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ABSTRACT  

Identification of activated 
endothelium-specific genes using 
high density cDNA microarray 

 

Ji Hye Shin 
 

Department of Medical Science  

The Graduate School, Yonsei University  

(Directed by Professor Sun Young Rha)  

 

Even though the significance of angiogenesis has been emphasized in many 

research areas, the detailed molecular mechanism related to endothelial cell 

activation is not fully understood. A study on the genome wide expression 

pattern in relation to the endothelial cell activation would help explain the 

molecular pathways underlying the angiogenesis process. To identify the 

specific genes related to the activation process of the endothelial cells, this 

study used high-density cDNA microarray technology together with T7-based 

linear RNA amplification to overcome the difficulty in obtaining sufficient 
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total RNA from the Human Umbilical Vein Endothelial Cells (HUVEC). This 

study optimized and evaluated the RNA amplification technique, which can 

be used for a reproducible microarray experiment using as little as 2ug of the 

total RNA. 

The HUVEC were activated in three in vitro culture conditions; 1) a 

conventional culture with the serum and growth factors, 2) culture on matrigel 

for tube formation, and 3) co-culture with YCC-3 gastric cancer cells for 

secreting tumor cytokines. After extracting the total RNA, RNA amplification 

and cDNA microarray in each condition was performed in order to probe the 

gene expression profiling at a genome scale. As the indirect experimental 

design was chosen, a pool of human total RNA prepared from 11 cancer cell 

lines were used as the control RNA with cy3-dUTP labeling. After the 

filtering and normalization, the microarray data were analyzed with a 

statistical program of Significance Analysis of Microarrays (SAM) in order to 

select the genes that were differentially expressed between any of the two 

groups; conventional culture versus culture on matrigel, and conventional 

culture versus co-culture with YCC-3. 

The RNA amplification yielded on average a ~103 fold increase in the 

starting mRNA. The size distributions of the amplified mRNA ranged from 

0.2 to 4.0kb similar to the typical mRNA profiles. The average correlation 
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coefficient was 0.95 in a conventional culture, 0.96 in the co-culture, and 0.97 

in the matrigel culture, demonstrating the high reproducibility among the 

microarrays. Using SAM, this study identified 115 genes whose expression 

levels were specifically modulated for co-culture condition and 95 genes for 

matrigel culture condition with a false discovery rate of 0.2%. Using a public 

database and a literature search, the functions of the selected genes were 

annotated.  

In summary, a highly reproducible mRNA amplification-based cDNA 

microarray technology was set up and used to search for differentially 

expressed genes in activated HUVEC. The RNA amplification technology 

itself can be used in various experimental conditions where the amount of the 

total RNA is limited as from the clinical samples. Gene expression 

information obtained from the in vitro activated HUVEC can be a guideline 

for a further detailed study of normal and pathological angiogenesis. 

 

 

 

 

                                                                        

Key words : angiogenesis, endothelial cells, cDNA microarray, RNA amplification 
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Identification of activated 
endothelium-specific genes using 
high density cDNA microarray 

 

Ji Hye Shin 
 

Department of Medical Science  

The Graduate School, Yonsei University  

(Directed by Professor Sun Young Rha) 

 
I. INTRODUCTION 

Angiogenesis is the growth of new capillaries from pre-existing blood 

vessels1. Angiogenesis is a complex and multi-step process that involves the 

coordination of various types of pro- and anti- angiogenic molecules1-3. These 

molecules such as cytokines and growth factors are secreted from cancer cells, 

endothelial cells, stromal cells, pericytes and the extracellular matrix, and 

effect the activation, migration and proliferation of endothelial cells, tube 

formation, and vessel stabilization3-5. Most normal angiogenesis occurs in the 



 5

embryo, where they establish the primary vasculature for growth and organ 

development6. Angiogenesis in adults occurs during the ovarian cycle and in 

physiological repair processes such as wound healing7. Under physiological 

conditions, angiogenesis is a highly ordered process, which required for the 

normal remodeling of the primary vasculature formed during vasculogenesis5. 

Many studies have been performed in identifying and characterizing the pro- 

and anti- angiogenic molecules3-4. However, the complex interactions among 

these molecules and how they affect the vasculature and function in the 

different environments are still unclear. 

Tumor cells recruit new blood vessels not only to supply oxygen and 

nutrients for their growth but also to spread to distant organs. As the 

significance of angiogenesis in cancer has been demonstrated, a recent trend 

in novel anti-cancer drug development in many cases involves the 

development of anti-angiogenesis agents. Tumor-induced angiogenesis is a 

pathological condition that results from the aberrant deployment of normal 

angiogenesis4-5. Tumor cells use the same angiogenic molecules with normal 

cells for their propagation. Tumors can create their own blood supply from the 

preexisting vasculature in a process that mimics normal angiogenesis5. 

Therefore, understanding the normal and physiological angiogenic process at 

the molecular level can help understand pathological angiogenesis.  
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Recent advancements of genomics in biomedical studies have demonstrated 

that it is essential to look at the change in the gene expression on a genome 

scale in order to understand any specific research topics. cDNA microarray 

technology provides a rapid and comprehensive approach to monitor 

simultaneously the expression levels of several thousands of genes among 

diverse samples. The standard protocol requires a large amount of the total 

RNA, typically more than 40㎍. However, most clinical samples such as 

normal cells or small tissues from a core needle biopsy are small in quantity. 

One of the solutions for overcoming this problem is RNA amplification9-10.  

This study used a combination of RNA amplification and cDNA microarray 

techniques to identify the specific genes altered by the activation of 

endothelial cells in response to various stimuli, which might provide as the 

basic information for understanding normal and pathological angiogenesis.  
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II. MATERIALS AND METHODS 

1. Cell culture 

A. Cell lines  

Human Umbilical Vein Endothelial Cells (HUVEC) were obtained from the 

American Tissue Culture Collection (ATCC, Rockville, Maryland, USA) and 

maintained in an Endothelial Growth Medium (EGM-2, Clonetics, San Diego, 

CA, USA) containing 2% fetal bovine serum (FBS, GIBCO, Grand Island, 

NY, USA), 10ng/㎖ of the basic Fibroblast Growth Factor (bFGF, R&D 

Systems Inc., Minneapolis, MN, USA) and 10ng/㎖ of the Vascular 

Endothelial Growth Factor (VEGF, R&D Systems Inc., Minneapolis, MN, 

USA) in 100U/㎖ penicillin and 0.1㎎/㎖ streptomycin. For the co-culture 

assay, this study used the YCC-3 gastric cancer cell line established from the 

ascites of a gastric cancer patient in Yonsei Cancer Center, Yonsei University 

College of Medicine, Seoul, Korea. The cells were maintained in the 

Minimum Essential Medium (MEM, GIBCO, Grand Island, NY, USA) with 

10% FBS in 100U/㎖ penicillin and 0.1㎎/㎖ streptomycin. The cultured 

cells were incubated at 37℃ in a 5% CO2 humidified atmosphere and the 

media was replaced every 3-4 days. 
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B. Co-culture of HUVEC and YCC-3 cells 

