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Abstract  
 

Establishment of Primary Colorectal and Paired Liver 

Metastatic Cancer Cell Lines from the Same Patients and 

Analysis of Differential Expressed Genes  

 
Hyoung Chul Park 

Department of Surgery, College of Medicine 

The Graduate School 

Seoul National University 

 

Introduction: Liver is the predominant metastatic site in colorectal cancer 

and it is important to understand the molecular alteration of liver metastasis. 

The paired primary/liver metastatic tumor cell lines from the same patient 

may provides better understanding of molecular biology for tumor 

homogeneity. Thus, we established the same patient-derived paired cancer 

cell lines from primary tumor and liver metastasis and further investigated 

the molecular alterations in liver metastatic tumors, compared to primary 

colorectal cancer by using RNA microarray. 

Methods: The primary colorectal cancer cell lines and the paired liver 

metastatic cell lines were successfully established; SNU-2337A/B, SNU-

2536B/C, and SNU-2600A/B. We investigated distinct genes which were 

consistently up-regulated or down-regulated in three paired cell lines by 

using RNA microarray and selected genes to yield similar results in the 
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paired lymph node metastatic cell lines (SW480/620, SNU-769B/A) from 

the same patients. We further evaluated these genes by RT-PCR (reverse 

transcription-polymerase chain reaction) and western blot analysis. 

Results: Twenty-three genes were up-regulated and thirty-seven were down-

regulated in 3 liver metastatic cell lines simultaneously. Based on 

confirmation of paired lymph node metastatic cell lines, L-plastin was 

conserved increased expression and MUC12 and phospholipase C ε-1 

(PLCE1) were conserved decreased expression. The results of RT-PCR and 

western blot supported the expression patterns of these genes.  

Conclusions: These newly established paired cancer cell lines from the 

same patients may provide further information for complex process of liver 

metastasis. Additionally, we found that L-plastin was also up-regulated in 

the liver metatastic cell lines, besides the lymph node metastatic cell lines. 

------------------------------------- 

Keywords: Differential gene, Liver metastasis, L-plastin, Paired cancer 

cell line, Same patient  

Student Number: 2007-30501 
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INTRODUCTION 

The liver is the most common sites for CRC metastasis. Most of CRC 

patients with advanced recurrent or metastatic disease will die within 5 years, 

despite receiving surgery and adjuvant chemotherapy. 

Tumor cells that continue to drive the growth and spreading after surgery 

and drug treatment may represent an important therapeutic target. 

Although the treatment for CRC has been advanced, the overall cure rate of 

distant metastatic disease has not particularly improved. Distant metastasis 

occurs mostly in the liver and is the major cause of death. However, the 

molecular mechanisms of liver metastasis have not been well elucidated. It 

was shown that multiple factors secreted by the primary tumor may affect to 

create a permissive environment that promotes cell proliferation. [1] In 

addition, metastatic processes are complex and associated with multiple 

interactions between primary cancer cells and host derived cells in the liver. 

Thus, the understanding of the molecular biology and changes involved in 

liver metastasis is significant to developing the specific therapy for 

metastatic disease.  

These analyses of commonly differential genes may offer important 

information to potential role in liver metastasis. Although tumors originate 

from various genetic alterations, the steps leading to metastasis are quite 

similar. Metastatic process involves the detachment of tumor cells from the 

primary tumor, degradation of the extracellular matrix, adhesion to 
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endothelial cells at the specific target site and initiation of angiogenesis. 

Since the colon and rectum deliver their blood stream to the liver first, the 

liver becomes the dominant site of metastasis. Metastasis to liver from 

colorectal cancer is a multiple step highly systematized process, which 

suggests the involvement of numerous genes. These complex processes 

depend on multiple interactions between cancer cells and host derived cells 

in the microenvironment in both the primary tumor and liver. Therefore, a 

number of heterogenous molecules involved in liver metastasis have been 

identified.  

The specific mechanism of metastasis to liver from colorectal cancer cannot 

be explained. Both the innate genetics and the very diverse functional 

profiles that are operating in the liver for each patient may contribute to the 

carcinogenesis. There are various conditions in the liver that lead to 

functional changes promoting metastasis.  

To assess the molecular alterations during the liver metastasis, it is 

significant to study with comparison of gene expression between primary 

tumors with their corresponding metastasis.  

Many genes that may related to the progression of metastasis were found, 

however, many expression modifications occurred to accompanying events 

during carcinogenesis and only few alterations were associated with 

metastatic progression.  

Although dissemination of tumor cells seems to be early and frequent events, 



3 

 

the successful initiation of metastatic growth is only a prior condition in 

many cancer types and is achieved by a minority of cancer cells that reach 

distant sites.  

Full understanding of the genetic changes occurring in liver metastasis will 

require through knowledge of the mRNA expression profiles of tumor cells 

in the primary and liver metastasis of colorectal cancer. The majority of 

studies to date, however, have assessed on the background of biologic 

variability. 

