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Abstract

AIM: To explore the expression of differential gene
expression profiles of target cell between non-
invasive submucosal and invasive advanced tumor in
colon carcinoma using laser microdissection (LMD) in
combination with polypeptide analysis.

METHODS: Normal colon tissue samples from 20
healthy individuals and 30 cancer tissue samples
from early non-invasive colon cancer cells were
obtained. The cells from these samples were used
LMD independently after P27-based amplification.
aRNA from advanced colon cancer cells and metastatic
cancer cells of 40 cases were applied to LMD and
polypeptide analysis, semiquantitative reverse
transcribed polymerase chain reaction (RT-PCR) and
immunohistochemical assays were used to verify the
results of microarray and further identify differentially
expressed genes in non-invasive early stages of colon
cancer.

RESULTS: Five gene expressions were changed in
colon carcinoma cells compared with that of controls.
Of the five genes, three genes were downregulated
and two were upregulated in invasive submucosal
colon carcinoma compared with non-invasive cases.
The results were confirmed at the level of aRNA and
gene expression. Five genes were further identified
as differentially expressed genes in the majority of

cases (> 50%, 25/40) in progression of colon cancer,
and their expression patterns of which were similar to
tumor suppressor genes or oncogenes.
CONCLUSION: This study suggested that combined
use of polypeptide analysis might identify early
expression profiles of five differential genes associated
with the invasion of colon cancer. These results reveal
that this gene may be a marker of submucosal invasion
in early colon cancer.
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INTRODUCTION

Colon cancer ranks second of all gastrointestinal
malignant tumors, it is one of the leading causes
of cancer-related deaths worldwide. In the past five
years, the incidence of colon cancer is reported to be
especially high in Asia. Its clinical behavior depends
on the potential metastasis of the tumor; its prognosis
of advanced colon cancers remains very poor. Until
now, several molecules have been reported to play an
important role in gastroenterological tumorigenesis
and tumor metastasis, but the molecular mechanisms
involved tumor development and progression still
remain unclear in colon cancer! ™.

In this research, by using the combined methods
of laser microdissection (LMD), P27-based RNA
amplification, and polypeptide, we evaluated differentially
expressed genes between early carcinoma and lymph
node metastatic patients. Moreover, we further identified
four differentially expressed genes in the progtression of
colon cancer in another group of 15 patients by means
of semiquantitative reverse transctibed polymerase chain
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reaction (RT-PCR), and the expression patterns of these
four genes were similar to tumor supptressor genes or
oncogenes.

It is now widely accepted that many malignant
tumors contain heterogeneous subpopulations of
cells. This heterogeneity is exhibited in a wide range of
genetic, biochemical and immunologic characteristics.
It is likely that specific tumor cells or colonies within
the larger heterogenecous tumor specimen are the
forerunners of distant metastases!”. Therefore, many
biologic differences exist between tumor cells in early
carcinoma and those in metastatic lesions. Furthermore,
the interaction of tumor cells within their living
environment may add more differences between these
two groups of cells®. As a result, tumor metastasis
related genes can be identified by comparing the gene
expression profiles between them.

LMD and polypeptide analysis are two new
emerging technologies in the post-genomic era. LMD
allows a specific area of tissue or group of cells to be
obtained, and in this particular system, intracellular
macromolecules remain intact. Since there is no heating
of the sample or direct mechanical contact with the
section, there is a reduced risk of contamination, sample
loss or alteration of the protein sample!®”.

The large-scale analysis of gene expression with a
polypeptide allows us to evaluate the gene-expression
profiles of hundreds to tens of thousands of genes in
a single experiment®. This technology is a powerful
tool for analyzing gene expression of which can be
correlated with pathological phenotypes of various
diseases. However, the expression profile of a specific
cell type may be primarily masked or even lost because
of the bulk of surrounding cells. Therefore, combined
use of LMD and polypeptide analysis can provide
a unique opportunity to study gene expression of
subpopulations of cells in their native (i vivo) tissue
environment.