The HUVEC at a passage number less than 2 or 3, and the YCC-3 were 

used for the assay. 5×106 HUVEC in the upper compartment and 5×106 YCC-

3 cells in the lower compartment were seeded onto a 100㎜ Transwell plate 

(Corning, New York City, NY, USA) with a 0.4㎛ pore size and cultivated for 

4 days in MEM. 

 

C. Culture of HUVEC on matrigel 

The Growth Factor Reduced Matrigel (Becton Dickinson, Cedex, France) 

was thawed on ice overnight and spread evenly over the 100㎜ plates. The 

plates were incubated for 3h at 37℃ in order to allow the matrigel to solidify. 

5×106 HUVEC of less than 3 passages were seeded onto the plates in the 

MEM and incubated for an additional 4 days at 37℃. 

 

 

 

 

 

 

 



 9

2. RNA preparation 

The Total RNA was extracted from the cultured HUVEC using TRIzol 

reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s 

instructions. The quantity of the total RNA was determined by an O.D.260 

reading at a spectrophotometer, GeneSpec III (Hitachi, Tokyo, Japan), and the 

quality was assessed by electrophoresis on an agarose gel and also by an assay 

on a Bioanalyzer 2100 (Agilent Technologies, Palo Alto, CA, USA). The 

Yonsei reference RNA (Cancer Metastasis Research Center, Seoul, Korea) 

was prepared by pooling the equivalent amounts of the total RNA from the 

following 11 human cancer cell lines; AGS (gastric adenocarcinoma), MDA-

MB-231 (breast adenocarcinoma), HCT 116 (colon carcinoma), SK-HEP-1 

(liver adenocarcinoma), A-549 (lung adenocarcinoma), HL-60 (acute 

promyelocyte leukemia), MOLT-4 (T lymphoblast), HeLa (cervix 

adenocarcinoma), Caki-2 (kidney carcinoma), U-87 MG (glioblastoma), and 

HT1080 (fibrosarcoma). 
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3. RNA amplification 

The amplification of the total RNA was performed based on a previously 

described protocol10 with a slight modification. 

A. Fist strand cDNA synthesis 

Two micrograms of the total RNA was used in the first round of 

amplification. The RNA template was mixed with 2㎍ of oligo-dT/T7 primer 

(5’-GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-3’, 

Genotech, Daejun, Korea) in total 9㎕ of RNase-free water. The RNA/primer 

mixture was denatured at 65℃ for 10 min and chilled on ice for 5 min. Four 

microliters of the 5X first strand buffer (Invitrogen, Carlsbad, CA, USA), 2㎕ 

of 100mM DTT, 2㎕ of 10mM dNTP mix (Invitrogen, Carlsbad, CA, USA), 

2㎕ of RNAsin (Promega, Madison, WI, USA) and 2㎕ of SuperScript II 

(Invitrogen, Carlsbad, CA, USA) were added to the RNA/primer mixture and 

the reverse transcription reaction was performed at 42℃ for 1 hour. 

B. Second strand cDNA synthesis 

For the second strand cDNA synthesis, 91㎕ of RNase-free water, 30㎕ of 

5X second strand buffer , 3㎕ of 10mM dNTP mix , 10U of DNA ligase , 4U 

of DNA polymerase I and 2U of RNase H were added to the finished first 

strand cDNA synthesis reaction mixture. The resulting solution was incubated 
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at 16℃ for 2 h. T4 DNA polymerase was then added and incubated at 16℃ 

for 5 min. The reaction was stopped by adding 10㎕ each of 1M NaOH and 

0.5M EDTA and incubated at 65℃ for 10 min, which was then followed by 

neutralization with the addition of 25㎕ of Tris-HCl (pH 7.5). The double-

stranded cDNA was extracted with an equal volume of phenol : chloroform : 

isoamyl alcohol (25:24:1) and precipitated with ethanol in the presence of 1㎕ 

Linear Acrylamide (0.1㎍/㎕, Ambion, Austin, Tx, USA). The dried pellet 

was re-suspended in 9㎕ of RNase-free water. 

C. In vitro transcription 

The mRNA was transcribed from the double-stranded cDNA using a T7 

MEGAscript kit (Ambion, Austin, TX, USA). Briefly, 2㎕ each of 75mM 

NTP, enzyme mix and 10X reaction buffer was added to 8㎕ of the double-

stranded cDNA and the reaction mixture was incubated at 37℃ for 5 h. The 

amplified mRNA was cleaned up using an RNeasy mini kit (Qiagen, Valencia, 

CA, USA) following the manufacturer’s instructions. The quantity of 

amplified RNA was determined by an O.D.260 reading at a spectrophotometer. 

The integrity of the amplified mRNA was assessed by electrophoresis on an 

agarose gel and also by a Bioanaylzer 2100. 
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4. cDNA microarray 

The cDNA microarray used a human cDNA chip (CMRC-GT, Seoul, 

Korea) containing 17,664 known genes and ESTs in a reference design. The 

test samples were labeled with Cy5 and were individually co-hybridized with 

the Cy3-labeled reference RNA. The Yonsei reference RNA (CMRC, Seoul, 

Korea) was made from 11 human cancer cell lines of various human organs.  

