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Abstract
Gastric cancer has significant morbidity and mortality worldwide.
According to the World Health Organization, stomach cancer, which
accounts for 866,000 deaths, is the second most common cause of
cancer-related death world-wide in 2007. Early diagnosis has a proven
impact on improving disease outcome compared with generally poor
prognosis after disease progression. Thus, early detection of dysplasia is
crucial. The most widely used screening procedures for gastric cancer
include endoscopy and biopsy. However, as these invasive screening
methods are physically discomfort, they are not suitable for large-scale
screening purposes. Therefore, non-invasive serum- or plasma-based
diagnostic screening for early gastric cancer detection are likely to be far
more acceptable than the current screening options and would likely greatly
increase the percentage of the population screened.

The

most

frequently

used

gastric

tumor

markers

are

carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA 19-9),
alpha-fetoprotein antigen (AFP) and human chorionic gonadotropin (hCG).
However, they are not sensitive biomarkers as only a modest proportion of
patients with gastric cancer have elevated levels of these proteins. Therefore,
there is an urgent need for specific biomarkers indicative of early gastric
cancer for diagnostic purposes. New emerging proteomic technology using
high resolution two-dimensional gel electrophoresis (2-DE) and mass
spectrometry (MS) provides a promising option. One of the major
hindrances of biomarker discovery is the presence of high abundance
proteins. Some abundant proteins such as albumin, immunoglobulins,
haptoglobin, antitrypsin and transferrin constitute around 90% of all protein
masses present in serum samples. These proteins mask over the relatively
low abundance proteins, resulting in difficulties in discovering candidate
biomarkers. Another hurdle for early biomarker discovery will be the
availability of early stage gastric cancer samples. It should be stressed that
when gastric cancer diagnosed by classical endoscopy or biopsy method, it
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is already in the late stage. Therefore, in this study, rat gastric cancer was
induced experimentally. Serially serum samples were taken and these rats
were examined periodically by high resolution mammography to check for
gastric lesion. It was intended to correlate possible gastric lesion seen with
differentially expressed proteins found in the serum samples. The removal
of high abundance proteins by a customized immunoaffinity column was
also attempted. Comparative proteomic analysis was used to search for
characteristic alternations in the sera of rats with dysplasia and early
adenocarcinoma. The various stages of stomach carcinogenesis were
confirmed by histological examination. Finally, a panel of serum candidate
biomarkers was identified by MALDI-TOF-TOF mass spectrometry. Some
of these biomarkers had not been reported to be related to gastric cancer.
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Chapter 1: Literature review
1.1 Introduction

This chapter begins with the background information on gastric cancer.
Studies employing proteomic technologies to search for cancer biomarkers
will be addressed. Discussions on the difficulties in the discovery process
will also be elaborated. The purpose of this review is to provide an update
on results obtained from previous studies, as well as to provide a rationale
for the choice of animal cancer model used.

1.2. Gastric cancer

1.2.1. Prevalence

According to the World Health Organization, stomach cancer is the second
most common cause of cancer-related death worldwide in 2007, which
accounts for 866,000 deaths. In Hong Kong, stomach cancer ranks as the
fifth most common cancer (Figure 1.1 and 1.2). According to the official
statistics from the Hong Kong Cancer Registry, the incidence of gastric
cancer in 2005 was 1028 (male, 643 and female, 385). The number of
gastric cancer deaths in 2005 was 635 (male, 396 and female, 239). The
mortality to incidence ratios of stomach cancer of men and of women were
both 0.62. This ratio is higher than the overall mortality to incidence ratio of
all cancers, which were 0.61 and 0.46 for men and women respectively.
These figures show that patients with stomach cancer has a poor prognosis
and thus a higher chance to die of it as compared to other kinds of cancers in
the context of Hong Kong.
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Figure 1.1: Ten leading cancers in Hong Kong 2005.
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Figure 1.2: The ten major causes of cancer deaths in Hong Kong 2005.
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lymphoma

According to the Cancer Facts and Figures in the United States, there
were approximately 22,280 new cases of stomach cancer and 11,430
stomach cancer related deaths in 2006. It ranked 14th in incidence among the
major types of cancer malignancies. According to the American Cancer
Society, the overall survival rate of these patients in 5 years ranges from
almost no survival for patients with disseminated disease to an almost 50%
survival for patients with localized distal gastric cancers confined to
respectable regional diseases. However, even with apparent localized
disease, the 5-year survival rate of patients with proximal gastric cancer is
only 10-15%. Treatment of disseminated gastric cancer may result in
palliation of symptoms and some prolongation of survival, nevertheless,
long remissions are unfortunately uncommon.

1.2.2. Types

Gastric carcinogenesis is a progressive sequence of gastric lesions from
non-atrophic gastritis to glandular atrophy, metaplasia, dysplasia, and finally
to adenocarcinoma (Correa, 1988). According to the morphological features
of tumor by Lauren (Lauren, 1965), there are two major histological types
of gastric cancer: the intestinal type and the diffuse type. For the intestinal
type adenocarcinoma, tumor cells are seen as having irregular tubular
structures, harbouring pluristratification, multiple lumens, and reduced
stroma. Association with intestinal metaplasia in the neighbouring mucosal
is commonly seen. For the diffuse type adenocarcinoma, tumor cells are
found to be discohesive and mucus-secreting. When delivered in the
interstitium, the tumor cells produced large pools of mucus/colloid.

1.2.3. Dysplasia

Dysplasia in the stomach is commonly used as a marker for the early
detection of gastric cancer due the several reasons. Firstly, it is the final step
of the progressive genetic and phenotypic changes that modify the original
cellular morphology, eventually generating a biologically new cell type that
is characterized by uncontrolled growth with the potential to migrate and
4

implant in locations beyond its original fixed site (Genta and Rugge, 2006).
Secondly, it is the earliest carcinogenic lesions in the gastric mucosal
recognizable by light microscope (Kunze et al., 1979). Thirdly, the majority
(50-80%) of patients have dysplasia progress to invasive carcinoma (Tan
and Fielding, 2006). Cellular atypia, abnormal differentiation, and
disorganised mucosal architecture are the major histological and cytological
features of epithelial dysplasia (You et al., 1993). These histological
changes can take place in the intestinal metaplasia and gastric epithelium,
both of which may be the source of carcinoma (Morson et al., 1980).

1.2.4. Risk factors

There are a number of acknowledged factors that increase risk of having
gastric cancer: helicobacter pylori gastric infection (Scheiman and Cutler,
1999); advanced age; the male gender (You et al., 1993); diet low in fruits
and vegetables; diet high in salted, smoked, or preserved foods; cigarette
smoking; chronic atrophic gastritis; intestinal metaplasia; pernicious
anaemia; family history of gastric cancer (Barber et al., 2006); familial
adenomatous polyposis and Menetrier's disease (giant hypertrophic gastritis)
(Tan and Fielding, 2006). Elaboration of the (postulated) mechanisms of
these risk factors to the occurrence of gastric cancer is outside the scope of
this thesis.

1.2.5. Symptoms

Gastric cancer is often asymptomatic or causes only non-specific symptoms
in its early stages. By the time when more severe symptoms occur, the
cancer has usually metastasized to other parts of the body, which accounts
for its poor prognosis. Some of the signs may include: indigestion and
heartburn; loss of appetite, especially for meat; abdominal pain or vague
abdominal discomfort; nausea and vomiting; diarrhoea or constipation;
stomach bloating or sense of fullness after eating; weight loss; weakness and
fatigue; bleeding in vomit or stool; stool that has turned black or tarry; and
fluid swelling in abdomen.
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1.2.6. Diagnosis

Double contrast X-ray examination is the initial test for gastric cancer and
suspicious lesions will be further investigated by endoscopy (Tan and
Fielding, 2006). Endoscopic evaluation is widely used and is the golden
standard for the diagnosis of gastrointestinal neoplasm. However, the cost
effectiveness of this aggressive approach remains questionable. This is
because endoscopy is an invasive procedure with its own risks of morbidity
and mortality. Furthermore, this invasive method is time-consuming,
relatively more expensive and not suitable for large-scale screening
purposes (Feldman et al., 2004).

1.3. Urge for biomarker discovery

As an alternative to endoscopy, detection of serum biomarkers that are
indicative of the occurrence of gastric cancer is preferred. Nowadays, the
most frequently used gastric tumor markers are carcinoembryonic antigen
(CEA), carbohydrate antigen 19-9 (CA 19-9), alpha fetoprotein antigen
(AFP) and human chorionic gonadotropin (hCG). However, all of them have
inadequate sensitivity and specificity with low predictive value for
population screening. Although most gastric oncologists would welcome a
blood test for the specific detection of the occurrence of gastric cancer and
in spite of the large number of groups that are searching for reliable
biomarkers, the progress in this front is very slow. Partly as a reflection of
how difficult the task is, the rate of introduction of new protein biomarker
tests approved by the United States Food and Drug Administration (FDA)
has paradoxically declined over the last decade to less than one new protein
diagnostic biomarker per year (Anderson and Anderson, 2002). Although
the figure is inclusive of all cancers, implication on the difficulty in finding
a reliable biomarker is apparent! The various kinds of difficulties
encountered will be discussed later (see Section 1.5.4). One of the biggest
hindrances in this type of study is the availability of the right samples. In
order to solve this problem, a rat cancer model was used in this study (see
Section 1.6 for details).
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1.4. Proteomic technology

Studies using genomics approach to screen for cancer-related biomarkers
have been launched for decades. Nevertheless, there are still questions about
the correlation between the expression levels of mRNA and the
corresponding changes in the expression levels of the proteins expressed. It
is reasoned that once the cascade of a particular biochemical signal starts off,
it may not require the continuous presence of mRNA information.
Furthermore, the advance in genomic DNA and mRNA researches has
improved our understanding of cell regulation. Yet, these studies cannot
illustrate precisely the physiological state of the living cell and its
modification at the functional level. This is why only a handful of genes
have been approved by FDA for cancer diagnosis purposes. While protein is
physiologically closely related to cellular functions, it is more likely to be
involved in the key pathways in the biological system and regulations of the
pathogenic processes. Thus proteomic investigation on disease states will be
the most appropriate and informative approach in the search of reliable
biomarkers for cancer.

1.4.1. Two-dimensional electrophoresis (2-DE) with matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS)

Two-dimensional electrophoresis (2-DE) was firstly described by Klose
(Klose, 1975) and O‟Farrell (O'Farrell, 1975) in 1975. It consists of two
steps: isoelectric focusing (IEF) and sodium dodecylsulfate polyacrylamide
gel electrophoresis (SDS-PAGE). Proteins are firstly separated according to
their pI points in the first IEF step (Figure 1.3), and subsequently separated
by their molecular weights during SDS-PAGE (Figure 1.4). At present, the
use of immobilized pH gradients strip (IPGs) (Gorg et al., 2000) becomes
the choice material for running IEF. It can overcome limitations of the
chromatographic type of carrier ampholytes used in the first generation
2-DE process. The IPG based 2-DE, which has ampholytes immobilised on
a plastic support and hence will not migrate during the electrophoretic step,
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provides better reproducibility, handling, resolution, and separation of very
acidic and/or basic proteins.

Figure 1.3: Principle of isoelectric focusing (IEF). In the left hand side panel,
the 2 proteins (A and B) having 2 different isoelectric points (pIA and pIB),
they will be resolved from each other after the IEF step (right hand side
panel).

Figure 1.4: Principle of gel electrophoresis. The pores of the gel sieve
proteins according to their size. The smaller the size, the faster a protein will
go, and vice versa.
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After the electrophoretic separation of proteins, the gel is stained for
visualizing of the proteins before visual comparison. Coomassie blue is one
of the most commonly used stains. However, with the limitation of
insufficient sensitivity and a detection range of 200 - 500ng protein per spot,
this stain does not permit the detection of low abundance proteins. Thus,
silver staining and fluorescence detection have become popular substitutes.
These methods are far more sensitive with detection limits as low as 0.1ng
protein per spot or less.

After image analysis of gels containing samples with different
physiological stages (e.g. normal against cancer), gel plugs containing
proteins of interest (e.g. those that are differentially expressed) will be
excised before being digested by specific protease with high sequence
specificity, such as trypsin. The eluted analyte (i.e. tryptic digest of the
protein of interest) is co-crystallised with an UV absorbing matrix on a
target

plate

before

being

analyzed

by

a

matrix

assisted

laser

desorption/ionization time-of-flight (MALDI-TOF) mass spectrometer.

The principle of mass spectrometry is to measure the mass (m) to
charge (z) ratio of ions for an analyte in the gas phase. Detailed elaboration
of the function and setup of a MALDI-TOF mass spectrometer is out of the
scope of this thesis. Briefly, a MALDI-TOF mass spectrometer consists of
three essential components: an ion source, a mass analyzer and a detector.
The analyte-matrix crystal increases the effectiveness in volatizing and
ionizing the proteins when it is irradiated by nitrogen laser pulse. The
ionized analyte is then directed and separated by the time-of-flight analyzer,
and the detector records the flight time of all ions before generating a mass
spectrum. The MALDI-TOF MS allows high accuracy in mass to charge
ratio and provides spectra of very high resolution (Figure 1.5).
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Figure 1.5: Schematic representation of the setup of a MALDI-TOF MS.

The spectrum generated for a protein is the peptide mass fingerprint
(PMF) of that particular protein. Except for proteins that share with highly
similar sequence homologies, the PMF of every single protein is unique.
This experimental profile is then compared to the theoretical PMF masses
derived from in silico digestion at the same enzyme cleavage sites of the
proteins in the database for a match. A significant match will be either based
on calculated scoring scheme or based on a random probability algorithm.
Finally, the identity of the protein can be elucidated. Although highly
sensitive, it should be stressed that this method is both labour intensive and
low in throughput (Seibert et al., 2005).
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1.4.2. Surface-enhanced laser desorption/ionization time-of-flight mass
spectrometry (SELDI-TOF MS)

This technique aims to reduce sample complexity to a level at which whole
protein mass spectrometric profiles can yield a series of supposedly fairly
reproducible features. It is a commonly used non-gel based method, which
is based on pretreatment of samples with various types of solid matrix called
protein chips. On their surfaces, protein extraction based on hydrophobic,
ion-exchange, metal binding, or other interactions can be performed. The
bound proteins are then eluted before being subject to MS analysis
(Diamandis, 2004).

It should be stressed that not all proteins can be well visualized by
SELDI-TOF MS, especially those with a molecular weight larger than
20kDa. The sensitivity of these high molecular weight proteins is low,
resulting in a smaller number of signals seen (Seibert et al., 2005).
Detection of low abundance proteins is another problem. When SELDI-TOF
analysis is performed with unfractionated serum, due to the presence of a
tremendous array of extremely high abundance to low abundance proteins,
these proteins will compete for binding to the same matrix.

The low

abundance proteins, being the most informative, are highly unlikely to be
able to be immobilized onto the chips and detected. For example, it is
inexplicable that prostate cancer antigen (PSA), a validated biomarker for
prostate cancer, cannot be identified in any of the published studies using
SELDI-TOF-MS. Besides that, there are also discrepancies among these
studies. Take studies on prostate cancer as an example, five studies had
employed SELDI-TOF MS technology for the discovery of biomarkers
indicative of the occurrence of prostate cancer. Different sets of
“distinguishing peaks” between cancer and non-cancer patients were found
in these 5 studies. None of the distinguishing peaks among the five studies
for prostate cancer agreed with one another (Diamandis, 2004). This
highlights the weaknesses of the SELDI-TOF MS technology in attempts to
find reliable disease biomarkers.

11

1.5. Perspectives of proteomic approach in the discovery of serum
biomarkers of gastric cancer

1.5.1. Serum sample analysis

Serum, being the best protein sample representative of the whole body
condition, is a favorite sample for investigation. It is easily accessible with a
low degree of invasiveness. The possible presence of serum biomarkers rest
on the hypothesis that as blood/plasma/serum contains tens of thousands of
different proteins, along with their cleaved or modified forms, they can
reflect the ongoing physiological and pathological events. Specifically,
when blood and/or lymph perfuse the carcinogenic tissues, they will carry
“neoplasm-related” proteins and protein fragments passively or actively into
the systemic circulation. The complex chemistry of the tumor-host
microenvironment and/or reactions of the body to the neoplasm should
generate unique signatures in the blood microenvironment. Therefore, these
specific patterns-specific serum biomarkers can be used to screen patients
with early gastric cancers.

Some researchers compared serum proteomes from patients having
gastric cancers with those from healthy controls. Any differentially
expressed proteins would be taken as possible candidates of gastric cancer
serum biomarkers. One of the major advantages of this strategy is that no
pre-selection of biomarker candidates is required as many molecules are
screened in a single experiment. Furthermore, no biological knowledge
about the patho-physiology of the disease is required (Villar-Garea et al.,
2007). In a study done by Chan et al. (Chan et al., 2007), serum samples
from gastric cancer patients and healthy controls were compared by
traditional 2-DE before MALDI-TOF MS analysis. A markedly increased
serum amyloid A (SAA) was identified by this comparative proteomic
approach in the cancer patients. ELISA assay was also carried out to verify
the above findings. Results showed that the mean SAA concentration was
higher in the gastric cancer patients (88.54 + 50.44 mg/L) when compared
to that of the healthy subjects (3.36 + 2.29 mg/L) (P < 0.05). Further
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validation

of

the

up-regulation

of

SAA

was

performed

using

immunohistochemical staining which showed visible immunoreactivity in
resected tumor specimens from the patients with gastric cancer. No
immunoreactivity could be seen in samples from the control healthy
subjects. These results suggested that SAA was useful in predicting survival
of patients with gastric cancer, and was a valuable tool for postoperative
follow-up.

