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proven to be of value in various scientific research fields.
The characteristics of these cell lines have been reported
in over 180 international journals by our laboratory and
by many other researchers from 1987. In this paper, the
cellular and molecular characteristics of SNU human cancer cell lines are summarized according to their genetic
and epigenetic alterations and functional analysis. (Cancer Research and Treatment 2005;37:1-19)

SNU (Seoul National University) cell lines have been
established from Korean cancer patients since 1982. Of
these 109 cell lines have been characterized and reported, i.e., 17 colorectal carcinoma, 12 hepatocellular carcinoma, 11 gastric carcinoma, 12 uterine cervical carcinoma, 17 B-lymphoblastoid cell lines derived from cancer
patients, 5 ovarian carcinoma, 3 malignant mixed M llerian
tumor, 6 laryngeal squamous cell carcinoma, 7 renal cell
carcinoma, 9 brain tumor, 6 biliary tract, and 4 pancreatic
carcinoma cell lines. These SNU cell lines have been distributed to biomedical researchers domestic and worldwide through the KCLB (Korean Cell Line Bank), and have
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17 B-lymphoblastoid (9), 5 ovarian carcinoma (10), 3 malignant
mixed Müllerian tumor (11), 6 laryngeal squamous cell
carcinoma (12), 7 renal cell carcinoma (13), 9 brain tumor (14),
6 biliary tract (15) and 4 pancreatic carcinoma (16) cell lines
(Table 1). We have also established several anticancer drug
resistant cell lines in the hope of identifying genes associated
with anticancer drug sensitivity or resistance (17～21) (Table
2). And in 1987, we established the Korean Cell Line Bank
(KCLB, http://cellbank.snu.ac.kr) at Cancer Research Institute
in Seoul National University College of Medicine to distribute
suitable cell lines to life science researchers. The characteristics
of SNU cell lines have been reported in over 180 international
journals by our laboratory and by other researchers since 1987
(references to these studies are included in the Reference section). The genetic, epigenetic and expression alterations of genes in SNU cell lines are summarized in Tables 3～6. In fact,
several characteristics of SNU cell lines were reported in 2002
(22). In addition, we have contributed to three text books on
the establishment and characterization of gastric, colorectal, and
renal cancer cell lines (23～25). In this paper, we summarize
the more recently discovered cellular and molecular characteristics of these cell lines and include the characteristics of recently developed cell lines. We also provide a summary on the
establishment of cancer cell lines.

INTRODUCTION
Cell lines are important because they provide a consistent
renewable source of cell material for study. Cell line models
should reflect the properties of the original cancers, such as,
the maintenance of histopathology when transplanted into immunodeficient mice, genotypic and phenotypic characteristics,
gene expression, and drug sensitivity (1). Moreover, advances
in cell culture methods have made it possible to establish a
variety of human cancer cell lines from surgical tissues, body
fluids, and biopsy specimens. Because pure cells in culture can
be used in many studies that cannot be conducted using tissue
specimens, permanent cell lines established from human
cancers offer great experimental flexibility (2～5). The Laboratory of Cell Biology at the Cancer Research Institute of Seoul
National University (SNU) College of Medicine, has consistently worked to establish cell lines from human cancers for
over 20 years. And currently, 180 tumor cell lines have been
established from 2,200 cancer tissues. Of these 109 have been
characterized and described in the literature. These include, 17
colorectal carcinoma (4,6), 12 hepatocellular carcinoma (3,7),
11 gastric carcinoma (2,5), 12 uterine cervical carcinoma (8),
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This section provides a summary of the establishment of cancer cell lines, for more detail refer to references 23～25. Our
laboratory has extensive experience of the use of serumcontaining and fully-defined media for the establishment of
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Table 1. The establishment and characterization of SNU cancer cell lines

Organ
No.
Cell lines
References
Year

Colorectal ca.
5
SNU-C1, SNU-C2A, SNU-C2B, SNU-C4, SNU-C5
(4)
1987
Gastric ca.
3
SNU-1, SNU-5, SNU-16
(2)
1990
HCC*
8
SNU-182, SNU-354, SNU-368, SNU-387, SNU-398
(3)
1995
SNU-423, SNU-449, SNU-475
Gastric ca.
8
SNU-216, SNU-484, SNU-520, SNU-601, SNU-620
(5)
1996
SNU-638, SNU-668, SNU-719
Cervical ca.
12
SNU-17, SNU-487, SNU-523, SNU-682, SNU-703
(8)
1997
SNU-778, SNU-902, SNU-1000, SNU-1005
SNU-1160, SNU-1245, SNU-1299
Ovarian ca.
5
SNU-8, SNU-119, SNU-251, SNU-563, SNU-840
(10)
1997
†
3
SNU-539, SNU-685, SNU-1077
(11)
1997
MMMT
B lympho-blastoid
17
SNU-9, SNU-20, SNU-99, SNU-247, SNU-265
(9)
1998
SNU-285, SNU-291, SNU-299, SNU-315, SNU-321
SNU-374, SNU-445, SNU-447, SNU-538, SNU-817
SNU-889, SNU-1103
Colorectal ca.
12
SNU-61, SNU-81, SNU-175, SNU-283, SNU-407
(6)
1999
SNU-503, SNU-769A, SNU-769B, SNU-1033
SNU-1040, SNU-1047, SNU-1197
Laryngeal ca
6
SNU-46, SNU-585, SNU-899, SNU-1066
(12)
1999
SNU-1076, SNU-1214
HCC*
4
SNU-739, SNU-761, SNU-878, SNU-886
(7)
1999
Renal cell ca.
7
SNU-228, SNU-267, SNU-328, SNU-333
(13)
2000
SNU-349, SNU-482, SNU-1271
Brain tumor
9
SNU-201, SNU-444, SNU-466, SNU-489
(14)
2001
SNU-626, SNU-738, SNU-791, SNU-1105, SNU-1118
Pancreatic ca.
4
SNU-213, SNU-324, SNU-410, SNU-494
(16)
2002
Biliary tract ca.
6
SNU-245, SNU-308, SNU-478, SNU-869
(15)
2002
SNU-1079, SNU-1196

*Hepatocelluar carcinoma, †malignant mixed Müllerian tumor.

Table 2. Induced anticancer drug resistant SNU gastric cancer cell
lines

Organ/drug No.
Cell lines
References

Doxorubicin 5 SNU-1-DOX, SNU-16-DOX,
SNU-620-DOX
SNU-668-DOX, SNU-719-DOX (17,18,21)
5-FU
4 SNU-620-5FU, SNU-638-5FU
SNU-668-5FU, SNU-719-5FU
(17)
Cisplatin
3 SNU-620-CIS, SNU-638-CIS,
SNU-668-CIS
(17,20)


permanent cell lines from human cancers. Most of the SNU
cancer cell lines developed were cultured initially in ACL-4
medium supplemented with 5% heat-inactivated FBS (AR5).
ACL-4 is a fully defined medium, which was formulated for
the selective growth of human lung adenocarcinoma cells, and
which proved to be useful during the establishment of colorectal cancer cell lines. ACL-4 is a complex medium, and consists

of 12 additives including basal medium (Table 7).
Human cancer cell lines can be established from ascitic effusions, metastatic tissues (regional lymph nodes and distant
metastatic sites), and from primary tumors. The establishment
of cell lines from ascitic effusions has proven to be more efficient than their establishment from primary tumors, because the
cancer cells are rich, free-floating, and primed for in vitro
growth. However, effusions usually contain mesothelial cells
and lymphocytes. The former can attach more easily to flasks
than cancer cells and generally survive for more than one year,
whereas lymphocytes can inhibit cancer cell growth. Moreover,
the enzymatic digestion of solid primary tumor tissues may result in the poor recovery of viable cells and in the overgrowth
of the contaminating faster growing stromal cells. The mechanical spillout method provides a simpler, faster, and less traumatic method of obtaining cells for culture. This method minimizes stromal cell contamination, because stromal cells are not
easily detached from tissue matrix by mechanical means.
Solid tumors (primary tumors and tumors in lymph nodes)
must be carefully and aseptically excised from pathologically
proven human cancer samples and transferred to a cell culture
laboratory in RPMI1640 medium. Whenever possible, invasive
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Table 3. Genetic alterations of genes in SNU cancer cell lines

Amplification of genes
Cell lines
Genes
Status

SNU-16
c-myc
amplification (2)
SNU-16
FGFR2 (KSAM)
amplification (92)
FGFR2 and FGFR4
overexpression (112)

p53 gene
Cell lines
Codon
n.t. change
a.a. change

SNU-5
262～269 24bp del
8 a.a del (132)
SNU-16
205
TAT to TTT
Tyr to Phe (132)
SNU-46
245
GGC to TGC
Gly to Cys (12)
SNU-61
175
CGC to CAC
Arg to His (6)
SNU-119
151
CCC to GCC
Pro to Ala (10)
132
1bp del
frameshift (10)
SNU-182
215
AGT to ATT
Ser to Ile (152)
SNU-201
int 4, agTA to aaTA, splicing variants (14)
(16)
SNU-213
175
CGC to CAC
Arg to His
SNU-216
216
GTG to ATG
Val to Met (5)
(10)
SNU-251
255～256 3bp in frame del
SNU-267
219
1 bp del
frameshift (13)
SNU-354
72
CGC to CCC
Arg to Pro (152)
SNU-368
106
AGC to AGG
Ser to Arg (152)
SNU-387
164
AAG to TAG
Lys to Stop (152)
SNU-398
215
AGT to ATT
Ser to Ile (152)
SNU-423
intron5/exon5 junction,
AG to GG (152)
inframe deletion, a.a. 126～132 (152)
SNU-444
275
TGT to TAT
Cys to Tyr (14)
SNU-449
138
AAG to AGG
Lys to Arg (152)
161
GCC to ACC
Ala to Thr (152)
SNU-475
239
AAC to GAC
Asn to Asp (152)
275
TGT to CGT
Cys to Arg (152)
288
AAT to AGT
Asn to Ser (152)
SNU-478
266～267 insertion T
frameshift (15)
SNU-484
266
GGA to GAA
Gly to Glu (5)
SNU-494
238
TGT to TAT
Cys to Tyr (16)
SNU-503
273
CGT to CTT
Arg to Leu (6)
SNU-539
239
AAC to GAC
Asn to Asp (11)
SNU-563
282
CGG to GGG
Arg to Gly (10)
SNU-585
273
CGT to CTT
Arg to Leu (12)
(5)
SNU-601
273
CAT to CGT
Arg to Leu
(5)
SNU-620
homozygous deletion of exon 5
SNU-626
77
CCA to CCG
Pro to Arg (14)
SNU-638
282
TGG to CGG
Trp to Arg (5)
SNU-668
215
AGT to AAT
Ser to Asn (5)
SNU-739
215
AGT to AGG
Ser to Arg (152)
SNU-761
313～323, 32bp del
frameshift (152)
SNU-869
48
GAC to GGT
Asp to Gly (15)
SNU-878
251
ATC to AAC
Ile to Asn (152)
SNU-886
219
CCC to CC
frameshift (152)
SNU-1033
190
CCT to CTT
Pro to Leu (6)
SNU-1040
248
CGG to TGG
Arg to Trp (6)
SNU-1047
254
ATC to ACC
Leu to Thr (6)
SNU-1066
46 bp del at exon 5
frameshift (12)


Table 3. Continued (1)

p53 gene
Cell lines
Codon
n.t. change
a.a. change

SNU-1105
158
CGC to GGC
Arg to Gly (14)
SNU-1118
157
del 1 bp
frameshift (14)
SNU-1196
273
CGT to TGT
Arg to Cys (15)
SNU-1197
175
CGC to CAC
Arg to His (6)
SNU-C5
218
Val to Leu (62)
248
Arg to Trp (62)

p16 gene
Cell lines
Codon
n.t. change
a.a. change

SNU-46
106
CCC to CAC
Pro to His (12)
SNU-201
genomic deletion, exons 1～2 (14)
SNU-324
22
GCG to GTG
Ala to Val (16)
(16)
SNU-410
genomic deletion, exons 1～2
SNU-444
genomic deletion, exons 1～2 (14)
SNU-466
genomic deletion, exon 2 (14)
SNU-478
genomic deletion, exons 1～2 (15)
SNU-494
genomic deletion, exons 1～2 (16)
SNU-585
42
CAG to CGG
Gln to Arg (12)
145
GAC to TAC
Asp to Tyr (12)
(14)
SNU-738
genomic deletion, exons 1～2
SNU-1066
84
1bp del
frameshift (12)
SNU-1076
106
CCC to CAC
Pro to His (12)
(15)
SNU-1079
genomic deletion, exons 1～2
SNU-1105
genomic deletion, exons 1～2 (14)
SNU-1196
genomic deletion, exons 1～2 (15)
SNU-1214
72
CGA to TGA
Arg to Stop (12)

VHL gene
Cell lines
Codon
n.t. change
a.a. change

SNU-349
37
GCT to GCA
Ala to Ala (13)
108
1bp del
frameshift (13)
SNU-1272
186
CAC to CAA
His to Gln (13)

p15 gene
Cell lines
n.t. change


SNU-201
genomic deletion, exons 1～2 (14)
SNU-410
genomic deletion, exons 1～2 (16)
SNU-444
genomic deletion, exons 1～2 (14)
SNU-466
genomic deletion, exons 1～2 (14)
SNU-478
genomic deletion, exons 1～2 (15)
SNU-494
genomic deletion, exons 1～2 (16)
SNU-503
genomic deletion, exons 1～2 (6)
SNU-769A
genomic deletion, exons 1～2 (6)
SNU-1079
genomic deletion, exon 1 (15)
SNU-1105
genomic deletion, exons 1～2 (14)
(15)
SNU-1196
genomic deletion, exons 1～2

