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Abstract

AlIM: To explore the transcriptional gene expression profiles
of HGF/SF-met signaling pathway in colorectal carcinoma
to understand mechanisms of the signaling pathway at so
gene level.

METHODS: Total RNA was isolated from human colorectal
carcinoma cell line LoVo treated with HGF/SF (80 ng/L)
for 48 h. Fluorescent probes were prepared from RNA
labeled with cy3-dUTP for the control groups and with
cy5-dUTP for the HGF/SF-treated groups through reverse-
transcription. The probes were mixed and hybridized on
the microarray at 60 ‘C for 15-20 h, then the microarray
was scanned by laser scanner (GenePix 4000B). The
intensity of each spot and ratios of Cy5/Cy3 were analyzed
and finally the differentially expressed genes were selected
by GenePix Pro 3.0 software. 6 differential expression genes
(3 up-regulated genes and 3 down-regulated genes) were
selected randomly and analyzed by b-actin semi-
guantitative RT-PCR.

RESULTS: The fluorescent intensities of built-in negative
control spots were less than 200, and the fluorescent
intensities of positive control spots were more than 5000.
Of the 4004 human genes analyzed by microarray, 129 genes
(holding 3.22 % of the investigated genes) revealed
differential expression in HGF/SF-treated groups compared
with the control groups, of which 61 genes were up-regulated
(holding 1.52 % of the investigated genes) and 68 genes
were down-regulated (holding 1.70 % of the investigated
genes), which supplied abundant information about target
genes of HGF/SF-met signaling.

CONCLUSION: HGF/SF-met signaling may up-regulate
oncogenes, signal transduction genes, apoptosis-related
genes, metastasis related genes, and down-regulate a
number of genes. The complexity of HGF/SF-met signaling
to control the gene expression is revealed as a whole by the
gene chip technology.
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INTRODUCTION

HGF/SF-met signaling isa pathway by stimulation of c-met via
its ligand hepatocyte growth factor /scatter factor (HGF/SF),
leading to a considerable variety of biological and biochemical
effects on the cellg*. HGF/SF, amultifunctional cell growth
factor, isyielded by interstitial cellssuch asfibroblast, neuroglial
cell, glia cell, fat-storing cell and macrophage®4. It binds to
the c-met receptor specifically, inducing a series of
conformational changes of signaling proteins by activating
JAK!, phosphatidylinositol 3-kinase (PI-3 K)!®, phospholipase
C-d7, Raf-1 kinasg® etc, by which it transmitsthe signal to the
nuclear transcription machines to control certain gene
transcription and expressions. Finally it affects the cell
proliferation, differentiation, locomotion and other cell
functions’®*?, HGF/SF has been proved to have mitogen,
motogen, morphogen activity for aimost al epithelial cells, and
to promote adhesiveness, invasiveness, motion and metastasis
and stimulation for blood vessel growth of cancer cellg8%3. It
was revealed to have anti-cytotoxin and anti-apoptosisfor cancer
cdlsintherecent investigation™*2, It isevidenced that abnormal
activation of HGF/SF-met Sgnaling playsanimportant or critical
causal rolein tumor progression and invasion and metastasis.
However, little is known about the target genes and gene
expression profiles by which HGF/SF exertshiological functions
through start-up of transcriptional gene expression.

In the present study, we aimed to explore the transcriptional
gene expression profiles by activating HGF/SF-met signaling
in colorectal carcinoma cells using the microarray technology
by which thousands of genes could be detected at the sametime.

MATERIALS AND METHODS

Reagents

Hepatocyte growth factor/scatter factor (HGF/SF), ethidium
bromide(EB), and SDS were purchased from Sigma. AMV
reverse transcriptase, oligo(dT), dNTP, Tag, and agarose were
Promega products. Trypsin, Cy3-dUTP, and Cy5-dUTP were
purchased from Amersham Phamacia, and Oligotex mRNA midi
kit from Qiagen, and other reagents from Shanghai Biostar Co.