Serum samples from 14 gastric cancer patients and 14 healthy
individuals were analyzed by Ebert et al. (Ebert et al., 2006) with
prefractionation

using

magnetic

bead-based

C8-hydrophobic

chromatography resins. The eluates were analyzed subsequently by
MALDI-TOF-MS. Fibrinopeptide A was found to have increased in the
gastric cancer patients. This result was further confirmed by performing
ELISA test on serum fibrinopeptide A levels. However, increased
fibrinopeptide A serum levels were not specific for gastric cancer; the same
results were also found in hepatocellular, ovarian and urothelial cancers.
One of the reasons for this non-specificity is the fact that during tissue
injury, fibinogen is cleaved to fibrin by thrombin with the release of
fibrinopeptides A and B. Therefore, any injury, whether it is from gastric
cancer or not, is likely to increase the level of fibrinopeptide A level in
blood.

Back to the criticism on earlier proteomic studies that only abundant
proteins in the plasma proteome were found, Liu et al. (Liu et al., 2007b)
employed an immunoaffinity removal method to clear most of the highly
abundant proteins from serum samples. Serum samples from 20 gastric
cancer patients and 10 healthy controls were collected and processed with
ProteoExtract Albumin/IgG Removal Kit to remove albumin and IgG. After
comparative analysis using 2-DE before MALDI-TOF MS identification,
three proteins including complement C4-B precursor, complement factor I
(CFI) precursor and haptoglobin precursor were found to be differentially
expressed in sera from the gastric cancer patients. In validation experiments
using Western blotting and in comparison with sera from the healthy
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controls, it was found that C4-B precursor was over-expressed in sera from
the patients with gastric cancer, while both CFI precursor and haptoglobin
precursor were under-expressed in the gastric cancer sera. According to the
authors, further investigation on the possible relationship between these
proteins and disease is required before these biomarkers could be put into
common use.

One of the main reasons why many researchers are cautious in
saying that their candidate biomarkers are ready for common use is because
there are too many variations in their samples. Limitations over the
availability and suitability of human samples used in any of these
investigations, such as the date and time of collection, drugs administered,
heterogeneity due to differences in diet, race and age etc. are difficult to
control and/or optimized. Therefore, some researchers resorted to use
animal models. Juan et al. (Juan et al., 2004) developed a strategy that
combines a tumor xenotransplantaion model in nude mice with comparative
proteomic technology. Human gastric cancer cell line SC-M1 was used to
inoculate into nude mice. One month after the inoculation, plasma was
collected for proteomic analysis using 2-DE and subsequent MALDI-TOF
MS. Plasma proteomes from these inoculated mice were compared with
those obtained using plasma from untreated mice. Various acute phase
proteins such as haptoglobin and SAA were found to be up-regulated in the
tumor-bearing mice. SAA and haptoglobin were confirmed to originate
from the mouse hosts and not from the human cancer cell line donors by
immunohistochemistry. Up-regulation of SAA was further validated with
the serum samples obtained from patients with gastric cancer. One of the
concerns of this study is the fact that injection of phosphate-buffered-saline
(PBS) into these nude mice was taken as controls to those nude mice
receiving the human cancer cells. Instead of using PBS, injection of some
non-cancerous cell lines should have been used as control. SAA is a known
acute phase protein that is related to inflammation. Whether SAA
production in the SC-M1-injected nude mice is due to rudiment activities of
their much impaired immune system is currently unknown. Further, there
was no absorption procedure to remove abundant serum proteins such as
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albumin. Therefore, major abundant proteins including SAA were seen
over-expressed in the 2-DE gels of these patients. This topic will be
elaborated more in Section 1.6 below.

1.5.2. Tissue sample analysis

Human gastric tissues are also widely used in the search for differential
protein expression. Some researchers compared proteomes from gastric
tumor tissues with those from adjacent matching non-cancerous samples
taken from the same patients. Quantities of differentially expressed proteins
identified in the gastric tumor samples will then be measured in the patients‟
sera, with the expectation that changes in protein amount in the tissue
samples and serum samples will agree with each other. Generally, this
approach is based on the hypothesis that the proteins found are either
secreted proteins from the tumor so that they will go into blood, or specific
surface proteins in the tumor which will leak out into blood. These proteins
and/or their fragments can then be used as serum biomarkers for gastric
cancer.

Ebert et al. (Ebert et al., 2005) screened gastrectomy specimens
obtained from ten patients with gastric cancer. After enriching an epithelial
cell fraction of these samples, cellular homogenates were resolved by 2-DE.
They compared the cancer-proteome to that obtained from matched normal
non-malignant mucosal preparation. One hundred ninety-one differentially
expressed protein spots were found by 2-DE and identified by MALDI-TOF
MS. Among the 191 differentially expressed protein spots that were
identified, cathepsin B was found to be over-expressed in 60% of the cancer
patients. (The other proteins that were listed in the publication are shown in
Table 1.1) Western blotting confirmed that the active form of cathepsin B
was

over-expressed,

while

immunohistochemistry

showed

strong

cytoplasmic staining in cancer tissues of 98% of the patients. Further, the
serum levels of cathepsin B were significantly higher in the gastric cancer
patients (mean concentration 129.41 + 79.55 pmol/L) compared with the
control patients without evidence of a malignant disease (mean 56.92 + 67.4
15

pmol/L; p = 0.0026). Besides, there was also a significant association
between the size of the primary tumor and the presence of distant metastases.
Furthermore, high cathepsin B serum levels were also associated with a
poor survival in patients undergoing cancer surgery (Petricoin et al., 2002).
However, as this study is retrospective in nature, up-regulated proteins such
as cathepsin B are not early diagnostic biomarkers. They are rather
prognosis biomarkers. In addition, cathepsin B is also over-expressed in
other cancer patients, such as patients with prostate cancer (Sinha et al.,
2007), colon cancer (Alencar et al., 2007) and breast cancer (Turashvili et
al., 2005). Its potential as a specific biomarker for gastric cancer is yet to be
confirmed.

Ryu et al. also compared the proteome of human gastric cancer
tissue samples with those from non-cancerous region (Ryu et al., 2003).
Among the 140 spots identified, seven up-regulated proteins in cancer
patients were found. They were NPS3, transgelin, prohibitin, heat shock
protein (hsp) 27 and variant, protein disulfide isomerase A3, an unnamed
protein product, and glucose-regulated protein. In addition, another seven
proteins that were under-expressed were also observed. They were
apolipoprotein

A-I,

p20,

nucleoside

diphophate

isomerase

A,

-1-antitrypsin, desmin, serum albumin, and serotransferrin. The authors
neither discussed the possible reasons why specific proteins were up- or
down-regulated nor suggested the use of any of the differentially expressed
proteins as specific biomarkers.

However, it should be stressed that among

the differentially expressed proteins, increased expression of HSP27 was
also found by other researchers (see below).

Undertaking a similar strategy, another group, He et al. (He et al.,
2004) also employed 2-DE to analyze primary gastric cancer tissues. In the
gastric cancer tissue proteome, they noticed multiple protein alterations
when compared to the proteomes of non-tumor tissues. These alternations
included variations in the expression of cytoskeleton proteins, such as an
increase in cytokeratin 8 and a tropomyosin isoform as well as a decrease in
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cytokeratin 20. Co-up-regulations of HSPs and glycolytic enzymes were
also observed in these tumor tissues. According to the authors, these
up-regulations indicate the self-protective efforts of cells and the growing
energy requirement during malignant transformation. Down-regulations
were also seen in proteins involved in cell proliferation and differentiation.
These proteins included GMP reductase 2, creatine kinase B, and proteins
bearing potential tumor suppressor activities, including prohibitin and
selenium binding protein 1. Lastly, a human stomach-specific protein, 18
kDa antrum mucosal protein (AMP-18 with NCBI Accession number =
26000208, AAN75447 and experimental Mr/pI = 20kDa / 6.0), was found to
be dramatically down-regulated in cancer tissues. According to the authors,
the decreased AMP-18 production implicates a possible special pathological
role for this protein in gastric carcinogenesis. In the same year, Oien et al.
(Oien et al., 2004) reported that this AMP-18 was also down-regulated in
their cohort of gastric cancer patients. According to these authors, the
protein was renamed as gastrokine 1 by the Human Gene Nomenclature
Committee in 2003. These authors found that gastrokine 1 was highly
expressed

in

normal

stomach,

where

it

was

located

in

the

superficial/foveolar gastric epithelium. However, gastrokine 1 was absent
from gastric carcinomas. Furthermore, gastrokine 1 was found only in
epithelia showing gastric metaplasia, such as Barrett's oesophagus, the
ulcer-associated cell lineage and ovarian mucinous neoplasms. Although
there is no solid proof, these authors speculated that gastrokine 1 (also
called CA11, AMP-18 or foveolin) has a role in mucosal protection. Further
research is required to see if gastrokine-1 could be used as a specific cancer
biomarker.

Yoshihara and coworkers also tried to minimize individual variations
by studying protein alternations between tumor and non-tumor tissues from
the same gastric cancer patients (Yoshihara et al., 2006). It was found that a
non-histone chromosomal protein called high-mobility group-1 protein
(HMG-1) was elevated in tumor tissue. HMG-1 is a DNA-binding protein
that regulates the transcription of various genes and the structural
stabilization of chromosomes. It was reported to be associated with
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carcinogenesis and metastasis in colorectal and breast cancer. On the other
hand, these authors reported a remarkable decrease in the level of foveolin
precursor (FOV, Accession number = 38488935; AAR21211 with Mr/pI =
20kDa/5.7). This protein was called gastrokine-1 in the report by Oien et al.
(Oien et al., 2004). RT-PCR was performed and the results revealed
significant down-regulation of FOV mRNA expression in tumor tissues
(Yoshihara et al., 2006). Hence, results of Yoshihara et al. reinforced the
observations made by He et al. (He et al., 2004) as well as Oien et al. (Oien
et al., 2004). Therefore, a decrease in gastrokine-1/FOV may be seen as a
specific phenomenon for the occurrence of gastric cancer.

Ten pairs of samples consisting of gastric cancer tissues and their
corresponding adjacent sections were analyzed by Zhang (Zhang et al.,
2007). After resolving by 2-DE, the gastric cancer associated proteins were
identified by MALDI-TOF-TOF MS; they included twelve up-regulated and
thirteen down-regulated proteins. Extra attention was paid to one of the
down-regulated protein, MAWBP. Quantitatively, the expression of
MAWBP was measured with real-time PCR and semi-quantitatively with
Western blot. Immunohistochemical staining also confirmed the existence
of MAWBP in the gastric cancer tissues.

After proteomic analysis of 14 paired samples of gastric carcinomas
and their corresponding non-cancerous gastric mucosa, Nishigaki et al.
found nine proteins with an increased expression and 13 with a decreased
expression in gastric cancer (Nishigaki et al., 2005). The two most notable
groups included proteins involved in mitotic checkpoint (MAD1L1 and EB1)
and mitochondrial functions (CLPP, COX5A, and ECH1). These results
suggested that there were links between dysfunctions in these processes and
gastric carcinogenesis. More importantly, immunohistochemical analyses
confirmed that the levels of expression of MAD1L1 and CYR61 were
decreased in gastric carcinoma tissues while HSP27 was increased in gastric
carcinoma tissues.
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A different approach was adopted by Chen et al. (Chen et al., 2004),
who used a well described N-methyl-N‟-Nitro-N-Nitrosoguanidine (MNNG)
intoxicated Wistar rat gastric cancer model to investigate the protein
profiling of carcinogenesis and metastasis in the induced gastric cancer
tissues. After 2-DE and MALDI-TOF-MS analysis of the cancer tissues and
matching normal tissues, they found that 11 proteins were up-regulated and
two proteins were down-regulated (Table 1.1). In particular, the
over-expression of HSP27 in gastric cancer was confirmed by
immunohistochemical analysis of human gastric cancer specimens. HSP27
is a known molecular chaperone with an ability to interact with a large
number of proteins (Kato et al., 1992). It was said that its production is
accelerated in non-physiological conditions and that it will aid cell survival.
Thus, it was speculated that overproduction of HSPs could protect
malignantly transformed cells from apoptotic cell death and foster resistance
to chemotherapeutic agents and irradiation (Witkin, 2001; Concannon et al.,
2003). Its expression is associated with poor prognosis (Kapranos et al.,
2002). However, higher expression of HSP27 protein had been previously
reported in liver, breast, colon and gastric cancers (Lemieux et al., 1997;
Garrido et al., 1998; Yu et al., 2000; Kapranos et al., 2002; Ryu et al., 2003).
Therefore, HSP27 may not be a specific biomarker for the occurrence of
gastric cancer.

Given the retrospective nature of most gastric cancer biomarkers
studies discussed above, researchers had tried to the improve quality of data
with samples from gastric cancer cell lines. Takikawa et al. (Takikawa et al.,
2006) used 2D-DIGE coupled with MALDI-TOF MS to identify specific
proteins differentially expressed between a highly metastatic stomach
cancer cell line MKN-45-P and its parental cell line MKN-45. Their results
revealed up-regulation of eight proteins (IFN-induced Mx protein, Gly-,
Tyr-, Trp-tRNA synthetase, the flavoprotein subunit of complex II, the ts11
cell cycle protein, keratin 5 and adenylate kinase) and down-regulation of
five proteins (pyruvate kinase, cytokeratin 8, didydrodiol dehydrogenase,
annexin I, and carbonic anhydrase II). It was found that these 13 proteins
were mainly involved in protein synthesis, metabolism, receptor and signal
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transduction, the cytoskeleton and cell cycling. It was hoped that these
results could be informative and applied in large-scale validation studies.

On the other hand, Lee et al. (Lee et al., 2005) tried to identify the
target antigen of a reported stomach cancer specific antibody, MG7 mAb,
using KATO III and MKN-45 gastric carcinoma cell lines. MG7 antigen
was found to have decreased in gastric cancer patients who underwent
gastrectomy. This allowed MG7 detection to be used in diagnosis of the
presence of gastrointestinal cancer as well as to evaluate the effectiveness of
and treatment outcome after cancer therapy. With 2-DE and Western
blotting, two proteins of 35 kDa were consistently detected by the MG7
antibody. Followed by MALDI-TOF MS, these MG7 immunoreactive
proteins were identified as the herterogeneous nuclear ribonucleoprotein
A2/B1 (hnRNP A2/B1). Four of the five gastrectomy samples from patients
with gastric cancer showed positive results in Western blotting with
commercially available hnRNAP A2/B1 antibodies. However, hnRNAP
upregulation is also found in other types of cancer (Turck et al., 2004; Zech
et al., 2006).

1.5.3. Gastric juice analysis

Besides gastric tissues as well as blood related body fluid, other types of
samples were also investigated. Gastric juice is a unique body fluid
containing most of the chemical components secreted from the stomach.
Gastric juice has become a choice of study because it is speculated that its
composition and relative concentration will reflect the functional state of the
stomach.

Lee et al. (Lee et al., 2004) utilized gastric juice in 2-DE analysis
aiming to obtain disease specific protein expression patterns. In healthy
subjects, pepsin A, pepsin C and gastric lipase were the major proteins, but
they were not detected in 60% of gastric cancer cases. Conversely, an
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extraordinary amount of -1 antitrypsin was observed in gastric cancer
patients, while it was only detected in 5% of the healthy group.

Another group, Hsu et al. (Hsu et al., 2007), investigated the protein
components in gastric juice by 2-DE and MALDI-TOF MS. They found that
frequency of occurrence of the specific -1-antitrypsin precursor was higher
in gastric cancer patients (93%) compared to that of healthy subjects (6%).
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Research group

Proteins

Expression

Serum amyloid A



Catecholamine-O-methyltransferase



Protein disulfide isomerase



Alpha-1-antitrypsin precursor



Heat shock 27 kDa protein



Haptoglobin precursor



Desmin



Albumin



3-mercaptopyruvate sulfurtransferase



Calreticulin



ATP synthase beta-subunit



Chan et al.
(Chan

et

al.,

2007)

Chen et al.
(Chen

et

al.,

2004)

Myosin light chain alkali, non-muscle isoform/myosin light chain
alkali, smooth-muscle

Ebert et al.
(Ebert

et

Cathepsin B



Proteasome activator hPA28 subunit beta



Enhancer of rudimentary homolog



PDZ and LIM domain protein 1



Transitional ER ATPase



Peroxiredoxin 2



CA11 protein



Cathepsin E precursor



Gastricsin precursor



Complement component1, Q subcomponent binding protein



al.,

2005)

BC007716) unknown / (AF058954) GTPspecific succinyl-CoA
synthetase beta subunit

He et al.
(He
2004)

et

al.,





ATP synthase D chain



Dihydrolipoamide dehydrogenase, mitochondrial precursor



Electron transfer flavoprotein-ubiquinone oxidoreductase



Fumarate hydratase, mitochondrial precursor



NADH-ubiquinone oxidoreductase 42 kDa subunit



Succinate dehydrogenase [ubiquinone] flavoprotein



150 kDa oxygenregulated protein precursor



Cytokeratin 8



Prohibitin



Tropomyosin isoform



Enolase 1



Trisoephosphate isomerase



Phosphoglycerate mutase 1
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Research group

Proteins

Expression

Pyruvate kinase



Chaperonin containing TCP1



Heat shock protein 60



Heat shock cognate 71 protein



Protein disulfide isomerase



Translation elongation factor EF-Tu



Alpha-1-antitrypsin



Apolipoprotein A-1



GMP reductase 2



Creatine kinase B



Selenium binding protein 1



Cytokeratin 20



Carbonic anhydrase I



Carbonic anhydrase II



18kDa Antrum mucosa protein



Alpha-1-antitrypsin



Haptoglobin



Serum amyloid A



Alpha-1-antitrypsin



Complement C4-B precursor



Complement factor I



Haptoglobin



Annexin 5



Bisphosphate 3-nucleotidase



Microtubule-associated protein, RP/EB family, member 1



GST



Heat shock 27 kDa protein 1



Nishigaki et al.