IGFIIR gene
Cell lines
n.t. change
a.a. change

SNU-1047
-1/wt in poly G8 tract
frameshift (36)
SNU-C2A
-1/wt in poly G8 tract
frameshift (36)
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Table 3. Continued (2)

PTEN gene
Cell lines
Codon
n.t. change
a.a. change

SNU-626
130
CGA to CAA
Arg to Gln (14)
(14)
SNU-1108
genomic deletion, exons 4～9

hMSH2 gene
Cell lines
Codon
n.t. change
a.a. change

SNU-407
281
TCA to TGA
Ser to Stop (6)
SNU-769A genomic deletion, exons 7～16 (6)
SNU-769B
genomic deletion, exons 7～16 (6)
SNU-1118
324
CAG to CAA
Gln to Gln (14)

hMLH1 gene
Cell lines
Codon
n.t. change
a.a. change

SNU-1
226
CGA to TGA
Arg to Stop (119)
(10)
SNU-251
723
GCC to GAC
Ala to Asp
SNU-324
233
TGT to CGT
Cys to Arg (16)
384
GTT to GAT
Val to Asp (16)
SNU-349
711
1bp deletion
frameshift (13)
SNU-478
384
GAT to GTT
Asp to Val (15)
SNU-482
376
GAT to GAC
Asp to Asp (13)
SNU-1040
725
CGC to TGC
Arg to Cys (6)

TGF-βRII
Cell lines
Codon
n.t. change
a.a. change

SNU-1
-1/wt in poly A10 tract
frameshift (86)
SNU-46
+1/+1 in poly A10 tract
frameshift (12)
SNU-324
+1/-1 in poly A10 tract
frameshift (16)
SNU-333
389
AAC to AAT
Asn to Asn (13)
SNU-407
+1/-1 in poly A10 tract
frameshift (36)
(16)
SNU-410
genomic deletion
SNU-638
-1/-2 in poly A10 tract
frameshift (86)
SNU-769A -2/-2 in poly A10 tract
frameshift (36)
SNU-769B
-1/-2 in poly A10 tract
frameshift (36)
SNU-899
389
AAC to AAT
Asn to Asn (12)
SNU-1047
-1/-1 in poly A10 tract
frameshift (36)
SNU-1066
409
TCT to TTT
Ser to Phe (12)
(12)
SNU-1214
389
AAC to AAT
Asn to Asn
(13)
SNU-1272
121
TGC to CGC
Cys to Arg
389
AAC to AAT
Asn to Asn (13)
SNU-C4
-1/-1 in poly A10 tract
frameshfit (36)

BRCA1
Cell lines
Codon
n.t. change
a.a. change

SNU-251
1815
TGG to TGA
Trp to Stop (10)

hMSH3 gene
Cell lines
n.t. change
a.a. change

SNU-324
wt/-1 in poly A8 tract
frameshift (16)
SNU-349
wt/-1 in poly A8 tract
frameshift (13)


Table 3. Continued (3)

hMSH3 gene
Cell lines
n.t. change
a.a. change

SNU-769A -1/-1 in poly A8 tract
frameshift (36)
SNU-769B
-1/wt in poly A8 tract
frameshift (36)
SNU-1040
-1/wt in poly A8 tract
frameshift (36)
SNU-1047
-1/wt in poly A8 tract
frameshift (36)
SNU-C4
-1/-1 in poly A8 tract
frameshift (36)

BAX gene
Cell lines
n.t. change
a.a. change

SNU-324
-1 in poly G8 tract
frameshift (16)
SNU-407
+1/-1 in poly G8 tract
frameshift (36)
SNU-769A +1/-1 in poly G8 tract
frameshift (36)
SNU-769B
+1/-1 in poly G8 tract
frameshift (36)
SNU-1040
-1/wt in poly G8 tract
frameshift (36)
SNU-1047
-1/wt in poly G8 tract
frameshift (36)
SNU-C4
-1/-1 in poly G8 tract
frameshift (36)

APC gene
Cell lines
Codon
n.t. change
a.a. change

SNU-61
1450
CGA to TGA
Arg to Stop (6)
SNU-81
360
TTA to TGA
Leu to Stop (6)
SNU-769A 1462～1463, GA del
frameshift (6)
SNU-769B
1462～1463, GA del
frameshift (6)
SNU-1033
mutant, confirmed only by PTT (6)
SNU-1040
360
TTA to TGA
Leu to Stop (6)
SNU-1047
1369
1bp del
frameshift (6)
SNU-1197
mutant, confirmed only by PTT assay (6)

K-ras gene
Cell lines
Codon
n.t. change
a.a. change

SNU-61
12
GGT to GAT
Gly to Asp (6)
SNU-175
59
GCA to ACA
Ala to Thr (6)
SNU-213
12
GGT to GTT
Gly to Val (16)
SNU-407
12
GGT to GAT
Gly to Asp (6)
SNU-410
12
GGT to GTT
Gly to Val (16)
SNU-494
12
GGT to GTT
Gly to Val (16)
SNU-601
12
GGT to GAT
Gly to Asp (5)
SNU-668
61
CAA to AAA
Gln to Lys (5)
SNU-1033
12
GGT to GAT
Gly to Asp (6)
SNU-1197
12
GGT to GAT
Gly to Asp (6)

β-catenin gene
Cell lines
Codon
n.t. change
a.a. change

SNU-407
41
ACC to GCC
Thr to Ala (6)
SNU-1047
45
TCT to TTT
Ser to Phe (6)
SNU-601
int2, splice acceptor site, 343 bp del (148)
SNU-638
41
ACC to GCC
Thr to Ala (148)
SNU-719
34
GGA to GTA
Gly to Val (148)


Ja-Lok Ku and Jae-Gahb Park：Biology of SNU Cell Lines 5
Table 3. Continued (4)

Microsatellite instability
Cell lines
Microsatellite markers

SNU-1
BAT-25 and BAT-26 (36,86)
SNU-638
BAT-26 (86)
SNU-175
BAT-25 and BAT-26 (36)
SNU-324
BAT-25 and BAT-26 (16)
SNU-349
BAT-25 and BAT-26 (13)
SNU-407
BAT-25 and BAT-26 (36)
SNU-769A
BAT-25 and BAT-26 (36)
SNU-769B
BAT-25 and BAT-26 (36)
SNU-1040
BAT-25 and BAT-26 (36)
SNU-1047
BAT-25 and BAT-26 (36)
SNU-C2A
BAT-25 and BAT-26 (36)
SNU-C4
BAT-25 and BAT-26 (36)

del=deletion; n.t.=nucleotide; a.a.=aminoacid; frameshift, results in
stop codon and truncated protein.

Table 4. Epigenetic alterations of genes in SNU cancer cell lines

p16 gene
Cell lines
Expression
Promoter status

SNU-1
no mRNA
hypermethylation (106)
SNU-61
no protein
hypermethylation (6)
SNU-81
no protein
hypermethylation (6)
SNU-601
no mRNA
hypermethylation (106)
SNU-620
no mRNA
hypermethylation (106)
SNU-638
no mRNA
hypermethylation (106)
SNU-719
no mRNA
hypermethylation (106)
SNU-1197
no protein
hypermethylation (6)

COX-2 gene
Cell lines
Expression
Promoter status

SNU-601
no mRNA
hypermethylation (105)
SNU-620
no mRNA
hypermethylation (105)
SNU-719
no mRNA
hypermethylation (105)

RUNX3 gene
Cell lines
Expression
Promoter status

SNU-1
no mRNA
hypermethylation (151)
SNU-61
no mRNA
no hypermethylation (35)
SNU-81
no mRNA
hypermethylation (35)
SNU-175
no mRNA
no hypermethylation (35)
SNU-769A
no mRNA
no hypermethylation (35)
SNU-769B
no mRNA
no hypermethylation (35)
SNU-1047
no mRNA
hypermethylation (35)
SNU-C5
no mRNA
hypermethylation (35)

DLC-1 gene
Cell lines
Expression
Promoter status

SNU-1
no mRNA
hypermethylation (103)
SNU-16
no mRNA
hypermethylation (103)


Table 4. Continued (1)

DLC-1 gene
Cell lines
Expression
Promoter status

SNU-601
no mRNA
hypermethylation (103)
SNU-620
no mRNA
hypermethylation (103)
SNU-719
no mRNA
hypermethylation (103)

Integrin α4 gene
Cell lines
Expression
Promoter status

SNU-1
no mRNA
hypermethylation (104)
SNU-5
no mRNA
hypermethylation (104)
SNU-601
no mRNA
hypermethylation (104)
SNU-638
no mRNA
hypermethylation (104)
SNU-668
no mRNA
hypermethylation (104)
SNU-719
no mRNA
hypermethylation (104)

AKAP12A gene
Cell lines
Expression
Promoter status

SNU-1
no mRNA
hypermethylation (100)
SNU-16
no mRNA
hypermethylation (100)
SNU-601
no mRNA
hypermethylation (100)
SNU-620
no mRNA
hypermethylation (100)
SNU-638
no mRNA
hypermethylation (100)
SNU-719
no mRNA
hypermethylation (100)

AKAP12B gene
Cell lines
Expression
Promoter status

SNU-1
no mRNA
hypermethylation (100)
SNU-484
no mRNA
hypermethylation (100)
SNU-601
no mRNA
hypermethylation (100)
SNU-620
no mRNA
hypermethylation (100)
SNU-719
no mRNA
hypermethylation (100)

E-cadherin gene
Cell lines
Expression
Promoter status

SNU-1
no mRNA
hypermethylation (101)
SNU-478
no mRNA
hypermethylation (15)
SNU-1079
no mRNA
hypermethylation (15)


areas from the serosal surface should be selected for primary
tumor cultures, to reduce the possibility of microbial contamination. The RPMI1640 medium used to transport the specimen
should contain antibiotics, such as penicillin-streptomycin, to
prevent bacterial contamination, and ascitic effusions should be
collected in sterile glass bottles or syringes. Heparin (5 ug/ml)
may be added to collected fluids to prevent clotting, if the effusions contain many erythrocytes. Cancer cells can grow either
as floating aggregates, firmly, as loosely adherent colonies, or
as both adherent and floating subpopulations. If cancer cells are
adherent or grow as floating aggregates, the medium is changed
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Table 5. Expression alterations of genes in SNU cancer cell lines

hMLH1 gene
Cell lines
Expression status

SNU-1
no protein expression (119)
SNU-216
no protein expression (119)
SNU-484
no protein expression (119)
SNU-520
no protein expression (119)
SNU-638
no protein expression (119)
SNU-668
no protein expression (119)

TGF-βRII gene
Cell lines
Expression status

SNU-1
no expression (87)
SNU-5
truncated (87)
SNU-16
expression (87)
SNU-484
no expression (87)
SNU-601
overexpression (87)
SNU-638
no expression (87)
SNU-668
truncated (87)
SNU-719
overexpression (87)

Smad 3 gene
Cell lines
Expression status

SNU-1
low to undetectable (150)
SNU-484
low to undetectable (150)

MDR1 gene
Cell lines
Expression status

SNU-354
overexpression (43)
SNU-368
overexpression (43)
SNU-C4
overexpression (45)

DCC gene
Cell lines
Expression status

SNU-201
no mRNA (14)
SNU-466
no mRNA (14)
SNU-489
no mRNA (14)
SNU-626
no mRNA (14)
SNU-738
no mRNA (14)
SNU-791
no mRNA (14)
SNU-1118
no mRNA (14)


weekly until a substantial outgrowth of cells is observed. Cancer cells are isolated when heavy tumor-cell growth is observed. The key features for successful culture are as follows:
1) nonenzymatic or minimal dissociation of tumor tissue; 2)
seeding cultures as explants and at high cell densities; 3) the
removal of contaminating fibroblasts, usually after they have
aided culture initiation; 4) delaying passage until high cell densities have been achieved and 5) plating cells at high density.
Several methods can be employed to isolate pure cancer
cells. After establishing cancer cell lines, initial passages are

Table 6. Virus infection in SNU cell lines

Hepatitis B virus

Cell lines
Virus
Status

SNU-182
HBV
integration (3)
SNU-387
HBV
integration (3)
SNU-398
HBV
integration (3)
SNU-354
HBV
integration, HBVX transcripts (3)
SNU-368
HBV
integration, HBVX transcripts (3)
SNU-449
HBV
integration (3)
SNU-475
HBV
integration (3)
SNU-739
HBV
integration (7)
SNU-761
HBV
integration (7)
SNU-878
HBV
integration (7)
SNU-886
HBV
integration (7)
Human papilloma virus

Cell lines
Virus
Status

SNU-17
HPV16
integration (8)
SNU-487
HPV18
integration (8)
SNU-523
HPV16
episome (8)
SNU-682
HPV33 (8)
SNU-703
HPV16
integration (8)
(8)
SNU-778
HPV31
SNU-902
HPV16
integration (8)
SNU-1000
HPV16
integration and episome (8)
SNU-1005
HPV16
integration (8)
SNU-1160
HPV18
integration (8)
SNU-1245
HPV18
episome (8)
SNU-1299
HPV16
integration (8)
Epstein-Barr virus

Cell lines
Virus
Status

SNU-20
EBV
B lymphoblastoid cell line (9)
SNU-99
EBV
B lymphoblastoid cell line (9)
SNU-247
EBV
B lymphoblastoid cell line (9)
SNU-265
EBV
B lymphoblastoid cell line (9)
SNU-285
EBV
B lymphoblastoid cell line (9)
SNU-291
EBV
B lymphoblastoid cell line (9)
SNU-299
EBV
B lymphoblastoid cell line (9)
SNU-315
EBV
B lymphoblastoid cell line (9)
SNU-374
EBV
B lymphoblastoid cell line (9)
SNU-445
EBV
B lymphoblastoid cell line (9)
SNU-447
EBV
B lymphoblastoid cell line (9)
SNU-538
EBV
B lymphoblastoid cell line (9)
SNU-719
EBV
gastric cancer cell line (149)
SNU-817
EBV
B lymphoblastoid cell line (9)
SNU-889
EBV
B lymphoblastoid cell line (9)
SNU-1103
EBV
B lymphoblastoid cell line (9)


performed when heavy tumor-cell growth and large colonies are
observed. Subsequent passages are performed 1 or 2 weekly.
ACL-4 medium supplemented with heat inactivated 5% FBS,
which is used in primary cell culture can be also used to propagate cancer cell lines. This medium must be used until the isolated cancer cells are considered a cell line. It is recommend
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that early passages, whenever passaged, are frozen in cryoprotective medium to prevent loss of the cell lines due to
contamination or other laboratory accidents. After cells have
been fully established, AR-5 medium can be replaced with
RPMI 1640 medium supplemented with 10% heat inactivated
FBS (Fig. 1). The growth characteristics of some cultured SNU
cell lines are shown in Fig. 2.