A. Probe labeling and hybridization 

Two micrograms of the amplified mRNA was labeled with Cy3- or Cy5-

dUTP during reverse transcription. The RNA was first mixed with 6㎍ of the 

random primer (Invitrogen, Carlsbad, CA, USA) and incubated at 65℃ for 

10 min. Eight microliters of the 5X first strand buffer, 4㎕ of 100mM DTT, 

2㎕ of SuperScript II RT, 2㎕ of 20X low-dT/dNTP mix, and 1㎕ of 

RNAsin were added to the RNA /random primer mixture and incubated at 

42℃ for 2 h. The residual RNA was hydrolyzed by incubation at 65℃ for 30 

min in the presence of 15㎕ of 0.1M NaOH and the reaction was neutralized 

with 5㎕ of HCl. The Cy3 and Cy5 labeled probes were purified using 

QIAquick PCR Purification Kit (Qiagen, Valencia, CA, USA). The purified 

probes were combined and mixed with 20㎍ Human COT-1 DNA (Invitrogen, 

Carlsbad, CA, USA), 20㎍ yeast tRNA (Invitrogen, Carlsbad, CA, USA), and 

20㎍ poly(A) RNA (Sigma, Saint Louis, MO, USA). The final probe was 
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concentrated to 80㎕ using a Microcon YM-30 column (Millipore, Bedford, 

MA, USA) and denatured at 100℃ for 2 min. The cDNA microarrays were 

pre-hybridized in 3.5X Sodium chloride/Sodium Citrate buffer (SSC), 0.1% 

Sodium Dodesyl Sulfate (SDS), and 10㎎/㎖ Bovine Serum Albumin (BSA) 

at 42℃ for 1 h prior to probe application. The probe was hybridized in 25% 

formamide, 5X SSC and 0.1% SDS at 42℃ for 16 h. Following hybridization, 

the arrays were washed in 2X SSC with 0.1% SDS, 1X SSC with 0.1% SDS, 

0.2X SSC, and 0.05X SSC, sequentially washed for 2 min each and then spun 

dried at 500x g. 

B. Image scanning and data processing 

The fluorescence signals on the microarrays were acquired using a GenePix 

4000B scanner (Axon Instruments, Foster City, CA, USA). The scanned 

images were processed using GenePix Pro 4.0 software (Axon Instruments, 

Foster City, CA, USA). A computation of the background intensity was 

automatically performed as the local background subtraction method in order 

to reduce the effect of the non-specific fluorescence. Systemic errors were 

corrected by normalization of the log2-transformed data using intensity 

dependent, within-print tip normalization based on the Lowess function14. 

After normalization, genes with more than 20% of the missing value were 

filtered.  
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5. Data analysis 

The Pearson correlation coefficient among the triplicate microarrays was 

measured using S-Plus 2000 software (Insightful, Seattle, WA, USA). 

Hierarchical clustering analysis was performed with Cluster software and the 

resulting dendrogram was visualized using TreeView software 

(http://rana.lbl.gov/EisenSoftware.htm)15. Cluster analysis was performed to 

organize the microarray data so that the underlying structures could be 

recognized and explored. A display of microarray data used the Box plot and 

M-A plot with S-Plus 2000. The box plot is a simple graphical summay of the 

log ratio distribution of the data set. This plot displays a statistical summary 

consisting of the median, upper, and lower quartiles as well as the range. The 

central box in a plot represents the Inter Quartile Range (IQR), which is 

defined as the difference between the 75th and 25th percentile, or the upper and 

lower quartiles. The M-A plot shows the ratio information rotated by 45° with 

the axes scaled. In the M-A plot, the log ratios (M=log2R/G) are plotted on the 

y-axis against the log the geometric mean of the signal strengths 

(A=log2 GR ⋅ ) for each spot on the slides. This plot serves to represent the 

range the differential expression patterns.  

The selection of the genes differentially expressed in any two groups was 

used a statistical program of Significance Analysis of Microarray (SAM)16. 
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SAM uses an algorithm based on the Student t test and also performs data 

permutations to determine the False Discovery Rate (FDR), which is the 

percentage of genes falsely reported as having statistically significant 

differential expression.  The annotation of the selected genes was performed 

using the Database for Annotation, Visualization and Integrated Discovery 

(DAVID) (http://apps1.niaid.nih.gov/david) and Stanford Online Universal 

Resource for Clones and Expressed sequence tags (SOURCE) 

(http://source.stanford.edu/cgi-bin/source/sourceSearch) 
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III. RESULTS  

1. RNA amplification  

The quality and integrity of the amplified mRNA were measured using 

agarose gel electrophoresis and an RNA smear assay using a Bioanalyzer 

2100 (Fig.1). The size distributions of the amplified mRNA ranged from 0.2 

to 4.0kb, which is similar to the original mRNA profiles. The yield of the 

amplified mRNA is shown in Table 1. Assuming that 1% of the total RNA is 

mRNA, average 1.5x103 fold amplification was observed.  

 

2. Data pre-processing and reproducibility of cDNA miroarray 

Nine cDNA microarrays containing 17,664 genes were performed to 

investigate the comprehensive expression pattern of the genes related to the 

activated HUVEC. The scanned images of the arrays of the three conditions 

are shown in the Figure 2. Due to the use of the reference RNA as the control 

for all nine microarrays, direct comparisons could be made between the slides. 

After normalization, 14,796 genes were left with a no-missing percentile of 

80% in the 9 micorarrays. 

The display of the microarray data before and after normalization using a 

M-A and Box plot to examine the results of the microarray experiments (Fig. 

3, 4) shows that the microarray data are consistent with less variations. 
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Figure 1. Representative result showing the quality and
size of amplified Yonsei reference RNA. M : size marker,
aR : amplified mRNA of Yonsei reference RNA. (A) 1.2%
agarose gel image, (B) gel image of Bioanalyzer, (C)
electropherogram of Bioanalyzer. 
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Sample H C M 

Output of amplified mRNA (㎍) 36.3 ± 2.3 33.0 ± 10.0 21.7 ± 4.0 

Rate of amplification (fold) 1.8 ×103 1.6 ×103 1.1×103 

Table 1. RNA amplification yield 

H : cultured HUVEC in conventional condition, C : co-cultured HUVEC with YCC-3,
gastric cancer cells, M : cultured HUVEC on matrigel. 
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Figure 2. Representative scanned image of cDNA microarray.  
(A) cultured HUVEC in conventional condition, (B) co-cultured HUVEC with
YCC-3, gastric cancer cells, (C) cultured HUVEC on matrigel. 
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Figure 3. M-A plot before and after normalization.
(A,B) cultured HUVEC in conventional condition, (C,D) 
co-cultured HUVEC with YCC-3, gastric cancer cells, 
(E,F) cultured HUVEC on matrigel. 
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Figure 4. Box plot before and after normalization.
(A,B) cultured HUVEC in conventional condition, (C,D)
co-cultured HUVEC with YCC-3, gastric cancer cells, 
(E,F) cultured HUVEC on matrigel. 
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In order to evaluate the reproducibility of the microarray hybridization 

using the amplified mRNA, the Pearson correlation coefficient among log 

ratio of the genes in triplicate microarrays of each condition was calculated. 