MADS box transcription enhancer factor 2, polypeptide C



(Nishigaki

Nicotinamide N-methyltransferase



UDP-glucuronosyltransferase



ApoA-I binding protein



Serum amyloid P component precursor



CA11 protein



ATP-dependent proteolytic subunit E. coli homolog



Cytochrome c oxidase subunit Va



He et al.
(He

et

al.,

2004)

Hus et al.
(Hsu

et

al.,

2007)
Juan et al.
(Juan

et

al.,

2004)
Lee et al.
(Lee

et

al.,

2004)
Liu et al.
(Liu

et

al.,

2007b)

al., 2005)

et
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Research group

Proteins

Expression

Tumor RMS cell line RD specific product



Enoyl Coenzyme A hydratase 1, mitochondrial and peroxisomal



Nishigaki et al.

Serine proteinase inhibitor, clade B (ovalbumin), member 1



(Nishigaki

Ferritin, heavy chain



Cytosolic inorganic pyrophosphatase



Mitotic checkpoint protein isoform MAD1a



Mannose-6-phosphate isomerase



Gastrokine 1



NPS3



Transgelin



Prohibitin



Heat shock protein (hsp) 27 and variant



Protein disulfide isomerase A3



Unnamed protein product



Glucose-regulated protein



Apolipoprotein A-1



P20



Nucleoside diphophate isomerase A



1 antitrypsin



Desmin



Serum albumin



Serotransferrin



Interferon-induced Mx protein



Glycyl-tRNA synthetase



Flavoprotein unbunit of complex II



Ts11 cell cycle protein



Adenylate kinase 2



Tyrosyl-tRNAsynthetase



Keratin 5



Transfer RNA-Trp synthetase



Cytokeratin 8



Dihydrodiol dehydrogenase isoform DD1



Annexin I



Annexin A2, isoform 2



Pyruvate kinase



Carbonic anhydrase II



et

al., 2005)

Oien et al.
(Oien

et

al.,

2004)

Ryu et al.
(Ryu

et

al.,

2003)

Takikawa et al.
(Takikawa
al., 2006)

et
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Research group

Proteins

Expression

Manganese superoxide dismutase



Nonhistone chromosomal protein HMG-1



Carbonic anhydrase I



Carbonic anhydrase II



Aspartate aminotransferase 2 precursor



Glutathione S-transferase



SM22



-tropomysin



cathepsin D



ATP synthase



HSP27



HnRNP A2



actin alpha 2



SEPT2 protein



calponin 1



ACTG protein



aldehyde dehydrogenase



Zhang et al.

NADH dehydrogenase Fe-S protein 8



(Zhang et al.,

acyl-coA dehydrogenase



2007)

NDUFV2 protein



MAWBP



hypothetical protein



isocitrate dehydrogenase



aldehyde dehydrogenase 6A1



annexin I



pyruvate kinase 3 isoform 1



aldo-keto reductase familty 1 B10



dihydrodiol dehydrogenase isoform DD1



carbonyl reductase 1



HnRNP-E1



HSDL2 protein



Yoshihara et al.
(Yoshihara

et

al., 2006)

Table 1.1: Differential proteins identified by different proteomics research
groups regarding gastric cancer. (: up-regulated in cancer, :
down-regulated in cancer)
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In the studies discussed above, several proteins were repeatedly
found to be differentially expressed in serum or tissue samples from patients
with gastric cancer when compared to non-neoplastic serum/tissue samples.
They were apolipoprotein A-I, -1-antitrypsin and HSP27. However, we
know that apolipoprotein A-I and -1-antitrypsin are abundant proteins
present in human blood. Therefore, their roles as specific biomarkers for
gastric cancer have to be verified. Furthermore, minor proteins such as
HSP27 and hnRNP A2/B1 are not specifically related to gastric cancer.
Taken overall, we are yet to have a specific (set of) early diagnostic protein
biomarker for a large scale screening of gastric cancer.

1.5.4. Difficulties encountered

Although researchers are working hard on biomarker discovery, identifying
sensitive and specific serum biomarkers for early diagnosis of gastric cancer
still remains a daunting challenge. The biggest problem is the presence of
the high abundant proteins which interfere with the exhibition of some low
abundant proteins that may be very important. All of the current, clinically
utilized cancer serum biomarkers are low abundance proteins that usually
constitute less than one billionth the concentration of albumin. Based on
these precedents, specific cancer biomarkers will almost certainly be low
abundance proteins (Hoffman et al., 2007), as shown in Table 1.2. A few
proteins such as albumin, immunoglobulins, haptoglobin, antitrypsin and
transferrin constitute around 90% of all protein masses present in serum
samples (Yu et al., 2005). Serum samples should therefore be treated to
concentrate these relatively rare biomarkers for the discovery process.
Multiple approaches for simplifying the serum proteome have been done
and compared. These serum fractionation schemes include N-linked
glycopeptide enrichment, cysteinyl-peptide enrichment, magnetic bead
separation (C3, C8 and WCX), size fractionation, protein A/G depletion,
and immunoaffinity column depletion of abundant serum proteins. After
comparing with the results obtained from the unfractionated human serum,
it was found that the immunoaffinity subtraction is the most effective means
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for simplifying the serum proteome while maintaining a reasonable sample
throughput (Whiteaker et al., 2007).

Cancer biomarker

Reference range (ng/mL)

Difference from albumin

AFP

0 - 15

106

PSA

0-4

107

CEA

0-3

107

hCG

0 - 0.1

108

Table 1.2: Concentration of some classical cancer biomarkers in serum and
their comparison to albumin (Hoffman et al., 2007).

Another difficulty for biomarker discovery is the intrinsic variation
of serum samples within individuals (Juan et al., 2004). The proteome
pattern of serum depends on a number of factors, including the genetic
background, sex, age, nutritional status, lifestyle, medical treatment and bed
rest. The methods of samples collection, protocols for preparation and
storage of samples are also extremely sensitive to the proteome patterns.
Lastly, given the significant research efforts worldwide that are in place to
discover useful cancer biomarkers, the process is still slow and difficult
most of the time. This is because the validation of a biomarker is more
difficult and time-consuming than its discovery. Unfortunately, validation
has to be performed and successfully validated before the candidate
biomarkers can be translated from the discovery phase to become viable
clinical screening tools. Therefore, the challenge is still on.
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1.6. Gastric cancer model in rat

Given that human variations are huge and clinical relevant samples are
difficult to obtain, animal cancer models provide a reasonable alternative.
Since the 1930s, attempts to experimentally induce gastric cancers in rat had
been performed by researchers using several different carcinogens such as
benzo[a]pyrene,

3-methylcholanthrene,

and

2-acethylaminofluorene

(Tsukamoto et al., 2007). However, the incidences of experimentally
induced gastric cancer were low. It was not until 1967 when Sugimura and
Fujimura were able to report good yields of adenocarcinomas in the
glandular stomachs of rats fed with a chemical carcinogen called
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) (Sugimura and Fujimura,
1967). Rat gastric cancers have histological features very similar to that of
human cancers, and they can closely reflect the effects of various tumor
promoters, such as salt and sex hormones, and those of preventive agents
such as green tea components (Niwa et al., 2005). Thereafter, rats have been
used most extensively in gastric carcinogenesis studies with the cancer
induced with MNNG ingestion (Kobori et al., 1976; Tahara et al., 1976;
Kobori et al., 1977; Matsukura et al., 1978; Kobori et al., 1984; Ohgaki et
al., 1984; Ohgaki et al., 1991; Yuasa et al., 1994; Schwab et al., 1997).
Besides using rats with MNNG-induced gastric cancers to investigate the
gastric carcinogenesis process, this model is also used in chemopreventive
agents intervention studies (Ganapathy et al., 2008; Manikandan et al.,
2008).

1.6.1. Wistar rats

It has been ascertained that the susceptibility of the gastric epithelium to
MNNG varies among several strains of rats under similar experimental
conditions. Wistar rats are the most susceptible one, while Buffalo strain is
the most resistant (Kobori et al., 1976). Besides, male rats are generally
more susceptible to gastric carcinogenesis induced by MNNG than females
(Ohgaki et al., 1983).
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The sequential morphological changes of the glandular stomach of
rats intoxicated with MNNG in drinking water had been described (Kobori
et al., 1976). In the first 2 weeks of MNNG administration, erosions with
severe inflammatory reaction are rapidly induced. These erosions will
gradually subside in weeks 6-8. In the following 6 weeks, regenerative
changes are mainly observed. Subsequently, atypical changes are then
observed in weeks 15-32. Finally, adenocarcinomas of the glandular
stomach will be induced in weeks 35-72 (Yamashita et al., 2002).

1.6.2. Gastric cancer induction mechanism by MNNG

MNNG is used for gastric cancer induction because it is a direct acting
mutagenic and carcinogenic compound. It induces the methylation of
nucleic acids, forming mainly 7-methylguanine with a tiny amount of
3-methyladenine, 1-methyladenine, 3-methylcytosine, and O6-methyguanine
(Craddock, 1968; McCalla, 1968; Singer et al., 1968; Lawley and Thatcher,
1970; Lawley and Shah, 1972). MNNG methylates proteins as well. It is
found that O6-methyguanine is one of the most crucial adducts for mutation
and can be repaired by O6-methyguanine DNA methyltransferase. When the
pyloric mucosa of the rat glandular stomach is exposed to MNNG, erosive
lesions occur with disordering of glandular structures and proliferation of
pyloric mucosa. Atypical glands and stomach cancer cells are detected
subsequently. In the end, both differentiated and undifferentiated stomach
carcinomas mimicking the histological types of human stomach cancer are
induced (Sugimura and Fujimura, 1967).

MNNG is target tissue specific when given in drinking water, it
selectively causes induction of tumors in the glandular stomach but not in
the oesophagus and fore-stomach of rats. As MNNG is related to
methylation, this phenomenon shows that gastric cancer induction in
MNNG-ingested rats has a great relationship with the extent of DNA
methylation. It has been reported that after a single oral administration in
rats, the concentration of methylpurines in the glandular stomach was 9
times higher than that in the fore-stomach, 20 times higher than that in the
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oesophagus, and 1.3 times higher than that in duodenum (Wiestler et al.,
1983). The regional differences in DNA methylation are believed to be
related to the concentrations of cellular thiols which boost the
decomposition of MNNG and the extent of its macromolecular binding. The
concentration of thiols in the oesophagus and fore-stomach are 25% and
10% of that in glandular stomach, respectively.

Tumor incidence in the small intestine is found to be comparatively
lower

as

MNNG

is

rapidly

converted

to

non-carcinogenic

N-methyl-N‟-nitroguanidine (MNG) owing to the acidic conditions of
gastric juice (Mc and Wright, 1948).

1.6.3. Enhancement effect of sodium chloride

Both the incidence and the size of gastric tumors in rats increased when
10% of sodium chloride was added in the diet during the treatment with
MNNG (Takahashi et al., 1983). It signifies that NaCl acts as a
co-carcinogen in the commencement of gastric carcinogenesis induced by
MNNG in rats. Sodium chloride also acts as a gastric carcinogenesis
promoter as the incidences of gastric carcinomas were found to be higher in
rats ingesting NaCl after termination of MNNG treatment than those given
MNNG alone (Takahashi et al., 1984).

Sodium chloride has been proven

to induce ornithine decarboxylase activity and semiconservative DNA
replication in the gastric mucosal of rats, suggesting promotion activity of
NaCl in the stomach (Ohgaki et al., 1984).

Given the important accessory role of NaCl in inducing gastric
cancer in rats with MNNG ingestion, it is adopted in our study. Details of
the MNNG-ingestion protocol in the presence of NaCl will be discussed in
Chapter 2.
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1.7. Aims and objectives

Since there are urging needs in the discovery of early biomarkers of gastric
cancer, the present study aims to discover new biomarker candidates with
high sensitivity and specificity with proteomic technologies. The study is
mainly divided into three parts.

The first part of the study was to establish a gastric cancer model in
rat with the induction of a chemical carcinogen.

For the second part, chicken antibody was raised and employed in an
immunodepletion column. This immunodepletion column will be used to
deplete most of the high abundance proteins presence in serum for further
analysis.

Comparative proteomics were done in the last part of the study for
the identification of differentially expressed proteins. Results obtained from
conventional 2-DE and 2D-DIGE were compared.
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Chapter 2: Materials and methods
2.1. Introduction

This chapter describes the research methodology, methods and materials
used in this study. The establishment of the animal model, sampling
methods, and cancer detection methods were described. The use of antibody
production in hens approach and a comparison of different antibody
purification methods were included. The preparation of the affinity column
and the proteins depletion process were stated. Various protein detection and
analysis methods were also described.

2.2. Materials

Unless stated otherwise, all chemicals used are from Sigma (USA) with at
least Analytical Grade (AR). Further, organic solvents including acetonitrile,
methanol and trifluoroacetic acid are at least of HPLC grade. Plastic wares
are of the highest quality to avoid leakage of the polymers. Eppendorf vials
are of the highest analytical grade from Eppendorf (USA).

2.3. Animal model

2.3.1. Wistar rats

Twenty-four male Wistar rats of 6 weeks old were purchased from the
Laboratory Animal Services Centre (LASEC) of The Chinese University of
Hong Kong. Animals were housed in polycarbonate cage under standard
laboratory condition, with room temperature 23±2℃, relative humidity 60±
5%, 12h light/dark cycle. The animals were given food and water ad libitum.
All the procedures were performed according to protocols approved by the
Animal Subjects Ethics Subcommittee of The Hong Kong Polytechnic
University. (Ethics Approval no.: ASECS No.06/25).
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2.3.2. Gastric cancer induction by N-methyl-N’-nitro-N-nitrosoguandine
(MNNG)

After acclimatization to the laboratory conditions for 2 weeks, gastric cancer
induction by MNNG started when the rats were 8-week old. 19 rats in the
experimental group were given drinking water containing 0.01% MNNG
freshly prepared everyday. 1mL 10% NaCl was given weekly by oral
gavage in the initial 6 weeks to initiate gastric carcinogenesis induced by
MNNG (Chen et al., 2004). The solution was stored in lightproof bottles to
avoid the degradation of MNNG by light. 5 control rats were given normal
tap water. Body weight of each rat was recorded every 2 weeks.

A

B

Figure 2.1: (A) Rat fed with 1mL 10% NaCl weekly and (B) weighed
bi-weekly.
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2.3.3. Blood sample collection

Starting from week 8 after gastric cancer induction by MNNG, blood sample
was collected from each rat biweekly. Under slight ether anesthesia, about
1.5mL blood was taken from the vein underneath the eye with a sharp glass
capillary tube. The blood was allowed to clot by standing at room
temperature for 1 hour. It was then centrifuged at 2,000g at 4℃, for 20mins.
The serum obtained was aliquot and was stored at -80℃ until use. None of
the samples were stored more than 12 months.

A

B

Figure 2.2: (A) Rat was lightly anesthesized with ether before (B) collecting
blood from the vein underneath the eye.
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2.3.4. High resolution X-ray analysis of stomachs

Starting from week 19, the experimental rats were examined by high
resolution X-ray monthly. The mammography machine, MAMMOMAT
3000 (Siemens, Germany), was provided by the Radiographic Clinic in The
Hong Kong Polytechnic University. Under anesthesia with ketamine
(90mg/kg) and zylaxine (10mg/kg), 1mL 10% gastrografin was given by
oral gavage to coat the stomach wall. Subsequenhtly, about 50mL of air was
administrated orally to inflate the stomach for better observation. The rat
was put in prone position for X-ray radiation (Figure 2.3). The X-ray
condition was set with voltage ranging from 23kV to 35kV, and
milli-Ampere seconds varied from 2mAs to 5mAs.

Figure 2.3: Rat in prone position for high-resolution X-ray examination.
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2.3.5. Histological examination of gastric tissues

In cases where gastric tissues of rats were required, the stomachs were
removed from the animals before they were fixed in 10% buffered formalin
to stabilize the tissues to prevent decay. Each stomach was cut into 4 strips,
including 1 strip in proximal the stomach, 2 strips in the body of stomach
and 1 strip in the distal stomach (as shown in Figure 2.4). They were
immersed into formalin at 53.7 ℃ for 6 hrs. The samples were then
immersed in multiple baths of ascending concentration of ethanol to
dehydrate the tissues, followed by xylene, a clearing agent before being
finally put in hot molten paraffin wax. The sampe was then embedded in a
mould and allowed to cool and harden. The tissue was sectioned into 4μm
using microtome. The slices were placed on a glass slide for staining with
hematoxylin and eosin. Hematoxylin stains the nuclei blue, while eosin
stains the cytoplasm pink. The specimens were analyzed under a light
microscope. Occurrence of dysplasia and/or adenocarcinoma was examined
before being confirmed by Dr. Pak-kwan Hui, Consultant Pathologist and
Chief-of-Service of the Pathology Department of The Kwong Wah Hospital.