To identify characteristic differences between primary CRC and liver 

metastasis, unmatched sample groups from different patients or fresh 

samples from the same patients have been mostly used. [2-4] However, from 

this approach, genetic information has a restriction by inherent tumor 

heterogeneity and biologic variability. In addition, the molecular features 

may show inconsistent responses in a different experimental environment. 

Therefore, paired tumor cell line from the same patient can provide valuable 

information. To our knowledge, primary CRC cell line with paired liver 

metastatic cell line from the same patient has not been reported.  

Cell line establishment has been described to be fresh tumor tissues, but the 

success rate was not high. In addition, cell lines from primary colorectal 

cancer were no more than several hundreds. Thus, paired tumor cell lines 

from the same patients were valuable.  

To address this issue in a meaningful way, we established three cell lines 
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both primary tumor and liver metastatic tumor from the same patients. 

Developing such patient-derived cancer cell line sets may substantially 

contribute to a more detailed understanding of liver metastatic process. We 

identified liver metastasis related molecular alterations, compared to primary 

colorectal cancer, using RNA microarray from these paired cancer cell lines.  

Among differentially expressed gene simultaneously in liver metastasis, we 

selected genes which showed similar RNA microarray results in paired 

lymph node metastatic cell lines. In addition, we further validated these 

genes by RT-PCR and tissue microarray. 
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MATERIALS AND METHODS 

1. Cell culture and Cell line establishment  

 Cell lines were established from primary colon cancer and liver metastasis 

in the same three patients. All the three patients underwent anterior resection 

and liver metastasectomy simultaneously at the Seoul National University 

Hospital. All tumors were pathologically proven colonic adenocarcinomas. 

Primary tumor and metastasis resection specimens were received fresh from 

surgery, with informed written patient consent. Initially, connective tissue or 

necrotic debris was removed from tumor. Solid tumors were finely minced 

with a scissors by aseptic techniques and dissociated into small aggregates 

by pipetting to separate tumor cells. Appropriate amounts of neoplastic 

tissue fragments were seeded into 25cm2 flasks. Tumor cells were initially 

cultured in primary cell culture medium supplemented with 5% heat-

inactivated fetal bovine serum (AR5). Medium was changed regularly every 

1 week (Figure 1).  

If stromal cell growth such as fibroblasts and mesothelial cells was noted in 

the initial cultures, differential trypsinization or scraping was used to obtain 

a pure tumor cell population. Cultures were maintained in humidified  

incubation.  
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After establishment, cultures were maintained in RPMI 1640 medium 

supplemented with 10% heat-inactivated fetal bovine serum, 100U/ml 

penicillin, and 0.1 mg/ml streptomycin. 

Initial passages were performed when heavy tumor cell growth was observed, 

and subsequent passages were performed every 1 or 2 weeks. Adherent cells 

were recovered while growth was subconfluent by treatment with trypsin, 

dispersed by pipetting and used for the passages. 

Thirty-two human CRC cell lines (SNU-61, SNU-81, SNU-175, SNU-283, 

SNU-407, SNU-503, SNU-769A, SNU-769B, SNU-1033, SNU-1040, SNU-

1047, SNU-1197, SNU-C1, SNU-C2A, SNU-C4, SNU-C5, Caco-2, 

COLO201, COLO205, COLO320, DLD1, HCT-8, HCT-15, HCT-116, HT-

29, LoVo, LS174T, NCI-H716, SW-403, SW-480, SW-620, SW-1116, 

WiDr) were obtained from the Korean Cell Line Bank (KCLB)and used as 

controls for RT-PCR. All cell lines were maintained in RPMI1640 media 

with 10% fetal bovine serum at 37oC and 5% CO2. 
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Figure 1. Process of establishment of tumor cell line 

 

2. DNA fingerprinting analysis 

 For DNA fingerprinting analysis to authenticate each cell line, DNA was 

amplified using an AmplFLSTR identifiler PCR amplification kit (Applied 

Biosystems, Foster, CA, USA). This Kit has become widely used for 

forensic and evolutionary applications where a reliable knowledge on 

mutation properties is necessary for correct data interpretation. As the 

instrument measures sample fluorescence with its detection system, the data 

collection software collects the data and stores it. Fluorescent multi-color 
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dye technology allows the analysis of multiple loci, including loci that have 

alleles with overlapping size ranges. Alleles for overlapping loci are 

distinguished by labeling locus-specific primers with different colored dyes. 

The four dyes used in the Kit to label samples are 6-FAMTM, VIC®, NEDTM, 

and PET® dyes. The fifth dye, LIZ®, is used to label the the GeneScanTM 

(Applied Biosystems) 500 LIZ® Size Standard. There is a example in the 

emission spectra between the dyes (Figure 2). 

 A single round of PCR amplified 15 short tandem repeat markers and an 

Amelogenin gender-determining marker at loci containing highly 

polymorphic microsatellite marker. Amplified products were analyzed using 

an ABI 3730 Genetic analyzer (Applied Biosystems).  