The average correlation coefficient was 0.95 in a conventional culture, 0.96 

in the co-culture, and 0.97 in the matrigel culture, demonstrating the high 

reproducibility among the microarrays.  

 

3. Significant gene selection  

This study performed SAM to identify significant genes. A two class, 

unpaired sample analysis was performed to identify the genes differentially 

regulated in the two groups; the conventional culture versus the co-culture, 

and the conventional culture versus the matrigel culture. When FDR was set 

at 0.2%, 218 and 217 genes were selected. In order to identify the genes 

differentially regulated among the three groups, the conventional culture 

versus the co-culture versus the matrigel culture, a multi-class, unpaired 

sample analysis was performed. This analysis selected 218 genes with a 

FDR of 0.2%. After comparing the different gene list, this study identified 

115 genes expressed significantly in the co-culture and 95 genes in the 

matrigel culture with a FDR of 0.2% (Fig. 5). Twenty five of these genes 

were commonly identified in the two culture conditions.  
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4. Gene expression pattern using hierarchical clustering 

This study performed a hierarchical cluster analysis to investigate the 

expression pattern of the genes. An unsupervised hierarchical clustering of 

the filtered 14,796 genes showed that the expression pattern of each 

condition was similar and the three conditions were grouped (Fig. 6). In 

addition, the hierarchical clustering of the specific genes in the co-culture 

with selected 115 genes and matrigel culture with 95 genes shows that the 

specific genes represent the differential expression patterns with others (Fig. 

7, 8). 

 

5. Biological annotation of specific gene sets 

According to the biological process, the specific gene sets in relation to 

the activated HUVEC were annotated based on the DAVID and SOURCE. 

The genes were grouped into functional categories such as growth factors, 

cell cycle and apoptosis regulators, ECM-related genes and cytoskeleton, 

signaling molecules, transcription factors, and metabolism-related genes (Fig 

9, 10). Table 2, 3, and 4 show the significantly up- and down- regulated 

genes in the co-culture and matrigel culture.  
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Figure 5. Venn diagram showing the numbers of
differentially expressed genes among each culture
condition. H : cultured HUVEC in conventional
condition, C : co-cultured HUVEC with YCC-3, gastric
cancer cells, M : cultured HUVEC on matrigel. 
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Figure 6. Unsupervised hierarchical clustering of whole 
samples with filtered 14,796 genes. H 1-3 : cultured 
HUVEC in conventional condition, C 1-3 : co-cultured 
HUVEC with YCC-3, gastric cancer cells, M 1-3 : cultured 
HUVEC on matrigel. 
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Figure 7. Hierarchical clustering with 115 genes specific 
to activated HUVEC from cancer cell stimuli in co-
culture assay. H 1-3 : cultured HUVEC in conventional
condition, C 1-3 : co-cultured HUVEC with YCC-3, gastric 
cancer cells, M 1-3 : cultured HUVEC on matrigel 
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Figure 8. Hierarchical clustering with 95 genes specific
to activated HUVEC from tube formation in matrigel
culture array. H 1-3 : cultured HUVEC in conventional
condition, C 1-3 : co-cultured HUVEC with YCC-3, gastric 
cancer cells, M 1-3 : cultured HUVEC on matrigel 
 

M3  M2  M1  C1  C3  C2  H3  H2  H1 
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Figure 9. Functional annotation of 115 genes specific to activated HUVEC 
from cancer cell stimuli in co-culture assay. (A) up-regulated 52 genes, (B)
down-regulated 63 genes. 
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Figure 10. Functional annotation of 95 genes specific to activated HUVEC
from tube formation in matrigel culture array. (A) up-regulated 67 genes,
(B) down-regulated 28 genes. 
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Several growth factors and cytokines were induced, which suggests that 

the HUVEC produce a series of autocrine factors during an activation event. 

Angiopoietin-2 (ANGPT2), insulin-like growth factor 2 (IGR-2) and 

placental growth factor (PIGF), and insulin-like growth factor binding 

protein 3 (IGF-BP3) were up-regulated, which has been previously reported.  

A series of signaling molecules such as chemokine (C-X-C motif) ligand 1 

(CXCL1), RGS 5 and RGS4, which are members of the regulator of the G-

protein signaling family that inhibit G-protein signaling through the GTPase 

activating activity were induced. These genes were all down-regulated in the 

co-culture. However, RGS4 was up-regulated and RGS5 was down-

regulated in the matrigel culture. RGS proteins are known to block cell 

migration by inhibiting G-protein-linked chemo-attractant receptors. The 

down-regulation of the RGS genes suggests that the activation of the G-

protein signaling pathway may be occurring. 

A large series of genes, which are known to play a positive role in cell 

cycle progression such as cell division cycle 2 (CDC2), proliferating cell 

nuclear antigen (PCNA) and cyclin A1, A2, B1, B2 and E2, showed an 

expression change. Interestingly, these genes were down-regulated in the co-

culture and up-regulated in the matrigel culture. These results suggest that 

the cell cycle progression of the HUVEC was inhibited in the co-culture and 
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activated in the matrigel culture. A significantly increase in the expression 

level of the cyclin family in the tumor-derived cells has been previously 

reported. 

  A series of genes related to the basement membrane matrix synthesis and 

assembly were induced. Collagen, type V, alpha 2 (COL5A2) and matrix 

metalloproteinase 10 (MMP10) were down-regulated in both culture 

conditions, and collagen, type XV, alpha 1 (COL15A1) and nidogen 2 

(NID2) were up-regulated in the matrigel culture. Alpha-2-macroglobulin 

(A2M), which is a broad-spectrum proteinase inhibitor with growth factor 

binding domains, was up-regulated in both culture conditions. A2M might 

contribute to the ECM stability by inhibiting proteolysis and/or regulated EC 

morphogenesis by controlling the growth factor availability. Meanwhile, the 

cell adhesion molecules such as CD34 and VCAM-1 were down-regulated. 
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Expression ratio 
Accession no. Name 

