy number aberrations present
in both adjacent normals and tumors but absent in proximal margin tissues are
summarized in the Table 10 on the preceding page. Several of the genes have been
highlighted.

BRCAZ2 isa DNA repair gene that is most famously associated with breast
cancer. There have been a number of reports that have found an association with
gastric cancer as well (45) (46) (47) (48) and the risk of developing gastric cancer for
carriers of BRCA2 mutations may be as high as 20 -60% (46).

MDS1 and EVI1-like gene were recently found to be aberrantly expressed in
gastric cancer cells (49). It is believed that their action as one of the co-repressors of

the TGF-f signaling pathway may be involved in gastric carcinogenesis.
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4.3  Prospective gastric cancer s formalin-fixed and par affin-embedded (FFPE)

The initial 57 specimens from 17 patients were all acquired from pathology
archives dating back up to 5 years. The aim of this experiment was to determine two
things:

1. Is there a progression of changes from distant normal gastric tissue to adjacent
normal gastric tissue in cancer patients?
2. Are there differences between archival FFPE tissue and freshly prepared FFPE

issue?

4.3.1 Methodology

Three patients were identified prior to gastrectomy for cancer as being suitable
candidates for tissue harvest. Their consent for tissue donation was obtained in the
usual manner using our institution-standard procedure.

Once the stomach was resected, it was examined by a pathologist in the
operating theatre complex. The pathologist then provided us with samples of the
tumor itself, adjacent normal mucosa and distant proximal gastric margins.

The 3 tissue specimens from each patient were then processed with formalin-
fixation overnight followed by paraffin-embedding the next day by our own
laboratory staff.

Punch core biopsy, sectioning in to 40 micron wedges and verification of the
top and bottom slices was performed as described earlier. DNA was then extracted

and hybridized to our BAC arrays with the pooled spleen DNA as reference.
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4.3.2 Results

Patient \ Age \ Sex \ Race \ Surgery
Prospetive patients
1 69 M Chinese | 2005
2 67 M Chinese | 2005
3 76 M Chinese | 2005
Non-cancer patients
1 76 F Chinese | 2005
2 49 M Chinese | 2005
Cancer patients
1 80 M Chinese | 2004
2 78 F Chinese | 2004
3 - - - 2004
4 50 M Chinese | 2000
5 81 F Chinese | 2004
6 81 M Chinese | 2002
7 66 M Chinese | 2001
8 65 M Chinese | 2002
9 83 M Chinese | 2004
10 65 M Chinese | 2002
11 80 M Chinese | 2003
12 69 M Chinese | 1999
13 85 M Chinese | 2000
14 63 M Chinese | 2002
15 76 M Chinese | 1999
16 75 F Chinese | 2004
17 - - - 2004

Table 11. Epidemiological characteristics of the 3 prospective cancer patients

The epidemiological characteristics of the 3 prospective cancer patients in
comparison to the other patients is summarized in Table 11 above. Surgery denotes

the date the paraffin block was created.
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The 3 patients were labeled A, B and C respectively. BAC array CGH results

from this small group of patients were significantly cleaner than for our initial 17

patients. As an example, the karyogram in Table 41 represents the genomic profile of

the proximal gastric margin from one of the patients. It is reasonably similar to the

signature from non-cancer patients in section 4.1.2 and distinctly different from the

genomic profiles of our initial 17 patients seen in chapter 3.
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Figure 41. Genome-wide karyogram for the distant normal specimen of Patient A