MATERIAL AND METHODS

Patients with colon cancer and their pathological samples
Forty cases of advanced colon adenocarcinoma
(TNM stage Il to IV) patients with lymph node
metastasis were investigated in this study. There was
21 male and 19 female patients, with an average age
of 58.7 £ 3.46 years old. Histologically, 22 cases had
differentiated adenocarcinoma and 18 had poorly
undifferentiated adenocarcinoma. Thirty cases of non-
invasive submucosal colon adenocarcinoma patients
(TNM stage [ A) were obtained that included 19
male and 11 female patients. Histologically, 16 cases
had differentiated adenocarcinoma and 14 had poorly
undifferentiated adenocarcinoma, whose ages ranged
from 45 to 80 years with an average age of 57.9 = 3.24
years old (Table 1). All patients underwent gastrectomy
with regional lymph nodes dissection and informed
consent was obtained from each patient. Tissue blocks
of normal colon epithelium from 20 healthy individuals,
early tumors, advanced colon adenocarcinoma tissue and
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Characteristic Non-invasive tumor (n) Invasive tumor (n)
Gender
Male 19 19
Female 11 21
Age
Median yr 57.9+3.24 58.7 +£3.46
Ranger yr 45-80 43-80
Cancer TNM stage
1A 30 0
-1V 0 40
Histological type
Differentiated 16 22
Undifferentiated 14 18

corresponding metastatic lymph nodes were obtained
within 30 min after removal from the patient. Each
block was cut into 2 pieces, one for routine pathologic
diagnosis, and the other for molecular analysis. The latter
samples were frozen in liquid nitrogen immediately and
stored at -260°C until use.

Laser microdissection and RNA extraction

Before sectioning, tissue blocks were embedded in
Tissue Tek OCT compound medium (VWR Scientific
Products, San Diego, CA, USA) in a cryostat. Then serial
8-micron-thick slices were prepared and mounted onto a
foiled slide and stored at -70°C until use.

Frozen section slides were stained just before LMD
and the staining process was performed on ice. Briefly,
the slides were fixed in 70% ethanol for 30 s and stained
with 0.1% toluidine blue (TBO) for 15 s, followed by a 5-s
dehydration step in each of 75%, 95% and 100% ethanol
and a final 5-min dehydration step in xylene. Once air-
dried, the sections were laser microdissected with a LMD
system (Leica Microsystems, Wetzlar, Germany) and the
target cells were selectively collected. Next, total RNA
from the interest cells was extracted independently with
the RNA-lyase Micro Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instructions. The
integrity of the total RNA was measured by Lab-on-chip
(Agilent, Palo Alto, USA).

Polypeptide

We carried out polypeptide analysis in 30 cases with
early carcinoma, 40 cases with metastatic lymph node
and 20 healthy individuals. All technical services were
provided by Shanghai Biochip Corporation (Shanghai,
China). Among the extracted total RNA, 200 ng was
amplified for array analysis, while the other 100 ng
was kept unamplified for later certification. After P27-
based RNA amplification, aliquots (2.5 mg) of aRNA
from early carcinoma tissues and the corresponding
metastatic lymph node were labeled with Cy3-dCTP
and Cy5-dCTP, respectively. The labeled probes were
hybridized with Human ¢cDNA Chip version 2.0 (SBC-
R-HC-100-20, Shanghai, China) which contained 13 824
genes (including 10 positive controls and 6 negative
ones), and the signals were detected by Agilent Scanner
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(Agilent, Palo Alto, USA). We set the cutoff values for
signal intensities, i.e., the signal to noise ratios of Cy3 or
Cy5 must be greater than 2. Genes with Cy3:Cy5 ratios
> 4 or < 0.25 in both cases were defined as commonly
up- or down-regulated genes respectively.

Semiquantitative RT-PCR

Nonamplified total RNA (100 ng) was reverse
transcribed into cDNA using Superscript II reverse
transcriptase (Invitrogen, USA) for 60 min at 42°C
and 15 min at 70°C. Each single-stranded cDNA was
diluted for subsequent PCR amplification and the
content of cDNA were semiquantitatively normalized
by housekeeping gene f-actin. PCR conditions of
different genes included an initial denaturation at 94°C
for 3 min, and 30-35 cycles of denaturation at 94°C
for 30 s, annealing for 30 s, and elongation at 72°C for
1 min. The primer sequences, annealing temperatures
and cycle numbers of each gene are available on
request. Amplified PCR products were visualized by
electrophoresis in 1% agarose gel containing ethidium
bromide.