 

 

Figure 2. Analysis of DNA fingerprinting by AmplFLSTR identifiler PCR 

amplification kit 

 

3. Microsatellite instability (MSI) analysis 
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For MSI analysis, paired cell line sets were evaluated by using PCR products 

labeled with [α-32P]dCTP during PCR cycles. PCR products were separated 

on 6M urea/7% polyacrylamide gels, transferred to 3MM Whatman paper, 

and subjected to autoradiography. MSI analysis was also performed using 

capillary-based sequencing by an ABI 3730 sequencer with two (BAT-25, 

BAT-26) microsatellite markers. The multiple PCR reactions were 

performed according to the MSI test. Purified genomic DNA from a total 

elution volume of 100 μl from primary tumor and liver metastasis in each 

case was mixed with 5 μl Multi Primer Mix, containing the selected 

microsatellite markers. The PCR conditions were as follows: after an initial 

2 min denaturation step at 94oC, 30 amplification cycles were performed, 

each consisting of a 10sec step at 94oC, a 30 sec step at 55oC, and a 30 sec 

elongation step at 72oC, Amplification was completed with a final incubation 

step at 94oC for 7 min. Fluorescent dye-labeled samples were separated on 

and ABI 3730 sequencer and analyzed with Genescan analysis software 

(Applied Biosystems). 

 

4. Mycoplasma test 

Mycoplasma contamination was tested by the 16S-rRNA-gene-based PCR 

amplification method using e-MycoTM (Intron biotechnology, Gyeonggi, 

Korea). After preparation of e-MycoTM Kit, tested samples were arranged in 
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Kit, including positive and negative control of Mycoplasma contamination. 

Positive control was Mycoplasma control DNA and negative control was 

sterilized distilled water. PCR analyses performed as following condition 

(Table 1.) The results were analyzed with gel electrophoresis (using 2% 

agarose gel) to confirm specificity of generated products. The corresponding 

PCR product was 570 bp and PCR product of contamination was 260 bp.  

All cell lines were tested for bacterial contamination. 

PCR condition Temp. Time 

Initial denaturation 94oC 1 min 

35 cycles  Denaturation 

Annealing 

Extension 

94oC 30 sec 

58oC 20 sec 

72oC 1 min 

Final extension 72oC 5min 

Table 1. PCR setting for mycoplasma test 

 

5. RNA isolation and cDNA synthesis  

Total RNA was isolated using easy-BLUETM kits (Intron biotechnology) 

from cultured and washed cancer cell pellets. Briefly, the protocol involves 

adding 1 mL of easy-BLUE to collected cells, vortexing vigorously and then 

adding chloroform. After centrifuging, the aqueous layer was transferred to a 

new tube. Isopropanol was added to precipitate RNA, and obtained RNA 
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pellets were washed with 70% ethanol. Pellets were then dissolved in DEPC-

treated distilled water at 65 oC for 20 min and then stored at -70oC. For 

cDNA synthesis, 2 μg of total RNA and 1 μl of random primer were mixed 

and incubated at 70 oC for 10 minutes. Then, they were cooled down in ice 

for 5 minutes. The mixture that contained 4 μl of 0.1M DTT, 1 μl of 2.5mM 

dNTP, 1 μl of SuperscriptTM II reverse transcriptase (Invitrogen, Camarillo, 

CA, USA) and 1 μl of DEPC water was added to the tube that included the 

mixture of total RNA and random primer and the reverse transcription 

reaction was performed. The conditions of the reaction were 1 hour 30 

minutes at 42 oC and 15 minutes at 80 oC. Finally, 80 μl of DEPC water were 

added for cDNA dilution.  

 

6. RNA microarray analysis  

Total RNA was extracted using TRIzol (Invitrogen) and purified using an 

RNeasy Mini Kit (Qiagen, Hilden, Germany). RNA integrity was assessed 

with an Agilent 2100 Bioanalyzer (Agilent, Palo Alto, CA, USA). High 

quality RNA (RNA integrity number >9.0) was used for expression 

microarray analysis in which 300ng of the total RNA was processed for 

biotin labeled target preparation and hybridization to Affymetrix Gene 1.0 

ST array (Affymetrix, Santa Clara, CA, USA) according to the 

manufacturer's protocol to perform gene expression profiling experiments. 

After hybridization for 16 hours at 45°C with rotating at 60RPM, arrays 
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were washed and stained on a GeneChip® Fluidics Station (Affymetrix, Inc.) 

and scanned using the GeneChip® Scanner 3000. 

The CEL intensity data extracted by GCOS (Gene Chip Operating Software, 

Affymetrix, Inc.) were used for data analysis. Raw data were processed 

using Affymetrix® Expression Console software using default RMA 

parameters. Functional categorization of expression-based clusters based on 

gene ontology (GO) was performed using DAVID Functional Annotation 

Bioinformatics Microarray Analysis (http://david.abcc.ncifcrf.gov/home.jsp). 

After compared the signal intensity level between samples, dChip searches 

all branches with at least four functionally annotated genes to assess whether 

a local cluster is enriched by genes having a particular function with GO 

term. Classification was performed using GeneCluster2.0software 

(http://broadinstitutes.org/cancer/software/genecluster2/g c2. html). 