The comparison is more obvious when we place the magnified single
chromosome view of the 3 patients alongside the results from chapter 3. This is

demonstrated in Figure 42.
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Figure 42. Chromosome 8
profile of different sample
types from the 3 prospective
patients (A, B, C) compared
to similar tissue types of a
patient from the initial set of
archived specimens. Tumour
and adjacent normal samples
from Patient A were of
insufficient quantity to
perform aCGH. A non-cancer
(benign ulcer) profile is at the
top right corner for
comparison purposes
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Figure 43 presents in magnified view the progression of changes in the 3 specimen

types obtained from this experiment.
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Fig 43. Chromosome 8 comparison across tissue types from Patients B & C
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There is a visible progression of genomic abnormality in the 3 specimens
obtained from each patient. The tumor specimens show the expected amplifications in
chromosome 8 characteristic of most gastric cancer samples. The margin samples are
relatively clean with only a few outliers, similar to the profile from non-cancer
patients. The adjacent normal tissue is perhaps somewhere in between with a greater
number of genomic changes than the margin samples. The adjacent samples are also
characterized by greater amplitudes in the copy number changes.

Comparison of the tumor profiles of the 2 patients above with the tumor
profiles of chromosome 8 in our earlier 17 patients also demonstrates a “cleaner’
signature despite the characteristic amplifications seen. This reduction in ‘noise’
would be helpful when trying to determine area of real genomic aberration as opposed

to outliers caused by poor preservation or cross-linking of DNA.

4.3.3 Discussion

The results of this experiment demonstrating the genomic profile in freshly
harvested FFPE tissue compared to our initial archived FFPE tissue allows us to
conclude that:

1. There is a gradual progression of accumulated genomic changes from
histologically normal margin specimens to histologically normal adjacent gastric
mucosa to overt carcinoma.

2. There is a distinct improvement in “noise’ reduction when comparing the
newly processed specimens compared to the archival tissues. This may be related to
the time from harvesting to fixation, the duration of formalin fixation or perhaps even

the age of the block itself.
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Chapter 5
Final Analysisand Discussion

51 Summary of initial results

The results of the first 57 archived formalin-fixed paraffin-embedded (FFPE)
specimens from 17 patients were characterized by a relatively ‘noisy’ genomic
signature despite the use of smoothing algorithms such as the LOWESS technique.

Nevertheless, once the thresholds for each specimen were defined using the
Douglas et al. method (43), a pattern was discernible. The expected genomic
amplifications and deletions in tumor tissue were seen. There were also a satisfyingly
large number of changes in dysplastic and metaplastic tissue that mirrored the
aberrations in tumor tissue. What was unexpected however was the quantity and
magnitude of changes in adjacent histologically normal gastric mucosa from these
cancer patients.

These aberrations in the adjacent normal mucosa were further analyzed by
comparing them with the tumor specimens in all 17 patients. There was a marked
similarity in the genomic signature of adjacent normal tissue with tumor tissue on
visual inspection of the data using our new ACAVIS software. This was further
confirmed when the data was represented on bar charts. An unsupervised clustering of
the tumor and adjacent normal samples failed to detect any pattern of segregation
between the 34 samples (17 tumors and 17 adjacent normals) with the only conclusion
being that all 34 were abnormal compared to our control hybridizations.

Looking more closely at the regions of similarity, it was discovered that 92

cytobands which were amplified or deleted in at least 50% of both adjacent normal
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and tumor specimens. These were too many to characterize as there was no practical
method available to determine which were more significant than others.

The surprising results also raised disturbing questions as to the possibility of
cross contamination or bias arising from experimental error. This was despite a fairly
rigorous process during which we had established controls for the reference DNA and
minimum DNA quantities before hybridization. The controls had been procured from
similar FFPE sources and self versus self hybridization of these controls had revealed
no discernible error within the hybridization process.

Additional experiments were designed to confirm or refute our initial findings.
A decision was also made to focus on adjacent mucosa and tumors rather than
intestinal metaplasia or dysplasia since it was assumed that this would serve to
accentuate the significance of any findings if the histological types were far removed

from each other along the pathway of the Correa hypothesis.

52  Summary of resultsfrom further experiments

The first additional experiment that was performed was on FFPE gastric
mucosa from non-cancer patients. As expected, the non-cancer genomic signature was
similar to that of our spleen versus spleen reference control, and completely different
from the tumors or adjacent normals. This experiment served to confirm that our
bench work processes were not the source of the unexpected initial results.