CHARACTERISTICS OF SNU
CANCER CELL LINES
1) SNU colorectal cancer cell lines
SNU colorectal carcinoma cell lines have become items in
the research field (22,26～44). Seventeen cell lines (SNU-C1,
SNU-C2A, SNU-C2B, SNU-C4, SNU-C5, SNU-61, SNU-81,
SNU-175, SNU-283, SNU-407, SNU-503, SNU-769A, SNU769B, SNU-1033, SNU-1040, SNU-1047, and SNU-1197) have
now been established and characterized (4,6). These cell lines

have been used for many research purposes, including, multidrug resistance (45) and anticancer drug screening (29,30,38,42,
46～54), and in investigations into microsatellite instability (36,
55), CEA expression (37), mutations in mismatch repair genes
(6), the TGF-β signaling pathway (36), and many others (56～
61).
The resistance of cultured cells to drugs, such as, the vinca
alkaloids and the anthracyclins is frequently due to the expression of P-glycoprotein, which is encoded by the MDR1 gene
in humans. P-glycoprotein functions as an energy-dependent
drug efflux pump. In SNU gastric and colorectal cancer cell
lines, using a slot blot assay, relatively low levels of MDR1
RNA were found to be present in the SNU-1, SNU-5, and
SNU-16 gastric cancer cell lines, whereas high levels were
found in the SNU-C4 colorectal carcinoma cell line (45).
Rand et al. (62) found two missense mutations of the p53
gene in the SNU-C5 colorectal carcinoma cell line, and identified two mutations located at codons 218 and 248 of separate
alleles. SNU-C5 cells exhibited complete loss of normal p53

Table 7. Composition of media for primary cell culture

RPMI 1640 medium: RPMI1640 powder, 25 mM HEPES buffer, 20 mM sodium bicarbonate, antibiotics (streptomycinpenicillin, usually 100 units/ml), filter through 0.22μm bottle top filter
ACL-4 medium: RPMI1640 as basal medium, 20 ug/ml insulin, 10 ug/ml transferrin, 25 nM sodium selenite, 50 nM
hydrocortisone, 1 ng/ml epidermal growth factor, 10 uM ethanolamine, 10 uM phosphorylethanolamine,
100 pM triiodothyrosine, 2 mg/ml bovine serum albumin, 2 mM glutamine, 0.5 mM sodium pyruvate
Initiation and growth medium (AR-5 medium): ACL-4 medium supplemented with 5% heat-inactivated FBS


Fig. 1. Procedure for the establishment of cancer cell lines.
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Fig. 2. Culture of SNU cell lines. (A) SNU-16 gastric cancer cell line (B) SNU-17
uterine cervical carcinoma cell line (C) SNU-251 ovarian carcinoma cell line
(D) SNU-245 biliary tract cancer cell line (E) SNU-368 hepatocellular
carcinoma cell line (F) SNU-482 renal cell carcinoma cell line (G) SNU-668
gastric carcinoma cell line (H) SNU-1033 colorectal carcinoma cell line (I)
SNU-175 colorectal carcinoma cell line (J) SNU-1 gastric cancer cell line
cultured in soft agar.

function, as evidenced by the overexpression of p53 and its by
the failure to induce p53, p21, and mdm-2 in response to DNA
damaging agents.
In 1999, we reported upon 12 new colorectal carcinoma cell
lines derived from 6 primary tumors and 6 metastatic sites in
11 Korean colorectal-carcinoma patients, their morphologies in
vivo and in vitro were described as were mutations of K-ras2,
p15, p16, p53, APC,β-catenin, hMLH1, and hMSH2 genes in
vitro (6). All 12 lines were found to express surface carcinoembryonic antigen and to secrete it into the supernatant fluid.
Morphological correlations between the original tumors and
cultured cells suggested that mucinous adenocarcinoma corre-

lated with floating aggregates in culture, and that the degree
of desmoplasia in the original tumor correlated with attached
growth in culture. Five of the 12 cell lines showed mutations
in the K-ras2 gene, and 6 lines showed mutations in the p53
gene. The p15 gene was deleted in 2 cell lines, and the p16
gene was hypermethylated in 3 cell lines. Moreover, mutations
of the mismatch-repair genes (hMLH1 and hMSH2) were found
in 4 cell lines, and the APC andβ-catenin genes were mutated
in 9 and 2 lines, respectively.
Using these newly developed colorectal carcinoma cell lines,
we assayed mutations in the mononucleotide repeat tract in the
coding region of the TGF-β RII gene. Four lines were found
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to contain deletion or insertion mutations in the 10 base pair
adenine repeat tracts. These 4 lines also showed microsatellite
instability (36).
A RT-PCR analysis of FGFR3 from human colorectal carcinomas revealed novel mutant transcripts caused by aberrant
splicing and by the activation of cryptic splice sequences. Two
aberrantly spliced transcripts were detected at high frequency
in 50% of 36 primary tumors and in 60% of 10 human colorectal cancer cell lines. Most transcripts used normal splice sites
and either skipped or included exons 8 and 9. The predicted
translation products are expected to exhibit frameshifts and a
premature termination codon in exon 10 (63).
Promoter hypermethylation of the RUNX3 gene was investigated in 16 SNU colorectal cancer cell lines. RUNX3 is not expressed in SNU-61, SNU-81, SNU-175, SNU-769A, SNU769B, SNU-1047, or SNU-C5 cell lines. Using primers for
methylated DNA amplification on bisulfite modified DNA,
DNA fragments were amplified from SNU-81, SNU-1047, and
SNU-C5 cell lines. In all these cell lines, the 24 individual CpG
sites (located between -270 and -121, relative to the transcription initiation site of exon 1 of RUNX3) were found to be
fully methylated. In four SNU cell lines (SNU-61, SNU-175,
SNU-769A, and SNU-769B cell lines), which did not express
RUNX3 mRNA, bisulfite PCR products were not amplified by
methylated DNA-specific PCR. RUNX3 mRNA was re-expressed in SNU-81, SNU-1047, and SNU-C5 cell lines after treating
them with the demethylating agent, 5-aza-2'-deoxycytidine (35).
2) SNU gastric carcinoma cell lines
In general, gastric carcinoma cell lines have proven to be
more difficult to establish in long-term culture than esophageal
or colorectal-carcinoma cell lines (25). A total of 11 gastric carcinoma cell lines (SNU-1, SNU-5, SNU-16, SNU-216, SNU484, SNU-520, SNU-601, SNU-620, SNU-638, SNU-668, and
SNU-719 cell lines) have been established and reported (2,5).
SNU gastric carcinoma cell lines are among the most popular
in use today. These cell lines have been used in various research fields including multidrug resistance (43,45), anticancer
drug screening (47,51,64～81), the establishment and characterization of anticancer drug resistant gastric cancer cell lines
(17,18,20,21,82), TGF-β signaling pathway (68,83～91), gene
amplification (92～98), telomerase assays (21,99), methylation
studies (100～107), cytogenetic studies (108～110), the mutational and expression analysis of FGF receptors (111,112), responsiveness of gastric cancer cells after Helicobacter pylori
infection (113～117), studies on mismatch repair genes (118,
119), mechanism of apoptosis (71,72,120～124), invasion assays of gastric cancer cells (125～130), mutational analysis of
genes (131～135), cDNA and oligonucleotide microarrays (17,
131,136～138), proteomic analysis in gastric cancer cell lines
(20), and in other studies (139～144).
SNU-16 line has been used as source of amplified DNA sequences (92～96). This line was amplified for the c-myc protooncogene and found to contain four homogeneously staining
regions (HSR). c-myc was found to be amplified 50-fold more
than in other cell lines (2) and FGFR2 (KSAM) was amplified
in extrachromosomal double minute chromosomes (DMS) (92).
Fibroblast growth factor (FGF) is fundamentally involved in
embryonic development, angiogenesis, and tumorigenesis, and

Shin et al. (112) found fibroblast growth factor receptors -2,
-3 and 4 were amplified and FGFR2 and 4 were overexpressed in the SNU-16 gastric cancer cell line. They also found that
acidic FGF, keratinocyte growth factor (KGF) treatment enhanced the invasive potential of SNU-16 cells versus a control
cell line.
Park et al. (87) found several genetic changes in TGF-βRII
in SNU gastric carcinoma cell lines resistant to the growth inhibitory effect of TGF-β. This was the first report that TGF-β
resistance to cancer cells is associated with genetic changes in
the TGF-βRII gene in human gastric carcinoma cell lines. The
cell lines SNU-1, SNU-5, and SNU-719 resistant to TGF-β
showed no expression or overexpression of the TGF-βRII gene.
Myeroff et al. (86) also reported that mutations in the 10
base pair polyadenine repeat tract (BAT-RII) of the TGF-βRII
gene are common in gastric cancer, and demonstrated microsatellite instability using the SNU gastric carcinoma cell lines
Concerning the SNU gastric carcinoma cell lines, mutations
have been found in BAT-RII of the TGF-βRII gene in SNU-1
and SNU-668. SNU-638 gastric carcinoma cell line showed
microsatellite instability (MSI) and frameshift mutations in
BAT-RII of the TGF-βRII gene (83). The wild type TGF-βRII
transfected SNU-638 cell line responded to TGF-β and tumorigenicity was reduced and delayed when it was transplanted
into nude mice. These results suggest a strong association between the expression of wild type TGF-βRII and the degree
of malignancy of human gastric cancer cells.
It is known that MutL proteins form the MutL-alpha complex, hPMS2 and hMLH1. Using the SNU-1 cell line, which
lacks hMLH1, Leung et al. (145) proved the existence of other
MutL protein, namely, the MutL-beta complex, hPMS1 and
hMLH1. Moreover, in the SNU-1 cell line, these workers found
that lower levels of hMLH1 were associated with markedly
lower levels of hPMS2 and hPMS1 proteins, but that the RNA
levels of hPMS1 and hPMS2 were normal. They found that
hPMS2 and hPMS1 are present in the cells bound to hMLH1,
but that hPMS1 and hPMS2 do not associate with each other.
SNU-gastric carcinoma cell lines have also been used in a
Helicobacter pylori studies (113-117). After infection with H.
pylori, SNU-5 expressed several cytokines, including, interleukins, GM-CSF, MCP-1, and TNF-alpha. H. pylori infection
of SNU-5 up-regulated the mRNA and protein levels of COX-2
and stimulated the release of PGE2.
The overexpression of cyclooxygenase-2 has been reported
in gastric cancer. However, Yamamoto et al. (146) found that
SNU-1 (a gastric carcinoma cell line which is MSI and hMLH1
defective) lacks COX-2 expression, and that after treatment with
aspirin or sulindac the MSI phenotype was reduced.
Grady et al. (101) found that several hereditary gastric cancers with germline mutation in the E-cadherin gene have no
LOH or somatic mutation. These cancers with germline mutation do not express the E-cadherin gene and the promoter region of the E-cadherin gene proved to be methylated. Therefore, it was concluded that E-cadherin gene promoter methylation acts as a second genetic hit in hereditary gastric cancer.
In this study SNU-1 was used as control cell line for Ecadherin promoter methylation. The E-cadherin promoter in
SNU-1 proved to be methylated, and after treatment with the
demethylating agent 5-aza-2'-deoxycytidine, E-cadherin expres-
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sion was restored.
To investigate the genetic changes that occurred during the
establishment of the 4 SNU gastric cancer cell lines, Bae et
al. (147) examined microsatellite instability, loss of heterozygosity, and p53 mutation. They found that MSI, LOH, and p53
gene mutations were sustained during the establishment of the
gastric cancer cell lines, and they suggested that minor genetic
differences between original tumor tissues and the cancer cell
lines could be attributed to tumor heterogeneity, because portions of the original tumor tissues showed similar variations
Fukuda et al. (109) examined 25 gastric cancer cell lines,
including SNU cell lines, to detect aberrations in the DNA copy
number used to identify chromosomal gains and losses, and
investigated amplifications by comparative Genomic hybridization (CGH). Amplification within 11p13, which bears the CD44
gene, was found in HSC series cell lines of Japanese origin.
However, no such amplification was found in SNU gastric
cancer cell lines, in which amplification within 8q was frequently observed.
β-catenin is a key molecule in Wnt/wingless signal transduction and in the E-cadherin pathway. Altered expression and
mutations of the β-catenin gene have been identified in a number of human malignancies. Woo et al. (148) identified mutations of the β-catenin gene in three (SNU-601, SNU-638, and
SNU-719) of the 11 SNU gastric cancer cell lines. Interestingly,
β-catenin protein in these three cell lines was located in the
cell nucleus, which suggests that β-catenin protein in these
three cell lines is complexed with Tcf/lef and translocated to
the nucleus from the cytoplasm.
Oh et al. (149) recently found that a naturally derived SNU719 gastric cancer cell line is infected with type I Epstein-Barr
Virus (EBV). EBNA1 and LMP2A were expressed, while
LMP1 and EBNA2 are not expressed in this line. EBV infection was also shown in the original carcinoma tissue of this
cell line. These findings suggest that SNU-719 cell line may
serve as a valuable model system to clarify the precise role of
EBV in gastric carcinogenesis.
Many chemotherapeutic agents have been used to treat gastric cancer patients, but the emergence of drug resistance has
prevented successful treatment in many cases. The two major
forms of drug resistance are intrinsic resistance, in which previously untreated tumor cells are inherently insensitive to the chemotherapeutic agent, and acquired resistance, in which treated
tumor cells become insensitive after drug exposure. Our laboratory has developed anticancer drug resistant cell lines from
SNU-620, SNU638, SNU-668, and SNU-719 gastric cancer cell
lines, namely, four 5-FU-resistant gastric cancer cell lines
(SNU-620-5FU, SNU-638-5FU, SNU-668-5FU, and SNU-7195FU), 5 doxorubicin-resistant cell lines (SNU-1-DOX, SNU-16DOX, SNU-620-DOX, SNU-668-DOX, and SNU-719-DOX),
and 3 cisplatin-resistant cell lines (SNU-620-CIS, SNU-638CIS, and SNU-668-CIS) (Table 3).
Kang et al. (17) performed global gene expression analysis
in these acquired drug-resistant gastric cancer cell lines using
an Affymetrix HG-U133A microarray after exposing them to
the commonly used drugs 5-fluorouracil, doxorubicin, or cisplatin. They identified over 250 genes differentially expressed
in these 5-fluorouracil-, cisplatin-, or doxorubicin-resistant gastric cancer cell lines. Expression analysis also identified eight