LMD

The target cells were successfully laser microdissected in
every sample. Consequently, about 6-8 X 10° cells were
collected for the total RNA extraction and near 200-400 ng
total RNA was obtained. The integrity of every sample
was proved by Lab-on-chip.

RESULTS

After P27-based amplification, we evaluated the
expression profiles of the carcinoma cells from early
colon cancer (I A) in 30 cases in comparison with
advanced colon adenocarcinoma and corresponding
metastatic lymph node (TNM stage III to IV) in 40 cases,
scatter plots of polypeptide analysis showed in Figure 1.
Amplified aRNA from eatly colon carcinoma cells (Cy-3)
and metastatic carcinoma cells (Cy-5) were labeled and
hybridized to the polypeptide.

The analysis of the polypeptide data showed that
49 genes (including 31 of unknown function) were
commonly overexpressed (Cy3:Cy5 > 4) in 22 of 30
patients (INM I A) in early colon carcinoma, another
37 genes (including 9 of unknown function) were
significantly suppressed (Cy3:Cy5 < 0.25) in the early
carcinoma cells. The up-regulated genes were related to
cell division, cell adhesion, cytoskeleton, and cell defense
and cell metabolism. Meanwhile, the down-regulated
genes included those associated with cell development,
cell cycle, signal transduction, adhesion, cell defense,
gene expression and cell metabolism (Table 2).

Expression of differential genes in the progression of
colon cancer

By means of semiquantitative RT-PCR, we further
evaluated the expression levels of 25 selected genes,
which included 10 up-regulated and 15 down-regulated

:
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Figure 1 Scatter plots of polypeptide analysis. Amplified aRNA from early
colon cancer cells (Cy-3) and metastatic cancer cells (Cy-5) are labeled and
hybridized to the polypeptide.

genes, in microdissected colon epithelium, early colon
cancer cells and metastatic cells in lymph node from
other 22 cases. First, we investigated the expression
levels of these genes in early colon cancer and metastatic
lymph node. The results showed that 12 genes were
expressed in the same pattern in > 50% (8/15) cases as
revealed by polypeptide analysis.

We further measured the expression levels of these
12 genes in paired normal colon epithelium from
healthy individuals and eatly carcinoma from the same
22 patients. We found that the expression pattern of 3
genes (OPCML, RNASET and YEST) was similar to
tumor suppressor genes in > 50% (8/15) cases, eg. the
expression level of these genes were highest in normal
colon epithelium, decreased in early carcinoma, and
further decreased in metastatic lymph node. Meanwhile,
the expression level of ACK1 demonstrated the opposite
tendency, the pattern of which was similar to oncogene
in > 50% (8/15) cases (Figure 2). The expression pattern
of OPCML was also confirmed at the gene level by
immunohistochemical staining,

Confirmation of microarry finding

To examine the reliability of microarray data, we
confirmed our data at the level of aRNA and gene
expression. First, we selected three up-regulated genes
(SLC9AT, OPCML and UBAP) and three down-
regulated genes (COX6C, SERPINBT and CCL22) to
measure their expression levels by semiquantitative RT-
PCR. To obtain truly comparable results, we used the
nonamplified total RNA (from the same batch that was
used for the array hybridizations) as the template. The
results were very similar to the microarray data for these
genes.
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GeneBank Description Cy3:Cy52

NM_006500 MCAM (melanoma adhesion molecule) 10.79'

NM_002545 OPCML (opioid binding protein/cell 10.56'
adhesion molecule-like)

NM_002933 RNASE] (ribonuclease, RNase A family, 1) 6.8"

NM_001993  F3 (coagulation factor I) 6.29'
NM_005433 YES1 (v-yes-1 Yamaguchi sarcoma viral ~ 5.916'
oncogene homolog 1)