The second additional experiment examined the margin blocks from the first
17 patients. As only 8 such blocks were available from the pathology archives, our

analysis was confined to these alone. Nevertheless, the results were highly significant
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showing that the margins do not share many of the genomic abnormalities of the
adjacent normals. Although the genomic signature of the margins themselves were
relatively “noisy’ much like the other 57 original samples, they were clearly less
aberrant in terms of significant copy number changes and as such all 8 samples
clustered away from their corresponding tumors and adjacent normals (see section
4.2.2). The conclusion served to confirm the suspicion that the adjacent normals
themselves, while histologically normal, harbored extensive genomic aberrations.
The final additional experiment involved the collection of fresh cancer

specimens which were then processed with formalin in our own laboratory. The

results confirmed the expected progression of changes from distant normal mucosa to

adjacent normal mucosa to tumor, which was the logical conclusion of the earlier

experiments.

The results from the 3 experiments also demonstrated that the ‘noise” from the

older archived pathology blocks was significantly greater than the ‘noise’ seen in the

specimens processed in our laboratory. This was manifested by a more widely spread

out distribution of outliers than in the more recent specimens.
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53 Field Cancerization

It is universally recognized that histopathology is the ‘gold standard’ for
diagnosis of cancer. Therefore it was unexpected that so many significant changes
were found in non-cancer mucosa in our study. These histologically normal adjacent
regions harbored many of the same changes that were also found in their
corresponding tumors.

The most likely explanation for our findings is the concept of a field change in
the gastric mucosa. This concept was first proposed in 1953 (50) and it explains why
the changes are less pronounced or even absent at the distant margins of the
gastrectomy specimens. The general pathogenesis of a field defect can be seen in the
diagram on the next page. The theory is that chronic exposure to a DNA-damaging
agent leads to the clonal expansion of inappropriate cell types that exhibit genetic
instability. This premalignant state would eventually lead to transformation into overt
carcinoma. When compared to the Correa hypothesis, it is clear that gastric carcinoma
falls neatly into this process. The initiator for the field defect would be some sort of
injury such as chronic gastritis secondary to Helicobacter pylori infection triggering
the progressive sequence of gastric atrophy, intestinal metaplasia, dysplasia and
finally carcinoma.

Another potential trigger for field cancerization in the stomach may be injury
to the stomach mucosa by bile acids and this is the theory that has been advanced to
explain the known phenomenon of higher rates of gastric cancer in patients with
previous partial gastrectomies for peptic ulcer disease. The recent dramatic rise in

proximal gastric or cardio-oesophageal carcinomas is also supported by this theory of
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cancerization in which the presence of Barrett’s esophagus serves as an intermediate

entity in carcinogenesis.
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Fig 44. General pathway for the development of a field defect (adapted from Bernstein) (51) on the left

and the Correa hypothesis on the right.

The concept of field cancerization and our discovery that histologically normal
gastric mucosa harbors many similar changes to carcinoma lends credence to the old
surgical maxim that the resection margin should be at least 5 cm away from the tumor.
While it was previously believed that this was to allow for the possibility of
submucosal microscopic spread of tumor cells, it can now be attributed to the

propensity of adjacent mucosa to develop cancer.
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The ability to detect these genomic changes may potentially allow a more
sensitive method for intraoperative decision-making on the extent of resection. This
role is currently occupied by frozen section histopathology. Given the superior
sensitivity of genomic analysis, should a rapid test be available one day, it would
undoubtedly supplant frozen section not only in gastric cancer but for any malignancy
that has an element of field cancerization (e.g. head and neck squamous cell
carcinomas).

Other cancers that have had reported genetic or structural changes in the
absence of histopathological evidence of malignancy include colon (52) (53), prostate,
breast, esophagus (54) and the upper aerodigestive tract (55) (56).

The evidence for colon cancer was first reported in 2004 when it was found
that histologically normal adjacent mucosa had altered gene expression in mice and in
human cancer patients.