C/H M/H 

Growth factors   

AA425450 Glycoprotein nmb 4.6  0.8  

H45668 KLF4 4.3  1.3  

R45059 VEGF 3.5  0.9  

AA598601 IGF binding protein 3 2.8  2.1  

AA130714 PGF 2.0  0.7  

H79047 IGF binding protein 2 0.5  0.5  

AA026118 Gastrin-releasing peptide 0.3  0.9  

Cell cycle / apoposis regulators   

AI335279 Chromosome 20 ORF 97 10.6  1.0  

AA015892 DNA-damage-inducible transcript 3 3.5  0.6  

T95052 Caspase 1 2.8  1.9  

AA419251 Interferon induced transmembrane protein 1 2.8  0.8  

AI521773 Peroxisomal trans 2-enoyl CoA reductase 2.6  1.1  

AA460685 Baculoviral IAP repeat-containing 5  0.6  2.0  

AA450265 PCNA 0.6  1.5  

AA397813 CDC28 protein kinase regulatory subunit 2 0.5  1.6  

AA454094 Cullin 2 0.5  1.3  

Cell-cell interaction   

AA434387 CD34 0.1  0.4  

ECM related genes / cytoskeleton   

AW081868 Tubulin, beta polypeptide 0.5  1.2  

AA180742 Tubulin, alpha 1 0.4  1.1  

H95960 Secreted protein, acidic, cysteine-rich 0.4  0.9  

AA461456 Collagen, type V, alpha 2 0.3  0.7  

Table 2. List of specific genes identified in co-culture assay  
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AA865469 Tubulin, alpha 3 0.3  0.8  

AA857496 MMP10 0.1  0.6  

Signaling molecules   

R98936 Membrane metallo-endopeptidase  3.5  0.8  

AA481519 Protein kinase C, epsilon 3.5  0.7  

AW073325 Down syndrome critical region gene 1 3.2  1.2  

AA455042 Chemokine-like factor 2.8  1.2  

AA464578 Rho/rac guanine nucleotide exchange factor 2.3  0.9  

AA007419 RGS4 0.4  2.3  

AW025816 RGS4 0.4  2.0  

AA019996 Prostaglandin E receptor 4  0.4  1.5  

AI686498 NEDD9 0.4  0.5  

AA055440 Sprouty homolog 1 0.4  1.6  

AA873060 Stathmin 1/oncoprotein 18 0.4  1.0  

AA040170 CCL7 0.4  0.4  

R45054 Corticotropin releasing hormone 0.4  1.1  

W46900 CXCL1 0.4  1.0  

AA775405 GPR51 0.3  2.0  

AI889554 CXCL6 0.3  1.3  

AA668470 RGS5 0.3  0.5  

Transcription factors   

AW008766 KLF4 5.3  1.7  

H26184 C/EBP, beta 4.3  1.0  

AA486533 EGR1 3.7  0.8  

AA600217 Activating transcription factor 4  3.5  1.0  

AI014468 C/EBP, gamma 2.6  1.2  

AW072778 TFCP2 0.3  0.5  

Table 2. continued  
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AI361560 Homeo box C9 0.2  0.8  

Metabolism   

AI015679 Phosphoserine aminotransferase 1 14.9  1.1  

AA894927 Asparagine synthetase 11.3  0.8  

AI635529 Wolf-Hirschhorn syndrome candidate 1 8.0  0.5  

AI655392 Lysosomal-associated membrane protein 3 7.5  0.6  

AI653116 Sulfatase 1 6.1  1.6  

AI361330 Methylene tetrahydrofolate dehydrogenase  5.7  1.4  

AA480995 Methylene tetrahydrofolate dehydrogenase  4.9  1.2  

R07167 Cystathionase  4.3  1.2  

H22856 Glutamic-oxaloacetic transaminase 1 3.2  1.1  

AA629909 Glycyl-tRNA synthetase 3.0  1.1  

AA419177 Solute carrier family 7  3.0  0.9  

AA410636 Isoleucine-tRNA synthetase 2.8  1.1  

AA482278 ESTs 2.6  1.2  

AA418293 Ribosomal protein L37 2.5  0.9  

AI984244 Oligoadenylate synthetase 2 2.5  0.7  

AA775447 A2M 2.5  2.3  

AA430504 Ubiquitin-conjugating enzyme E2C 0.5  1.6  

AA011096 Monoamine oxidase A 0.5  1.5  

AA497029 Lactate dehydrogenase A 0.5  1.9  

AA481507 Sacsin 0.5  1.7  

AI365075 Hypothetical protein FLJ22329 0.5  0.4  

AA448664 Polymerase, epsilon 2  0.5  1.9  

AA454668 Prostaglandin-endoperoxide synthase 1  0.4  1.7  

AI289110 Nuclear transport factor 2 0.4  1.4  

AA872383 Metallothionein 1E  0.4  1.3  

Table 2. continued  
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N91921 T cell receptor beta locus 0.4  1.0  

AA877213 Cytochrome P450, family 24 0.4  0.8  

AA456621 Gamma-glutamyl hydrolase  0.4  0.9  

H44032 Gap junction protein, alpha 4 0.3  1.0  

AI341604 Leucine rich repeat containing 17 0.3  0.5  

AA262080 Solute carrier family 12, member 2 0.3  0.5  

N47717 Fatty acid binding protein 5  0.1  0.8  

N92901 Fatty acid binding protein 4, adipocyte 0.1  1.0  

Unknown   

AA410188 Chromosome 1 ORF 29 10.6  0.6  

AA489640 IFIT1 10.6  0.5  

AI953299 IFIT1 6.5  0.8  

R52796 Interleukin 13 receptor, alpha 2 4.9  1.1  

AA488892 ESTs 4.6  0.8  

AI095082 Ras-related GTP binding D 3.5  1.2  

T71686 Cell cycle progression 8 protein 3.0  1.3  

N98563 Retinoic acid- and interferon-inducible protein  3.0  0.9  

AA430367 Cystathionine-beta-synthase 3.0  0.8  

N25945 Phospholipid scramblase 1 2.6  0.8  

AI089974 ESTs 2.5  1.1  

H85557 Stress 70 protein chaperone 2.5  1.0  

AI985117 Chromosome 20 ORF 18 2.5  0.9  

AI936084 Secretoglobin, family 2A, member 1 2.3  2.3  

AA478553 Dopachrome tautomerase 2.3  0.9  

AA488901 CDK5 regulatory subunit associated protein 3 2.1  0.9  

R60301 Neurotrophic tyrosine kinase, receptor, type 2 2.1  0.7  

AA504130 Cytoskeleton associated protein 2 0.7  2.1  

Table 2. continued  
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N66132 rTS beta protein 0.6  1.7  