multidrug resistance candidate genes that were associated with
resistance to two or more of the chemotherapeutics tested. This
investigation provided comprehensive gene information upon
acquired resistance to anticancer drugs in gastric cancer cells
and a basis for additional functional studies.
Comparative proteomics involving 2-dimensional gel electrophoresis (2-DE) and matrix-associated laser desorption ionization-mass spectroscopy (MALDI-MS) was performed by Yoo
et al. on protein extracts from SNU-620 and SNU-638 gastric
cancer cell lines and drug-resistant derivative lines to screen for
drug resistance-related proteins (20). Pyruvate kinase M2 (PKM2) was identified as a protein with lower expression in cisplatin-resistant cells than in parental cells. They also found that
PK-M2 activity in 11 individual human gastric carcinoma cell
lines was positively correlated with cisplatin sensitivity, and
concluded that PK-M2 protein and activity levels are lower in
cisplatin-resistant human gastric carcinoma cell lines than in
their corresponding parental cell lines.
Han et al. (150) observed that Smad3 was expressed at low
to undetectable levels in SNU-1 and SNU-484 cell lines, and
that it was detected in SNU-5, SNU-16, SNU-601, SNU-620,
SNU-636, SNU-668 and SNU-719 cell lines. They found that
the introduction of Smad3 into the SNU-484 cell line restored
TGF-β responsiveness, the induction of p21 and p15 gene
expression, and the growth inhibition response to TGF-β. They
also observed that Smad3-expressing cells showed markedly
lower and delayed tumorigenicity in vivo.
The aberrant methylation of normally unmethylated CpG
islands located in the 5' promoter region of genes is associated
with transcriptional inactivation, which is as effective as inactivation by gene mutation or deletion. The aberrant methylation
status of some genes was examined in SNU gastric cancer cell
lines. Song et al. (106) found that the p16 gene was not expressed mRNA and that CpG islands of the promoter region
of this gene were hypermethylated in SNU-1, SNU-601, SNU620, SNU-638, and SNU-719 cell lines. They also found that
COX-2 was not expressed and was hypermethylated in SNU601, SNU-620, and SNU-719 cell lines (105). CpG islands of
the promoter region of the RUNX3 gene were found to be
hypermethylated in SNU-1 and unmethylated in SNU-5, SNU16, and SNU-719 cell lines (151). DLC-1 was completely
methylated in SNU-1, SNU-16, SNU-601, and SNU-791 cell
lines, and partially methylated in SNU-620 cell line (103).
Moreover, Integrinα4 was found to be unmethylated in
SNU-484, partially methylated in SNU-668, and completely
methylated in SNU-1, SNU-5, SNU-601, SNU-638, and SNU719 (104). Choi et al. (100) recently reported that AKAP12A
is completely methylated in SNU-1, SNU-601, and SNU-638
and partially methylated in SNU-16, SNU-620, and SNU-719,
and that AKAP12B is completely methylated in SNU-1, SNU484, SNU-620, and SNU-719 and partially methylated in SNU601.
3) SNU hepatocellular carcinoma cell lines
SNU hepatocellular carcinoma cell lines have proven to be
of value in carcinogenic studies associated with hepatocellular
carcinogenesis and hepatitis B virus X (43,152,153). Our laboratory has developed and reported upon 12 hepatocellular carcinoma cell lines (SNU-182, SNU-354, SNU-368, SNU-387,
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SNU-398, SNU-423, SNU-449, SNU-475, SNU-739, SNU-761,
SNU-878, and SNU-886) (3,7). At present, these cell lines have
been widely used to investigate HBV expression, IGF expression (153), and methylation status of genes (154,155), and other
issues (51,155～166) in hepatocellular carcinogenesis.
Two SNU hepatocellular carcinoma cell lines SNU-354 and
SNU-354 have been shown to express hepatitis B virus and
HBV X transcripts (3). These cell lines have been used widely
in the study of hepatocellular carcinogenesis and hepatitis B
virus. SNU-354 and SNU-368 hepatocellular carcinoma cell
lines have been found to express high levels of the MDR1 gene
(43).
The hepatocellular carcinoma cell line, SNU-368, has already
been shown to express hepatitis B virus X antigen, and Lee
et al (167) reported that the expression of HBX is induced by
hypoxia in SNU-368 cells. These workers also found that HBX
stimulates the transcription of vascular endothelial growth factor (VEGF mRNA), a potent angiogenic factor in hypoxia,
which suggests that HBX may play a critical role in hypoxia
induced angiogenesis through the transcriptional activation of
VEGF during hepatocarcinogenesis.
The integration statuses of the hepatitis B virus (HBV) into
the human telomerase reverse transcriptase (hTERT) gene in
five SNU HBV-positive hepatocellular carcinoma cell lines
(SNU-387, SNU-387, SNU-423, SNU-449, and SNU-475) were
investigated. In SNU-449, the 1452bp initial RS (restriction
site)-PCR product containing the HBV/cellular DNA junction
sequence had a HBV sequence of 815bp joined to a 637bp
sequence from intron 3 of the hTERT gene. An analysis of the
sequence of the entire HBV integration with flanking human
host sequences revealed a 5bp deletion in hTERT intron 3.
Moreover, hTERT mRNA expression was upregulated in SNU449 versus benign liver tissue. This work suggests that the sites
of oncogenic viral integration are nonrandom and that genes at
the sites of viral integration may play important roles in carcinogenesis (168).
Park et al. (163) recently found that TGF-β treatment significantly enhances the viability of SNU-354, SNU-475, and SNU449 cell lines, and they showed that these cell lines retain high
endogenous c-Src activity. Moreover, SNU-449 cell line demonstrates an elevated c-Src activity despite its relatively low cSrc protein level. These results indicate the possibility that the
responsiveness of hepatocellular carcinoma cells to the growth
inhibitory effects of TGF-β1 may be controlled by c-Src activity.
4) SNU uterine cervical carcinoma cell lines
We have developed and reported upon 12 uterine cervical
carcinoma cell lines (SNU-17, SNU-487, SNU-523, SNU-682,
SNU-703, SNU-778, SNU-902, SNU-1000, SNU-1005, SNU1160, SNU-1245, and SNU-1299) (8). These 12 carcinoma cell
lines of the human uterine cervix were established from 5 keratinizing and 5 nonkeratinizing squamous-cell carcinomas, and
2 small-cell carcinomas. Ten of these cell lines grow as adherent cells and 2 as floating aggregates. All 12 SNU uterine cervical carcinoma cell lines are infected by human papilloma virus
(HPV), seven by HPV-16, three by HPV-18, one by HPV-31,
and one by HPV-33. Interestingly, 6 of the 7 cell lines containing HPV-16-type DNA harbor the same alteration of E7 at

nucleotide position 647 (amino acid 29, AAT→AGT, Asn→
Ser), whereas the 3 HPV-18-positive lines do not. Theses 3 cell
lines have been proven to contain intact E1/E2 of HPV, suggesting the presence of episomally replicating HPV DNA as
well as the integrated form, whereas the other 9 lines have been
shown to have integrated HPV. Most of the HPVs are integrated into the genome of the cells. Episomally replicating HPV
infected uterine cervical carcinoma cell lines are rare, but the
SNU-1000 cell line contains the episomal form and the nonepisomal form of HPV. These SNU uterine carcinoma cell lines
have also been used in carcinogenesis studies associated with
cervical carcinogenesis and human papilloma virus.
BPV1 E2 was expressed in SNU-17, SNU-902, and SNU1299 cell lines after the acute infection of an SV40-BPV1 recombinant virus. EPV1 E2 expression caused a significant decrease in E6/E7 transcription in these cell lines, which was accompanied by an increase in the level and activity of p53 protein and a decrease in the expression of Cdc25A, a Cdk2activating phosphatase; moreover, E2F1 activity and cellular
DNA synthesis capacity were significantly reduced. These results indicate that the inhibition of E6/E7 gene expression in
HPV16-positive cervical carcinoma cells suppresses cell proliferation by activating the growth inhibitory factors p53 and Rb,
and also by downregulating the cell cycle stimulatory factor
Cdc25A (169).
5) SNU ovarian carcinoma cell lines
In 1997, we reported upon five human ovarian carcinoma
cell lines (SNU-8, SNU-119, SNU-251, SNU-563 and SNU840) (10). Of these, SNU-251 harbors mutations in p53,
BRCA1, and hMLH1. Of these five cell lines, we consider that
SNU-251 is both unique and valuable. This cell line has a
nonsense mutation in the BRCA1 gene at codon 1815 in exon
23, which results in a truncated protein. It is the only reported
ovarian carcinoma cell line with a nonsense mutation in this
gene. SNU-251 has proven valuable in studies of the function
of BRCA1 (170～174).
The role of BRCA1 in the development of ovarian cancer is
poorly understood, partially owing to a lack of ovarian cancer
cell lines with defective BRCA1. Zhou et al. (171) recently further characterized the SNU-251 cell line to determine the role
of BRCA1 in resistance to both ionizing radiation and paclitaxel. The BRCA1 mutation in the SNU-251 cell line is predicted to cause the loss of the C-terminal 49 amino acids of BRCA1
protein, which contains the second half of BRCT (the BRCA1
C-terminal) repeat. Western blot analysis detected a 210-KDa
BRCA1 protein and a high mutant p53 protein expression level
in SNU-251 cell line. This mutation of BRCA1 caused a loss
of the transcriptional activation of the endogenous p21 gene,
and prevented sustained arrest in the G2/M phase of the cell
cycle. Moreover, the BRCA1 mutation inhibited BRCA1 subnuclear assembly for DNA-damage repair and increased cellular sensitivity to ionizing radiation and paclitaxel. These results
suggest that the deletion of the C-terminal 49 amino acids of
BRCA1 results in a loss of BRCA1 function in SNU-251. Therefore, SNU-251 may be a useful model for studying the molecular mechanisms of BRCA1 with respect to the resistance of
ovarian cancer to ionizing radiation and chemotherapy, and for
studying the development of hereditary human ovarian cancer.
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6) SNU uterine malignant mixed mllerian tumor
We have also reported on the establishment and characterization of three cell lines (SNU-539, SNU-685, and SNU1077) derived from uterine malignant mixed Müllerian tumor
(MMMT). SNU-539 and SNU-1077 cells stain positively for
both epithelial and mesenchymal antigens, whereas SNU-685
cells only stain positively for mesenchymal antigens. One missense mutation from AAC to GAC at codon 239 of exon 7
in the p53 gene was identified in SNU-539. These permanent
uterine MMMT cell lines should be considered as a valuable
resource for a multitude of in vitro investigations, and could
be used for clarifying the obscure histogenetic origin and the
biologic behavior of this aggressive tumor (11).