Proteomic analysis of morphologically normal mucosa in patients with
colorectal malignancies further confirmed that there were field-wide changes in
protein expression (57).

Further evidence for field cancerization is provided by the recent finding that
there are nanoscale cellular changes in histologically normal mucosa in colon cancer,
pancreatic cancer and lung cancer (58) (59). It was found that partial wave
spectroscopy could quantify statistical properties of nanoscale cell structures (59). The
disorder strength of the nanoscale architecture was reduced in both tumor cells as well
as microscopically normal cells adjacent to the tumor.

A study of gene expression in prostate cancer and normal-appearing adjacent

tissue found that both were fundamentally different from prostatic tissue in cancer-
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free organ donors (60). Studies in the breast have also reported genomic instability in
histologically normal tissues (61) (62).

Although no reports have yet emerged on genome-wide copy number
aberrations in histologically normal stomach mucosa, there have been some reports of
genetic changes in adjacent normal gastric epithelium involving the hMSH2 gene (63)

and the RUNX3 gene (64).

54  Regionsof interest

A systematic review of the genomic alterations in gastrointestinal cancers
published last year (65) noted that in 45 published reports of CGH, the most frequent
alterations found in gastric cancer were +20g13 (38.9%), +8923 (31.7%), -19p13
(20.9%) and +17q21 (20.5%). All 4 of these aberrations were found in our study
population (see section 3.3.2) in both tumor and adjacent normal samples. In the
further subset analysis of 8 sets of samples in section 4.2.2, it was noted that +20q13
and +17921 were present in both adjacent normals and tumors but not in proximal
margin samples.

20013 contains a region encoding for the PTP-RT gene (Protein tyrosine
phosphatase, receptor type, T). PTP’s are known to be signaling molecules that
regulate cellular processes such as cell growth, cell differentiation, mitosis, and
oncogenic transformation. PTP expression has previously been correlated to gastric
cancer progression (66). 179g21.33 contains genes such as NGFR, NXPH3, SPOP,
SLC35B1 and FAM117A. Unlike PTPRT, there are as yet no reports linking the gene

products to gastric cancer.
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Examples of other cytobands that have been reported to be involved in gastric
carcinogenesis include 7p12, 8922 and 15q22-g25 (67). These were also found in our
cohort of patients as can be seen in the tables in chapters 3 and 4.

Although the gene pathways correlating these regions of genomic abnormality
may not be well understood yet, the discovery of these regions can have an immediate
impact on the way we manage gastric cancer. For example, aberrations on
chromosome 8 have been suggested as a diagnostic marker while chromosome 19
abnormalities have been associated with younger patients and gains in chromosome

17 have been linked to rapid tumor progression and poor prognosis (68).

55 | ssues with FFPE tissue

A recent report suggested that FFPE tissues display abnormally large numbers
of spurious copy number changes when used for the purpose of array CGH as
compared to fresh tissue (69). This is certainly consistent with our experience. It has
been suggested that the presence of necrosis in a tissue specimen has an adverse effect
on the quality of array CGH as well (70).

It was unfortunate that the quality of the genomic DNA in the formalin-fixed
paraffin-embedded tissue in our hospital archives was suboptimal. The results from
the few prospective specimens processed in our laboratory were significantly cleaner.
This may have been because of the shorter fixation times since it has been reported
that fixation times of less than 20 hours do not impact on array CGH results (71). In
retrospect, in addition to looking at the size of the DNA fragments within our initial
sample set, it might have been possible to evaluate the DNA quality using more

recently described methods such as those techniques involving PCR (72) or isothermal
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whole genome amplification (73) prior to performing array CGH. However, if the
samples had not passed these qualifying tests, we may have had to use them anyway
as there was a paucity of specimens available that satisfied our primary inclusion
criteria.