AI745626 Metallothionein 1G 0.5  1.5  

AA156031 Metallothionein 2A 0.5  1.4  

H72723 Metallothionein 1B  0.4  1.5  

AA933888 ESTs 0.4  0.5  

AI361445 Chromosome 6 ORF 142 0.4  1.4  

H53340 Metallothionein 1G 0.4  1.3  

N80129 Metallothionein 1X 0.4  1.2  

AI088714 ESTs 0.4  1.1  

AA035637 Junction plakoglobin 0.4  0.4  

AA626698 Tubulin, alpha 2 0.4  0.9  

AI300120 ESTs 0.4  1.9  

T64192 T cell receptor beta locus 0.3  1.0  

T54298 Angiopoietin-like 4 0.3  0.9  

AA668595 Tumor protein p53 inducible protein 3 0.3  0.8  

AA251457 Paired basic amino acid cleavin 0.2  0.8  

AA991448 ESTs 0.2  0.9  

AI359037 ESTs 0.2  0.8  

 

 

 

 

 

Table 2. continued  

Data were obtained from comparing expression level of 115 genes. 
H : cultured HUVEC in conventional condition, C : co-cultured HUVEC with YCC-3, 
gastric cancer cells, M : cultured HUVEC on matrigel. 
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Expression ratio 
Accession no. Name 

M/H C/H 

Growth factors   

AI311932 Glia maturation factor, gamma 3.7 1.0 

N74623 IGF2 3.5 0.9 

AA253464 Dickkopf homolog 1 3.0 0.6 

AA125872 Angiopoietin 2 2.8 1.3 

AA598601 IGF binding protein 3  2.1 2.8 

H79047 IGF binding protein 2 0.5 0.5 

Cell cycle / apoposis regulators   

AA278384 CDC2 2.8 0.5 

R46787 Cyclin B1 2.6 0.7 

AA488324 BUB1B 2.6 0.6 

AA774665 Cyclin B2 2.6 0.5 

AA481076 MAD2 mitotic arrest deficient-like 1  2.6 0.5 

AI932735 Cyclin B2 2.6 0.5 

AA446462 BUB1 2.5 0.5 

AI337292 TTK protein kinase 2.5 0.5 

AA608568 Cyclin A2 2.3 0.4 

AA520999 Cyclin E2 2.1 0.6 

AA460685 Baculoviral IAP repeat-containing 5  2.0 0.6 

AA777001 Cyclin A1 1.7 0.7 

AA397813 CDC28 protein kinase regulatory subunit 2 1.6 0.5 

AA450265 PCNA 1.5 0.6 

Cell-cell interaction   

AA479199 Nidogen 2  3.5 1.0 

H16591 VCAM1 0.3 0.5 

Table 3. List of specific genes identified in matrigel culture assay 



 38

 

ECM related genes / cytoskeleton   

AA455157 Collagen, type XV, alpha 1 2.8 0.8 

AI002071 
Disintegrin-like and metalloprotease with 

thrombospondin type 1 motif, 9 
1.9 0.8 

N67487 Microfibrillar-associated protein 2 0.4 0.7 

Signaling molecules   

AA916836 CCL23 5.7 1.0 

R96626 CCL15 4.3 0.8 

AA447115 CXCL12 3.5 1.1 

AA629707 Down syndrome critical region gene 1 2.6 0.9 

AA598841 Natriuretic peptide receptor A 2.5 0.8 

AA262212 Discs, large homolog 7 2.5 0.5 

AA007419 RGS4 2.3 0.4 

AI686498 NEDD9 0.5 0.4 

AA040170 CCL7 0.4 0.4 

AA461108 Ephrin-B2 0.4 0.6 

W72033 Ras homolog gene family, member I 0.2 1.1 

AI692753 Ras homolog gene family, member I 0.2 1.1 

Transcription factors   

N75581 FUSE binding protein 1 3.5 0.7 

AA630784 Thyroid hormone receptor interactor 13 2.0 0.6 

AA441935 Achaete-scute complex-like 1 0.3 0.6 

Metabolism   

AA411850 Centromere protein E 4.3 0.8 

AI990075 Topoisomerase (DNA) II alpha  3.5 0.5 

AA282936 M-phase phosphoprotein 1 3.5 0.9 

AA701455 Centromere protein F 3.5 0.8 

Table 3. continued  
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AA406325 Phospholipase C-like 1 3.2 0.5 

AA972531 NIMA related kinase 7 2.8 1.1 

AI369629 Centromere protein A 2.6 0.8 

AA775447 A2M 2.3 2.5 

AA458634 NAD(P)H dehydrogenase, quinone 1 2.1 0.9 

AW029556 Kinesin family member 4A 2.1 0.7 

AA873056 RAD51 homolog  2.1 0.5 

AI085559 KIAA1363 protein 2.0 0.5 

AA187351 Ribonucleotide reductase M2 polypeptide 2.0 0.5 

AA497029 Lactate dehydrogenase A 1.9 0.5 

AA481507 Spastic ataxia of Charlevoix-Saguenay  1.7 0.5 

AA430504 Ubiquitin-conjugating enzyme E2C 1.6 0.5 

AA011096 Monoamine oxidase A 1.5 0.5 

AI984244 Oligoadenylate synthetase 2 0.7 2.5 

N21546 Topoisomerase III alpha 0.5 1.4 

AI346528 Ribosomal protein S19 0.5 1.3 

AI365075 Hypothetical protein FLJ22329 0.4 0.5 

AA664040 Tryptophanyl-tRNA synthetase 0.4 1.9 

AA521292 ATP-binding cassette, member 1 0.3 1.5 

Unknown   

H19440 Down syndrome critical region gene 1-like 1 4.0 0.8 

AI521692 Hypothetical protein FLJ90579 4.0 0.5 

AA465090 Tripin 3.5 0.8 

H59614 ESTs 3.0 0.9 

AA447611 Methyl-CpG binding domain protein 2 2.8 1.1 

AI148174 ARG99 protein 2.6 1.0 

AA489023 Hypothetical protein FLJ40629 2.5 0.8 

Table 3. continued  
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AI014387 ESTs 2.5 0.7 