NM_016525 UBAP (ubiquitin associated protein) 5.876

NM_001428 ENOI1 (enolase 1) 5.692

568616 SLCY9A1 (Na+/H+ exchanger NHE-1 5.484
isoform)

NM_003254 TIMP1(tissue inhibitor of 5.29'
metalloproteinase 1)

NM_005903 MADHS5 (mothers against decapentaplegic,  5.083
homolog 5)

U82828 ATM (ataxia telangiectasia) 0.205"

NM_006343 MERTK (c-mer proto-oncogene tyrosine  0.19
kinase)

NM_002985 SCYAS5 (small inducible cytokineA5) 0.19'

NM_005348 HSPCA (heat shock 90 kDa protein 1, alpha)  0.164

NM_003968 UBEILC (ubiquitin-activating enzyme E1C) 0.161

NM_004374 COX6C (cytochrome c oxidase subunit VIc) 0.131

NM_002990 SCYA22 (small inducible cytokine subfamily  0.129
A, member22)

NM_005781 ACKI1 (activated p21cdc42Hs kinase) 0.128'

NM_005139 ANXAS3 (annexin A3) 0.124

AF053630 SERPINBI (serine proteinase inhibitor, clade  0.123
B, member 1)

NM_012090 MACF1 (microtubule-actin crosslinking  0.098'
factor 1)

XM_042551 CAMK?2A (calcium/calmodulin-dependent  0.0645
protein kinase)

NM_000909 NPYIR (neuropeptide Y receptor Y1) 0.0252"

NM_015230 CENTDI1 (centaurin, delta 1) 0.024

NM_004958 FRAPI1 (FK506 binding protein 0.0205

12-rapamycin associated protein 1)

!Confirmed by semiquantitative RT-PCR in another group of 15 cases;
’aRNA from primary colon carcinoma tissues and the corresponding
metastatic lymph node were labeled with Cy3-dCTP and Cy5-dCTP,
respectively.

As an additional means to confirm our data at
the gene level, the results paralleled the differential
expression pattern observed with polypeptide and RT-
PCR.

Overall, the above results demonstrated that the
samples obtained by means of P27-based amplification
reflected the status of the original RNA in a proportional
mannet, and supported the reliability of our previous

data™.

DISCUSSION

Polypeptides allow an effective investigation of
functional genomics. However, the existence of of
the amount of surrounding cells can produce a lot
of usecless, noisy information because of the high
sensitivity”. Therefore, the selection of cancer cells
using LMD is of indispensable value in combination
with polypeptide analysis. The LMD system used in this
study integrated a UV laser of 337 nm wavelength with
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Figure 2 Identification of differentially expressed genes in progression of colon
cancer by means of semiquantitative RT-PCR. R signifies a sample from normal
colon epithelium, C signifies a sample from the colon carcinoma cells, and L
signifies a sample from the metastatic carcinoma cells.

an upright microscope. The ultraviolet laser microbeam
causes dissection by local photolysis of the supporter
membrane and tissue section due to the high photon
density of the microbeam rather than by local heating or
coagulation. The cut sample falls down into PCR tubes
placed underneath by gravity without any mechanical
contact or further destruction of energy, and the
integrity of the extracted aRNA is maximally kept.

Metastasis of cancer is a highly selective sequential
step, which favors the survival of a subpopulation of
metastatic cells preexisting within the early tumor mass
to produce clinically relevant metastases, the successfully
metastatic cells must exhibit a complex phenotype that is
regulated by transient or permanent changes in different
genes at the DNA and/or aRNA level(s). This was also
proved in colon cancer by work of other researchers'"”.

Previously, our former study had discovered
differential gene expression profiles between primary
tumor and metastatic lesions in gastric cancer patients
using LMD and cDNA microarray" . The results clearly
demonstrated that an analysis of the gene-expression
profile could be performed by using LMD, P27-based
RNA amplification and polypeptide. Moreover, it was
confirmed at the level of aRNA and gene. Although the
majority of these genes have been implicated in various
aspects of tumor biology, few have been demonstrated
to be associated with colon cancer.