The root of the problem however, appears to lie with the cross-linking action
of formalin on nucleic acids (42). Some alternative methods of fixation involving new
fixatives such as methacarn, RCL2 (42), HOPE (74) and FineFix (75) have been
suggested. However the problem remains that while they may be ideal for a research
laboratory setting, most hospital pathology departments continue to use formalin
because it is more economical yet maintains consistency with world-wide standards
for histopathological diagnosis. The potential requirement for molecular or genomic

analysis is unfortunately not part of the cost structure of most clinical institutions.

5.6 Further studies

With the experience from this study, it would be a natural extension to
consider a more detailed study of freshly harvested tissue processed in our own
laboratory with one of the new fixatives. Laser Capture Microdissection (LCM) if
available would be ideal as the sampling method. Using an accurate method of
isothermal whole genome amplification described one of our laboratory colleagues
(38), we could then proceed to look at the genomic signatures using a newer array
such as the 32,000-BAC array, the 500,000-SNP Affymetrix platform or Molecular
Inversion Probe (MIP) microarrays.

Despite our stated aim to study intestinal pathway of carcinogenesis, we were

only able to acquire 6 complete sets comprising 4 tissue types each. We were also
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hindered by the similarities and the “noise’ inherent in our archival specimens. Should
a set of freshly harvested tissues be available, this would be ideal to pursue our
original intention.

One other group of patients that would be interesting to study would be non-
cancer patients. If we could acquire a library of non-cancer gastric tissues, it would be
possible to study their genomic profile in comparison with the margins of gastrectomy

specimens to determine if there are any subtle differences.

57 Conclusion

The study of the human genome is an exploding field exemplified by the surge
in research effort and publications in recent years. Gastric carcinoma is one of the
major Killers in our society and this study confirms that field cancerization is an
important concept for this malignancy.

In addition to explaining recurrences and the etiology of gastric cancer, the
concept of field cancerization holds the potential for accurate and sensitive genomic
diagnosis of ‘premalignant’ gastric mucosa that may appear histologically normal. It is
also likely to be a key area of research in the future as initiators for carcinogenesis are
more likely to be apparent in premalignant regions than in areas of full-blown

malignancy.
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Appendices

Appendix 1: Protocol of DNA extraction from FFPE tissue

PUREGENE® DNA Purification Kit

DNA Purification From 0.5-2.0 mg Paraffin-
embedded Tissue

Sample De-paraffinization

1. Place 0.5-2.0 mg (0.0005-0.002 g) of finely minced tissue into a 1.5 ml tubc Add 100 pl
Xylene or Hemo-De (Non-toxic alternative / Scientific Safety Solvents, catalog
number HD150A) and incubate 5 minutes with constant rmxmg at room temperature.

2. Centrifuge at 13,000-16,000 x g for 1-3 minutes to pellet the tlssue Discard the xylene
or Hemo-De.

3. Repeat steps 1 and 2, twice (for a total of three washes).

4. Add 100 pl of 100% Ethanol to the tube and incubate 5 minutes with constant mixing
at room temperature.

5. Centrifuge at 13,000-16,000 x g for 1-3 minutes to pellet the tissue. Discard the ethanol.

6. Repeat steps 4 and 5 (for a total of two ethanol washes).

Cell Lysis

1. Add 100 pl Cell Lysis Solution, and homogenize using 30-50 strokes with a microfuge
tube pestle.

2. Incubate lysate at 65°C for 15-60 minutes.

3. If maximum yield is required, 0.5 pl Proteinase K Solution (20 mgfml) may be added

to the lysate. Mix by inverting 25 times and incubate at 55°C until tissue particulates
have dissolved (3 hours to overnight). If possible, invert tube periodically during the
incubation.

RNase Treatment

/1
2.

Add 0.5 pl RNase A Solution (4 mg/ml) to the cell lysate.
Mix the sample by inverting the tube 25 times and incubate at 37°C for 15-60 minutes.

Protein Precipitation

1.
2,
3

4,

Cool sample to room temperature.

Add 33 pul Protein Precipitation Solution to the RNase A-treated cell lysate.