Figure 2.4: Stomach resected from the rat is cut along the red dot line for
histological study.
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2.4. Antibody production in hens and purification of IgY from egg yolk

2.4.1. Antibody production

200g of rat serum from normal Wistar rats diluted with PBS (0.5 ml final
volume) was mixed 1:1 (v/v) with either Complete Freund‟s Adjuvant (in
the initial injection) or with Incomplete Freund‟s Adjuvant in subsequent
boosters (Ruan et al., 2005). 1mL of the antigen emulsion was injected into
the pectoral muscle of hens at a 3-week interval for 4 times, and the last two
times at a 6-week interval. Eggs were collected daily, marked and stored at 4
℃.

A

B

Figure 2.5: (A) The immunized hen with (B) some of the eggs collected.

2.4.2. IgY purification

In order to obtain the highest amount of IgY (against the target antigens) of
eggs, 3 different IgY purification methods were performed.

2.4.2.1.

EGGstract Kit

EGGstract IgY purification (Promega, USA) was performed according to
the instructions from the manufacturer. Briefly, the yolk from each egg was
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obtained and weighed before 3 volumes of solution A were slowly added
into it at room temperature. The mixture was mixed for 5min. Lipid portion
of the yolk was precipitated after the act and the yolk mixture was then
centrifuged for 15min at 10000g and 4oC. 1/3 volume of solution B was
added before it was slowly stirred for 5min. The suspension was centrifuged
again for 15min at 10000g and 4oC. Subsequently, the pellet was
resuspended again in 1/3 volume of solution B and stirred slowly for 5min
and centrifuged for the last around in the condition same as above. Finally,
the pellet was resuspended in the original volume of the egg yolk of PBS.

2.4.2.2.

Ammonium sulphate precipitation

The egg yolk was diluted with water in a 1:2 (v/v) ratio and then frozen at
-20℃ overnight. The mixture was then thawed and centrifuged at 10000g
for 10min at 4℃. Ammonium sulphate was added to the supernatant to a
final concentration of 50% (w/v). The solution was mixed for 1 hr at 4℃
before centrifugation at 5000g for 20min. After centrifugation, the pellet
was resuspended in 0.01M Tris-HCl to a volume equal to half of that of the
supernatant. The sample was then precipitated by adding ammonium
sulphate to a final concentration of 33%. The solution was again stirred for
1h at 4℃ before centrifugation for 20min at 5000g. Finally, pellet was
resuspended in PBS after centrifugation (Ruan et al., 2005).

2.4.2.3.

Sodium sulphate precipitation

The egg yolk was diluted with water in a 1:9 dilution and allowed to
incubate at 4℃ for 6 hrs. The mixture was then centrifuged at 10000g for
25min and 4 ℃ . Subsequently, the supernatant was collected and
precipitated by adding 19% (w/v) sodium sulphate. The suspension was
stirred for 2hrs at room temperature. Pellet was collected after another round
of centrifugation at 10000g for 25min at 4℃ and dissolved in PBS (Akita
and Nakai, 1993).
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2.5. Affinity column

2.5.1. Preparation of the IgY affinity column

Cyanogen bromide activated sepharose was prepared according to the
manufacturer‟s instruction. Briefly, the CNBr-activated sepharose was
washed and swelled in cold 1mM HCl for 30min in several aliquots.
Subsequently, the CNBr-activated sepharose was washed with 5-10 column
volumes of distilled water before being washed with coupling buffer. The
suspension was then filtered quickly through a sintered glass filter.
Immediately afterwards, the IgY in the coupling buffer was transferred to
the resin. The IgY was mixed with the gel and allowed to incubate overnight
at 4℃. The suspension was again filtered by a sintered glass filter. The
unreacted ligand was washed away from the sepharose with the coupling
buffer. Subsequently, blocking reagent was added to block the unreacted
sites for 16 hrs at 4℃. Finally, the gel was washed extensively first with the
coupling buffer and then the acetate buffer repeatedly for five times. The
IgY-affinity-gel was then ready for use.

2.5.2. Depletion of high abundance proteins (HAPs) in the serum
samples using the IgY affinity column
The IgY affinity column (10mL in 4.91cm2 x 5cm column) was firstly
equilibrated with at least 10 column volumes of equilibrating buffer (10mM
Tris pH 7.4). The serum samples were loaded onto the top of the column.
Usually 4mL fractions were collected. The “flow through” fractions were
collected as the “HAPs depleted” serum. Subsequently, acidic elution was
carried out with elution buffer (0.1M Glycine, pH 2.5). Proteins eluted from
the column were immediately neutralized with neutralization buffer (1M
Tris, pH 8). Finally, the column pH was restored by extensive washing with
20mM Tris buffer pH 7.4. The “flow-through/bound” samples collected
were then concentrated either by Amicon Ultra 20 (Millipore, USA) or
Amicon Ultra 4 (Millipore, USA) with cut-off 10kDa.
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2.6. Protein concentration determination

Protein concentration was determined by Bradford assay (Bio-Rad, USA)
according to the manufacturer‟s instructions. The sample absorbance values
were read at 595nm. The protein concentration of each sample was
determined from a standard curve generated by a range of bovine serum
albumin (BSA) concentrations from 0-10mg/ml.

2.7. One-dimensional gel electrophoresis (1-DE)

Protein samples were prepared by mixing with an equal volume of reducing
sample buffer (0.5M Tris-HCl pH 6.8, 0.025% SDS (w/v), 0.25% glycerol
(v/v),

trace

amount

of

0.1%

bromophenol

blue

and

0.125%

-mercaptoethanol (v/v) ) or non-reducing sample buffer (same as reducing
sample buffer, except without the addition of -mercaptoethanol), then
heated at 95℃ for 15min. The sample mixtures were resolved using 10%
acrylamide slab gel with 5% stacking gel. Power was applied with a
constant voltage of 100V. Electrophoresis was performed until the dye front
reached the bottom of the separating gel.

2.8. Two-dimensional gel electrophoresis (2-DE)

2.8.1. First dimension - Isoelectric focusing (IEF)

An immobilized pH gradient (IPG) strip of linear pH 3-10 or 4-7 (18cm,
Bio-Rad, Hercules, CA, USA) was rehydrated passively with protein in a
modified rehydration buffer containing 7M urea, 2M thiourea, 4% (w/v)
CHAPS, 10% (w/v) isopropanol, 5% (v/v) glycerol, 64mM DTT and 1%
(v/v) IPG buffer in the rehydration cassette of IEF at 20℃ for 12hr. The
strip was then transferred to the IEF focusing tray with the gel facing the
electrodes. The IPG strip was overlaid with mineral oil to avoid dehydration.
IEF was performed at 20℃ with a PROTEAN IEF CELL (Bio-Rad, USA).
Voltage was applied accordingly as follows: 1 hr at 500V, 1 hr at 1000V, 2
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hrs at 4000V, 4 hrs at 8000V, 80kVh at 8000V and a final step and hold at
50V. A total of about 100kV was applied to the strip.

2.8.2. Equilibration of IPG strip

After IEF, the strip was submerged in the equilibration buffer (50mM
Tris-HCl pH 8.8, 6M urea, 39% (v/v) glycerol, 2% (w/v) SDS and 0.006%
(w/v) bromophenol blue) with 1% (w/v) DTT for reduction for 15min with
continuous shaking. Subsequently, the strip was put in another lot of
equilibration buffer with 2.5% (w/v) iodoacetamide for alkylation for
another 15min with continuous shaking.
2.8.3. Second dimention – SDS-PAGE

The equilibrated strip was rinsed with distilled water and then placed on top
of the 10% acrylamide slab gel. 0.5% agarose solution was added on top of
the strip in order to seal the strip with connection to the gel. Electrophoresis
was performed at 15mA/gel for the first 15min, and then increased to
35mA/gel, until the dye front reached the bottom of the separating gel.

2.8.4. Silver staining

After electrophoresis, the gel was stained with a mass spectrometry
compatible silver staining protocol. Briefly, the gel was fixed in fixation
solution containing 40% (v/v) ethanol and 10% (v/v) acetic acid for 1 hr.
Then, it was sensitized in 30% (v/v) ethanol, 0.2% (w/v) sodium
thiosulphate for 30min. The gel was washed with distilled water 3 times for
5min each. Subsequently, the gel was stained with 0.25% (w/v) silver nitrate
for 20min. The gel was then washed again twice with distilled water for
1min per wash. Finally, the gel was developed by shaking the gel in 2.5%
(w/v) sodium carbonate containing 0.04% (v/v) formaldehyde. When the
protein spots reached a desirable level of darkness, the development process
was stopped by adding 1.5% (w/v) EDTA.
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2.8.5. Image analysis

The stained gels were scanned by a conventional scanner (Plustek, USA).
The images were then analyzed by 2-DE gel analysis software Melanie
version 4.0 (Gene-bio, Sweden).

2.9. Two dimensional Difference Gel Electrophoresis (2D-DIGE)

This method labels the protein with cyanine (Cy) dyes prior to IEF and
allows quantitative comparisons between 2 samples (control and disease) on
the same 2-D gel when different fluorescent labels are used for each sample.
This reduces spot pattern variability and the number of gels in an
experiment making spot match much more simple and accurate. The
minimal labelling ensures that only a single lysine per protein molecule and
not more than 3% of the protein molecules in extracts are labelled. The
single positive charge of the CyDye replaces the single positive charge
present in the lysine, thus keeping the isoelectric point of the protein
unchanged, but causes a size increase of approximately 500Da.

The individual protein data from the 2 samples (Cy3 and Cy5) are
normalized against the Cy2 labelled sample, Cy5:Cy2 and Cy3:Cy2. These
logarithm abundance ratios between the control and disease samples from
all the gels are then compared using statistical analysis.
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Figure 2.6: Diagram illustrating the workflow of typical 2D-DIGE
experiment.

2.9.1. Sample labelling

The fluorescence labelling was performed according to the manufacturer‟s
instruction. Briefly, CyDyes were reconstituted in high-grade N,
N-dimethylformamide (DMF) to a stock solution with a concentration of
1mM. The stock solution, stored at -20oC, was supposed to be stable for a
few months. In our case, the stock solution was used within 2 months. The
2D-DIGE principle is diagrammatically represented in Figure 2.6 above.
Briefly, the CyDye stock solution was diluted with DMF to a final
concentration of 400pmol/μl just prior to labelling. The pH of the protein
sample had to be adjusted to 8.5 and at the concentration between 5 and 10
g/l. The protein samples were labelled with either the 3 Cy-dyes: Cy2,
Cy3 and Cy5. The Cy2-labelled sample served as an internal control on the
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gel for the DeCyder analysis. The samples were vortexed before being
incubated on ice and in dark for 30min. Then, 10mM lysine was added to
the samples in order to stop the labelling reaction. The samples were then
mixed and incubated on ice and in dark for another 10min. The labelled
samples were either directly subjected to 2-DE or stored at -80℃ until use.

When performing 2-DE, the samples labelled with different CyDyes
were pooled and then passively rehydrated into the strip with the modified
rehydration buffer. The 2D-DIGE was performed with the same procedures
as a regular 2-DE as described above. Except for the special low fluorescent
Pyrex glass plates were used to minimize the background fluorescent and
maximize the signal to noise ratio during image scan, the rest of the
equipment setup was the same as regular 2-DE. Moreover, once the samples
were labelled with CyDyes, the subsequent steps had to be performed in the
dark, as the CyDyes had to be protected from light in order to minimize
photo-bleaching.

2.9.2. Protein detection and image analysis

After the second dimension, the gels were directly scanned while they were
still in the low-fluorescence glass cassettes. The exterior of the glass plate
was cleaned with ddH2O and dried with KimWipes before the gel cassette
was positioned on the Typhoon 9400 Variable Mode Imager (GE Healthcare,
USA). Cy2 images were scanned at an excitation wavelength of 488m and
a 520m band pass (BP) 40 emission filter. Cy3 images were scanned at an
excitation wavelength of 532m and a 580m BP 40 emission filter. Cy5
images were scanned at an excitation wavelength of 633m laser and a
670m BP 30 emission filter. The gels were scanned with power adjustment
with 1000m (pixel size) resolution to allow full utilization of the image
dynamic range before saturation. Subsequently, the gel images were
converted to 16-bit TIF files before being transferred to the ImageQuant
V5.0 (GE Healthcare, USA) for gel alignment and cutting. Afterwards, spots
detection was processed using the DeCyder software V6.0 (GE Healthcare,
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USA), by which the optimal settings for spot detection and exclusion were
determined. The estimated number of spot detection was set to 2500 spots in
most cases. Higher values usually resulted in the inclusion of spots of
non-protein origin. Statistics and quantitation of protein expression were
carried out in DeCyder Differential In-gel Analysis (DIA) module. Only
those protein spots with over 3-fold changes in volume after normalization
were considered as differentially expressed.

2.10. Matrix assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS)

2.10.1.

In-gel digestion

In-gel protein trypsin-digestion was performed according to the manual
“Proteomic protocol for mass spectrometry” from the manufacturer of
Bruker Daltonick, Germany. Briefly, the protein spots of interest on the
silver-stained gel were excised and destained by washing with milli-Q water
for 20min. This was followed by incubation in the destaining solution
(30mM potassium ferricyanide and 64mM sodium thiosulfate) for 15min
before being washed repeatedly with 25mM ammonium bicarbonate and
until the gel pieces became colourless. Acetonitrile was then added to
dehydrate the gel pieces. The surplus acetonitrile was removed when the gel
pieces shrunk. Subsequently, the gel pieces were allowed to dry under
vacuum. After drying, the gel pieces were incubated with reducing solution
(25mM ammonium bicarbonate with 10mM dithiothreitol) at 56℃ for
45min. Afterwards, the gel pieces of interest were incubated with an
alkylating

solution

(25mM

ammonium

bicarbonate

with

55mM

iodoacetamide) for 30min at room temperature and in the dark. Moreover,
the gel pieces were washed with 50% (v/v) acetonitrile containing 50mM
ammonium bicarbonate for 15min, and 100% acetonitrile was added to
shrink them again. Freshly prepared 3l of 10g/ml trypsin (Promega) in
25mM ammonium bicarbonate was added to the gel pieces and the
gel-solution mixture was allowed to incubate at 56℃ for 90min. Tryptic
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fragments in the gel plugs were eluted the addition of 50% (v/v) acetonitrile
and 1% (v/v) trifluoroacetic acid into the gel plugs. Diffusion of the peptide
fragments into the solution was facilitated with ultra-sonication.

2.10.2.

Peptide mass fingerprint (PMF) analysis

PMF fingerprints of the proteins to be identified were analysed using the
Bruker Autoflex III MALDI-TOF-TOF mass spectrometer equipped with a
reflector (Bruker Daltonic, Germany). In the MALDI-TOF MS reflector
mode, ions generated by a pulsed UV laser beam were accelerated to a
kinetic energy of 23.5kV. In the MALDI-TOF-TOF MS mode, precursor
ions were accelerated to 8kV and selected in a time–ion-gate. The fragments
were further accelerated by 19kV in the LIFT cell and their masses were
analyzed after the ion reflector passage. Matrix and peptide samples were
prepared according to the manual called “AnchorChipTM Technology
Revision 2.0” from Bruker Daltonics, Germany. Briefly, 1l of matrix
solution -cyano-4-hydroxycinnamic acid, saturated in acetonitrile:0.1%
TFA (1:1), was spotted on the anchor-chip target plate. After the matrix
droplet was air-dried, sample solution of the same volume was applied, and
allowed to dry again. The sample spot was washed with 1l of 1% TFA for
30sec. The droplet was gently blown off the sample spot with compressed
air. The resulting diffused sample spot was recrystallized using 1l of
ethanol:acetone:0.1%TFA (6:3:1). Finally, the target plate was placed into
the Autoflex III machine for PMF analysis. Spectra were calibrated using
Mass Calibration Kit (Bruker Daltonics, Germany) with an external
calibration standard.
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2.10.3.

Database searching

The generated PMF spectrum was submitted to an in-house NCBI database
before being searched against the Rodentia taxonomy using the Mascot
search engine. Generally, fixed carbamidomethyl modification, variable
oxidation modification, one mis-cleavage limitation and 200ppm of
molecular weight tolerance were set as the searching criteria.

2.11.