Table 8. SNU cell lines deposited in ATCC

Gastric carcinoma cell lines
SNU-1 (CRL-5971), SNU-5 (CRL-5973),
SNU-16 (CRL-5974)
Colorectal carcinoma cell lines
SNU-C1 (CRL-5972), SNU-C2A (CCL-250.1),
SNU-C2B (CCL-250)
Hepatocellular carcinoma cell lines
SNU-182 (CRL-2235), SNU-387 (CRL-2237),
SNU-398 (CRL-2233), SNU-449 (CRL-2234),
SNU-475 (CRL-2236)


7) SNU B-lymphoblastoid cell lines from cancer patients
Seventeen lymphoblastoid cell lines (SNU-9, SNU-20, SNU99, SNU-247, SNU-265, SNU-285, SNU-291, SNU-299, SNU315, SNU-374, SNU-445, SNU-447, SNU-538, SNU-817, SNU889, and SNU-1103) have also been established from cancer
tissues obtained from Korean patients. During the establishment
of tumor cell lines from cancer tissues, outgrowths of lymphoblasts growing as cell clumps in suspension were noted, in the
absence of tumor cells growth. These lymphoblastoid cells were
EBV-transformed cells, and arose from EBV-infected B cells
present in the incubated cancer tissues. The presence of latentlyinfectious EBV in these cell lines was verified by the detection
of the EBNA1gene and EBV-encoded nuclear antigens (EBNA1
and -2), and by the inducibility of an EBV early antigen (9).
These cell lines have been found to be useful for studies on
the role of EBV in carcinogenesis (149,175～178).
8) SNU laryngeal squamous cell carcinoma cell lines
A total of six human laryngeal squamous cell carcinoma cell
lines (SNU-46, SNU-585, SNU-899, SNU-1066, SNU-1076,
and SNU-1214) established from Korean patients have been
described (12). All cell lines grew as adherent cells; five lines
as monolayers and one line (SNU-585) as stratified colonies.
p53 mutations were found in SNU-46 (Gly 245 Cys), SNU-585
(Arg 273 Leu), and in SNU-1066 (a deletion of 46bp from
nucleotides 514 to 559 resulting in a premature stop codon at
62bp down stream. p16 mutations were observed in five cell
lines, including a one base deletion resulting in a premature
stop codon in SNU-1066 and a stop codon in SNU-1214 cell
lines. Two mutations in TGF-βRII were found in two lines:
SNU-46 cell line has a frameshift mutation in exon 3, and
SNU-1066 has a missense mutation (Ser 409 Phe) in the kinase
domain. These laryngeal squamous cell carcinoma cell lines
have been found useful by those investigating the biologic characteristics of laryngeal cancer (179～183). SNU-1041 cell line
derived from pharyngeal cancer was also established in our
laboratory. In addition, these cell lines were used to study the
effect of nitric oxide on COX-2 overexpression, and the inhibitory effect of p27KIP1 gene transfer in head and neck squamous cell carcinoma (179).
9) SNU renal cell carcinoma cell lines
The establishment and characterization of a total of 7 SNU
renal cell carcinoma cell lines were reported in 2000 (13). Five

of these cell lines were derived from clear cells (SNU-228,
SNU-267, SNU-328, SNU-349, and SNU-1272), one from
granular cells (SNU-482), and one from a mixed clear and
granular cell type (SNU-333). Mutations of the VHL gene were
found in SNU-349 (a frameshift mutation at codon 108 resulting in a premature truncating protein) and in SNU-1272 (His
186 Gln), and in their tumor tissues. The SNU-267 line has
a frameshift mutation (at codon 219 resulting in a prematurely
truncated protein) in the p53 gene. A missense mutation (Cys
121 Arg) of the TGF-βRII gene was detected in the SNU-1272
line and in the corresponding tissue. Analysis of the repeat sequences of the TGF-βRII gene showed one cell line (SNU349) to have MSI (microsatellite instability) and the other 6 microsatellite stability. As MSI is a hallmark of the inactivation
of mismatch repair genes, the presence of hMSH2 and hMLH1
mutations was investigated in all 7 cell lines. An inactivating
homozygous single base-pair deletion of the hMLH1 gene (a
frameshift mutation at codon 711 resulting in a premature truncating protein) was found only in SNU-349 cell line and in corresponding tissue. Moreover, a frameshift mutation within an
8-bp polyadenine repeat present in the hMSH3 coding region
was found only in the MSI cell line and tumour tissue. These
well characterized renal cell carcinoma cell lines should provide
a useful in vitro model for studies related to human renal cell
carcinoma.
10) SNU brain tumor cell lines
In 2001, we reported on the characteristics of newlyestablished human brain tumor cell lines including six glioblastoma (SNU-201, SNU-444, SNU-466, SNU-489, SNU-626,
and SNU-1105), two oligodendroglioma (SNU-738 and SNU791), and one primitive neuroectodermal tumor (PNET) (SNU1118) (14). All were established from pathologically proven
brain tumors. In terms of p53 mutations the following were
found; a point mutation at a splice acceptor of intron 4 in SNU201, a missense mutation (Cys 275 Tyr) in SNU-444, a missense mutation (Pro 77 Arg) in SNU-626, and a one base C
deletion at codon 157 resulting in a premature truncating protein in SNU-1118. In terms of PTEN mutations, a missense mutation (Arg 130 Gln) in SNU-626 and a genomic deletion from
exons 49 in SNU-1105 were identified. The mRNA of PTEN
in SNU-1105 was also absent. Homozygous deletion of the p15
gene was observed in the SNU-201, SNU-444, SNU-466, and
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SNU-1105 cell lines. And, the homozygous deletion of the p16
gene wholly or in part, was observed in SNU-201, SNU-444,
SNU-466, SNU-738, and SNU-1105. This suggests that alterations of both or either of the p16 and p15 genes are common
genetic alterations in human brain cancer cell lines. DCC expression was absent in seven cell lines (SNU-201, SNU-466,
SNU-489, SNU-626, SNU-738, SNU-791, and SNU-1119). Alterations in BAT-25, BAT-26, and BAT-40 were observed in
all cell lines, indicating that all have microsatellite stability. It
is hoped that these cell lines will be found useful tools by those
investigating the biological characteristics of human brain
tumors (184).
11) SNU biliary tract cancer cell lines
Human cell lines established from biliary tract cancers are
rare; only 5 have been reported previously. We recently described the characterization of six new biliary tract cancer cell
lines (designated SNU-245, SNU-308, SNU-478, SNU-869,
SNU-1079, and SNU-1196), which were established from primary tumor samples taken from Korean patients (15). These
cell lines were isolated from two extrahepatic bile duct cancers
[one adenocarcinoma of common bile duct (SNU-245), one
hilar bile duct cancer (SNU-1196), two adenocarcinomas of ampulla of Vater (SNU-468 and SNU-869), one intrahepatic bile
duct cancer (cholangiocarcinoma) (SNU-1079), and one adenocarcinoma of the gall bladder (SNU-308). p53 mutations were
found in SNU-478 (266～267insT), SNU-869 (Asp 48 Gly),
and SNU-1196 (Arg 273 Cys) and homozygous deletions of
both p16 and p15 genes were found in 3 lines (SNU-478, SNU1079, and SNU-1196). The SNU-478 cell line was found to
have a heterozygous missense mutation (Asp3 85 Val) in
hMLH1, and the E-cadherin gene was found to be hypermethylated in two lines (SNU-478 and SNU-1079). These newly established and well characterized biliary tract cancer cell
lines are likely to be found highly useful for studying the biology of biliary tract cancers. Of these cell lines, SNU-245, SNU308, and SNU-1079 were subjected to oligonucleotide microarray analysis to identify novel cellular targets in biliary tract
cancer (185). These cell lines were also used to validate differentially up-regulated genes by semi-quantitative RT-PCR.
12) SNU pancreatic carcinoma cell lines
We previously reported on the establishment and characterization of four pancreatic carcinoma cell lines (SNU-213, SNU324, SNU-410, and SNU-494), which were established from
histopathologically varied primary (SNU-213, SNU-324, and
SNU-494) or liver metastatic (SNU-410) tumor samples from
Korean patients (16). Mutations of the K-ras gene were identified in SNU-213 (Gly 12 Val), SNU-410 (Gly 12 Val), and
in SNU-494 (Gly 12 Val), and p53 mutations were found within the DNA-binding domain of two, SNU-213 (Arg175His) and
SNU-494 (Cys 238 Tyr). Homozygous deletions in both p16
and p15 genes were found in SNU-410 and SNU-494, and
SNU-324 was found to have a missense mutation (Ala22Val).
No mutations were found in the DPC4 gene (deleted in pancreatic cancer). SNU-324 has a -1-bp or +1-bp mutation in
10-bp polydeoxyadenine repeat tracts of the TGF-βRII gene,
and SNU-410 has a genomic deletion of this gene. SNU-324
contains two heterozygous missense mutations in the hMLH1

gene (Cys 233 Arg and Val 384 Asp). In addition, this line
showed microsatellite instability and harbored frameshift mutations in simple repeated sequences of the coding regions of the
TGF-βRII, BAX, and hMSH3 genes. These cell lines should be
useful in studies of pancreatic carcinoma biology.

KOREAN CELL LINE BANK
1) Role of Korean Cell Line Bank
Korean Cell Line Bank is a non-profit bioscience organization aimed for distributing the essential cell lines to the life
science researchers. The major activities of KCLB are as
follows; i) establishment, characterization, deposition, collection, storage, and distribution of cell lines; ii) management of
database related to cell lines; and iii) education, workshops, and
conferences related to cell lines. KCLB is being supported by
the Korean Cell Line Research Foundation (KCLRF). On August 31 in 1993, the KCLRF acquired the status of the International Depositary Authority approved by the World Intellectual Property Organization (WIPO) as specified in Article 6
of the Budapest Treaty on the International Recognition of the
Deposit of Microorganisms for the Purpose of Patent Procedure.
The KCLB is currently supported by the Korean Science and
Engineering Foundation and the Ministry of Science and
Technology of Korean. KCLB distributes cell lines throughout
Korean.
2) Patent cell lines and SNU cell lines in ATCC
Korean Cell Line Bank has obtained three patents for the invention of cell lines. i) two hepatocelluluar cell lines (SNU-354
and -368) expressing MDR1 gene and hepatitis B virus (Korean patent # 118123), ii) uterine cervical carcinoma cell line
(SNU-1000) having intact episomal HPV-16 (Korean patent #
0225491), and iii) ovarian carcinoma cell line (SNU-251) having a nonsense mutation of codon 1815 in exon 23 of the
BRCA1 gene (United States patent # 5,948,679). Researchers
wishing to obtain these cell lines should contact to the Korean
Cell Line Bank and Korean Cell Line Research Foundation
(KCLRF). Researchers can also deposit cells for patent application purposes to Korean Cell Line Research Foundation
(http://cellbank.snu.ac.kr).
Several gastric, colorectal, and hepatocellular carcinoma cell
lines have been deposited in and are also available from the
ATCC (American Type Culture Collection, http://www.atcc.
org) (Table 8).
3) Distribution of SNU cell lines
All SNU cell lines have been deposited at the KCLB (Korean
Cell Line Bank) and are available on request. The KCLB perform quality control on these cell line products, which includes
the mycoplasma test, cell viability testing, and DNA fingerprinting analysis.
The order form for SNU cell lines is available from the
KCLB website (http://cellbank.snu.ac.kr). To order cell lines
from the KCLB, researchers should complete the KCLB order
form (MS-Word or PDF if overseas) and fax it to the KCLB.
We will on receipt prepare the cell lines and provide information on their characteristics. Cell lines will be delivered in
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a frozen or cultured state according to customer request. The
average tim e required f or dispatch is two weeks.