 

7. Cell cycle analysis 

For performing cell cycle analysis, the cells were collected and fixed with 

70% EtOH and incubated at 4 oC for 48hours.  

The cells were then washed with cold PBS and stained with propidium 

iodide (PI) (100 μg/ml) (Sigma Chemical Co. St. Louis, MO, USA) and 

RNase A (10 mg/ml) (Intron biotechnology) for 30 minutes in ice. After 

staining, the cells were introduced to a fluorescence-activated cell sorter 

(FACS CantoIITM, BD, New Jersey, USA) to determine proportion of cell 
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cycle phases. 

 

8. Selection of differential genes at paired lymph node 

metastatic cell lines 

To identify genes with influential metastatic potential, we then validated 

simultaneous increased or decreased genes in liver metastatic cell lines with 

paired CRC cell from the same patients. Until now, paired CRC cell lines 

with this condition were lymph node metastatic cell line sets. Therefore, we 

used SW480/SW620 and SNU-769B/SNU-769A for confirmation of 

differential genes. 

We selected differential expressed genes to yield similar result both paired 

liver metastatic cell line sets and paired lymph node metastatic cell lines. 

 

9. RT-PCR analysis 

RT-PCR was carried out using specific primers for differential gene mRNA. 

The primers used to amplify the cDNA were as follows:  

sense, 5΄-AGTCAAGAACAA-GATTGCTTCC-3΄ and reverse 5΄-

TCATACCATAAGCCTGAATAGC-3 .́ The PCR conditions consisted of 5 

min at 94 oC for initial denaturation, followed by 35 cycles of 94 oC (45 sec), 

55 oC (30 sec) and 72 oC (1 min), and a final elongation of 7 min at 72 oC. 

Primers for β-actin 5 -́TCACCCACACTGTGCCCATCTACGA-3  ́ forward 
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and 5΄-CAGCGGAACCGCTCATGCCAATGG-3 ŕeverse were used to 

confirm RNA integrity. Amplified DNA fragments were fractionated in 2% 

(w/v) agarose gels and stained with ethidium bromide. The specificity of 

products generated by each set of primers was examined using 

electrophoresis. Relative expression levels of differential genes were 

normalized to the geometric mean of the internal control gene β-actin. 

 

10. Protein isolation and Western blot 

Cells were rinsed three times with phosphate-buffered saline at room 

temperature, and lysed in PROPREPTM Protein Extraction Solution 

(Invitrogen) and placed on ice for 30 minutes. The lysates were centrifuged 

for 20 mins at 4  and then the supernatant ℃ fraction was collected. The 

protein concentration was determined by SMARTTM micro BCA protein 

assay kit (Intron biotechnology). 12 μl of protein were resolved by 4 x SDS 

sample buffer and was boiled for 5 mins. The protein was loaded on 4-12% 

Bis-Tris gel (Invitrogen) at 100 volt for about 2 hours and transferred to 

polyvinylidene fluoride membranes (Millipore, Bedford, MA, USA) by 

electro-blotting at 260 mA constant current for 1.5 hours at 4 . For ℃

blocking the membrane, it was incubated in 1.5% non-fat dry milk (Bio-Rad, 

Richmond, CA, USA) and 0.5% Tween 20-TBS (Tris-buffered saline) 

containing 1mM of MgCl2 for 1 hour at room temperature. Primary 

antibodies against either L-plastin (1:500) (Novus, Littleton, CO, USA), 
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MUC12 (1:1,000) (Novus, Littleton, CO, USA), PLCE-1 (1:1,000) (Abcam, 

Cambridge, UK) or β-actin (1:5,000) (Applied Biological Materials Inc. 

Richmond, BC, Canada) were introduced to the membrane and incubated at 

room temperature for 1 hour. Membranes were washed three times for 10 

min each with blocking solution. Peroxidase conjugated mouse or rabbit IgG 

antibody (Jackson Immunoresearch, West Grove, PA, USA) (1:5000) was 

added as a secondary antibody and incubated at room temperature for 1 hour. 

Chemiluminescent working solution, WESTZOLTM (Intron biotechnology) 

was decanted to membrane. The membrane was exposed to Fuji RX film for 

10 seconds-10 minutes. 

 

11. Immunohistochemistry 

To find out the location of protein and to compare the difference of 

expression levels between the primary and the liver metastatic cancer cell 

line, immunohistochemistry for clinical validation was performed. Each 

sample was obtained from paraffin-embedded tumors. Representative tumor 

samples contained a minimum of 90% neoplastic cells. Tissue microarray 

consists of 20 samples (primary/liver metastasis) from 10 patients. Twenty 

wells were arranged on one slide for immune-staining. Primary tumor sites 

were ascending colon (2), transverse colon (1), sigmoid colon (5), and 

rectum (2). Matched liver metastatic samples were all confirmed to 

metastatic adenocarcinoma. 
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Staining intensity was expressed as absent, weak, moderate, or strong. Two 

researchers identified the results without knowledge of clinical informations. 
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RESULTS 
 