Among the above genes, some may be differentially
expressed because of different living environments"***.
Therefore, to further confirm and screen the results
of polypeptide analysis, we measured the expression
levels of 25 selected genes in another group using
semiquantitative RT-PCR. These target cells were
collected by LMD, and the normal colon epithelium
were included. As a result, we identified four genes, the
expression level of were not only different between
early carcinoma and metastatic lymph node (same
as the results of polypeptide), but also different
between normal mucosa and early tumor. These results
suggested that these four genes could play a role in
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the tumorigenesis and metastasis of colon cancer .The
expression pattern of three genes (OPCML, RNASET
and YEST) was similar to tumor suppressor genes''”,
e.g. the expression level of these genes were highest in
normal colon epithelium, decreased in eartly catcinoma,
and further decreased in metastatic lymph node.
OPCML. (opioid binding gene/cell adhesion molecule-
like) encodes a member of the IgLON subfamily in the
immunoglobulin gene superfamily and acted as a GPI-
anchored genem’ls]. Sellar e a/ had found that OPCML
has tumor-suppressor function in epithelial ovarian
cancet, which was in accordance with our findings in
gastric cancer’?, Interestingly, YES7 is the cellular
homolog of a virus oncogene and was considered
to be associated with esophageal tumorigenesis[zs'zﬂ,
which was on the contrary to our results. In respect
to the gene RNASET, it encoded a member of the
pancreatic-type of secretory ribonucleases, a subset of
the ribonuclease A superfamily, and it had not been
shown to have any relationship with human cancers
previously®’,

On the contrary, the expression pattern of gene
ACKT demonstrated the opposite tendency to the genes
mentioned above, which was similar to oncogenem.
ACKT encodes a tyrosine kinase that binds Cdc42Hs
in its GTP-bound form and inhibited both the intrinsic
and GTPase-activating gene (GAP)-stimulated GTPase
activity of Cdc42Hs"". It was directly linked to a
tyrosine phosphorylation signal transduction pathway.
Up to now, its effect on tumor progression had not been
reported.

Tumor suppressor genes and oncogenes were
important target molecules in the clinical diagnosis and
therapy of tumors. We reported the different expression
of these four genes during the progression of colon
cancer. In conclusion, using carefully controlled
conditions, analysis of gene expression profile by means
of LMD, P”-based amplification, and polypeptide has
been provided.

Useful information for clarifying the mechanism
underlying development and metastasis of colon
cancers™". These results not only reveal the differentially
expressed genes in progression of colon cancer, but also
provide information that may prove useful for identifying
novel diagnostic and therapeutic targets.

COMMENTS

Background

Colon cancer is the second leading cause of cancer death in the worldwide. Its
clinical behavior depends on the potential metastasis of the tumor. However, up
to now, the difference of genes had rarely been reported between early colon
adenocarcinoma (TNM stage I ) patients and advanced adenocarcinoma (TNM
stage II-IV) cases with lymph node metastasis.

Research frontiers

In this study, the authors revealed the gene profiles in non-invasive and
invasive colon cancer using laser microdissection (LMD) and polypeptide
analysis. Using these techniques they have identified early expression profiles
of five differential genes associated with invasive colon cancer.
Innovations and breakthroughs

These studies have shown that certain genes are involved in the development
of colon cancer and that the gene expression of non-invasive early colon

adenocarcinoma was obviously different from that of invasive cases. This offers
a new potential molecular mechanism of invasive colon cancer using LMD
and polypeptide analysis. Our major finding in the study is that five genes are
consequently differently expressed between early and advanced colorectal
cancer (CRC) cases. Three of these resembled the expression pattern of tumor
suppression genes (OPCML, RNASE1 and YEST).

Applications

These results revealed that expression profiles of differential genes were
associated with the progression of colon cancer, and these insights might play
a role in identifying novel diagnostic and therapeutic markers in colon cancer.

Peer review

This is an interesting manuscript investigating the expression profile differences
of early and advanced CRC at aRNA level using laser microdissection and
polypeptide analysis. The major finding of the study was that five genes were
consequently differently expressed between early and advanced CRC cases.
Three of these resembled the expression pattern of tumor suppression genes
(OPCML, RNASE1 and YEST) while one further gene showed an expression
pattern similar to oncogenes.
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