Vortex vigorously at high speed for 20 seconds to mix the Protein Precipitation
Solution uniformly with the cell lysate. Place sample on ice for 5 minutes.

Centrifuge at 13,000-16,000 x g for 3 minutes. The precipitated proteins will form a
tight pellet. If the protein pellet is not visible, repeat Step 3 followed by incubation on
ice for 5 minutes, then repeat Step 4.

DNA Precipitation

1.

S

6.

Pour the supernatant containing the DNA (leaving behind the precipitated protein
pellet) into a clean 1.5 ml centrifuge tube containing 100 pl 100% Isopropanol (2-
propanol). If DNA yield is expected to be low (<1 pg), add 0.5 pl Gentra Glycogen
Solution (20 mg/ml) to the Isopropanol.

Mix the sample by inverting gently 50 times.

Centrifuge at 13,000-16,000 x g for 5 minutes. i
Pour off supernatant and drain tube on clean absorbent paper. Add 100 pl 70%-
Ethanol and invert tube several times to wash the DNA pellet.

Centrifuge at 13,000-16,000 x g for 1 minute. Carefully pour off the ethanol. Pellet
may be loose so pour slowly and watch pellet. d
Invert and drain the tube on clean absorbent paper and allow te air dry 10-15 minutes.

DNA Hydration

L.

Add 20 pl DNA Hydration Solution (20 pl will give a concentration of 50 ng/pl if the
total yield is 1 pg DNA).

2. Rehydrate DNA by incubating sample 1 hour at 65°C and/or overnight at room
temperature, If possible, tap tube periodically to aid in dispersing the DNA.

3. Store DNA at 4°C. For long-term storage, store at -20°C or -80°C.
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Appendix 2: Protocol of Random Primer Labeling

Random Primer Labeling
gDNA Digestion Test Sample 1 =
Test Sample 2 =
1 Test 1 Reference 1 Test 2 Reference 2
Initial DNA conc (ng/pL)
DNA vol for ng (pL)
Sterile H,0 (pL) (to 24) (to 24) (to 24) (to 24)
10x Dpn Il buffer (uL) (2.7) (2.7) (2.7) (2.7)
Dpn Il 5 units (pL) (0.55) (0.55) (0.55) ___(0.55)
Total (27.25) (27.25) (27.25) (27.25)
2 | Mix contents and flash spin < 3sec
3 | Incubate 37°C for 5hrs to overnight
4 | Can store digested DNA at -20°C
Qiaquick PCR purification kit (Qiagen) Ressrvoir capacity 800uL, maximum 2.5ug/125uL DNA solution por column
1 | Add 5 vol. PB buffer to samples (for 25 pL digested sample add 125 L PB)
2 | Vortex; flash spin (3 sec each)
3 | Transfer sample + PB buffer to column
4 | Centrifuge 1min at 16,100 x g
5 | Discard flow-thru and return column to same collection tube
6 | Wash column with 750 pL PE buffer (EtOH added)
7 | Centrifuge 1min at 16,100 x g
8 | Discard flow-thru & return column to same collection tube
9 | Centrifuge 1min at 16,100 x g to remove any remaining wash buffer
10 | Place column onto a new 1.5ml collection tube
11 | Add 44ul EB buffer (0.3ug DNA)Y/ 88uL EB buffer (0.6ug DNA) to elute DNA
12 | Wait 2 min
13 | Centrifuge 2 min at 16,100 xg
14 | Can store DNA at -20°C
Random Primer Labeling
1 | Putinto 200 pL tube: gDNA(from above) 44pL
cetnfesea s e m b s e s ce hsas SeOX ANdOM DAMEr SOlUtioN fae oo
Total 124pL
2 | Denature DNA by heating mixture at 99°C in a thermocycler for 10min
3 | Snap-cool on ice immediately. Wait 15min to chill. Flash spin (SWITCH OFF LIGHTS )
4 | Add (onice): 10x dNTP mixture 20pL Cy 3 pink soln 1 green spots
Cy3 or Cy5-dUTP 8pL Cy 5 blue soln 1 red spots
Klenow DNA polymerase 4uL Cy 3 pink soln 2 green spots
Total volume 156pL Cy 5 blue soln 2 red spots
5 | Mix well and flash spin
6 | Place tube in thermocycler at 37 °C for 4hrs to overnight.
DNA purification
1 | Place a Microcon YM-30 column into a new tube
2 | Pipette 52 pL of labeled probes from sample into the centre of the column
3 | Centrifuge at 14,0009 for 12min at room temperature
4 | Transfer column into to a new collection tube
5 | Pipette 50uL of sterile water into centre of column - Gently agitate column for 30sec
6 | Invert column to collect eluate(use a scissor to cut away caps before spinning)
7 | Centrifuge 2min (14,000g) at room temperature to obtain the purified DNA in 50uL solution
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Appendix 3: Protocol of BAC array hybridization