General characteristics of paired cell lines 

CRC and liver metastatic specimens were derived in matched tumor samples 

from the same patients. These specimens for cell line culture were collected 

from patients during surgeries conducted at Seoul National University (SNU) 

Hospital. In most specimens, cell line was established either primary tumor 

or liver metastasis. The success rate of establishment of both cell lines was 

10.7% (3/28). In result, we established three paired primary/liver metastatic 

cell line sets: SNU- 2337A (primary) / 2337B (metastasis)(Figure 3-1), 

SNU-2536B (primary)/ 2536C (metastasis) (Figure 3-2), and SNU-2600A 

(primary)/ 2600B (metastasis) (Figure 3-3). These cell lines were established 

in AR5 medium and maintained in RPMI 1640 medium supplemented with 

10% heat-in-activated FBS. All lines were free of contamination by 

Mycoplasma (Figure 4). 

 



18 

 

  
                                      

Figure 3-1 Phase-contrast microscopy of SNU-2337A/B; A-Primary tumor 

B-liver metastasis 

 

  
 

Figure 3-2 Phase-contrast microscopy of SNU-2536B/C; B-Primary tumor 

C-liver metastasis 
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Figure 3-3 Phase-contrast microscopy of SNU-2600A/B; A-Primary tumor 

B-liver metastasis 

 

 

Figure 4.  Mycoplasma contamination test 
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DNA profiles 

DNA fingerprinting revealed that the paired cell lines from primary tumor 

and liver metastasis were identical by DNA fingerprinting using 16 short 

tandem repeats. Thus, we confirmed that paired cell line sets were originated 

from the same patient. Each cell line sets were unique and unrelated. These 

results excluded the possibility of cell line set cross-contamination. The 

examples of fingerprinting were described as Figure 5 (SNU-2337B and 

SNU-2536C). 

The results of three paired cancer cell line are summarized in Figure 6-1, and 

6-2.  

 

  

Figure 5. Fingerprinting analysis of SNU-2337B and SNU-2536C 
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Figure 6-1. The results of STR profile in three paired cell lines (I) 

 

 

Figure 6-2. The results of STR profile in three paired cell lines (II) 

 

MSI status 

We used two cell lines for control (SNU-61 for microsatellite stability 

control, SNU-C2A for MSI control). Three paired cell line sets exhibited a 

MSS phenotype (Figure 7). 

Sample D8S1179 D21S11 D7S820 CSF1PO D3S1358 TH01 D13S317 D16S539

SNU-2337A 11,13 29 12 - 16 9,9.3 13 10,13

SNU-2337B 11,13 29 12 11,12 13,16 9,9.3 13 10,13

SNU-2536B 15 29,30 8,11 10,11 16 6,9 8,11 11

SNU-2536C 15 29,30 8,11 10,11 16 6,9 8,11 11

SNU-2600A 15,17 32.2 12,13 10,11 14,16 7,9 8,11 9

SNU-2600B 15,17 30,32.2 12,13 10,11 14,16 7,9 8,11 9

Sample D2S1338 D19S433 Vwa TPOX D18S51 Amelogenin D5S818 FGA

SNU-2337A - 14.2 17,18 8,9 16 X,Y 11,12 20.2,24

SNU-2337B 18,24 14.2 17 8,9 16 X,Y 11,12 20.2,24

SNU-2536B 18,23 13,14.2 16,18 8,10 10,14 X 10,13 22

SNU-2536C 18,23 13,14.2 16,18 8,10 14 X 10,13 22

SNU-2600A 19,23 13,14 14,17 8,11 18 X,Y 13 23

SNU-2600B 19,23 13,14 17 8,11 18 X,Y 13 23
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Figure 7. Analysis of microsatellite instability (MSI) in paired tumor cell 

line sets 

Three paired cell lines showed MSS phenotype 

 

Gene expression differentially between primary and liver 

metastatic CRC cell lines 

Comparision between primary and liver metastatic cell lines identified 

several genes changes in expression patterns. Twenty-three genes displayed 

increased expression levels simultaneously in three paired liver metastatic 

cell lines, while thirty-seven genes were decreased in these cell lines (Figure 

8). As some genes displaying changes may be associated with environment 

of liver tissues and to restrict a relatively small subset of differential genes 

between tumors, we assessed consistent expression patterns in paired lymph 
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node metastatic cancer cell lines. 

Validation of lymph node metastatic paired cell lines (SW480/620, 

SNU769B/A) showed that L-plastin was also conserved higher expression in 

these sets. Using the same method, we confirmed MUC12 and PLCE1 

decrease commonly in validated paired cell lines (Figure 9). By combining 

RNA microarray results from paired liver metastasis and lymph node 

metastasis, we observed three genes to demonstrate consistent findings. 