REFERENCES
1. Simon P. Basic Principles of Cancer Cell Culture. In: P Simon
(eds), Methods in Molecular Medicine, Cancer Cell Culture:
Methods and Protocols. Totowa: Humana Press. 2004;88:3-15.
2. Park JG, Frucht H, LaRocca RV, Bliss DP Jr, Kurita Y, Chen
TR, et al. Characteristics of cell lines established from human
gastric carcinoma. Cancer Res. 1990;50:2773-80.
3. Park JG, Lee JH, Kang MS, Park KJ, Jeon YM, Lee HJ, et
al. Characterization of cell lines established from human hepatocellular carcinoma. Int J Cancer. 1995;62:276-82.
4. Park JG, Oie HK, Sugarbaker PH, Henslee JG, Chen TR,
Johnson BE, et al. Characteristics of cell lines established from
human colorectal carcinoma. Cancer Res. 1987;47:6710-8.
5. Park JG, Yang HK, Kim WH, Chung JK, Kang MS, Lee JH,
et al. Establishment and characterization of human gastric carcinoma cell lines. Int J Cancer. 1997;70:443-9.
6. Oh JH, Ku JL, Yoon KA, Kwon HJ, Kim WH, Park HS, et
al. Establishment and characterization of 12 human colorectalcarcinoma cell lines. Int J Cancer. 1999;81:902-10.
7. Lee JH, Ku JL, Park YJ, Lee KU, Kim WH, Park JG. Establishment and characterization of four human hepatocellular carcinoma cell lines containing hepatitis B virus DNA. World J
Gastroenterol. 1999;5:289-95.
8. Ku JL, Kim WH, Park HS, Kang SB, Park JG. Establishment
and characterization of 12 uterine cervical-carcinoma cell lines:
common sequence variation in the E7 gene of HPV-16-positive
cell lines. Int J Cancer. 1997;72:313-20.
9. Lee WK, Kim SM, Sim YS, Cho SG, Park SH, Kim CW, et
al. B-lymphoblastoid cell lines from cancer patients. In Vitro
Cell Dev Biol Anim. 1998;34:97-100.
10. Yuan Y, Kim WH, Han HS, Lee JH, Park HS, Chung JK,
et al. Establishment and characterization of human ovarian carcinoma cell lines. Gynecol Oncol. 1997;66:378-87.
11. Yuan Y, Kim WH, Han HS, Lee JH, Park HS, Chung JK,
et al. Establishment and characterization of cell lines derived
from uterine malignant mixed Mullerian tumor. Gynecol Oncol. 1997;66:464-74.
12. Ku JL, Kim WH, Lee JH, Park HS, Kim KH, et al. Establishment and characterization of human laryngeal squamous
cell carcinoma cell lines. Laryngoscope. 1999;109:976-82.
13. Shin KH, Ku JL, Kim WH, Lee SE, Lee C, Kim SW, et al.
Establishment and characterization of seven human renal cell
carcinoma cell lines. BJU Int. 2000;85:130-8.
14. Shin KH, Choe G, Park YJ, Jang JH, Jung HW, Park JG.
Establishment and characterization of nine human brain tumor
cell lines. In Vitro Cell Dev Biol Anim. 2001;37:625-8.
15. Ku JL, Yoon KA, Kim IJ, Kim WH, Jang JY, Suh KS, et
al. Establishment and characterisation of six human biliary
tract cancer cell lines. Br J Cancer. 2002;87:187-93.
16. Ku JL, Yoon KA, Kim WH, Jang Y, Suh KS, Kim SW, et
al. Establishment and characterization of four human pancreatic carcinoma cell lines. Genetic alterations in the TGFBR2
gene but not in the MADH4 gene. Cell Tissue Res. 2002;
308:205-14.
17. Kang HC, Kim IJ, Park JH, Shin Y, Ku JL, Jung MS, et al.
Identification of genes with differential expression in acquired
drug-resistant gastric cancer cells using high-density oligonucleotide microarrays. Clin Cancer Res. 2004;10:272-84.
18. Kang MS, Kim HS, Han JA, Park SC, Kim WB, Park JG.
Characteristics of human gastric carcinoma cell lines with induced multidrug resistance. Anticancer Res. 1997;17:3531-6.

19. Yoo BC, Jeon E, Hong SH, Shin YK, Chang HJ, Park JG.
Metabotropic glutamate receptor 4-mediated 5-Fluorouracil resistance in a human colon cancer cell line. Clin Cancer Res.
2004;10:4176-84.
20. Yoo BC, Ku JL, Hong SH, Shin YK, Park SY, Kim HK, et
al. Decreased pyruvate kinase M2 activity linked to cisplatin
resistance in human gastric carcinoma cell lines. Int J Cancer.
2004;108:532-9.
21. Yoon KA, Ku JL, Yang JO, Park JG. Telomerase activity, expression of Bcl-2 and cell cycle regulation in doxorubicin
resistant gastric carcinoma cell lines. Int J Mol Med. 2003;
11:343-8.
22. Park JG. SNU cell lines and their application for cancer research. Gan To Kagaku Ryoho. 2002;29(Suppl. 1):89-98.
23. Park JG, Ku JL, Park SY. Isolation and culture of renal cancer
cell lines. In: P Simon (eds), Methods in Molecular Medicine,
Cancer Cell Culture: Methods and Protocols. Totowa: Humana
Press. 2004;88:111-9.
24. Park JG, Ku JL, Park SY. Isolation and culture of colon cancer
cell lines. In: P Simon (eds), Methods in Molecular Medicine,
Cancer Cell Culture: Methods and Protocols. Totowa: Humana
Press. 2004;88:79-92.
25. Park JG KJ, Kim HS, Park SY, Rutten MJ. Culture of normal
and malignant gastric epithelium. In: FR Pfragner R (eds), Culture of human tumor cells. Hoboken: John Wiley & Sons.
2004:23-66.
26. Carmichael J, Park JG, Degraff WG, Gamson J, Gazdar AF,
Mitchell JB. Radiation sensitivity and study of glutathione and
related enzymes in human colorectal cancer cell lines. Eur J
Cancer Clin Oncol. 1988;24:1219-24.
27. Cheng K, Chen Y, Zimniak P, Raufman JP, Xiao Y, Frucht
H. Functional interaction of lithocholic acid conjugates with
M3 muscarinic receptors on a human colon cancer cell line.
Biochim Biophys Acta. 2002;1588:48-55.
28. Frucht H, Gazdar AF, Park JA, Oie H, Jensen RT. Characterization of functional receptors for gastrointestinal hormones
on human colon cancer cells. Cancer Res. 1992;52:1114-22.
29. Grem JL, Allegra CJ. Toxicity of levamisole and 5-fluorouracil
in human colon carcinoma cells. J Natl Cancer Inst. 1989;81:
1413-7.
30. Grem JL, Voeller DM, Geoffroy F, Horak E, Johnston PG,
Allegra CJ. Determinants of trimetrexate lethality in human
colon cancer cells. Br J Cancer. 1994;70:1075-84.
31. Karnes WE Jr, Walsh JH, Wu SV, Kim RS, Martin MG, Wong
HC, et al. Autonomous proliferation of colon cancer cells that
coexpress transforming growth factor alpha and its receptor.
Variable effects of receptor-blocking antibody. Gastroenterology. 1992;102:474-85.
32. Kim HS, Lee BL, Bae SI, Kim YI, Park JG, Kleinman HK,
et al. Differentiation of a colon cancer cell line on a reconstituted basement membrane in vitro. Int J Exp Pathol. 1998;
79:443-51.
33. Kim IJ, Kang HC, Park JH, Shin Y, Ku JL, Lim SB, et al.
Development and applications of a beta-catenin oligonucleotide microarray: beta-catenin mutations are dominantly found
in the proximal colon cancers with microsatellite instability.
Clin Cancer Res. 2003;9:2920-5.
34. Kim IJ, Ku JL, Kang HC, Park JH, Yoon KA, Shin Y, et al.
Mutational analysis of OGG1, MYH, MTH1 in FAP, HNPCC
and sporadic colorectal cancer patients: R154H OGG1 polymorphism is associated with sporadic colorectal cancer patients. Hum Genet. 2004;115:498-503.
35. Ku JL, Kang SB, Shin YK, Kang HC, Hong SH, Kim IJ, et
al. Promoter hypermethylation downregulates RUNX3 gene
expression in colorectal cancer cell lines. Oncogene. 2004;
23:6736-42.

Ja-Lok Ku and Jae-Gahb Park：Biology of SNU Cell Lines 15
36. Ku JL, Yoon KA, Kim DY, Park JG. Mutations in hMSH6
alone are not sufficient to cause the microsatellite instability
in colorectal cancer cell lines. Eur J Cancer. 1999;35:1724-9.
37. La Rocca RV, Park JG, Danesi R, Del Tacca M, Steinberg
SM, Gazdar AF. Pattern of growth factor, proto-oncogene and
carcinoembryonic antigen gene expression in human colorectal
carcinoma cell lines. Oncology. 1992;49:209-14.
38. Mans DR, Grivicich I, Peters GJ, Schwartsmann G. Sequencedependent growth inhibition and DNA damage formation by
the irinotecan-5-fluorouracil combination in human colon carcinoma cell lines. Eur J Cancer. 1999;35:1851-61.
39. Min JJ, Chung JK, Lee YJ, Shin JH, Yeo JS, Jeong JM, et
al. In vitro and in vivo characteristics of a human colon cancer
cell line, SNU-C5N, expressing sodium-iodide symporter. Nucl
Med Biol. 2002;29:537-45.
40. Park JG, Collins JM, Gazdar AF, Allegra CJ, Steinberg SM,
Greene RF, et al. Enhancement of fluorinated pyrimidine- induced cytotoxicity by leucovorin in human colorectal carcinoma cell lines. J Natl Cancer Inst. 1988;80:1560-4.
41. Park JG, Gazdar AF. Biology of colorectal and gastric cancer
cell lines. J Cell Biochem Suppl 1996;24:131-41.
42. Park JG, Kramer BS, Steinberg SM, Carmichael J, Collins JM,
Minna JD, et al. Chemosensitivity testing of human colorectal
carcinoma cell lines using a tetrazolium-based colorimetric assay. Cancer Res. 1987;47:5875-9.
43. Park JG, Lee SK, Hong IG, Kim HS, Lim KH, Choe KJ, et
al. MDR1 gene expression: its effect on drug resistance to doxorubicin in human hepatocellular carcinoma cell lines. J Natl
Cancer Inst. 1994;86:700-5.
44. Park JH, Kim IJ, Kang HC, Shin Y, Park HW, Jang SG, et
al. Oligonucleotide microarray-based mutation detection of the
K-ras gene in colorectal cancers with use of competitive DNA
hybridization. Clin Chem. 2004;50:1688-91.
45. Park JG, Kramer BS, Lai SL, Goldstein LJ, Gazdar AF. Chemosensitivity patterns and expression of human multidrug resistance-associated MDR1 gene by human gastric and
colorectal carcinoma cell lines. J Natl Cancer Inst. 1990;82:
193-8.
46. Grem JL, Allegra CJ. Sequence-dependent interaction of 5fluorouracil and arabinosyl-5-azacytosine or 1-beta-D-arabinofuranosylcytosine. Biochem Pharmacol. 1991;42:409-18.
47. Lim KH, Kim HS, Yang YM, Lee SD, Kim WB, Yang J, et
al. Cellular uptake and antitumor activity of the new anthracycline analog DA-125 in human cancer cell lines. Cancer Chemother Pharmacol. 1997;40:23-30.
48. Shibata J, Aiba K, Shibata H, Minowa S, Horikoshi N. [Detection of thymidylate synthase mRNA in 5-fluorouracil resistant human colon adenocarcinoma cells]. Gan To Kagaku Ryoho. 1994;21:1613-8.
49. Shibata J, Aiba K, Shibata H, Minowa S, Horikoshi N. Detection and quantitation of thymidylate synthase mRNA in
human colon adenocarcinoma cell line resistant to 5-fluorouracil by competitive PCR. Anticancer Res. 1998;18:1457-63.
50. Yee LK, Allegra CJ, Trepel JB, Grem JL. Metabolism and
RNA incorporation of cyclopentenyl cytosine in human colorectal cancer cells. Biochem Pharmacol. 1992;43:1587-99.
51. Nam KS, Jo YS, Kim YH, Hyun JW, Kim HW. Cytotoxic
activities of acetoxyscirpenediol and ergosterol peroxide from
Paecilomyces tenuipes. Life Sci. 2001;69:229-37.
52. Ryu EK, Choe YS, Byun SS, Lee KH, Chi DY, Choi Y, et
al. Synthesis of radioiodine labeled dibenzyl disulfide for evaluation of tumor cell uptake. Bioorg Med Chem. 2004;12:
859-64.
53. Seo BR, Yoo CB, Park HJ, Choi JW, Seo K, Choi SK, et
al. Saucernetin-8 Isolated from Saururus chinensis Induced the
Differentiation of Human Acute Promyelocytic Leukemia