AI936084 Secretoglobin, family 2A, member 1 2.3 2.3 

AA280385 KIAA0851 protein 2.3 0.6 

AA504130 Cytoskeleton associated protein 2 2.1 0.7 

H98218 ESTs 2.0 0.7 

AI057022 ESTs 2.0 0.6 

H59204 CDC6 2.0 0.8 

AI369386 ESTs 1.9 0.8 

N66132 rTS beta protein 1.7 0.6 

AI745626 Metallothionein 1G 1.5 0.5 

H72723 Metallothionein 1B  1.5 0.4 

AA156031 Metallothionein 2A 1.4 0.5 

H53340 Metallothionein 1G 1.3 0.4 

R60301 Neurotrophic tyrosine kinase, receptor, type 2 0.7 2.1 

AA035637 Junction plakoglobin 0.4 0.4 

AA419229 Hypothetical protein MGC29643 0.4 0.9 

AA171606 Short-chain dehydrogenase/reductase 1 0.4 2.1 

N54794 Plasminogen activator inhibitor 0.4 0.8 

T69164 ESTs 0.3 0.8 

N55269 Decidual protein induced by progesterone 0.3 0.5 

AA902183 ESTs 0.2 0.5 

AA937734 ESTs 0.2 0.7 

AI201652 ESTs 0.1 0.8 

 

 

Table 3. continued  

Data were obtained from comparing expression level of 95 genes. 
H : cultured HUVEC in conventional condition, C : co-cultured HUVEC with YCC-3, 
gastric cancer cells, M : cultured HUVEC on matrigel. 
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Expression ratio 
Accession no. Name 

C/H M/H 

Growth factors   

AA598601 IGF binding protein 3 2.8  2.1  

H79047 IGF binding protein 2 0.5  0.5  

Cell cycle regulators   

AA460685 Baculoviral IAP repeat-containing 5  0.6  2.0  

AA450265 PCNA 0.6  1.5  

AA397813 CDC28 protein kinase regulatory subunit 2 0.5  1.6  

Signaling molecules   

AA040170 CCL7 0.4  0.4  

AA007419 RGS 4 0.4  2.3  

AI686498 NEDD9 0.4 0.5 

Metabolism   

AI984244 Oligoadenylate synthetase 2 2.5 0.7 

AA775447 A2M 2.5  2.3  

AA430504 Ubiquitin-conjugating enzyme E2C 0.5  1.6  

AA011096 Monoamine oxidase A 0.5  1.5  

AA497029 Lactate dehydrogenase A 0.5  1.9  

AA481507 Sacsin 0.5  1.7  

AI365075 Hypothetical protein FLJ22329 0.5  0.4  

Unknown   

AI936084 Secretoglobin, family 2A, member 1 2.3  2.3  

R60301 Neurotrophic tyrosine kinase, receptor, type 2 2.1  0.7  

AA504130 Cytoskeleton associated protein 2 0.7  2.1  

N66132 rTS beta protein 0.6  1.7  

Table 4. List of common genes identified in co-culture and
matrigel culture assay 
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AI745626 Metallothionein 1G 0.5  1.5  

AA156031 Metallothionein 2A 0.5  1.4  

H72723 Metallothionein 1B (functional) 0.4  1.5  

AA933888 ESTs 0.4 0.5 

H53340 Metallothionein 1G 0.4  1.3  

AA035637 Junction plakoglobin 0.4  0.4  

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. continued  

Data were obtained from comparing expression level of 25 genes. 
H : cultured HUVEC in conventional condition, C : co-cultured HUVEC with YCC-3,
gastric cancer cells, M : cultured HUVEC on matrigel. 
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IV. DISCUSSION  
 

As the significance of angiogenesis in cancer has been demonstrated, 

many studies aimed at identifying and characterizing the pro- and anti- 

angiogenic molecules have been performed. However, the complex 

interactions among these molecules and how they affect the angiogenesis 

process are unclear. Understanding the in vitro activation of endothelial cell 

can be the basic information for understanding angiogenesis. 

This study focused on the activation of HUVEC during morphogenesis 

and under the potential a tumor effect. The HUVEC were activated in three 

in vitro culture conditions. First, activation in a conventional culture with the 

serum and growth factors used as the control to comparing with the other 

conditions. Second, culture on matigel induced tube formation of HUVEC. 

Matrigel, which is a gelatinous mixture of extracellular and basement 

membrane proteins, mimics the in vivo growth environment. Finally, co-

culture with YCC-3, gastric cancer cell induced growth changes by the 

cytokine and growth factors secreted from the cancer cells.  

Gene expression changes in the in vitro activated HUVEC in the matrigel 

culture and co-culture were compared with the conventional culture using 

cDNA microarray analysis. cDNA microarray as high throughput genomic 

technologies enables us to screen thousands of genes simultaneously for the 
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informative genes. In the conventional approaches such as Northern blot 

analysis of Reverse Transcriptase Polymerase Chain Reaction (RT-PCR), 

only a few or at best a handful of genes can be examined in one experiment. 

When multiple genes are studied, investigators must be very selective in the 

genes, necessitating a priori information. However, gene expression 

information from a few genes simply does not explain the complex 

molecular processes. A large group of genes and their modulated expression 

patterns direct the biological process. There is a need to obtain information 

on the expression changes in as many genes. cDNA microarray technology 

makes it possible to study several thousands of genes in a single experiment 

and to identify the unexpected genes, which can lead to the development of a 

new hypotheses.  

A cDNA microarray experiment has limitation to require more than 40㎍ 

of the total RNA for consistent results. Many clinical studies are restricted by 

the limitation in the sample amount to be tested. Therefore, RNA 

amplification protocols have been introduced to overcome this limitation in 

the microarray experiment. Several modifications have been introduced to 

the original protocol and applied intensively to the microarray research11-13. 

These studies verified and estimated the fidelity and reproducibility of the 

RNA amplification. This study also optimized and evaluated the RNA 
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amplification technique, which can be used for a reproducible microarray 

experiment using as little as 0.5ug of the total RNA. 

The cDNA microarray involves multi-step reactions and is affected by 

several variations, including the quality and amount of input RNA, the 

physical properties of dyes, the efficiency of dye incorporation, and the 

experimental variability in the hybridization. It is essential to normalize the 

fluorescence intensities before performing a further analysis of the data in 

order to reduce the false positives and to identify the genes that are truly 

differentially expressed.  