Array slide hybridization

(Pre-stratalinked at UCSF)

Preparation of samples for hybridization
1 Array near End (E) | Array near Label (L)
Test 1 Ref 1 Test 2 Ref 2
a DNA concentration (ng/uL)
b DNA vol (L) [max equal mass test & Ref] (50) (50) (50) (50)
c Human Cot-1 (35 pg) volume (pL) 70.0 70.0
d Ice-cold 100% EtoH [2.5 vol b+c] (425) (425)
e 3M pH 5.2 NaAcetate [0.1 vol b+c] (25) (25)
Total (pL) (620) (620)
2 | Place at -20°C for 1 hour
3 | Collect the precipitate by centrifugation at 16,100 rpm for 60 minutes at 4°C
4 | Carefully aspirate & discard supernatant. Wipe excess liquid from tube with Kim-wipe
5 | Air-dry the pellet for approximately 10 minutes
6 | Prepare pre-hybridisation solution in a new 1.5mL eppendorf:
Hybridisation mixture(Note 3) 175 puL
20% SDS 50uL
......................... elo e Ell T e 7l R SR S G
Total 250uL (keep in thermomixer 37°C)
7 | Dissolve the pellet in 60pL pre-hybridization solution
8 | Incubate at room temp for an hour to re-suspend pellet (keep in thermomixer 37°C)
9 | Pre-warm waterbath to 73°C
Hybridization
1 | Denature the DNA sample solution in a water bath at 73°C for 12 minutes
2 | Incubate at 37°C in thermomixer for 60 minutes (Cot1 anneals to repetitive sequences)
3 | Mark out array boundary under phase-contrast microscopy
4 | Apply Easi-Seal & remove all plastic
5 | Place the array on slide warmer at 37°C for 10 minutes
6 | Add ~ 200 plL Washing solution to bottom of slide box. Pre-warm in 37°C incubator
7 | Apply 50 pL of the warmed pre-hybridization solution to each array inside the ‘frame’
8 | Tilt to wet the whole slide
9 | Aspirate ~40 pL of pre-hybridization mixture from the array
10 | Apply the DNA sample onto array and spread evenly (SWITCH OFF LIGHTS )
11 | Putin slide box. Watch out sticky Easi-Seal Slide no.
12 | Close carefully keeping it horizontal. Seal with parafilm Array nearend E
13 | Incubate 37°C for 48-68 hours on slow rocker Array near label L
14 | Turn slide box 90° every 24 hours
Post-hybridization wash (SWITCH OFF LIGHTS 1)
1 | Pre-warm washing solution in a 50°C water bath for 20min
2 | Wash the slides once in Washing solution for 15 minutes at 50°C. Keep Easi-Seal on
3 | Wash 15 minute in PN buffer at room temperature
4 | Remove Easi-Seal while keeping array moist with PN buffer
5 | Rinse in 2x SSC briefly
6 | Rinse in 70% ethanol, then 85%, then 100% each for 2 minutes
7 | Spin dry at 800rpm (Eppendorf Centrifuge) for 2min
- Imaging
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