Western blot

After SDS-PAGE separation, the resolved protein samples were transferred
onto a 0.45m nitrocellulose (NC) membrane (Amersham Biosciences, US)
at 100V for 1 hr at 4℃. Subsequently, the blotted membrane was blocked
with 5% (w/v) fat-free milk powder in Tris Bufferd Saline (TBS) buffer at 4
℃ overnight. The membrane was then washed with 20mM Tris-Tween
Buffered Saline (TBST) for 30min in a 5-min cycle to remove any excess
BSA. Anti-rat-whole-serum IgY (1:10000) in TBS buffer was added to the
membrane and incubated for 1 hr at room temperature. The membrane was
then washed with 20mM TBST for 30min in 5-min cycle. Afterwards, the
membrane was probed with a 1:10000 dilution of horseradish peroxidase
(HRG)-conjugated rabbit anti-IgY heavy and light chain antibody in TBS
buffer. The membrane-buffer setup was allowed to incubate for 1 hr at room
temperature. The membrane was again washed with 20mM TBST for 30min
in a 5-min cycle. Finally, the blots were developed by using SuperSignal
chemiluminescent substrate detection kit (Pierce, USA).
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Chapter 3: Establishment of gastric cancer model in Wistar
rat
3.1. Introduction

Gastric cancer in human is usually diagnosed at a late stage, and in such
cases, the collection of serum samples at the early stage is difficult.
Moreover, as elaborated in the earlier sections, there are tremendous
variations in the human tissue/body-fluid samples collected for biomarkers
discovery. These variations are very difficult to control and/or optimize.
Furthermore, results of genomic studies only tell the chance of developing
cancer to those who possess oncogene(s), but do not indicate the time of
occurrence. Many changes in gene expression from benign and malignant
tumors are due to post-translational modifications, which cannot be detected
by DNA or RNA analysis. Therefore, proteomic studies using rat model
provide a promising alternative. As described in the literature and reviewed
in Chapter 1, gastric cancer induced in Wistar rat by administration of
MNNG has proven to be a good model for human differentiated-type gastric
cancer. This is because rat gastric cancer has histological features very
similar to those of human cancer. In addition, rats with MNNG-induced
cancers showed very similar responses to that of human cancer when treated
with various tumor promoters and preventive agents (Manikandan et al.,
2008). On the basis of oligonucleotide microarray analysis, in rat gastric
cancer, the genes that are involved in differentiated phenotypes of the
stomach are down-regulated while those involved in extracellular matrix
remodeling and immune responses are up-regulated. These expression
profiles are similar to that of human gastric cancer (Abe et al., 2003).
Therefore, as elaborated earlier in Chapter 1, MNNG-intoxicated Wistar rats
were used to establish a gastric cancer model for the discovery of relevant
biomarkers in serum. All the relevant procedures were described in Chapter
2.
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3.2. Results

3.2.1. Changes in body weight

The body weights of the experimental rats as well as the controls were
recorded every 2 weeks and all exhibited a net gain in weight (Figure 3.1).
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Figure 3.1: (A) Individual body weights of rats in the experiment group
during gastric induction and in the control group. (B) A simplified graph
showing the trends of rat weight in the various groups during gastric
induction. (: dysplasia rat; : normal rat; : control rat)

However, a distinct loss of weight was observed in rats in the
experimental group before the detection of dysplasia. This weight gain
pattern agrees with the previous studies (Nagai et al., 1984; Schwab et al.,
1997).
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3.2.2. High resolution X-ray examination of the gastric region

In order to gauge on the induction of gastric cancer in the experimental rats
(i.e. rats taking MNNG and NaCl), a high-resolution bio-imaging method
was developed aiming to observe any possible macro-lesion in the stomachs
of these rats. In order to obtain a sharp X-ray image of the rat stomach,
different methods to inflate the rat stomach, such as air, different percentage
of a fluorescence agent called gastrografin, and different parameters setting
in the X-ray energy were tried. This part of the thesis was performed under
the expert help from Dr. Patrick Lai and Dr. Phoebe Chan of the Department
of Health Technology and Informatics, The Hong Kong Polytechnic
University. Representative images are shown below (Figure 3.2).
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Figure 3.2: Representative high resolution X-ray images of rats in the
stomach region (circled in red). (A) Rat stomach filled with 50 ml of air. (B)
Rat stomach filled with 1% gastrografin. (C) Double contrast-enhanced rat
stomach.
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When air was alone used to inflate the stomach, its image was hardly
seen in the X-ray film. For stomach filled with gastrografin only, the whole
stomach image gave light and could been seen in the film. However, since
the aim of taking the x-ray image was to observe if there was any
irregularity taking place in the stomach wall, using air or gastrografin alone
was not satisfactory. Therefore, double contrast with gastrografin and air
together was employed. This gave a sharp out-lined stomach image, and the
smoothness on the stomach wall could be easily seen.
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Figure 3.3: X-ray films of rats. (A) normal; (B) dysplasia; (C) dysplasia
with early adenocarcinoma; (D) adenocarcinoma. The kidney shaped area
on the left is the inflated stomach.

X-ray photos of rats were taken monthly. It was expected that taking
X-ray photos for these rats would mimic provision of the endoscopic
investigations. It was hoped that earlier stages of gastric carcinogenesis
could be observed in the X-ray examination.
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However, the x-ray films showed no differences among the stomachs
obtained from rats with normal, dysplasia, early adenocarcinoma and
adenocarcinoma. Therefore, X-ray study is not a good method to investigate
the early stages of gastric carcinogenesis in rats.

3.2.3. Histological study

The presence of dysplasia was also investigated microscopically with tissue
sections of stomachs. The main histological and cytological features of
dysplasia include cellular atypia (nuclear pleomorphism, hyperchromasia,
nuclear

stratification,

cytoplasmic

basophilia,

increase
and

nuclear-cytoplasmis
loss

of

nuclear

ratio,

increased

polarity);

abnormal

differentiation (lack/reduced numbers of goblet cells and Paneth cells in the
metaplastic intestinal epithelium, and disappearance/reduction of secretory
products from the gastric epithelium); and disorganized mucosal
architecture (irregularity of crypt structure, back-to-back gland formation,
budding and branching of crypts, and intraluminal and surface papillary
growths).

After obtaining the stomachs from rats, they were processed as
described in Chapter 2. After fixing and various staining procedures,
histopathological study was undertaken and the stages of carcinogenesis
were determined. Part of this work was kindly performed by Dr. Pak-kwan
Hui, Consultant Pathologist and Chief of Service of Pathology Department,
Kwong Wah Hospital.
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showing stomachs of rats, H&E stain
(250x).
Stomach A showed normal histology.
For stomach B, there was a loss of
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size,
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differentiated

According to the universal classification of gastric carcinoma
(Japanese Gastric Cancer, 1998), the health status of rats in the experimental
group can be classified into four stages. The first stage was that the rats
remained normal. At the second stage, dysplasia, the foveolar glands had
increased nuclear size, vesicular nuclei, increased mitotic rate, and there was
a loss of gland differentiation. At the third stage, besides severe dysplasia
occurred, early adenocarcinoma also showed dysplastic glands infiltrating
the lamina propria and muscularis. At the fourth stage, a tumor mass was
present. The tumor mass was composed of severely dysplastic
mucin-secreting glands in keeping with well differentiated adenocarcinoma.

From the histology results obtained in the rats, it was also found that
dysplasia and adenocarcinoma mainly happened in the antrum/pylorus of
the stomach, and sometimes also in the body of the stomach. In human,
dysplasia is frequently found in the antrum/pylorus, and is also found in the
fundus to some extent. Whereas in rat, dysplasia is confined to
antrum/pylorus, and not found in fundus (Matsukura et al., 1978).
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3.2.4. Health status of rats after gastric cancer induction by MNNG

Two rats in the experimental group were excluded from the study, since they
died soon after gastric cancer induction due to complications from
anesthesia. Neither dysplasia nor adenocarcinoma was observed in the
control rats throughout the experiment. For the experimental group, after
feeding with 0.01% MNNG in drinking water, the health status of the 19
Wistar rats was classified into the 4 status from the histological findings of
their resected stomachs.

Health status

Number of rats

Remain Normal

7

Dysplasia

8

Dysplasia + Early adenocarcinoma

3

Adenocarcinoma

1

Table 3.1: Classification of rats health status after gastric cancer induction
with MNNG.
Starting from the 17th week after ingesting MNNG, 12 (63%) out of
19 rats were histologically confirmed to have developed dysplasia in the
stomach, in which 3 of them had also developed to the stage of early
adenocarcinoma, and 1 adenocarcinoma with a tumor; while 6 other rats
remained normal. When compared with that described in the literature, our
results are similar to the incidence rate of gastric cancer induction by
MNNG with Wistar rats (55%-73%) (Bralow et al., 1973; Martin et al.,
1974) and the time required to induce cancer. Some of the variations may
due to the use of highly inbred strains of rats (Kobori et al., 1976).

As the main aim of my project is to find candidate biomarkers for
early gastric cancer, serum samples from the group with D&A will be used
for later part of the study.
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3.3. Discussion

Gastric cancer model in rats using MNNG is well established and provides
reproducible data (Schwab et al., 1997). Although there are fundamental
differences between human and rat in clinical symptoms, for example, the
vast majority of human gastric dysplasia cases are combined with chronic
gastritis; and the dysplasia induced by MNNG is irreversible in contrast to
the dysplasia in human stomach (Kunze et al., 1979); MNNG-induced
gastric tumors in Wistar rats show many of the common features observed
in human stomach cancer. Firstly, at the gene level, over-expression of
Bcl-2 and mutations in the tumor suppressor gene p53 have been
documented in humans, as well as in MNNG-induced gastric cancer
(Kaneko et al., 2002). Secondly, the major risk factors associated with
human stomach cancer, such as high salt and Helicobacter pylori infection,
were again found to promote MNNG-induced gastric carcinogenesis
(Newberne et al., 1987). Besides, like human stomach tumors,
MNNG-induced rat stomach carcinomas also exhibit infiltrative capacity
and loss of differentiation (Abe et al., 2003). These similarities between
human stomach cancer and MNNG-induced gastric tumors provide the basis
for analyzing the proteome changes during gastric cancer development.

According to the literatures examining Wistar rat with MNNG
ingestion, dysplasia is first observed at around the 20th week, and progresses
to early adenocarcinoma between the 25th and the 35th week. After the 35th
week, the carcinoma begins to infiltrate deep into the muscularis propria and
subserosa showing a definite morphological malignancy (Saito et al., 1970;
Kobori et al., 1977).

The solid dysplasia-carcinoma sequence is not only present in the
case of rats, dysplasia has also been accepted as a marker for increased
cancer risk in human (Grundmann, 1975; Ming, 1979). In human, besides
having dysplasia, there are a number of precancerous conditions and lesion
of stomach, such as, atrophic gastritis, gastric ulcer, pernicious anaemia,
gastric stumps, gastric polyps, and Menetrier‟s disease.
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It should be noted that dysplasia, a controversial term in pathology,
is used loosely and commonly. Taken overall, it is generally considered to
have a positive predictive value for malignancy. Gastric epithelial dysplasia
can be divided into three grades: mild, moderate, and severe. Mild dysplasia
demonstrates minimally to slightly atypically arranged glands with slight
dyscaryosis and slightly increased mitotic activity. Moderate dysplasia is
distinguished from the mild one on the basis of an increased glandular
distortion and cellular atypia. Severe dysplasia is characterized by highly
distorted, atypically branched

glands or tubules in

back-to-back

arrangement.

From my results, it could be seen that gastric dysplasia with or
without adenocarcinoma was successfully established in 12 rats. Serum
samples from these rats can then be used for proteomic investigations
aiming to find candidate biomarkers.

3.4. Conclusion

An animal model with dysplasia was successfully established with 0.01%
MNNG in drinking water with the administration of 10% NaCl in diet,
which has been proved to increase the incidence of gastric cancer in rats
(Ohgaki et al., 1991). With the fact that there is a dysplasia –carcinoma
sequence, the rats with dysplasia are chosen as the candidate for the serum
biomarker discovery in the next stage of the project.
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Chapter 4: Removal of high abundance proteins (HAPs) in
serum samples
4.1. Introduction

The presence of a large number of proteins in serum makes it an excellent
material for uncovering disease biomarkers. However, it also represents a
tremendous analytical challenge because serum proteome contains a large
number of proteins spanning a wide dynamic range of concentration.
Because of the constraints of sample size for most advanced analytical
techniques, the presence of a few very abundant proteins make the detection
of low abundance proteins difficult. Therefore, removing the high
abundance proteins (HAPs) is crucial in biomarker discovery.

Among the several commonly used techniques, the use of antibodies
for the removal of albumin, immunoglobulins and other high abundance
proteins seems to be the most efficient and specific method. However, as
mammals are commonly used to raise antibodies, such as rats, rabbits and
dogs, a lot of cross-reactivity induced interference occurred. Fortunately, a
commercial immunodepletion column made up of avian polyclonal IgY
antibodies has become available recently. The avian polyclonal antibodies
have quickly gained popularity as the amount of antibodies produced is
many times higher than that of mammals. This is because the immune
response in an antibody-producing animal tends to increase as its
phylogenetic difference with the animal used as the antigen source increases.
Furthermore, chicken antibodies recognize more epitopes on mammalian
protein than the corresponding rabbit antibody does (Schade et al., 1996).
This makes the production of antibodies against highly conserved
mammalian proteins in chicken more successful than in other mammals
(Tini et al., 2002). In addition, a comparatively much lower amount of
antigen is required to obtain high and long-lasting IgY titers in the yolk than
in rabbits (Song et al., 1985; Hatta et al., 1993). Besides being found in
avian serum, avian antibodies are in high abundance in egg yolk. Therefore,
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collection of the avian antibodies is easily done by collecting eggs (Fischer
et al., 1996). This act causes no bleeding to the host. The immunization of
chicken with complete Freund‟s adjuvant is well tolerated and produces no
local inflammatory reaction (Ruan et al., 2005). IgY production and
purification are simple and efficient. There are various methods and
technologies that can be employed to meet different requirements and needs,
such as purity, yield, activity and the saving of time. Moreover, yolk
antibodies are stable in cold, heat and acid for long periods (Camenisch et
al., 1999).

Mammalian IgG

Avian IgY

Invasive

Non-invasive

5mg IgG per mL

50-100mg IgY per egg

(40mL blood)

(5-7 eggs)

Antibody yield per month

200mg

~1500mg

Specific antibody yield

~5%

2-10%

Yes

No

Yes

No

Yes

No

Yes

No

Antibody sampling
Antibody yield

Protein A/protein G
binding
Interference with
mammalian IgG
Interference with
rheumatoid factor
Activation of mammalian
complement

Table 4.1: Comparison of the characteristics of mammalian IgG and avian
IgY (Schade et al., 2005).
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4.2. Results

4.2.1. IgY production

Demonstration that maternal antibodies are transferable from the immunized
hen to its eggs was performed by Klemperer more than 100 years ago
(Klemperer, 1893). The use of chicken egg yolk for polyclonal antibody
production is well recognized and the IgY concentration in yolk is higher
than in serum of the hen (Rose et al., 1974; Larsson et al., 1993; Woolley
and Landon, 1995).

In our experiment, among the five immunized hens, two hens did not
lay eggs at around the 10th week after the first immunization with the
immunogens (rat serum). Hence, these hens were not used in the experiment.
The other three hens were kept for 39 weeks and a total of 308 immunized
eggs were collected. This work was performed in the Laboratory Animal
Services Centre (LASEC) of The Chinese University of Hong Kong.

4.2.2. IgY purification

As mentioned earlier, there are several commonly used protocols for
purification of IgY. In order the select the most suitable method for IgY
purification, three egg yolks were mixed, separated into 3 identical sets and
purified using three of the most commonly used methods. The three
methods to be evaluated were: straight ammonium sulphate precipitation,
straight sodium sulphate precipitation, and a commercially available method
called the EGGstract kit. After performing the recommended procedures, the
efficiencies of the 3 different methods were evaluated using non-reducing
SDS-PAGE. Non-reducing gel was used because the major contaminants of
IgY purification are approximately of 70kDa and 30kDa, which are very
close to the heavy and light chains of IgY, which are 67kDa and 23kDa,
respectively. Proteins resolved were visualized by silver stain (Figure 4.1).
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Figure 4.1: Non-reducing SDS-PAGE showing the purity of IgY (MW
~180kDa), obtained with different purification methods. 1g of protein is
loaded into each lane. Lane 1 is molecular weight markers: Lanes 2-4
represented proteins purified using the EGGstract kit, ammonium sulphate
precipitation and sodium sulphate precipitation respectively.

As shown in Figure 4.1, proteins presented in Lane 2 had much less
contaminating proteins, especially in the 30-50kDa range. Using anti-IgY
antibodies, the protein band at around 180kDa is confirmed to be IgY.
Therefore, it seems that the efficiency of purification using EGGstract kit is
much more superior when compared to the other two methods.
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4.2.3. IgY recovered in eggs collected during the experimental period

It is known that specific serum antibodies are transported to the yolk with a
delay of about three to six days. Yolk IgY concentration also varies
significantly among individuals and genetic lines or breeds (Schade et al.,
2005). Further analysis of the IgY isolated from our experiments found that
IgY concentration varied in the range of 1.5-4mg/ml throughout the whole
experimental period. Figure 4.2 showed the average concentrations of IgY
found. Similar levels have been reported by others (Bizhanov and

IgY (mg/ml)

Vyshniauskis, 2000).
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Figure 4.2: IgY concentration obtained from eggs in different weeks.
(antigen injection)
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4.2.4. Specificity of the IgY collected

The IgY raised from the hens with rat serum (as antigen) injection was
investigated using Western blot against rat serum. For comparison, the
normal IgY from hens without antigen injection was also probed as control.

Lane
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3

4

kDa
169
114
92
64
58

35
31

SDS-PAGE

Western blot

Figure 4.3: 10% SDS-PAGE and Western blot using rat serum as sample.
Lane 1 is molecular weight markers. Lane 2 is 5g of rat serum stained with
Coomassie Blue. Lane 3 is a corresponding Western blot probed with IgY
collected from a control egg. Lane 4 is a corresponding Western blot probed
with IgY raised in immunized hens and at the dilution of 1:10000.

From the Western blot, it can be seen that Lane 3 (which was probed
with control IgY) has no band while Lane 4 (which was probed with IgY
isolated from immunized eggs) has many bands indicating positivity. These
results showed that the IgY raised in immunized hens was specific to the rat
serum. Furthermore, some of the abundant proteins seen in the SDS-PAGE
with Coomassie blue staining are also present in high abundance in the
Western blot. These results also indicate that proteins that were detected by
the IgY are proteins of high abundance in the normal rat serum. The
identities of proteins that the hens raised against will be indicated in the later
part of this chapter.
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4.2.5. Binding of the target antigens to the IgY coupled column with the
aim to immunodeplete the major proteins from rat serum samples

Active IgY purified from the eggs immunized against rat whole serum were
pooled together and coupled to cyanogen bromide-activated sepharose using
procedures recommended by the manufacturer. The amount of IgY before
being loaded onto the sepharose and the amount of IgY remained in the
supernatant after coupling were measured by Bradford test. The amount of
IgY bound to the sepharose can then be estimated.