HL-60 Cells. Biol Pharm Bull. 2004;27:1594-8.
54. Tsai CM, Gazdar AF, Perng RP, Kramer BS. Schedule- dependent in vitro combination effects of methotrexate and 5-fluorouracil in human tumor cell lines. Int J Cancer. 1991;47:401-7.
55. Shin JH, Shin YK, Ku JL, Jeong SY, Hong SH, Park SY, et
al. Mutations of the Birt-Hogg-Dube (BHD) gene in sporadic
colorectal carcinomas and colorectal carcinoma cell lines with
microsatellite instability. J Med Genet. 2003;40:364-7.
56. Helman LJ, Gazdar AF, Park JG, Cohen PS, Cotelingam JD,
Israel MA. Chromogranin A expression in normal and malignant human tissues. J Clin Invest. 1988;82:686-90.
57. Nagayama S, Iiizumi M, Katagiri T, Toguchida J, Nakamura
Y. Identification of PDZK4, a novel human gene with PDZ
domains, that is upregulated in synovial sarcomas. Oncogene.
2004;23:5551-7.
58. Shin Y, Kim IJ, Kang HC, Park JH, Park HR, Park HW, et
al. The E-cadherin -347G→GA promoter polymorphism and
its effect on transcriptional regulation. Carcinogenesis. 2004;
25:895-9.
59. Shin Y, Kim IJ, Kang HC, Park JH, Park HW, Jang SG, et
al. A functional polymorphism (-347 G→GA) in the Ecadherin gene is associated with colorectal cancer. Carcinogenesis. 2004;25:2173-6.
60. Park JG, Choe GY, Helman LJ, Gazdar AF, Yang HK, Kim
JP, et al. Chromogranin-A expression in gastric and colon cancer tissues. Int J Cancer. 1992;51:189-94.
61. Silverman AL, Park JG, Hamilton SR, Gazdar AF, Luk GD,
Baylin SB. Abnormal methylation of the calcitonin gene in
human colonic neoplasms. Cancer Res. 1989;49:3468-73.
62. Rand A, Glenn KS, Alvares CP, White MB, Thibodeau SM,
Karnes WE Jr. p53 functional loss in a colon cancer cell line
with two missense mutations (218leu and 248trp) on separate
alleles. Cancer Lett. 1996;98:183-91.
63. Jang JH, Shin KH, Park YJ, Lee RJ, McKeehan WL, Park JG.
Novel transcripts of fibroblast growth factor receptor 3 reveal
aberrant splicing and activation of cryptic splice sequences in
colorectal cancer. Cancer Res. 2000;60:4049-52.
64. Ahn CM, Kim SK, Han JL. Synthesis of 6-aziridinylbenzimidazole derivatives and their in vitro antitumor activities. Arch
Pharm Res. 1998;21:599-609.
65. Ahn CM, Tak JA, Choi SJ. Synthesis and in vitro antitumor
activity of 2-alkyl, 2-aryl, and 2-piperazinyl benzimidazole4,7-dione derivatives. Arch Pharm Res. 2000;23:288-301.
66. Buell JF, Reed E, Lee KB, Parker RJ, Venzon DJ, Amikura
K, et al. Synergistic effect and possible mechanisms of tumor
necrosis factor and cisplatin cytotoxicity under moderate hyperthermia against gastric cancer cells. Ann Surg Oncol. 1997;
4:141-8.
67. Iseki H, Ko TC, Xue XY, Seapan A, Hellmich MR, Townsend
CM Jr. Cyclin-dependent kinase inhibitors block proliferation
of human gastric cancer cells. Surgery 1997;122:187-94; discussion 194-85.
68. Kim SG, Kim SN, Jong HS, Kim NK, Hong SH, Kim SJ,
et al. Caspase-mediated Cdk2 activation is a critical step to
execute transforming growth factor-beta1-induced apoptosis in
human gastric cancer cells. Oncogene. 2001;20:1254-65.
69. Lee KT, Sohn IC, Park HJ, Kim DW, Jung GO, Park KY.
Essential moiety for antimutagenic and cytotoxic activity of
hederagenin monodesmosides and bisdesmosides isolated from
the stem bark of Kalopanax pictus. Planta Med. 2000;66:
329-32.
70. Okabe S, Ochiai Y, Aida M, Park K, Kim SJ, Nomura T, et
al. Mechanistic aspects of green tea as a cancer preventive: effect of components on human stomach cancer cell lines. Jpn
J Cancer Res. 1999;90:733-9.
71. Park IC, Park MJ, Choe TB, Jang JJ, Hong SI, Lee SH. TNF-

16 Cancer Research and Treatment 2005;37(1)
alpha induces apoptosis mediated by AEBSF-sensitive serine
protease (s) that may involve upstream caspase-3/CPP32 protease activation in a human gastric cancer cell line. Int J Oncol.
2000;16:1243-8.
72. Quasney ME, Carter LC, Oxford C, Watkins SM, Gershwin
ME, German JB. Inhibition of proliferation and induction of
apoptosis in SNU-1 human gastric cancer cells by the plant
sulfolipid, sulfoquinovosyldiacylglycerol. J Nutr Biochem.
2001;12:310-5.
73. Yoo YD, Park JK, Choi JY, Lee KH, Kang YK, Kim CS,
et al. CDK4 down-regulation induced by paclitaxel is associated with G1 arrest in gastric cancer cells. Clin Cancer Res.
1998;4:3063-8.
74. Lee KS, Kim HK, Moon HS, Hong YS, Kang JH, Kim DJ,
et al. Effects of buthionine sulfoximine treatment on cellular
glutathione levels and cytotoxicities of cisplatin, carboplatin
and radiation in human stomach and ovarian cancer cell lines.
Korean J Intern Med. 1992;7:111-7.
75. Choe G, Kim WH, Park JG, Kim YI. Effect of suramin on
differentiation of human stomach cancer cell lines. J Korean
Med Sci. 1997;12:433-42.
76. Chung Y, Shin YK, Zhan CG, Lee S, Cho H. Synthesis and
evaluation of antitumor activity of 2- and 6-[(1,3-benzothiazol2-yl) aminomethyl]-5, 8-dimethoxy-1, 4-naphthoquinone derivatives. Arch Pharm Res. 2004;27:893-900.
77. Jang TJ, Kang HJ, Kim JR, Yang CH. Non-steroidal antiinflammatory drug activated gene (NAG-1) expression is
closely related to death receptor-4 and -5 induction, which
may explain sulindac sulfide induced gastric cancer cell apoptosis. Carcinogenesis. 2004;25:1853-8.
78. Kim DK, Kim G, Gam J, Cho YB, Kim HT, Tai JH, et al.
Synthesis and antitumor activity of a series of [2-substituted-4,
5-bis (aminomethyl)-1, 3-dioxolane] platinum (II) complexes.
J Med Chem. 1994;37:1471-85.
79. Kim DK, Kim HT, Tai JH, Cho YB, Kim TS, Kim KH, et
al. Pharmacokinetics and antitumor activity of a new platinum compound, cis-malonato [(4R,5R)-4, 5-bis (aminomethyl)-2- isopropyl-1, 3- dioxolane] platinum (II), as determined by ex vivo pharmacodynamics. Cancer Chemother
Pharmacol. 1995;37:1-6.
80. Park HJ, Lee HJ, Lee EJ, Hwang HJ, Shin SH, Suh ME, et
al. Cytotoxicity and DNA topoisomerase inhibitory activity of
benz [f] indole-4, 9-dione analogs. Biosci Biotechnol Biochem. 2003;67:1944-9.
81. Yang YM, Hyun JW, Sung MS, Chung HS, Kim BK, Paik
WH, et al. The cytotoxicity of psoralidin from Psoralea
corylifolia. Planta Med. 1996;62:353-4.
82. Chung YM, Park S, Park JK, Kim Y, Kang Y, Yoo YD.
Establishment and characterization of 5-fluorouracil-resistant
gastric cancer cells. Cancer Lett. 2000;159:95-101.
83. Chang J, Park K, Bang YJ, Kim WS, Kim D, Kim SJ. Expression of transforming growth factor beta type II receptor
reduces tumorigenicity in human gastric cancer cells. Cancer
Res. 1997;57:2856-9.
84. Kang SH, Bang YJ, Im YH, Yang HK, Lee DA, Lee HY,
et al. Transcriptional repression of the transforming growth
factor-beta type I receptor gene by DNA methylation results
in the development of TGF-beta resistance in human gastric
cancer. Oncogene. 1999;18:7280-6.
85. Kang SH, Bang YJ, Jong HS, Seo JY, Kim NK, Kim SJ.
Rapid induction of p21WAF1 but delayed down-regulation of
Cdc 25A in the TGF-beta-induced cell cycle arrest of gastric
carcinoma cells. Br J Cancer. 1999;80:1144-9.
86. Myeroff LL, Parsons R, Kim SJ, Hedrick L, Cho KR, Orth
K, et al. A transforming growth factor beta receptor type II
gene mutation common in colon and gastric but rare in en-

dometrial cancers with microsatellite instability. Cancer Res.
1995;55:5545-7.
87. Park K, Kim SJ, Bang YJ, Park JG, Kim NK, Roberts AB,
et al. Genetic changes in the transforming growth factor beta
(TGF-beta) type II receptor gene in human gastric cancer
cells: correlation with sensitivity to growth inhibition by
TGF-beta. Proc Natl Acad Sci U S A. 1994;91:8772-6.
88. Yang HK, Kang SH, Kim YS, Won K, Bang YJ, Kim SJ.
Truncation of the TGF-beta type II receptor gene results in
insensitivity to TGF-beta in human gastric cancer cells.
Oncogene. 1999;18:2213-9.
89. Kim JD, Kim JM, Pyo JO, Kim SY, Kim BS, Yu R, et al.
Capsaicin can alter the expression of tumor forming-related
genes which might be followed by induction of apoptosis of
a Korean stomach cancer cell line, SNU-1. Cancer Lett. 1997;
120:235-41.
90. Ju HR, Jung U, Sonn CH, Yoon SR, Jeon JH, Yang Y, et
al. Aberrant signaling of TGF-beta1 by the mutant Smad4 in
gastric cancer cells. Cancer Lett. 2003;196:197-206.
91. Kim SG, Jong HS, Kim TY, Lee JW, Kim NK, Hong SH,
et al. Transforming growth factor-beta 1 induces apoptosis
through Fas ligand-independent activation of the Fas death
pathway in human gastric SNU-620 carcinoma cells. Mol
Biol Cell. 2004;15:420-34.
92. Bar-Am I, Mor O, Yeger H, Shiloh Y, Avivi L. Detection
of amplified DNA sequences in human tumor cell lines by
fluorescence in situ hybridization. Genes Chromosomes Cancer. 1992;4:314-20.
93. Hara T, Ooi A, Kobayashi M, Mai M, Yanagihara K, Nakanishi
I. Amplification of c-myc, K-sam, and c-met in gastric cancers:
detection by fluorescence in situ hybridization. Lab Invest.
1998;78:1143-53.
94. Mor O, Messinger Y, Rotman G, Bar-Am I, Ravia Y, Eddy
RL, et al. Novel DNA sequences at chromosome 10q26 are
amplified in human gastric carcinoma cell lines: molecular
cloning by competitive DNA reassociation. Nucleic Acids
Res. 1991;19:117-23.
95. Mor O, Ranzani GN, Ravia Y, Rotman G, Gutman M, Manor
A, et al. DNA amplification in human gastric carcinomas.
Cancer Genet Cytogenet. 1993;65:111-4.
96. Park IC, Park MJ, Lee SH, Choe TB, Jang JJ, Hong SI. Increased susceptibility of the c-Myc overexpressing cell line,
SNU-16, to TNF-alpha. Cancer Lett. 1998;125:17-23.
97. Bae CD, Juhnn YS, Park JB. Post-transcriptional control of
c-erb B-2 overexpression in stomach cancer cells. Exp Mol
Med. 2001;33:15-9.
98. Bae CD, Park SE, Seong YS, Kimm SW, Park JB. The
mechanism of c-erbB-2 gene product increase in stomach
cancer cell lines. J Korean Med Sci. 1993;8:153-9.
99. Jong HS, Park YI, Kim S, Sohn JH, Kang SH, Song SH,
et al. Up-regulation of human telomerase catalytic subunit
during gastric carcinogenesis. Cancer. 1999;86:559-65.
100. Choi MC, Jong HS, Kim TY, Song SH, Lee DS, Lee JW,
et al. AKAP12/Gravin is inactivated by epigenetic mechanism in human gastric carcinoma and shows growth suppressor activity. Oncogene. 2004;23:7095-103.
101. Grady WM, Willis J, Guilford PJ, Dunbier AK, Toro TT,
Lynch H, et al. Methylation of the CDH1 promoter as the
second genetic hit in hereditary diffuse gastric cancer. Nat
Genet 2000;26:16-7.
102. Kang SH, Choi HH, Kim SG, Jong HS, Kim NK, Kim SJ,
et al. Transcriptional inactivation of the tissue inhibitor of
metalloproteinase-3 gene by dna hypermethylation of the 5'CpG island in human gastric cancer cell lines. Int J Cancer.
2000;86:632-5.
103. Kim TY, Jong HS, Song SH, Dimtchev A, Jeong SJ, Lee