Cells and cell culture

Human colorectal carcinoma cell line LoV o was routinely
cultured in RPM1-1640 medium with 10 % FCS, incubated at
37 C with 5 % CO,. The well-grown cells at the logarithmic
growth phase were treated with HGF/SF (80 ng/L) for 24-48 h
in the same medium containing 2.5 % FCS. The blank control
groups were treated with D-Hanks solution in the same culture
condition as HGF/SF-treated groups. Triduplication of the
experiments was for the microarray assay.

Construction of microarrays

The genes for HGEC-40S microarray containing 4096 cDNA
spots (including 92 negative and positive control spots) were
provided by Shanghai Biostar Co. These genes were amplified
by PCR with universal primersand then purified by theroutine
method**l, The purity of PCR products was supervised by
agarose electrophoresis and then the PCR products were
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dissolved in 3 X SSC solution. The target genes were spotted
on siliconlated dides (TeleChem Inc) by using Cartesian 7500
spotting robotics (Cartesian Inc), then hydrated for 2 h, dried for
0.5 h, UV cross-linked by UVP CL-1000 at 65 mJcm, and then
treated with 0.2 % SDS(10min), H,O (10 min) and 0.2 % NaBH,
(10 min). Finaly the dides were dried again and ready for use.

Probe preparation

Total RNA wasisolated from human colorectal carcinoma cell
line LoV o by the routine method™**¥. And then they were tested
by hot-stabilization experimentsand RNA eectrophoresis. cDNA
probes were prepared through reverse transcription in 50 m
reaction system in reference to Schena et al*. The fluorescent
probes derived from cDNA reverse-transcripted from RNA were
[abeled with cy3-dUTPfor the control groupsand with cy5-dUTP
for the HGF/SF-treated groups. The two kinds of probes were
mixed equally after ethanol precipitation, then inspissated by
vacuum to 50 m, purified by using S-200 columns, and finally
dissolved in hybridizing solution (20 m 5xSSC+0.2 % SDS).

Microarray hybridization®!

After denatured at 95 °C water bath, the microarray was
prehybridized with 6 pl hybridization solutions 1 and 2 (Biostar)
at 42 °C for 6 h. The probe mixtures were added on the
prehybridized microarray, denatured at 95 ‘C for 5 min, then
inoculated in hybridization cabin at 60 “C for 15-20 h. After the
glass cover wasremoved, the microarray waswashed in solutions
1 (2xSSC+0.2 % SDS), and 2 (0.1xSSC+0.2 % SDS) and 3
(0.1xSSC) for 10 min each, then dried at room temperature.

Detection and analysis

GenePix 4000B laser scanner (Axon) was used to scan
microarray, with laser power 3.72 and photomultiplier tube volts
750. GenePix Pro 3.0 software was used for analysis of intendty
of each spot and ratio of Cy5/Cy3 from the acquired images.
Theintengties of Cy3 and Cy5 were normalized by a coefficient
according to the ratio of the located 40 housekeeping genes.
The standardsfor differentially expressed geneswere asfollows:
theratio of Cy5/Cy3 was morethan 4 or lessthan 0.25, and the
intensity vaue of Cy3 and Cy5 was more than 200.

Verification by RT-PCRZ:24

RT-PCR primers were designed by Omiga 2.0 software with
basic reaction parameters as follows: primer length 18-22 bp,
primer % GC 40-60 %, primer Tm 55 °C; PCR productslength
100-600 bp, PCR products % GC 40-60 %, and PCR products
Tm 82.5 °C. The primer sequences were as follows:

CAMK4 (321 bp): 5 GAGACCCTTCTCCAATCC3
5 GAACTTCAAAACCCACAGC 3
SHPG (555 bp): 5 ACATCTCCCCTTTGCTAACG 3
5 GCCACAGTACCCTCATAACTCC 3
Heregulin (424 bp): 5 TGCTCAACAGCAACATCC 3
5 TCATACATCTGCCCCTCC 3
p130 (523 bp): 5 GCACTTCAGTGTTCTAATCG 3
5 GGCTATTCTCCTTAATGTACC?3
DAP-1(322bp): 5 ACATGAGACACCACATTCC 3
5 ACGACACAGTTGCTGACC 33
TRAMP (381 bp): 5 ATTCGCAAGAAAAGCACC 3
5 GTAGAACGCACTAAGCTGACC 3
b-actin (206 bp): 5 GGCGGCACCACCATGTACCCT 3
5 AGGGGCCGGACTCGTCATCATACT 3
Components of the reverse transcription reaction system
were asfollows: oligo (dT) 0.5 ml, AMV5x buffer 4 M, ANTP
(10 mM) 1 m RNasin (20u/ m) 1 m, AMV (10u/ m) 0.5 i,
and DEPC-treated water 12 m. Components of PCR reaction
system were as follows: 10X PCR buffer 2 m, cDNA 5 mi,
dNTP (10 mM) 1 m, forward primer 1 m (1 M), reverse

primer 1 m (1 M), b-actin forward primer 0.5 m (0.2 M),
b-actin reverse primer 0.5 m (0.2 mM), Tag DNA polymerase
(2U/ M) 1 n, and DEPC-treated water 8 mi, PCR amplification
consisted of 35 cycles of denaturation for 60-90 sat 94 C,
annealing for 60-90 sat 56 C, and extension for 90-120 s at
72 °C. After 35 turns of the cycle, it ended after extension
at 72 °C for 7 min. DEPC-treated water was replaced with
DNA template for the negative control. 1.5 % agarose gel
electrophoresis with ethidium bromide was used for the
analysis of PCR products. Bandleader 3.0 software was applied
to detect the density of bands of PCR products. The value of
gene expression was calculated from percent of the ratio of
band density of PCR product and the band density of b-actin.

Statistical methods

Data for gene expression were analyzed by two sided
Student’ st test using SPSS 10.0 software and the significant
value was P<0.05.

RESULTS

Total RNA electrophoresis and hot-stabilization test

The values of Dy/Dagofor control and HGF/ SF-treated groups
were 2.022, 2.103 respectively. After hot stabilization test the
18Sand 28Sbands of total RNA extractswere asclear asbefore
the test (Figure 1).

Microarray quality control

Thefluorescent intensities of built-in negative control including
rice U2 RNA gene, HCV coat protein gene, spotting solution
(without DNA) as blank spots were lower than 200, while the
intensities of built-in 40 house-keeping genes as positive
control spotswerelarger than 5000. Normalization coefficient
was 1.028. The odds of spot average intensities with
background for HGF/SF-treated groups and the control groups
were 10.254, 12.856 respectively. The ratio of Cy5/Cy3 by
self-check test was 0-1.7, with the average 1.0112.

Scanning results of microarray

The scanning images for HGF/SF-treated groups labeled with
Cy5 and images for control groups labeled with Cy3 showed
lower noise background and appropriate spot intensity of signal
with clear circle appearance. The overlaying image for bicolor
fluorescence label is shown in Figure 2.

Filter of the differential expression genes

Of the 4 004 human genes analyzed by microarray, 129
differential expression genes were identified by the filter
standard mentioned above. Among the 129 differential expression
genes, 61 genes were up-regulated and 68 genes were down-
regulated. The up-regulated genes by HGF/SF-met signaling
consisted of cell growth factor genes, cell surface receptor genes,
angiogenesisgenes, cell cycle podtive-regulation genes, calciun,
MAPK signaling-related genes and nuclei-receptor genes, etc.
The down-regulated genes by HGF/SF-c-met signaling were cell
death correlation receptor genes, transmembrane-4 superfamily,
cell cyclenegative- regulation genes, calcium-, MAPK signaling-
related negative genes, cytoskeleton rearrangement inhibitor,
anti-oncogene and protease inhibitor, etc.

Results of RT-PCR

To validate the reliability of microarray results, 6 differential
expression genes (3 up-regulated genes and 3 down-regulated
genes) were selected randomly and analyzed by b-actin semi-
quantitative RT-PCR. Expressions of the 6 differential genes
by RT-PCR were confirmed to be consistent with the results
of microarray (shown in Figure 3 and Figure 4). The average
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relative densities of bands detected by Bandlead 3.0 computer
program showed significant differences (P<0.05) between
HGF/SF-treated groups and control groups except SHPG,
heregulin, and DAP-1 groups.