Volume of

Active IgY mixed

Unbound

Estimated amount of

CNBr-activated

with the

IgY

active IgY that binds

sepharose used

CNBr-activated

found

to the CNBr-activated

(mL)

sepharose (mg)

(mg)

sepharose (mg/mL)

30

352

8

11.47

Table 4.2: Amount of active IgY coupled to the CNBR-activated sepharose.

Crude rat serum (3mg) was loaded into the IgY affinity column
(fabricated as described above) with a flow rate of 1mL/min. Four mL
fractions were collected. The HAPs should have been bounded by the IgY
when they came through the column. The less abundant proteins will come
through the column un-absorbed. They are the “flow through” fractions. On
the other hand, the bound HAPs could be eluted by acid elution and they are
the “bound” fractions. A representative chromatography using the active IgY
affinity column to remove the HAPs is shown in Figure 4.4.
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Flow through
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Figure 4.4: Representative chromatographic profile of immunodepletion of rat serum using the customized IgY column designed to absorb the
high abundance proteins (HAPs).
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4.2.6. Reproducibility of the IgY affinity column

As differentially expressed proteins were found by matching images of gels
obtained from different samples with different runs, it is crucial that the IgY
affinity absorption column has high reproducibility. Reproducibility
measures the ability to repeatedly achievable by same performance in the
column chromatographic process, and is also an indication of the endurance
of the column with the ability to be generated without loss of either capacity
or specificity. In order to test the reproducibility, twenty identical aliquots of
rat serum samples were loaded to the IgY column sequentially. Both the
“flow-through” and the “bound” fractions were collected with a
standardized condition for binding, elution, and analyzed by SDS-PAGE.
The results of some of the representative fractions are shown in Figure 4.5.
they indicate that the IgY bound sepharose column gave highly reproducible
results and the column was reusable.
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Figure 4.5: SDS-PAGE of selected samples (5th, 10th, 15th 20th) in the
“flow-through” and “bound” fractions (out of the 20 runs in successions) are
shown. Lane 1: is the Molecular weight markers, Lane 2: Crude serum;
Lane 3: “Flow through” fraction in the 5th cycle; Lane 4: “Flow through”
fraction in the 10th cycle; Lane 5: “Flow through” fraction in the 15th cycle;
Lane 6: “Flow through” fraction in the 20th cycle; Lane 7: “Bound” fraction
in the 5th cycle; Lane 8: “Bound” fraction in the 10th cycle; Lane 9: “Bound”
fraction in the 15th cycle; Lane 10: “Bound” fraction in the 20th cycle.
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4.2.7. Depletion efficiency of the column

This immunodepletion column was designed to remove most of the high
abundance proteins in serum. The depletion efficiency of this column could
be easily assessed by the total amount of proteins left behind after the
depletion process. The crude serum was either passed through the column
once (single depletion) or twice (double depletion as the flow through from
the first run was passed onto the column a second time). The total protein
amounts after both single depletion and double depletion were measured.
The results are shown below:

Crude serum

Depleted serum

Depletion

(g)

(g)

efficiency

Single depletion

3000

300

90%

Double depletion

3000

30

99%

Table 4.3: Protein amount regarding the depletion process.

The results show that the depletion efficiency of the column is up to
99% (of the original protein concentration) after double depletion, while it is
about 90% for single depletion. Among all the high abundance proteins,
albumin is the most abundant. Therefore, the removal of albumin was also
investigated to provide an estimation of the HAPs removal process. The
results of Western blotting against albumin are shown in Figure 4.6.

After single run immunodepletion by the IgY affinity column, the
amount of albumin removed was around 50x less than that in the crude
serum. For doubly immunodepleted serum, albumin seems to be totally
absent in the sample (position highlighted by the white circle). Using the
500x diluted crude serum sample results (Lane 7), it was estimated that the
albumin present (if there is) must be less than 1/500, less than 0.2% of that
of the original.
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Figure 4.6: A representative western blotting result of immunodepletion of
rat serum using anti-albumin antibody as the primary antibodies at the
dilution of 1:2000. Lane 1: Depleted serum (1μl) from single depletion;
Lane 2: Depleted serum (1μl) from double depletion; Lane 3: Molecular
weight markers; Lane 4: Serial dilution (50x) of crude serum (without the
HAPs depletion process); Lane 5: Serial dilution (100x) of crude serum
(without the HAPs depletion process); Lane 6: Serial dilution (200x) of
crude serum (without the HAPs depletion process); Lane 7: Serial dilution
(500x) of crude serum (without the HAPs depletion process).
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4.2.8. Identities of the high abundance proteins (HAPs) removed by the
column

It is of interest to find the identities of HAPs removed by the IgY-affinity
column. Therefore, bound proteins were eluted from the IgY column after
the first run was resolved by 2-DE. A representative 2-DE gel of one of the
bound-and-subsequently-eluted protein fractions was shown in Figure 4.7.
The proteins of interest (denoted as 1-16) were identified using
MALDI-TOF mass spectrometry.

Figure 4.7: Representative 2-DE gel with 40g protein from the
bound-and-subsequently-eluted fraction.

Proteins identities are shown in Table 4.4, and details of the
sequence coverage and peptide mass fingerprints are attached in Appendix I.
All of these proteins are known to be existed in high abundance in normal
serum in both rats and humans.
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Spot no.

Name of protein

Accession number

Mr (kDa)/pI

Mascot score*

Sequence coverage (%)*

1

Coagulation factor 2

gi12621076

71.792/6.28

75

17

2

Transferrin

gi61556986

78.512/7.14

207

35

3

Albumin

gi19705431

70.67/6.09

326/94

49/2

4

Hemopexin precursor

gi122065203

52.06/7.58

151/53

28/2

5

Apolipoprotein H

gi57528174

39.743/8.58

105/33

35/4

6

Fetuin beta

gi17865327

42.361/6.71

114

17

7

Vitamin-D binding protein

gi203941

55.079/5.76

91/30

24/1

8

-1-antitrypsin

gi203063

45.978/5.7

98/62

24/2

9

Complement component 3

gi554423

32.414/5.73

139/75

39/3

10

-1-macroglobulin

gi81872093

168.388/6.46

107

8

11

Haptoglobulin

gi60097941

39.052/6.1

122/70

27/3

12

C-reactive protein

gi8393197

25.737/4.89

97

41

13

Plasma glutathione peroxidase

gi6723180

25.653/8.26

88

29

14

Plasma retinol-binding protein

gi132407

23.547/5.69

46/92

4/8

15

Apolipoprotein M

gi9506391

21.841/5.73

145

36
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Spot no.

Name of protein

Accession number

Mr (kDa)/pI

Mascot score

Sequence coverage (%)

16

Apolipoprotein E

gi1703338

35.788/5.23

131

29

*Data in BLACK are MS results; data in RED are MS/MS results
Table 4.4: Identities of proteins that were depleted by the immunodepletion column (denoted as 1-16 in Figure 4.7).
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4.2.9. Proteome maps of rat serum before and after immunodepletion

Comparison of rat serum proteomes before and after immunodepletion was
carried out according to the procedures described in Chapter 2 with passive
rehydration with 18cm, pH 4-7 strip.

Figure 4.8: Representative 10% 2-DE gels of 40g of crude rat serum (left)
and double depleted rat serum (flow through) (right) with silver stain.

As shown in Figure 4.8 above, the proteomes of serum samples
before and after double depletion were very different, showing that most of
the high abundance proteins that masked the less abundant proteins in the
2DE gel had been removed. Approximately 700 and 1000 spots were
detected in the gels of crude rat serum and double depleted rat serum
respectively. This enables “easier” detection of the low abundance candidate
cancer biomarker proteins during comparative proteomic studies.
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4.3. Discussion

Disease biomarkers typically appear at low concentrations, while serum
proteome has a large dynamic range of individual protein concentrations
(ten orders of magnitude). Therefore, identification of low-copy-number
proteins of interest is difficult due to the confounding presence of
higher-abundance

proteins.

Therefore,

to

enhance

detection

and

quantification of proteome components, it is necessary to prepare protein
samples via specific prefractionation or depletion methods. These
procedures aim to separate highly abundant members from those in low
abundance before detailed comparative proteomic studies.

A classical depletion method is the use of the hydrophobic dye
Cibacron blue, a chlorotriazine dye which has high affinity for albumin.
However, Cibacron blue columns show low specificity with removal of
significant amounts of non-targeted proteins (Leatherbarrow and Dean,
1980; Gianazza and Arnaud, 1982). This strategy of removing albumin is
still being used because of its relatively low cost (Ahmed et al., 2003; Li
and Lee, 2004). The second most abundant proteins in the serum are the
immunoglobulins. Immunoaffinity separation of proteins has proven to be
one of the most developed and effective approaches for this purpose. Protein
A/G columns are typically used to deplete them. Assuming most of the
albumin and immunoglobulins have been removed, it is still necessary to
deplete more other protein in order to enhance the detection of very low
abundance proteins. More recently, the human Multiple Affinity Removal
System (MARS) from Agilent Technologies is available commercially. Six
high abundant proteins: albumin, transferrin, IgG, IgA, antitrypsin, and
haptoglobin can be depleted. A subsequent commercial immunodepletion
column is MIXED 12 from GenWay Biotech (USA). It can remove the 12
most abundant proteins including albumin, transferrin, IgG, IgA, anti-trypsin,
and haptoglobin. Up to now, the most powerful depletion kit available
commercially is the ProteoPrep 20 Plasma Immunodepletion Kit from
Sigma-aldrich. It can deplete 20 abundant proteins: albumin, transferrin,
fibrinogen, IgG, IgA, IgD, IgM, -1-antitrypsin, -2-macroglobulin,
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complemtent C3, complemtent C4, complemtent C1q, haptoglobin,
apolipoprotein A1, apolipoprotein A2, apolipoprotein B, acid-1-glycoprotein,
ceruloplasmin, prealbumin, and plasminogen. These commercially available
immunodepleted columns utilized IgY antibodies that were raised in
egg-laying hens.

Avian polyclonal IgY antibodies as a choice to make up
immunodepletion column has been widely used recently (Huang et al.,
2005). The immune response in an antibody-producing animal tends to
increase as its phylogenetic difference with the animal used as the antigen
source increases. Thus, chicken antibodies recognize more epitopes on a
mammalian protein than the corresponding rabbit antibody does, making it
more advantageous to use IgY in immunological assays of mammalian
proteins. This is especially true when the antigen is a highly conserved
protein, like hormone. Polyclonal antibodies are preferred over monoclonal
antibodies as they are much more likely to recognize and deplete most
forms of the targeted abundant proteins, including molecules with different
post-translational modifications and proteolytic fragments (Hoffman et al.,
2007). Therefore, avian polyclonal IgY antibodies was employed for making
the immunodepletion column. Given the nature of the composition of serum,
which the high abundance proteins make up 90% of the serum, serum from
rat was directly used as an antigen to inject into the hens. Due to the
different antigenicity of the serum proteins, the antibodies raised in hens
were mainly against the high abundance proteins as shown above. The eggs
that contained antibodies with high titre were sorted out, purified and
utilized to make the immunodepletion column. High abundance proteins in
the serum sample bound to their corresponding antibodies when loaded into
the column, leaving the relatively low abundance proteins retained in the
“flow through” fraction. The HAPs originally bound to the column were
eluted out as the “bound‟ fraction when there was change of pH in the
environment (buffer). With the IgY affinity column, every serum sample
was applied to the column and the fractions were collected with identical
procedure.

74

Regarding the reproducibility of the immunodepletion column, 1D
gel was run on consecutive depleted samples. The protein patterns of both
the “flow through” and “bound” fractions of sample in the 5th, 10th, 15th and
20th cycles showed an incredibly reproducing pattern. This indicated that the
immuodepletion column chromatograph was highly reproducible and it was
suitable to apply it for comparative quantitative biomarker discovery studies.
The depletion efficiency is another crucial factor affecting the biomarker
discovery process. It is common to perform a second time depletion
procedure when using commercial depletion column. A double depletion is
therefore also performed in this project. Regarding the total protein amount,
the double depletion allows up to 99% depletion efficiency. Albumin, as the
most abundant member in the serum, makes up to around 80% of the serum,
was chosen as another criterion to determine the column depletion efficiency.
The amount of albumin in the double depleted sample is more than 500
times less than that in the crude serum, which corresponds to 99.8%
depletion efficiency. A totally different proteome of the double depleted
serum in comparison with untreated sample, with enhanced visualization of
the relatively low abundance proteins indicated the success of the
immunodepletion column. Most of the abundance proteins in the serum
have been effectively removed by the immunodepletion column. These
include albumin, -1-macroglobulin, -1-antitrypsin, apolipoprotein E,
apolipoprotein H, apolipoprotein M, transferrin, complement component 3,
haptoglobulin, hemopexin precursor, vitamin-D binding protein, plasma
retinol-binding protein, C-reactive protein, coagulation factor 2, plasma
glutathione peroxidase and fetuin beta.

4.4. Conclusion

Regardless of the success of singly and/or doubly protein depletion schemes,
biomarker detection is usually facilitated by the removal of as many high
abundance proteins as possible. An antibody-based (IgY) affinity column
has been successfully developed to deplete the high abundance proteins
from serum.
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Chapter 5: Comparison of different sample preparation
methods

and

identification

of

biomarker

candidates
5.1. Introduction

Besides the challenge of detection limit and the dynamic range issues of
using 2-DE with different types of stains, including silver and fluorescent
stains, in the biomarker discovery process, the normalization of samples
after the depletion process remains controversial. Conventionally,
researchers have been labelling proteins after the samples had been depleted.
However, there are concerns about variations between the different
depletion runs of the same and/or different samples. Therefore, comparisons
of 2-DE chromatograms visualized by silver staining and CyDyes
fluorescent tags with sample normalization before and after depletion were
carried. The results are presented in this chapter. Identification of
differentially expressed proteins in the "best" samples preparatory steps
which represent possible biomarker candidates of gastric dysplasia will also
be performed. The results will also be presented in this chapter.

5.2. Results

5.2.1. Optimization of 2-DE gel

In order to perform comparative proteomics, proteins in the serum proteome
need to be well resolved. In the preliminary experiments, proteins in the
serum proteome was first resolved in an 18cm IPG strip with pH 3-10 as
shown in Figure 5.1. It was found that most of the proteins were
concentrated at the acidic region. Therefore, 2-DE was performed again
using an 18cm IPG strip with pH 4-7. The results are shown in Figure 5.2.
Proteins on the gel appeared to be well resolved and properly focused.
Therefore, IPG strips of 18cm and pH 4-7 were adopted in all subsequent
experiments.
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Figure 5.1: Representative 2-DE of the proteome of 40µg rat serum sample
resolved in an 18cm IPG strip with pH 3-10, 10% SDS-PAGE was used as
the second dimension. (IEF protocol was described in Section 2.8.1.)
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Figure 5.2: Representative 2-DE of the proteome of 40µg rat serum sample
resolved in an 18cm IPG strip with pH 4-7, 10% SDS-PAGE as the second
dimension. (IEF protocol was described in Section 2.8.1.)
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5.2.2. 2-DE with silver staining

The silver staining visualization method with its detection limit of around
1-10ng is commonly used in 2-DE. In my project, serum samples underwent
doubly depletion and 40g protein were resolved on a linear pH 4-7 IPG
strip (18cm) in the first dimension, followed by a 10% SDS-PAGE as the
second dimension. With silver staining method, approximately 1000 spots
were detected by the Melanie software.

In comparing serum proteomes of normal control and dysplasia with
adenocarcinoma (D&A), all the experiments were performed in six
replicates. After silver staining, differential protein spots detected by the
Melanie software with more than 3 folds difference were noted and counted.
A total of 15 spots were found to be differentially expressed by at least 3
folds. Among the 15 spots, 11 were successfully identified and they
belonged to 6 protein species. Identities of the 4 spots remain unknown. The
protein spots were numbered and are shown in Figure 5.3. Details of the
sequence coverage and peptide mass fingerprints are attached in Appendix
II.
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Figure 5.3: Representative 2-DE gels of rat serum patterns after removal of HAPs as visualized with silver stain. Normal (left) and dysplasia
with adenocarcinoma (right) serum samples (40g).
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Figure 5.4: Enlarged regions of 2-DE gels showing the 15 proteins that were differentially expressed consistently for more than 3 folds shown in
Figure 5.3.
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Spot No.

Protein identity

Accession number

Mr (kDa)/pI

Mascot score*

Sequence coverage (%)*

Expression

1,2

Albumin

gi19705431

70.67/6.09

326/94

49/2



3,4,5

T-kininogen I

gi60392582

48.828/6.08

93/94

19/3



6,7,8

-1-antitrypsin

gi203063

45.978/5.7

98/62

24/2



9

Stress 70 protein

gi62664205

73.984/5.87

61/NA

13/NA



10

-actin

gi109507063

42.109/5.31

143/107

42/4



11

Inter--inhibitor H4 heavy chain

gi9506819

103.885/6.08

61/NA

5/NA



12

Unknown

NA

NA

NA

NA



13

Unknown

NA

NA

NA

NA



14

Unknown

NA

NA

NA

NA



15

Unknown

NA

NA

NA

NA



Table 5.1: Identities of differential proteins (Figure 5.4) found in rat D&A serum sample of gastric cancer. (*the first number indicates the value
by MS analysis, the latter represents the MS/MS analysis) (: up-regulated in cancer, : down-regulated in cancer) (NA: data not available)
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5.2.3. 2D-DIGE

One of the major disadvantages of silver staining is the inaccurate
quantitative analysis of differential expression levels due to its narrow linear
dynamic range. Fluorescence dyes, which provide more breath to the
dynamic range of detection, was discovered in 2001 and marketed
commercially. The most commonly used method that uses fluorescence dyes
is DIGE labelling (Tonge et al., 2001). Moreover, taking advantage of the
sample labelling of DIGE, comparison of differential proteins generated by
column depletion prior to and after labelling could be performed. In
additional, reciprocal labelling experiments were conducted to account for
any preferential proteins labelling by CyDyes, to further validate the
application of DIGE technique to the samples.