 

 

Figure 8-1 The number of gene differentially expressed in each paired cell 

line set 

Figure 8-2 Up-regulated and down-regulated genes simultaneously in three 
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paired cell line sets 

Figure 8-3 Heat map of gene differentially expressed 

 

  

 

 

 

Figure 9. Validation of differential genes by RT-PCR, using paired lymph 
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node metastatic cell line sets from the same patients (FADS2- fatty acid 

desaturase 2, GPR155-G protein-coupled receptor 155, UCP2-uncoupling 

protein 2) 

 

Validation of genes by RT-PCR and Western blot 

The expressions of above three genes were confirmed by RT-PCR. These 

analyses showed the same changes of expression in RNA microarray. 

The L-plastin expression was high in liver metastatic cell lines. The MUC12 

and PLCE1 showed low expression in metastatic cell lines (Figure 10) 

 

 

 

Figure 10-1. Analysis of L-plastin and MUC12 expression level by RT-PCR 

in paired tumor cell line sets 

L-plastin and MUC12 levels in 3 primary/liver metastatic cell line sets and 
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in 2 primary/lymph node metastatic cell line sets from the same patients 

were analyzed by RT-PCR. Each sample was normalized by β-actin. 

 

 

 

Figure 10-2. Analysis of L-plastin and MUC12 expression level by RT-PCR 

L-plastin and MUC12 levels in 32 human colorectal cancer cell lines were 

analyzed by RT-PCR. Each sample was normalized by β-actin. 

 



27 

 

 

Figure 11. Analysis of L-plastin , MUC12, and PLCE1 expression level in 

paired tumor cell line sets by Western blot 

Increased L-plastin expression was identified in liver metastatic cell lines. 

Decreased MUC12 and PLCE1 expression was observed simultaneously in 

liver metastatic cell lines 

 

Functional analysis 

In functional analysis, the genes associated with the process of fatty acid 

metabolism were increased in hepatic metastasis cell lines (Table 2). FADS1 

(Fatty acid desaturase 1), FADS2 (Fatty acid desaturase 2), PRKAA2 (AMP-

activated protein kinase α-2), and ALOX5 (Arachidonate 5-lipoxygenase) 

were related genes with increase in metastatic derived cell lines. FADS1 and 

FADS2 were critical enzymes for long chain polyunsaturated fatty acid 

biosynthesis. These were normally expressed in brain, lung, heart, and liver 

tissue. Several cancer cells desaturation does not occur, which may be due to 

inactivation. The inhibition of these enzymes may be associated with anti-
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tumorigenic effect. [5-7] 

Table 2. Functional analysis for genes with increased expression in liver 

metastatic cell lines 

FADS1 (Fatty acid desaturase 1), FADS2 (Fatty acid desaturase 2), PLCE1 

(phospholipase C ε-1), PRKAA2 (AMP-activated protein kinase α-2), 

Biological Process p-Value Count Genes 

Lipid biosynthetic process 0.0004 7 

FADS1 , 
FADS2 , 
PLCE1, 
PRKAA2, 
PGAP1 , 
CFTR , 
ALOX5 

Fatty acid biosynthetic process 0.0017 4 

FADS1 , 
FADS2 , 
PRKAA2, 
ALOX5 

Unsaturated fatty acid biosynthetic process 0.0047 3 
FADS1 , 
FADS2 , 
ALOX5 

Unsaturated fatty acid metabolic process 0.0104 3 
FADS1 , 
FADS2 , 
ALOX5 

Organic acid biosynthetic process 0.0114 4 

FADS1 , 
FADS2 , 
PRKAA2, 
ALOX5 

Carboxylic acid biosynthetic process 0.0114 4 

FADS1 , 
FADS2 , 
PRKAA2, 
ALOX5 

Generation of precursor metabolites and energy 0.0145 5 

FADS1 , 
FADS2 , CPS1, 
HKDC1, 
GLRX 

Fatty acid metabolic process 0.0219 4 

FADS1 , 
FADS2 , 
PRKAA2, 
ALOX5 

Oxidation reduction 0.0427 6 

FADS1 , 
AKR1B10, 
FADS2 , 
STEAP4, 
GLRX, 
ALOX5 

Electron transport chain 0.0466 3 
FADS1 , 
FADS2 , 
GLRX 
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PGAP1 (Post-GPI attachment to proteins 1), CFTR (Cystic fibrosis 

transmembrane conductance regulator), ALOX5 (Arachidonate 5-

lipoxygenase), CPS1 (Carbamoyl-phosphate synthase 1), HKDC1 

(Hexokinase domain containing 1), GLRX (Glutaredoxin), AKR1B10 (Aldo-

keto reductase family), STEAP4 (Six transmembrane epithelial antigen of 

the prostate 4) 

 

Immunohistochemical staining 

We observed differential gene expression in primary CRC and paired liver 

metastatic tissues consisting of 20 samples from 10 patients. Cores could be 

arrayed on one tissue microarray slide and we established three microarray 

sides for L-plastin, MUC12, and PLCE-1. Immunohistochemical 

examination showed genes were located in the cytoplasm of primary cancer 

and paired liver metastasis. 

Gene expression was classified semi-quantatively according to the portion of 

neoplastic cells discretely expressed in their cytoplasm. The expression of 

tumor staining was based on the percentage of immune-positive neoplastic 

cells. 