This study performed triplicate microarrays in each condition to minimize 

the systemic variation and used statistical methods such as SAM based on a 

student t test. The obtained microarray data was normalized using an 

intensity dependent, within-print tip normalization based on the Lowess 

function to correct the intensity dependent variations and the spatial effects 

produced by hybridization artifacts or print-tip effects. In the M-A and Box 

plot before and after normalization, the center of the log ratio distribution 

shifts slightly to zero but are similar. Such a display shows that the 

microarray experiments were very consistent and reproducible. A high 

correlation coefficient among the triplicate microarrays can also assist these 

results. 
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  This study showed that the regulation of many genes occurs as the 

activation process of HUVEC. An analysis of the gene expression pattern 

identified specific genes; 115 genes related to cancer cell stimuli in the co-

culture assay and 95 genes related to morphogenesis in the matrigel culture 

assay. As shown in Fig. 9 and 10, more than 23% of these genes are involved 

in the general metabolism. They are likely to be common pathways of action 

for many cytokine stimuli to the endothelial cell. In the co-culture assay, the 

genes related to apoptosis and cell cycle, growth factors signaling, and 

transcription factors were up-regulated in similar proportions and the genes 

related signaling and ECM remodeling and interaction were down-regulated. 

In the matrigel array, the genes related to apoptosis and cell cycle, signaling, 

and growth factors were up-regulated and most of genes related signaling 

were down-regulated. Furthermore, common genes that were identified 

between co-culture and matrigel culture involved signaling, cell cycle, and 

growth factors.  

Some of the identified genes were previously reported genes to regulate 

the angiogenesis and the majority were novel genes. The expression changes 

in the genes identified in this study relatively differ from the previously 

reported changes. This is not surprising because the complex interactions of 

several genes related to the activation of the HIUVEC may generate these 
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changes. In addition, it must be noted that these results were obtained from 

in vitro cultured cells. Although the endothelial cells were obtained from the 

primary culture, the in vitro results must always be treated with caution 

when extrapolating then to an in vivo situation. 
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V. CONCLUSION  
 

This study set-up a RNA amplification protocol, which is a reliable and 

powerful tool for microarray experiments, where only minute amounts of 

clinical samples are available. Using a cDNA microarray with RNA 

amplification, a large number of genes with statistically significant changes 

of expression in the activated HUVEC were identified. This analysis of gene 

expression serves as a basis for further studies on the activation process of 

HUVEC and can provide the basic information for understanding both 

normal and pathological angiogenesis.  
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 ABSTRACT (IN KOREAN)  

고밀도 cDNA microarray 를 이용한 혈관내피세포 특이 

유전자군의 탐색 

<지도교수  라 선 영>  

연세대학교 대학원 의과학과  

신  지  혜 

혈관신생(angiogenesis)은 이미 존재하는 기존의 

모세혈관으로 부터 새로운 혈관이 생성되는 현상을 의미한다. 

종양 치료에 있어 혈관신생의 억제는 치료에 대한 부작용을 

최소화하면서, 효과적으로 종양의 성장 및 전이를 제어할 

것으로 기대되어 많은 연구가 진행되고 있다. 그러나 여러 

연구에도 불구하고, 혈관신생 억제치료(anti-angiogenic 

therapy)의 핵심적인 target이 될 수 있는 종양 혈관형성 

특이 유전자는 밝혀지지 않고 있다. 뿐만 아니라 혈관신생의 

시작 과정인 혈관내피세포 활성화의 분자유전학적 

병태생리조차도 규명되어 있지 않은 실정이다. 

본 연구는 RNA amplification 방법을 적용한 cDNA 

microarray를 수행함으로써, 정상 혈관내피세포와 외부 

자극으로 혈관신생이 유도된 내피세포에서 발현 변화를 

보이는 유전자군 간의 비교를 통하여, 혈관신생과 관련된 
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내피세포 특이 유전자 군을 선정하고자 한다.  

RNA amplification은 소량의 시료만으로 cDNA microarry 

실험 수행이 가능한 방법이다. 본 연구에 앞서, 2㎍의 total 

RNA를 이용한 RNA amplification 방법을 적립하였고, 이를 

cDNA microarray에 적용하여 재현성과 유용성을 

검증하였다.  

  정상 혈관내피세포주인 HUVEC (Human Umbilical Vein 

Endothelial Cell)은 다음의 3가지 배양조건으로 활성화를 

유도하였다; (1) 성장인자와 일반 배지에서의 증식 유도, (2) 

matrigel 상에서의 배양으로 세포 재배열 및 관형성의 

형태분화 유도, (3) 종양 세포주인 YCC-3와의 co-

culture를 통한 종양 자극에 의한 내피세포의 이상 증식 

유도. RNA amplification 후, 17,664개의 인간 유전자가 

점적된 고 도 cDNA microarray (GT-CMRC, 연세의대)를 

이용하여 3가지 조건으로 활성화된 혈관 내피세포의 

유전자의 발현변화를 관찰하였다. 이 때, 연세의대 암전이 

연구센터에서 제작한 인체의 11개 장기를 대표하는 

종양세포주로 구성된 Yonsei reference RNA를 이용하여, 

각각의 microarray 실험의 reference sample로 

사용함으로써 실험 간의 유전자 발현 변화를 비교하였다. 

Microarray 데이터는 Significance Analysis of 

Microarrays (SAM)라는 프로그램을 이용하여 분석함으로써 

유의한 유전자 군을 선정하였다.  

  2㎍의 total RNA를 사용하여 RNA amplification 했을 때, 
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약 103배 amplification 되었고 amplified mRNA는 0.2에서 

4.0kb 사이에 분포하고 있었다. Systemic error를 보정하기 

위해 수행한 3회 반복실험 간의 피어슨 상관계수(Pearson 

correlation coefficient)은 0.95, 0.96, 0.97로 높은 

재현성을 보였다. SAM을 이용하여, matrigel culture에서 

유도된 형태분화와 관련된 95개의 유전자와 co-culture에 

의한 내피세포의 증식변화와 관련된 115개의 유전자를 

0.2%의 FDR 범위 내에서 선정하였다. 상용화된 데이터 

베이스와 문헌 검색을 통하여 선정된 유전자 군의 생물학적 

기능을 조사하였다.  

결론적으로, 본 연구에서는 소량의 시료를 사용하여 높은 

재현성의 결과를 얻을 수 있는 RNA amplification을 이용한 

cDNA microarray 방법을 적립하였고, 이를 이용하여 정상 

혈관내피세포주인 HUVEC의 활성화 기전에 관련된 특이 

유전자 군을 선정하였다. 선정된 특이 유전자 군은 혈관신생 

억제제의 새로운 target이 될 만한 후보 유전자 군을 

제시함으로써, 이는 혈관신생 연구의 근간이 될 수 있다. 
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핵심되는 말 : 혈관신생(angiogenesis), cDNA microarray, RNA 
amplification,  

정상 혈관내피세포 