5.2.3.1.Sample normalization (DIGE labelling) after immunodepletion

After immunodepletion, 50g of the D&A sample were labelled with Cy3,
50g of the normal sample were labelled with Cy5, and an equal mixture of
the protein of the normal and the D&A sample was labelled with Cy2 as the
internal control. As a result, each gel consisted of two experimental samples
plus their mixture as the internal standard. After the procedures of
conventional 2-DE, the Cy2, Cy3 and Cy5 channels were imaged
individually using mutually exclusive excitation and emission wavelengths.
The images were analyzed using the differential in-gel analysis (DIA)
module of the DeCyder software, the expression ratio of each protein spot
can be calculated against the pool internal standard.
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pH 4

7

A

B

Cy 2

Cy 3

Cy 5

Figure 5.5: Representative 2D-DIGE gel (pH 4-7) of total 150µg serum
samples labelled after immunodepletion. (A) Overlay image of Cy 3 (serum
sample of D&A) and Cy 5 (control serum). (B) Separate CyDye images: Cy
2 (internal standard), Cy 3 and Cy 5.
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For the normal and D&A that were depleted separately before DIGE
labelling for comparison, 1597 spots were detected by the software. 35 spots
were found to be differentially expressed for at least 3 folds, of which 23
were up-regulated and 12 down-regulated. The intensities analyzed by the
DeCyder software of the successfully identified 11 proteins were shown in
3D images in Figure 5.6. Details of the sequence coverage and peptide mass
fingerprints are attached in Appendix II.
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*Fold difference is shown in bracket. : up-regulation, : down-regulation.
Figure 5.6: 3D images of 11 spots analyzed by DeCyder that were differentially expressed consistently for more than 3 folds.
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Spot No.

Protein identity

Accession number

Mr (kDa)/pI

Mascot score*

Sequence coverage (%)*

Expression

A

Albumin

gi19705431

70.67/6.09

326/94

49/2



B

T-kininogen I

gi60392582

48.828/6.08

93/94

19/3



C

-2-HS glycoprotein

gi231468

38.757/6.05

73/NA

26/NA



D

-1-antitrypsin

gi203063

45.978/5.7

98/62

24/2



E

-actin

gi109507063

42.109/5.31

143/107

42/4



F

Afamin

gi27229290

71.172/5.87

213/144

30/2



G

Stress 70 protein

gi62664205

73.984/5.87

61/NA

13/NA



H

Transthyretin

gi3212532

13.122/6.04

92/37

73/19



I

Apolipoprotein A-IV

gi114008

44.429/5.12

71/62

24/3



J

Murinoglobulin

gi12831225

166.590/5.68

96/NA

9/NA



K

Apolipoprotein A-I

gi6978515

30.100/5.52

185/123

50/5



Table 5.2: Identities of differential proteins (Figure 5.6) found in rat D&A serum sample of gastric cancer. (*the first number indicates the value
by MS analysis, the latter represents the MS/MS analysis) (: up-regulated in cancer, : down-regulated in cancer) (NA: data not available)
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5.2.3.2.Sample normalization (DIGE labelling) before immunodepletion

In order to minimize the chance of bias to any set of samples that go through
„different identical‟ immunodepletion columns, DIGE labelling of samples
was performed before loading into the column. This allowed the same initial
amount of normal and D&A samples to be loaded to and removed by the
immunodepletion column together. 1mg of protein in each sample was
labelled with Cy 3 and Cy 5, and the mixture normal and D&A was labelled
with Cy 2. A total of 3mg of proteins were loaded into the column and
immunodepleted together. After the samples were immunodepleted by the
IgY-affinity column fabricated earlier, the gel was then analyzed by
DeCyder. The result showed that 60 spots were differentially expressed (for
at least 3 folds), of which 40 were up-regulated and 20 down-regulated. The
intensities analyzed by the DeCyder software of the successfully identified
11 proteins were shown in 3D images in Figure 5.6. Details of the sequence
coverage and peptide mass fingerprints are attached in Appendix II.
pH 4

pH 7

Figure 5.7; Representative overlay image 2D-DIGE (pH 4-7) with initially
3mg protein labelled before immunodepletion.
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*Fold difference is shown in bracket. : up-regulation, : down-regulation.
Figure 5.8: 3D images of 11 spots analyzed by DeCyder that were differentially expressed consistently for more than 3 folds.
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Spot No.

Protein identity

Accession number

Mr (kDa)/pI

Mascot score*

Sequence coverage (%)*

Expression

a

Albumin

gi19705431

70.67/6.09

326/94

49/2



b

T-kininogen I

gi60392582

48.828/6.08

93/94

19/3



c

-2-HS glycoprotein

gi231468

38.757/6.05

73/NA

26/NA



d

-1-antitrypsin

gi203063

45.978/5.7

98/62

24/2



e

-actin

gi109507063

42.109/5.31

143/107

42/4



f

Afamin

gi27229290

71.172/5.87

213/144

30/2



g

Stress 70 protein

gi62664205

73.984/5.87

61/NA

13/NA



h

Transthyretin

gi3212532

13.122/6.04

92/37

73/19



i

Apolipoprotein A-IV

gi114008

44.429/5.12

71/62

24/3



j

Murinoglobulin

gi12831225

166.590/5.68

96/NA

9/NA



k

Apolipoprotein A-I

gi6978515

30.100/5.52

185/123

50/5



Table 5.3: Identities of differential proteins (Figure 5.8) found in rat D&A serum sample of gastric cancer. (*the first number indicates the value
by MS analysis, the latter represents the MS/MS analysis) (: up-regulated in cancer, : down-regulated in cancer) (NA: data not available)
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5.2.4. Comparison of differentially expressed proteins with different
sample preparation procedures

A comparison was made between sample normalization before and after
immunodepletion. The differences in their procedures are shown in Table
5.4. The number of spots detected was summarized in Table 5.5.

Procedures

Step 1

Step 2

Sample normalization

Sample normalization

(DIGE labelling) after

(DIGE labelling) before

immunodepletion

immunodepletion

Immunodepletion of normal

Labelling of a total of 3mg

and D&A samples

proteins (normal and D&A

separately

samples)

Concentrating samples

Immunodepletion of the
labelled samples

Labelling of a total of
Step 3

150μg of depleted samples

Concentrating samples

(normal and D&A samples)
Step 4

Rehydration

Rehydration

Step 5

IEF

IEF

Step 6

SDS-PAGE

SDS-PAGE

Steps performed in light
Steps performed in dark
Table 5.4: Comparison of different procedures in two 2D-DIGE methods:
labelling after and before immunodepletion.

91

Sample

Sample

2-DE

normalization

normalization

visualized with

(DIGE labelling)

(DIGE labelling)

silver staining

after

before

immunodepletion immunodepletion
Total no. of
spots

1002

1597

1632

9

23

40

6

12

20

No. of
up-regulated
spots
No. of
down-regulated
spots

Table 5.5: Comparison on the number of spots being detected by traditional
2-DE with silver staining and the two 2D-DIGE methods: labelling after and
before immunodepletion.

DIGE labelling before immunodepletion yielded a higher number of
differentially expressed proteins. It is also worthwhile to compare the list of
proteins that was found to be differentially expressed by the three different
sample preparation methods. Some of the proteins appeared to be commonly
detected in all/some of the 3 methods, while others were only detected with
the most sensitive method. In order to compare the agreement of
differentially expressed proteins found by these 3 methods, a Venn diagram
was constructed. It should be noted that only differential proteins with
known identities were employed for the construction of this Venn diagram.
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A

2-DE with
silver stain

2D-DIGE with
sample
normalization
after
immunodepletion

1
5
6

2D-DIGE with sample
normalization before
immunodepletion

B

Inter--inhibitor H4
heavy chain

Albumin
T-kininogen I
-1-antitrypsin
Stress 70 protein 
Afamin
-actin
-2-HS glycoprotein
Apolipoprotein AI 
Apolipoprotein AIV 
Murinoglobulin 
Transthyretin 

Figure 5.9: Venn diagram showing (A) the number of differential proteins
identified using 3 different sample preparation methods and (B) their
identities.
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In total, 12 proteins with differential expression were identified by
these 3 different methods. Among the 6 proteins detected by 2-DE with
silver stain, 5 of them were also found in the other two 2D-DIGE methods;
and

both

2D-DIGE

with

sample

normalization

after

before

immunodepletion methods identified 6 more proteins. It is not surprising
that the 2D-DIGE method allows more differential proteins to be detected,
as this method has a higher sensitivity and a wider dynamic range than the
2-DE with silver stain. However, some of the protein spots pinpointed by
DIGE could not be identified by MALDI-TOF-TOF MS as the protein
amounts available for MALDI-TOF-TOF MS identification were not
adequate. The proteins detected by the DeCyder cannot be observed on the
gel after silver staining, making identification not practical for most
laboratories with standard proteomic setup.

5.2.5. Identification

of

differentially

expressed

proteins

by

MALDI-TOF-TOF MS

All the differential proteins (at least 3 folds) from the above three sets of
experiments were subjected to MALDI-TOF-TOF MS analysis. The
identified proteins are summarized in Table 5.6 below. Details of the
sequence coverage and peptide mass fingerprints are attached in Appendix
II.
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Protein identity

Accession number

Mr (kDa)/pI

Function

Expression

Albumin

gi19705431

70.67/6.09

Acute phase response, Transport



T-kininogen I

gi60392582

48.828/6.08

Acute phase response



-2-HS glycoprotein

gi231468

38.757/6.05

Acute phase response



-1-antitrypsin

gi203063

45.978/5.7

Acute phase response



Afamin

gi27229290

71.172/5.87

Transport



-actin

gi109507063

42.109/5.31

Cell motility



Stress 70 protein

gi62664205

73.984/5.87

Protein folding



Apolipoprotein A-I

gi6978515

30.100/5.52

Transport



Apolipoprotein A-IV

gi114008

44.429/5.12

Transport



Transthyretin

gi3212532

13.122/6.04

Transport



Murinoglobulin

gi12831225

166.590/5.68

Acute phase response



Inter--inhibitor H4 heavy chain

gi9506819

103.885/6.08

Acute phase response



Table 5.6: Identities of differential proteins found in rat D&A serum sample of gastric cancer. (: up-regulated in cancer, : down-regulated in
cancer)
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Among these 12 differential proteins, 6 were up-regulated and the
other 6 down-regulated. They were grouped according to their functionality
as shown in Figure 5.10, and most of them are involved in transportation
and acute phase response. Further discussion of individual proteins of
interest will be in the next section.

Protein folding (1)
Transport (2, 3)

Cell motility (1)

Acute phase response (4, 2)
Figure 5.10: The 12 differential proteins were grouped according to their
functionality.
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5.3. Discussion

Sensitivity, detection dynamic range of different staining methods and
accurate normalization of samples are very crucial in pinpointing
differential proteins. Differential proteins found by 2-DE with silver stain is
often challenged for its limited dynamic range. Its dynamic range is only
one order of magnitude, which is unsuitable for quantitative analysis.
Another concern is the irreproducibility of 2-DE gels. Since no two gels run
identically corresponding spots between two gels have to be matched prior
to quantification. This brings another difficulty to normalization, especially
in the case of silver staining where staining is protein-dependent. These
aforementioned factors all add variability to the system that makes it
unsuitable for accurate quantitation.

Difference gel electrophoresis (DIGE) circumvents many of the
issues associated with traditional 2-DE with silver stain, such as limited
dynamic range and gel-to-gel variation, and allows a more accurate and
sensitive quantitative analysis. This technique involves the labelling of up to
3 different samples with fluorescent cyanine dyes, which have nearly
identical masses and charge. The protein samples are pre-labelled with
fluorescent dyes and then resolved on a single gel. The gel is scanned by
laser scanners and the corresponding protein spot patterns are visualized by
multichannel scanning of the same gel. Since experimental and control
samples are separated on a single gel, the gel-to-gel variation that represents
the major limitation of conventional 2-DE gels is eliminated. In addition,
running repetitive gels that swap the dyes used to label sample will control
for any dye-specific effects that might result from preferential labelling.
Furthermore, the Cy2, Cy3 and Cy5 dyes also have a wide dynamic range
and are more sensitive than the silver stain.

2D-DIGE, however, still has its limitations. They are mainly
associated with the labelling chemistry required for attaching the dye to the
proteins. With the minimal dyes labelling strategy, proteins with a high
percentage of lysine residues could be labelled more efficiently compared
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with proteins containing few or no lysines. Therefore, a high abundance
protein spot in a conventional gel system could be a medium or low
abundance protein spot in the DIGE system because of its low lysine
content. In addition, the technique is not applicable to those proteins without
lysine.

Inaccurate sample normalization often occurs when there is
extensive sample handling during the depletion process. This increases the
chance of sample loss, protein degradation, and modification artifacts,
resulting in substantial sample-to-sample variation. Moreover, when
samples are diluted during the depletion process, making them less suitable
for many downstream analyses, steps must be taken to concentrate the
proteins, which again can result in the loss of certain proteins and introduce
analysis deviation.

In order to solve this problem, pre-labelling of samples individually
prior to immunodepletion was conducted. The normal and dysplasia with
early adenocarcinoma serum samples were pre-labelled individually, mixed
well, and applied to the depletion column. The HAPs of both the normal and
the dysplasia with early adenocarcinoma serum samples will bind to the
column randomly and therefore, being depleted. The sample in the “flow
through” fraction can directly be concentrated and applied to the IEF strip,
without any extra normalization step. This strategy eliminates the defects of
column irreproducibility, and thus inaccurate sample normalization.

When comparing the results of 2-DE with silver stain and those of
2D-DIGE, as expected, the latter showed much more differential proteins,
yet only 11 of them could be successfully identified. The major difficulty
was the incising of gel plug of differential protein. After analysis with the
DeCyder software, the protein spots on the 2D-DIGE gel had to be
visualized by silver stain method. Since the sensitivity of DIGE was much
higher than that of silver stain, most of the differential proteins that could be
observed using the DeCyder were seen after silver staining, thus incising
their gel plugs for identification was not feasible. Even if the incising is a
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possibility, the amount of protein present is not enough for identification
with most MALDI-TOF MS.

For sample normalization before CyDyes labelling, the gel image
was smudge and the spots were not sharp, as the protein spots appeared to
be clumped together. This phenomenon is difficult to explain, since there is
no publication on DIGE labelling before any depletion step has been
reported. One possible guess is the additional manipulation on the CyDyes.
After the labelling of proteins, the labelled sample still has to going through
the depletion column and the Amicon for concentrating the sample. This
probably affects the performance of the CyDyes. Another suggestion is the
difficulty in controlling the amount of protein to be labelled initially, in
order to have sufficient amount when the depleted serum is coming out from
the column and carry on to the conventional 2-DE for detection. Although
the image is not ideal, it happens that the differential spots identified with
this method are the same as those identified with the sample normalization
after immunodepletion method.

All the 12 identified proteins have been reported to be differentially
expressed in different kinds of cancers. However, regarding gastric cancer,
only albumin, -1-antitrypsin, -actin and apolipoprotein A-I have been
reported.

Albumin is a soluble, monomeric protein which comprises about
one-half of the serum protein. It functions primarily as a carrier protein for
steroids, fatty acids, and thyroid hormones and plays a role in regulation of
the colloidal osmotic pressure of blood by stabilizing the extracellular fluid
volume. It is synthesized in the liver as preproalbumin which has an
N-terminal peptide that is removed before the nascent protein is released
from the rough endoplasmic reticulum. Proalbumin, is in turn cleaved in the
Golgi vesicles to produce the secreted albumin. An up-regulation of albumin
has also been detected by Chen (Chen et al., 2004) in gastric cancer.
However, it should be stressed that albumin, being a member of the HAP,
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have to be studied further before it can be confirmed as a biomarker
candidate of gastric cancer.