The L-plastin was not expressed both primary and liver metastatic tissue. 

The MUC12 expression was observed in mainly cytoplasm and this 

expression was slightly higher in liver metastatic tissue of most cases. 

PLCE1 expressions were various in tumor tissues and not correlated with 
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microarray results. 

 

GENE L-PLASTIN MUC 12 PLCE1 

TUMOR PRIMARY METASTASIS PRIMARY METASTASIS PRIMARY METASTASIS 

A-COLON - - - CYTOPLASMIC - 1+ 

 - - - CYTOPLASMIC - 1+ 

 - - - CYTOPLASMIC 1+ - 

 - - - - - - 

SIGMOID - - - CYTOPLASMIC - 1+ 

 - - - CYTOPLASMIC 1+ - 

 - - - CYTOPLASMIC - - 

 - - - CYTOPLASMIC - - 

 - - - CYTOPLASMIC 2++ 2++ 

RECTUM - - - - 1+ - 

Table 3. The results of immunochemical staining for differential genes in 10 

matched tissue microarray 
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DISCUSSION 

In the present study, using RNA microarray, we identified gene expression 

associated with metastatic potential of primary colorectal cancer and 

demonstrated that several differential genes investigated were changed 

simultaneously in 3 primary/hepatic metastasis paired cell lines. Furthermore, 

we evaluated the increased L-plastin gene, which was selected by validation 

of lymph node metastatic paired cell lines, and confirmed its high expression 

by RT-PCR results. In addition, we identified the decreased expression of 

MUC12 and PLCE1 in liver metastasis by the same way. 

In order to clarify the molecular modifications underlying the development 

of liver metastasis, some studies were conducted with comparison of gene 

expression between primary tumors with their corresponding metastasis. [8-

10] Agrawal et al. reported that osteopontin showed increased expression in 

invasive cancer, including liver metastasis. [11] Several genes that may play 

an important role in the progression of metastasis were found, however, 

Koehler et al suggested that many expression modifications occurred during 

an early phase of the carcinogenesis and only few alterations were associated 

with metastatic progression. [2] 

Although dissemination of tumor cells seems to be an early and frequent 

event, the successful initiation of metastatic growth, a process termed 

'metastatic colonization', is inefficient for many cancer types and is 
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accomplished only by a minority of cancer cells that reach distant sites. [12, 

13] Furthermore, genetic characteristics of the liver metastasis may different 

from those of the primary tumor. [14] 

As an initial step, therefore, we established 3 paired cancer cell lines in 

primary and liver metastatic tumor, respectively. These were derived from 

the same patients and can be used to approach in characterization of mRNA 

differential changes.  

In addition, modification of many genes may occur during the metastatic 

process has been reached, thus, we focused on reliable genes with 

synchronous expression by using multiple validation techniques. First, we 

evaluated these genes to show consistent results in lymph node metastasis 

paired cell line sets. For this, we chose SW480/SW620 and SNU-

769B/SNU-769A as validation sets. In addition, to identify specific gene 

expression patterns, we analyzed RT-PCR. As a result, we demonstrated one 

with high expression and two genes with low expression in liver metastasis, 

which had consistent findings. 

L-plastin is an actin-bundling protein and frequently activated in various 

human tumors. Similar to our results, it was previously reported that this was 

upregulated in lymph node metastatic colorectal cell line (SW620), 

compared to primary tumor cell line (SW480). [15] 

L-plastin overexpression was associated with an increased rate of 

proliferation and invasion in colorectal cancer cell line. This also was 
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reported to high expression in advanced cancer in a tissue microarray. [16] 

We found that L-plastin was up-regulated in paired liver metastatic cell lines 

and confirmed that this had similar finding in paired lymph node metastatic 

cell lines. 

In fact, many identified gene alterations in liver metastasis do not necessarily 

imply that they are playing a role in metastatic process. [17]Although most 

of gene changes may be accompanying event or represent homeostatic 

adaptations in the neoplastic cells, L-plastin may be associated with step of 

both loco-regional and liver metastasis.  

The process of distant metastatic process may be different to that of adjacent 

lymph node metastasis. The effect of cancer cell factors on distant organ 

microenvironment support the metastatic potential of CRC. This effect may 

be related to specific gene expression profile, but in regional metastasis, 

gene changes are not mandatory. Therefore, L-plastin was speculated to 

change in early step of metastasis and conserved to metastatic property. 

However, our present study showed no expression both primary and 

metastatic tissues. The functional role of L-plastin in metastastic step could 

require further analysis. 

MUC12 was significantly lower in cancer tissues than in adjacent normal 

tissues. [18, 19]  Matsuyama et al reported that this was downregulated in 

tumors with synchronous or metachronous distant metastatic colorectal 

cancer. In addition, low expression of MUC12 in stage II or III CRC was 
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associated with poor prognosis. [20] Low expression was defined as 

cytoplasmic expression. We also observed lower expression in liver 

metastatic cell lines, compared to primary tumor cell lines. This down-

regulation could be related to liver metastatic potential. In tissue microarray, 

we found that all primary/metastatic paired samples showed cytoplasmic 

expression which demonstrated low expression with advanced disease in 

previous study [20] and this was higher expression in liver metastatic tissues. 