Figure 1 Result of total RNA electrophoresis and hot-stabili-
zation test. M: PCR marker; 1: RNA of HGF/SF-treated group;
2: RNA of control group; 3: RNA of HGF/SF-treated group
after hot-treatment; 4: RNA of control group after hot-treatment.

Figure 2 The overlaying image for bicolor fluorescence label
on gene chip. red: high expression; green: low expression;
yellow: no change in expression.

Wi |

Figure 3 Result of RT-PCR for up-regulated genes. M: 100 bp
DNA ladder marker; 1: negative control; 2: CAMK4 blank
control; 3: CAMK4 HGF 80 ng/ml; 4. SHPG blank control; 5:
SHPG HGF 80 ng/ml; 6: Heregulin blank control; 7: Heregulin
HGF 80 ng/ml.

1 2 3 4 5 6 7 M

Figure 4 Result of RT-PCR for down-regulated genes. 1: p130

blank control; 2: p130 HGF 80 ng/ml; 3: DAP-1 blank control; 4:
DAP-1 HGF 80 ng/ml; 5: TRAMP blank control; 6: TRAMP HGF
80 ng/ml; 7: negative control; M: 100 bp DNA ladder marker.

DISCUSSION

Reliability of the microarray assay

Gene chip, or DNA chip, including oligonucleotide chip
synthesized in situ and cDNA microarray by direct-spot or
cDNA array'?2, isakey technique platform>2" in post-genome
times for its striking superiority of high-throughput, high-
parallelity, high-sensitivity, micromation and automatization.
cDNA microarray is a mature and widespread technique. Its
stability, reliability and reproducibility have been confirmed
by many investigator§?34. The microarray experiment in this
research was successful and under strict quality control, with
mRNA in good quality and no degradation tested by the test
of hot-stabilization. In our experiment the built-in positive and
negative control showed the qualified results, the scanning
images showed lower noise background, and the positive spots
indicated high intensity of signal with clear circle appearance.
All the parameters such as odds of spot average intensity with
background for the HGF/SF-treated group and for the control,
normalization coefficient, and ratio of Cy5/Cy3 by self-check
test were in accord with theoretic values of successful
experiment. The expressions of the 6 differential expression
genes randomly selected by RT-PCR were confirmed to be
consistent with the results of microarray. These resultsindicate
satisfactory reliability of the microarray experiment.

Superiority of microarray for study of target genes related to
the HGF/SF-met signaling

It has been evidenced that HGF/SF-met signaling plays an
important, even a critical role in tumor progression, invasion
and metastasi's. Hamasunaet al'® showed that HGF/SF activated
membrane type metalloproteinases (MT1-MMP) in dosage-
related manner and decreased wild-type metall oproteinases
inhibitor TIMP-2 mRNA. They indicated that glioblastoma
cellsU251 excreted more MMP-2 protein and MMP-2 mRNA
expression increased by 2.5 fold by HGF/SF stimulation.
Abouader et al'®¥ argued that HGF/SF-met signaling was a
key molecule path for control of glioblastoma cells growth,
progression, invasion and metastasis. Recently Webb et al*4
have confirmed that HGF/SF-met-uPA -plasmin pathway exists
in some tumor cell lines and isrelated to invasion, metastasis
and other malignant behaviors. Only a few genes can be
investigated by thetraditional technology of molecular biology
and the wholetranscriptional gene expression profiles of HGF/
SF-met signaling pathway can hardly be explored. In this paper
the transcriptional gene expression profiles of HGF/SF-met
signaling pathway in colorectal carcinoma cellswere discussed
for thefirst time so asto explore the target genes related to the
signaling pathway. The results indicated that HGF/SF-met
signaling might activate oncogenes, signa transduction genes,
apoptosis-related genes, metastasis related genes and many
other genes with up-regulation effects, and meanwhile it might
down-regulate anumber of genes. It issuggested that acomplex
signaling-adjusting-gene-expression network may be in
existence, and contribute to extensive gene transcription effects
and comprehensive biological roles. The complexity of HGF/
SF-met signaling to control the gene expression was reveal ed
asawhole by the gene chip technology, by which it manifested
incomparable superiority.