T-kininogen (KNG) acts as a precursor of active peptide bradykinin,
and is involved in smooth muscle contraction, induction of hypotension and
vascular permeability. It is an inhibitor of thiol protesase and plays a role in
blood coagulation. A reduced expression of cleaved high-molecular-weight
kininogen (light chain) has been detected in two types of cerviacal cancer,
squmaous

cell

cervical

carcinoma

and

cervical

adenocarcinoma

(Abdul-Rahman et al., 2007). In addition, recent studies have demonstrated
that kininogen was down-regulated in breast cancer patients (Gabrijelcic et
al., 1992). In constrast, research conducted on Nagase analbuminemic rats
bearing intestinal tumors induced by azoxymethane have displayed an
significant higher of a T-kininogen isotype level in serum than normal
controls. Elevation of the serum level of that T-kininogen isotype has also
been observed in Sprague-Dawley rats bearing intestinal tumors, skin
tumors, subcutaneous sarcomas, or mammary tumors and in ACI rats
bearing urinary bladder tumors (Kanda et al., 1990).
-2-HS glycoprotein (AHSG), a glycoprotein present in the serum,
is synthesized by hepatocytes in liver and osteoblasts, and is concentrated
into the mineralized tissue. It has also been grouped with the fetuins, a
family of proteins that occur in fetal plasma in high concentration owing to
its extensive sequence identity. The AHSG molecule consists of two
polypeptide chains, which are both cleaved from a proprotein encoded from
a single mRNA. It is involved in several functions, such as acute phase
response, regulation of inflammatory response, negative regulation of bone
mineralization and positive regulation of phagocytosis. It also plays a vital
role in blocking transforming growth factor-beta 1 signal transduction,
which is associated with tumor development. The protein is commonly
present in the cortical plate of the immature cerebral cortex and bone
marrow hemopoietic matrix, therefore it has been postulated that it
participates in the development of the tissues. However, its exact
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significance is still obscure. AHSG has been reported as a biomarker in
several cancers. Pawlik et al. utilized isotope-coded affinity tag (ICAT)
tandem mass spectrometry (MS) to identity and quantify differences in
specific protein expression between nipple aspirate fluid (NAF) samples
from tumor-bearing and from disease-free breasts. It was found that in
women with early-stage breast cancer, the amount of AHSG in the nipple
aspirate fluid has been observed to be reduced in terms of ICAT ratio
(Pawlik et al., 2006). Besides breast cancer, in lung squamous cell
carcinoma a decreased level of AHSG compared with normal sera (Dowling
et al., 2007) was also detected. In addition, AHSG has also been observed to
be depleted in acute myeloid leukaemia (AML), compared with normal
tissue. It has been postulated that the down-regulation of AGSH might be
due to the abnormal development of bone marrow in AML patient (Kwak et
al., 2004).
-1-antitrypsin is an inhibitor of serine protease. Its primary target is
elastase, but it also has a moderate affinity for plasmin and thrombin. It
inhibits trypsin, chymotrypsin and plasminogen activator. The aberrant form
inhibits insulin-induced NO synthesis in platelets, decreases coagulation
time and has proteolytic activity against insulin and plasmin. This protein is
frequently detected to be up-regulated in various kinds of cancers. In the
studies of the serum samples from patients with gastric cancer(Chen et al.,
2004; Lee et al., 2004; Hsu et al., 2007), lung cancer (Patz et al., 2007),
prostate cancer and breast cancer (El-Akawi et al., 2008), up-regulation of
-1-antitrypsin were observed. Over-expression of -1-antitrypsin was also
detected in tissue examinations on primary acinar cell carcinoma of liver
(Hervieu et al., 2008) and pancreatic ductal adenocarcinoma (Chung et al.,
2008).

Afamin, which belongs to the albumin family, comprises of albumin,
-fetoprotein and vitamin D binding protein. It has a predicted mass of ~65
kDa and apparent molecular mass of 87kDa due to N-glycosylation. Afamin
is expressed in the liver and secreted into the bloodstream. Afamin, which
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has been recently identified as a potential biomarker for ovarian cancer due
to its complementarity with CA-125, is currently the most widely used
marker, in longitudinal monitoring of ovarian cancer patients. Studies
confirmed by Western blotting and ELISA have shown that the total afamin
concentration in serum samples of patients with ovarian cancer sharply
decreased when compared with the normal controls and with patients with
benign disease (Jackson et al., 2007).

Actin is the most abundant and one of the most highly conserved
proteins in all eukaryotic cells. It is a globular, roughly 42kDa protein. Actin
microfilaments are involved in many important cellular functions, such as
cell locomotion, signal transduction, contractile ring formation during
cytokinesis, organelle movement, secretion, mRNA processing and activity
of membrane channels. Of its six isoforms, -actin mainly exists in stress
fibres, and play an important role in the maintenance of cell shape,
differentiation, and mechanical resistance. The expression of the actin
isoforms can be up- or down-regulated in neoplastic transformation and
other cell pathologies. In a recent study by Zhang, -actin was found to be
over-expressed. It has been illustrated that there is an increased level of
-actin in tumor cells measured on western blots in the cytosolic fractions of
human melanoma cell line (Radwanska et al., 2008). The concentration of
-actin was found to be lower in human salivary gland adenocarcinoma cell
clones, which acquired metastatic capacity, in comparison with its original
clone HSGc lacking metastatic ability. It has been suggested that such a
difference is one of main factors that contribute to a decrease in cell
adhesiveness and an increase in cell motility, which in turn is probably a
major cause for acquisition of metastatic potential (Suzuki et al., 1998). It
has also been reported that cytoskeleton protein -actin is over-expressed in
hepatocellular carcinoma cell lines with high metastatic potentials (Zhang et
al., 2006).

Stress 70 protein belongs to the heat shock protein 70 family. It is
implicated in the control of cell proliferation and cellular aging. It may also

102

act as a chaperone. Stress 70 protein is over-expressed in malignant
melanoma (Kalogeraki et al., 2006) and under-expressed in renal cell cancer
(Ramp et al., 2007).

Apolipoprotein A-I is the major protein component of high density
lipoprotein (HDL) in plasma. It participates in the reverse transport of
cholesterol from tissues to the liver for excretion by promoting cholesterol
efflux from tissues and by acting as a cofactor for the lecithin cholesterol
acyltransferase. Altered plasma/serum levels of it have been reported in
ovarian and prostate cancer. Apolipoprotein-AI levels were found to be
significantly lower in gastric cancer (Ryu et al., 2003; He et al., 2004) and
pancreatic

cancer.

Furthermore,

a

down-regulated

expression

of

apolipoprotein AI is commonly detected in patients of hepatocellular cancer,
where abnormal liver function damages lipoprotein synthesis and
metabolism (Yan et al., 2008).

Apolipoprotein A-IV, a major component of HDL and chylomicrons,
is synthesized by the human intestine and secreted in the plasma. It is
responsible for chylomicrons and VLDL secretion and catabolism, and lipid
transport. In human serum, apolipoprotein A-IV was found to be of higher
abundance in squamous cell carcinoma patients compared to healthy
individuals (Dowling et al., 2007), whereas it has a reduced expression in
hepatocellular carcinoma patients after radiofrequency ablation (Kawakami
et al., 2005). It has also been observed that there is an elevated expression of
apolipoprotein A-IV in the advanced stage neuroblastoma samples as
compared to controls (Sandoval et al., 2007).

Transthyretin (TTR), a thyroid hormone-binding protein, transports
thyroxine from the bloodstream to the brain and is involved in retinol
metabolism. It is synthesized in the liver, choroid plexus and retinal pigment
epithelium and islet A and B cells. It has been reported that the average total
TTR level for lung cancer serum samples is significantly lower than that in
normal individuals, whereas it is higher than in the benign lung diseases
samples. This level difference demonstrates that TTR could also
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discriminate lung cancer patients from benign lung diseases patients and
normal individuals. Changes in the levels of TTR in serum samples are
mainly due to liver activity, which could be converted to the synthesis of
acute-phase response proteins and result in a significant decrease in TTR
(Liu et al., 2007a). In addition, recent studies have shown that the level of
TTR is reduced in the sera of patients with ovarian cancer and advanced
cervical, endometrial carcinomas, pancreatic cancer (Yan et al., 2008) as
well as head and neck squamous cell carcinoma (Dowling et al., 2008).

Murinoglobulin belongs to the protease inhibitor I39 family. It
activates the inhibitor by specific proteolysis in the bait region, which, by an
unknown mechanism leads to reaction at the cysteinyl-glutamyl internal
thiol ester site and to a conformational change, whereby the proteinase is
trapped and/or covalently bound to the inhibitor. While in the tetrameric
preoteinase inhibitors steric inhibition is sufficiently strong, monomeric
forms need a covalent linkage between the activated glutamyl residue of the
original thiol ester and and a terminal amino group of a lysine or another
nucleophilic group on the proteinase for the inhibition to become effective.
Its expression level in the liver as well as the protein level in serum are
down-regulated by up to 70% during acute inflammation or tumor
development (Sugiyama et al., 1989; Regler et al., 1991).

Inter-alpha-inhibitor H4 heavy chain is involved in acute phase
reactions. It was reported that this protein is up-regulated in serum of lung
cancer patients (Heo et al., 2007), while it is down-regulated in the study of
plasma sample of melanoma patients with SELDI-TOF MS analysis
(Caputo et al., 2005).

Most of the 12 differential proteins are involved in acute phase
response. Acute phase proteins are molecules in blood that either increase or
decrease in response to chronic inflammation or cancer. It is envisioned that
when the body is injured, immune cells will flood to the injured area to help
healing and/or fighting off the harmful substances, and causing
inflammation in the body. The acute phase proteins are responsible for
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helping the body to respond to injury by destroying the harmful substances
or helping the blood clot and preventing blood loss. Links between cancer
and inflammation were first discovered in the nineteenth century on the
basis of observations that tumors often appeared at sites of chronic
inflammation and that inflammatory cells were present in biopsied samples
from tumors (Balkwill and Mantovani, 2001). Several epidemiologic
(Caruso et al., 2004) and experimental studies (Dannenberg et al., 2005)
implicated that inflammation is an important factor in neoplastic progression
via production of oxygen and nitrogen radical oxidants, production of
growth-promoting cytokines, tumor suppressor inhibition and stimulation of
signal transduction pathways. There is evidence suggesting that several
cancers are linked to inflammatory origin, such as prostate (Nelson et al.,
2004), colon (Dannenberg et al., 2005), breast (Chang et al., 2005) and lung
(Mao et al., 2005) cancers. The pathways that connect inflammation and
cancer are shown below. Briefly, cancer and inflammation are connected by
two pathways, the intrinsic pathway and extrinsic pathway. The intrinsic
pathway is activated by genetic events that cause neoplasia. These events
include the activation of various types of oncogene by mutation,
chromosomal rearrangement or amplification, and the inactivation of
tumor-suppressor genes. Inflammatory mediators are produced under this
situation, thereby generating an inflammatory microenvironment in tumors.
In contrast, inflammatory or infectious conditions augment the risk of
developing cancer at certain anatomical sites in the extrinsic pathway. When
the two pathways converge, they activate the transcription factors to
coordinate the production of inflammatory mediators, such as cytokines.
Then the cytokines further activate the same key transcription factors in
inflammatory cells, stromal cells and tumor cells, resulting in more
inflammatory mediator being produced and a cancer-related inflammatory
microenvironment being generated (Mantovani et al., 2008). The connection
is diagrammatically shown in Figure 5.11.

105

I n tr in s ic p a th w a y

E x tr in s ic p a th w a y

Oncogene activation

Inflammation / Infection

Transcription factors (NF-κB, STAT3, HIF1α)
activated in tumor cells

Chemokines, cytokines, prostaglandins
(and COX2) produced by tumor cells

Inflammatory cells recruited
Eosinophil
Macrophage
Mast cell
Neutrophil
Myeloid-derived suppressor cell

Transcription factors (NF-κB, STAT3, HIF1α) activated
in inflammatory cells, stromal cells and tumor cells

Chemokines, cytokines,
prostaglandins (and COX2) produced

Cancer-related inflammation

Figure 5.11: Pathways that connect inflammation and cancer (Mantovani et
al., 2008).
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5.4. Conclusion

In the first part of this chapter, it was seen that IPG strip of pH 4-7 was
chosen for the analysis of rat serum proteome. Differential proteins
generated by 3 different sample separation methods were compared.
Obstacles appeared when performing with the third method, sample
normalization with DIGE labelling before immunodepletion. This method
has not been reported previously mainly due to the high cost of CyDyes.
Several experiments had been tried in altering the sample size, but an ideal
image could hardly be obtained and analysis with the DeCyder was difficult.
Therefore, it can be concluded that additional manipulation of sample after
DIGE labelling should be avoided. Labelling process should be executed
after the depletion processes.

After analyzing the data, a total of 12 proteins with at least 3 folds
differential expression were successfully identified by MALDI-TOF-TOF
MS. Among them, 6 proteins were up-regulated (albumin, T-kininogen,
-2-HS glycoprotein, -1-antitrypsin, afamin and -actin), while the other 6
proteins were down-regulated (stress 70 protein, apolipoprotein A-I,
apolipoprotein A-IV, transthyretin, murinoglobulin and inter--inhibitor H4
heavy chain). Classification of the proteins according to their functions
shows that most of them are involved in the acute phase response. This
phenomenon can be explained by the connection among acute phase
response, inflammation and cancer.
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Chapter 6: Concluding remarks and the way forward
With the gastric cancer model in rat, 12 proteins were found to be
differentially expressed in serum samples from rats with histologically
confirmed dysplasia and adenocarcinoma. This stage is one of the early
stages of gastric cancer. Most of the 12 proteins were involved in the acute
phase response. Therefore, my results supposed the notion that early stages
of cancer can be related to inflammation.

Results of this project also demonstrated that the feasibility of
applying 2D-DIGE technique to enhance the discovery process by
overcoming some technical bottlenecks associated with classical 2-DE. In
my hands, DIGE labelling of samples before depletion was not practical.
One of the main concerns is the cost of CyDyes. As shown in Table 5.1 in
the previous chapter, the amount of CyDyes needed to label the samples
prior to immunodepletion were 20 times more compared to the alternate
method. Moreover, all the procedures have to be performed in the dark to
prevent photo-bleaching of CyDyes, which increases the complexity of the
experiment. However, an increment of spots was detected with this method,
indicating that it is possible to find more differential proteins as biomarkers.
Therefore, this method may be attainable for other research groups with
more resources.

The establishment of the rat gastric cancer model provides us with a
great advantage as serial serum samples, which have been collected
bi-weekly during the gastric cancer induction process, are available for
further investigation. This availability of serum samples in different stages
of gastric cancer allows a detailed analysis on the expression levels of the
candidate biomarkers throughout the whole process of carcinogenesis. The
inter-relationship between these proteins and the carcinogenic process can
be studied.
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Although a full picture of the protein interactions in the gastric
cancer remains unclear, this panel of biomarkers may be employed in the
early diagnosis and screening of high risk individuals of gastric cancer.
Small (n=100-200) and large (n>1000) scale validation of these protein
biomarkers in patients with gastric cancer, as well as other types of cancers
including that of colorectal, lung, liver and leukaemia, can be carried out.
Further elucidation of their exact roles in the carcinogenesis process may
hold vital keys for development of treatment protocols in the future.
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Appendix I - Details of the sequence coverage and peptide mass finger prints of proteins identified in Chapter 4
-1-antitrypsin

PMF of -1-antitrypsin (top). MS/MS spectrum of its 1153.659 peptide (bottom).
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111

112

-1-macroglobulin

PMF of -1-macroglobulin

113

114

115

Albumin

PMF of albumin (top). MS/MS spectrum of its 1609.732 peptide (bottom)

116

117

118

Apolipoprotein E

PMF of apolipoprotein E

119

120

Apolipoprotein H

PMF of apolipoprotein H (top). MS/MS spectrum of its 1530.807 peptide (bottom).

121

122

123

Apolipoprotein M

PMF of apolipoprotein M.

124

125

Coagulation factor 2

PMF of coagulation factor 2

126

127

Complement component 3

PMF of complement component 3 (top). MS/MS spectrum of its 1195.668 (bottom).

128

129

130

C-reactive protein

PMF of C-reactive protein

131

132

Fetuin beta

PMF of fetuin beta

133

134

Haptoglobin

PMF of haptoglobin (top). MS/MS spectrum of its 1290.908 (bottom).

135

136

137

Hemopexin precursor

PMF of hemopexin precursor (top). MS/MS spectrum of its 1212.492 peptide (bottom).

138

139

140

Plasma glutathione peroxidase

PMF of plasma glutathione peroxidase.

141

142

Retinol-binding protein

MS/MS spectra of retinol-binding protein 1227.393 peptides (top) and 2080.014 peptides (bottom).

143

144

145

146

Transferrin

PMF of transferrin.

147

148

Vitamin-D binding protein

PMF of vitamin-D binding protein (top). MS/MS spectrum of its 1051.683 peptide (bottom).

149

150

*

*It matches the protein identified by MS analysis in the previous page.
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Appendix II - Details of the sequence coverage and peptide mass finger prints of proteins identified in Chapter 5
Albumin

PMF of albumin (top). MS/MS spectrum of its 1609.732 peptide (bottom).

152

153

154

T-kininogen

PMF of T-kininogen (top). MS/MS spectrum of its 1802.825 peptide (bottom).

155

156

157

-2-HS glycoprotein

PMF of -2-HS glycoprotein.

158

159

-1-antitrypsin

PMF spectrum of -1-antitrypsin (top). MS/MS spectrum of its 1153.659 peptide (bottom).

160

*

*This is due to the sequence homology, however, the MS/MS shown on the
next page further confirms its identity.

161

162

Afamin protein

PMF of afamin (top). MS/MS spectrum of its 1834.933 peptide (bottom).

163

*

*This is due to the sequence homology, however, the MS/MS shown on the
next page further confirms its identity.

164

165

-actin

PMF of -actin (top). MS/MS spectrum of its1298.432 peptide (bottom).

166

167

168

Stress 70 protein

PMF of stress 70 protein.

169

170

Apolipoprotein A-I

PMF of apolipoprotiein A-I (top). MS/MS spectrum of its 1454.943 peptide (bottom).

171

172

173

Apolipoprotein A-IV

PMFof apolipoprotiein A-IV (top). MS/MS spectrum of its 1509.956 peptide (bottom).

174

175

176

Transthyretin

PMF of transthyretin (top). MS/MS spectrum of its 2517.009 peptide (bottom).

177

178

179

Murinoglobulin

PMF of murinoglobulin.

180

*

*This identity was chosen as its molecular weight matches the gel.

181

Inter--inhibitor H4 heavy chain

PMF of inter--inhibitor H4 heavy chain.
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