PLCE1 was identified as phospholipase and this expression in CRC or cell 

lines were at low levels, compared to normal colonic mucosa. [21, 22] This 

was also reported down–regulation in primary CRC and suggested inhibitory 

effect on cell proliferation. [23] Although the clinical significance or 

function of this gene has not been studied, we revealed the low expression in 

liver metastatic cell lines. However, this showed various expressions in 

tissue microarray between primary and liver metastatic tissues. This finding 

suggested that PLCE1 could have an unresolved role in liver metastatic 

process. 

In conclusion, we identified differential gene expression in paired cell lines 

derived from a primary tumor and its hepatic metastasis using RNA 

microarray. The analysis of gene expression of the paired cancer cell lines 

from the same patients may ensure biologic similarity and these changes of 

the differential gene may be related to liver metastatic process. 

The differential gene expressions of these paired metastatic cell lines from 
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the same patients may provide further information for liver metastasis 

associated molecular alterations and contribute to a better understanding of 

complex metastatic process. These cell lines provide valuable genetic 

information about liver metastasis and may be employed in a study to find a 

promising metastatic potential to liver. 
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국   
 

: 간  장암이 주  이 는 장 이므  간 이에 계  

자 변 를 이해하는 것  매우 요하다. 동일 자 부  짝

 이룬 장암과 간 이암 포주는 종양  동질  에 이러

한  변 에  미있는 보를 공할  있다. 그래 , 이 

논 에 는 동일한 자들 부  짝  이룬 장암과 간 이암 

포주를 립한 후 RNA microarray 법  이용하여 장암 

포주  해 간 이암에 나타난  변 를 연구하고자 하

다.  

법: 동일 자들 부  얻  조직  통해   짝  이룬 

포주 (SNU-2337A/B, SNU-2536B/C, SNU-2600A/B)를 립

하 다. RNA microarray 법  통해 이   포주에  공

통  증가하고 감소  자들  찾  후, 역시 동일 자에

 립  짝  이룬 림프  이 암 포주 (SW480/620, 

SNU-769B/A) 에  같  RNA microarray 결과를 보이는 

자를 택하 다. 그리고 이 자들   역 사 합효소연

쇄  (RT-PCR) 과 특  단 질 검출 검사 (Western blot)를 

통해 인하 다. 
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결과: 자 검사를 통해   짝  이룬 포주들이 각각 동

일 자에  원한 것  인하 고 모  미부 체 안  

(MSS)  갖고 있었다. 간 이암 포주에  공통  23 개

 자 이 증가 었고, 37 개  이 감소 었다. 이 

자들  L-plastin 이 짝  이룬 림프  이 암 포주에 도 증

가가 인 었고, MUC 12  phospholipase C ε-1 (PLCE1) 

이 감소가 어있  인하 다. 역 사 합효소연쇄 과 특

 단 질 검출 검사에 도 같  결과가 인 었다. 

결 : 새롭게 립  짝  이룬 원  장암 포주  간 이암 

포주는 동일 자 부  래  포 특  에 간 이에 

한  연구에 미있는 보를 공해   있  것  생

각 다. 덧붙여 L-plastin 자는 림프  이암 포주 뿐만 

아니라 간 이암 포주에 도 이 증가함  찰할  있었

다.  

주요어:  차별 발현 유전자, 간 전이, L-plastin 유전자, 짝을 

이룬 대장암 세포주, 동일 환자  

 학 번:  2007-30501 

 


	Introduction
	Materials and Methods
	Cell cultures and cell line establishment
	DNA fingerprinting analysis
	MSI analysis
	Mycoplasma test
	RNA isolation and cDNA synthesis
	RNA microarray analysis
	Cell cycle analysis
	Selection of differential genes at paired lymph node
	static cell line
	RT-PCR analysis
	Protein isolation and Western blot
	Immunohistochemistry
	Result
	General characteristics of paired cell lines
	DNA profiles
	MSI status
	Gene expression differentially between primary and liver metastatic CRC cell lines
	Validation of genes by RT-PCR and Western blot
	Functional analysis
	Immunohistochemical staining
	Discussion
	References
	Abstract in Korean


<startpage>13
Introduction 1
Materials and Methods 5
Cell cultures and cell line establishment 5
DNA fingerprinting analysis 7
MSI analysis 8
Mycoplasma test 9
RNA isolation and cDNA synthesis 10
RNA microarray analysis 11
Cell cycle analysis 12
Selection of differential genes at paired lymph node meta-
static cell line 13
RT-PCR analysis 13
Protein isolation and Western blot 14
Immunohistochemistry 15
Result 17
General characteristics of paired cell lines 17
DNA profiles 20
MSI status 21
Gene expression differentially between primary and liver metastatic CRC cell lines 22
Validation of genes by RT-PCR and Western blot 25
Functional analysis 27
Immunohistochemical staining 29
Discussion 31
References 36
Abstract in Korean 40
</body>