Transcriptional gene expression profiles of HGF/SF-met
signaling

Of the 4 004 human genes analyzed by microarray (totally
4 096 spots, subtracted 92 built-in positive and negative control
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spots), 129 genes (holding 3.22 % of the investigated genes)
revealed differential expression in the HGF/SF-treated groups
compared with the control groups, which supplied abundant
information about target genes of HGF/SF-met signaling.
Among the 129 differential expression genes, 61 genes were
up-regulated (holding 1.52 % of the investigated genes), and
68 genes were down-regulated (holding 1.70 % of the
investigated genes). The expressions of somedifferential genes
analyzed by microarray, for instance, collagenase |V,
catenint®®!, were consistent with the results reported in
literatures that they were uncovered by traditional technology.
Still anumber of geneswith differential expression not reported
previously were found in our investigation. Some of them are
genes with unknown function. Some genes with elevated
expression by HGF/SF stimulation not reported previously are
listed asfollowing: Syndeans-2, calmodulin-dependent protein
kinase 1V(CaMK4), cadherein 8, protocadherin, calcium-
dependent serine protein kinase (CASK), human keractnocyte
growth factor(KGF), Heregulin, angiogenin, etc. In aword,
the up-regulated genes by HGF/SF stimulation usually belong
to cell growth factor genes, cell surface receptor genes,
angiogenesis genes, cell cycle positive-regulation genes,
calcium-, MAPK signaling-related genes, transcription factor,
cytoskeleton regulation genes, and nuclei-receptor genes.
These up-regulation genes stimulating cell growth, promoting
cell transformation, resisting apoptosis, facilitating cell
locomotion, accelerating signal conduction, and promoting
vascularization and extracel lular matrix lysig®-4, may provide
afoundation for mitogen, motogen, and morphogen activity
in HGF/SF-met signaling pathway further.

Versatile effects on down-regulated gene expression by
HGF/SF-met signaling have been found in this microarray
assay. The genes of reduced expression by HGF/SF
stimulation not reported previously include dual-specificity
phosphatase 6 (DUSP6), SPINT2 (serine protease inhibitor,
Kunitz-type 2, hepatocyte growth factor activator inhibitor
type 2), TIMPL(tissue inhibitor of metalloproteinases 1),
elastase inhibitive factor, TAPA1(Target of antiproliferative
antibody 1, CD81), MRP-1 (motility-related protein 1, CD9),
PRB2/p130, pRB2/p107, TRAMP (TNF receptor-related
apoptosis mediating protein, DR3), WD40, DAP-1, etc. On
the whole, the adjustability of multi-aspects and multi-targets
in down-regulation of gene expression in colorectal carcinoma
cells by HGF/SF-met signaling was revealed by microarray
assay. The down-regulated genes by HGF/SF stimulation
usually belong to cell death correlated receptor genes,
transmembrane-4 superfamily, cell cycle negative-regulation
genes, calcium and MAPK signaling-related negative genes,
cytoskeleton rearrangement inhibitors, anti-oncogene and
proteaseinhibitors. These genesareresponsiblefor the negative
control of cell function, which makes reinforcement and
maintenance in stimulation of cell growth, promotion of cell
transformation, resistance to apoptosis, facilitation for cell
locomotion, acceleration of signa transduction, promotion of
vascularization and lysis of extracellular matrix“>%, These are
another annotation for mitogen, motogen, and morphogen
activity of HGF/SF-met Sgnaling pathway intumor progression,
also the first confirmation of pluripotency and versatility in
regulation of gene expression by HGF/SF-met signaling.

The transcriptional gene expression profiles induced by
HGF/SF-met signaling pathway in the colorectal carcinoma
cells were described by cDNA microarray technology, and
meanwhile the complexity and pluripotency of regulationingene
expression were aso revealed for the first time. A majority of
the genes with differential expression can be explained by the
exiging scientific theories, dthough some of them have unknown-
function and afew of them cannot be explained reasonably for
the time being, which deserve further investigation.
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