Ja-Lok Ku and Jae-Gahb Park：Biology of SNU Cell Lines 17
JW, et al. Transcriptional silencing of the DLC-1 tumor suppressor gene by epigenetic mechanism in gastric cancer cells.
Oncogene. 2003;22:3943-51.
104. Park J, Song SH, Kim TY, Choi MC, Jong HS, Lee JW, et
al. Aberrant methylation of integrin alpha4 gene in human
gastric cancer cells. Oncogene. 2004;23:3474-80.
105. Song SH, Jong HS, Choi HH, Inoue H, Tanabe T, Kim NK,
et al. Transcriptional silencing of cyclooxygenase-2 by hyper-methylation of the 5' CpG island in human gastric carcinoma cells. Cancer Res. 2001;61:4628-35.
106. Song SH, Jong HS, Choi HH, Kang SH, Ryu MH, Kim NK,
et al. Methylation of specific CpG sites in the promoter region
could significantly down-regulate p16(INK4a) expression in
gastric adenocarcinoma. Int J Cancer. 2000;87:236-40.
107. Kang HC, Kim IJ, Park JH, Shin Y, Park HW, Ku JL, et
al. Promoter hypermethylation and silencing of CHFR mitotic
stress checkpoint gene in human gastric cancers. Oncol Rep.
2004;12:129-33.
108. Chun YH, Kil JI, Suh YS, Kim SH, Kim H, Park SH. Characterization of chromosomal aberrations in human gastric carcinoma cell lines using chromosome painting. Cancer Genet
Cytogenet. 2000;119:18-25.
109. Fukuda Y, Kurihara N, Imoto I, Yasui K, Yoshida M, Yanagihara
K, et al. CD44 is a potential target of amplification within the
11p13 amplicon detected in gastric cancer cell lines. Genes
Chromosomes Cancer. 2000;29:315-24.
110. Schneider BG, Rha SY, Chung HC, Bravo JC, Mera R, Torres
JC, et al. Regions of allelic imbalance in the distal portion
of chromosome 12q in gastric cancer. Mol Pathol. 2003;56:
141-9.
111. Jang JH, Shin KH, Park JG. Mutations in fibroblast growth
factor receptor 2 and fibroblast growth factor receptor 3 genes
associated with human gastric and colorectal cancers. Cancer
Res. 2001;61:3541-3.
112. Shin EY, Ma EK, Kim CK, Kwak SJ, Kim EG. Src/ERK
but not phospholipase D is involved in keratinocyte growth
factor-stimulated secretion of matrix metalloprotease-9 and
urokinase-type plasminogen activator in SNU-16 human stomach cancer cell. J Cancer Res Clin Oncol. 2002;128:
596-602.
113. Hwang IR, Hsu PI, Peterson LE, Gutierrez O, Kim JG,
Graham DY, et al. Interleukin-6 genetic polymorphisms are
not related to Helicobacter pylori-associated gastroduodenal
diseases. Helicobacter. 2003;8:142-8.
114. Jung HC, Kim JM, Song IS, Kim CY. Helicobacter pylori
induces an array of pro-inflammatory cytokines in human
gastric epithelial cells: quantification of mRNA for interleukin-8, -1 alpha/beta, granulocyte-macrophage colony-stimulating factor, monocyte chemoattractant protein-1 and tumour
necrosis factor-alpha. J Gastroenterol Hepatol. 1997;12:47380.
115. Kim JM, Kim JS, Jung HC, Oh YK, Kim N, Song IS.
Inhibition of Helicobacter pylori-induced nuclear factor-kappa
B activation and interleukin-8 gene expression by ecabet
sodium in gastric epithelial cells. Helicobacter. 2003;8:542-53.
116. Kim JM, Kim JS, Jung HC, Song IS, Kim CY. Upregulated
cyclooxygenase-2 inhibits apoptosis of human gastric
epithelial cells infected with Helicobacter pylori. Dig Dis Sci.
2000;45:2436-43.
117. Kim JM, Kim JS, Jung HC, Song IS, Kim CY. Up-regulation
of inducible nitric oxide synthase and nitric oxide in
Helicobacter pylori-infected human gastric epithelial cells:
possible role of interferon-gamma in polarized nitric oxide
secretion. Helicobacter. 2002;7:116-28.
118. Shin KH, Han HJ, Park JG. Growth suppression mediated by
transfection of wild-type hMLH1 in human cancer cells ex-

pressing endogenous truncated hMLH1 protein. Int J Oncol.
1998;12:609-15.
119. Shin KH, Yang YM, Park JG. Absence or decreased levels
of the hMLH1 protein in human gastric carcinoma cell lines:
implication of hMLH1 in alkylation tolerance. J Cancer Res
Clin Oncol. 1998;124:421-6.
120. Park IC, Park MJ, Rhee CH, Lee JI, Choe TB, Jang JJ, et
al. Protein kinase C activation by PMA rapidly induces apoptosis through caspase-3/CPP32 and serine protease(s) in a
gastric cancer cell line. Int J Oncol. 2001;18:1077-83.
121. Yang Z, Liu S, Chen X, Chen H, Huang M, Zheng J. Induction of apoptotic cell death and in vivo growth inhibition
of human cancer cells by a saturated branched-chain fatty
acid, 13-methyltetradecanoic acid. Cancer Res. 2000;60:
505-9.
122. Nam SY, Jung GA, Hur GC, Chung HY, Kim WH, Seol DW,
et al. Upregulation of FLIP(S) by Akt, a possible inhibition
mechanism of TRAIL-induced apoptosis in human gastric
cancers. Cancer Sci. 2003;94:1066-73.
123. Lee TB, Min YD, Lim SC, Kim KJ, Jeon HJ, Choi SM, et
al. Fas (Apo-1/CD95) and Fas ligand interaction between gastric cancer cells and immune cells. J Gastroenterol Hepatol.
2002;17:32-8.
124. Jeong JH, Park JS, Moon B, Kim MC, Kim JK, Lee S, et
al. Orphan nuclear receptor Nur77 translocates to mitochondria in the early phase of apoptosis induced by synthetic
chenodeoxycholic acid derivatives in human stomach cancer
cell line SNU-1. Ann N Y Acad Sci. 2003;1010:171-7.
125. Park IK, Kim BJ, Goh YJ, Lyu MA, Park CG, Hwang ES,
et al. Co-expression of urokinase-type plasminogen activator
and its receptor in human gastric-cancer cell lines correlates
with their invasiveness and tumorigenicity. Int J Cancer.
1997;71:867-73.
126. Rabenau KE, O'Toole JM, Bassi R, Kotanides H, Witte L,
Ludwig DL, et al. DEGA/AMIGO-2, a leucine-rich repeat
family member, differentially expressed in human gastric adenocarcinoma: effects on ploidy, chromosomal stability, cell
adhesion/migration and tumorigenicity. Oncogene. 2004;
23:5056-67.
127. Shin BA, Yoo HG, Kim HS, Kim MH, Hwang YS, Chay
KO, et al. P38 MAPK pathway is involved in the urokinase
plasminogen activator expression in human gastric SNU-638
cells. Oncol Rep. 2003;10:1467-71.
128. Lee DH, Yang Y, Lee SJ, Kim KY, Koo TH, Shin SM, et
al. Macrophage inhibitory cytokine-1 induces the invasiveness
of gastric cancer cells by up-regulating the urokinase-type
plasminogen activator system. Cancer Res. 2003;63:4648-55.
129. Cho YG, Nam SW, Kim TY, Kim YS, Kim CJ, Park JY,
et al. Overexpression of S100A4 is closely related to the
aggressiveness of gastric cancer. Apmis. 2003;111:539-45.
130. Zhang H, Wu J, Meng L, Shou CC. Expression of vascular
endothelial growth factor and its receptors KDR and Flt-1 in
gastric cancer cells. World J Gastroenterol. 2002;8:994-8.
131. Kim IJ, Park JH, Kang HC, Shin Y, Park HW, Park HR,
et al. Mutational analysis of BRAF and K-ras in gastric
cancers: absence of BRAF mutations in gastric cancers. Hum
Genet. 2003;114:118-20.
132. Kim JH, Takahashi T, Chiba I, Park JG, Birrer MJ, Roh JK,
et al. Occurrence of p53 gene abnormalities in gastric carcinoma tumors and cell lines. J Natl Cancer Inst. 1991;83:
938-43.
133. Shin KH, Park JG. Microsatellite instability is associated with
genetic alteration but not with low levels of expression of the
human mismatch repair proteins hMSH2 and hMLH1. Eur J
Cancer. 2000;36:925-31.
134. Lee YY, Kang SH, Seo JY, Jung CW, Lee KU, Choe KJ,

18 Cancer Research and Treatment 2005;37(1)
et al. Alterations of p16INK4A and p15INK4B genes in
gastric carcinomas. Cancer. 1997;80:1889-96.
135. Guilford PJ, Hopkins JB, Grady WM, Markowitz SD, Willis
J, Lynch H, et al. E-cadherin germline mutations define an
inherited cancer syndrome dominated by diffuse gastric cancer. Hum Mutat. 1999;14:249-55.
136. Sakakura C, Hagiwara A, Nakanishi M, Shimomura K, Takagi
T, Yasuoka R, et al. Differential gene expression profiles of
gastric cancer cells established from primary tumour and malignant ascites. Br J Cancer. 2002;87:1153-61.
137. Sakakura C, Simomura K, Shuichi K, Nakase Y, Fukuda K,
Takagi T, et al. [Screening of novel biomarkers for the
detection of intraperitoneally disseminated cancer cells using
human cDNA microarray]. Gan To Kagaku Ryoho. 2002;29:
2271-4.
138. Lee HS, Park MH, Yang SJ, Jung HY, Byun SS, Lee DS,
et al. Gene expression analysis in human gastric cancer cell
line treated with trichostatin A and S-Adenosyl-L- homocysteine using cDNA microarray. Biol Pharm Bull. 2004;27:
1497-503.
139. Shin JH, Chung J, Kim HO, Kim YH, Hur YM, Rhim JH,
et al. Detection of cancer cells in peripheral blood of stomach
cancer patients using RT-PCR amplification of tumourspecific mRNAs. Aliment Pharmacol Ther. 2002;16 Suppl
2:137-44.
140. Shin JY, Kim HS, Park J, Park JB, Lee JY. Mechanism for
inactivation of the KIP family cyclin-dependent kinase inhibitor genes in gastric cancer cells. Cancer Res. 2000;60:
262-5.
141. Jeong YW, Kim KS, Oh JY, Park JC, Baek WK, Suh SI,
et al. Exogenous wild-type p16INK4A gene induces delayed
cell proliferation and promotes chemosensitivity through decreased pRB and increased E2F-1 expressions. Int J Mol
Med. 2003;12:61-5.
142. Choi CH. Cloning and functional study of a novel human metallothionein-I isoform induced by paraquat. Biochem
Biophys Res Commun. 2003;304:236-40.
143. Han SH, Jeon JH, Ju HR, Jung U, Kim KY, Yoo HS, et al.
VDUP1 upregulated by TGF-beta1 and 1,25-dihydorxyvitamin D3 inhibits tumor cell growth by blocking cell-cycle progression. Oncogene. 2003;22:4035-46.
144. Park BK, Moon HR, Yu JR, Kook J, Chai JY, Lee SH. [Comparative susceptibility of different cell lines for culture of
Toxoplasma gondii in vitro]. Korean J Parasitol. 1993;31:
215-22.
145. Leung WK, Kim JJ, Wu L, Sepulveda JL, Sepulveda AR.
Identification of a second MutL DNA mismatch repair complex (hPMS1 and hMLH1) in human epithelial cells. J Biol
Chem. 2000;275:15728-32.
146. Yamamoto H, Itoh F, Fukushima H, Hinoda Y, Imai K. Overexpression of cyclooxygenase-2 protein is less frequent in
gastric cancers with microsatellite instability. Int J Cancer.
1999;84:400-3.
147. Bae SI, Park JG, Kim YI, Kim WH. Genetic alterations in
gastric cancer cell lines and their original tissues. Int J Cancer. 2000;87:512-6.
148. Woo DK, Kim HS, Lee HS, Kang YH, Yang HK, Kim WH.
Altered expression and mutation of beta-catenin gene in
gastric carcinomas and cell lines. Int J Cancer. 2001;95:
108-13.
149. Oh ST, Seo JS, Moon UY, Kang KH, Shin DJ, Yoon SK,
et al. A naturally derived gastric cancer cell line shows latency I Epstein-Barr virus infection closely resembling EBVassociated gastric cancer. Virology. 2004;320:330-6.
150. Han SU, Kim HT, Seong do H, Kim YS, Park YS, Bang
YJ, et al. Loss of the Smad3 expression increases suscep-

151.
152.
153.

154.

155.

156.
157.
158.

159.
160.

161.

162.

163.
164.

165.
166.

167.

tibility to tumorigenicity in human gastric cancer. Oncogene.
2004;23:1333-41.
Li QL, Ito K, Sakakura C, Fukamachi H, Inoue K, Chi XZ,
et al. Causal relationship between the loss of RUNX3 expression and gastric cancer. Cell. 2002;109:113-24.
Kang MS, Lee HJ, Lee JH, Ku JL, Lee KP, Kelley MJ, et
al. Mutation of p53 gene in hepatocellular carcinoma cell
lines with HBX DNA. Int J Cancer. 1996;67:898-902.
Kim SO, Park JG, Lee YI. Increased expression of the insulin-like growth factor I (IGF-I) receptor gene in hepatocellular carcinoma cell lines: implications of IGF-I receptor
gene activation by hepatitis B virus X gene product. Cancer
Res. 1996;56:3831-6.
Cho JW, Jeong YW, Han SW, Park JB, Jang BC, Baek WK,
et al. Aberrant p16INK4A RNA transcripts expressed in hepatocellular carcinoma cell lines regulate pRb phosphorylation
by binding with CDK4, resulting in delayed cell cycle progression. Liver Int. 2003;23:194-200.
Suh SI, Pyun HY, Cho JW, Baek WK, Park JB, Kwon T,
et al. 5-Aza-2'-deoxycytidine leads to down-regulation of aberrant p16INK4A RNA transcripts and restores the functional
retinoblastoma protein pathway in hepatocellular carcinoma
cell lines. Cancer Lett. 2000;160:81-8.
Huang JZ, Xia SS, Ye QF, Jiang HY, Chen ZH. Effects of
p16 gene on biological behaviours in hepatocellular carcinoma cells. World J Gastroenterol. 2003;9:84-8.
Chun E, Lee KY. Bcl-2 and Bcl-xL are important for the induction of paclitaxel resistance in human hepatocellular carcinoma cells. Biochem Biophys Res Commun. 2004;315:771-9.
Hwang HJ, Kim GJ, Lee GB, Oh JT, Chun YH, Park SH.
A comprehensive karyotypic analysis on Korean hepatocellular carcinoma cell lines by cross-species color banding and
comparative genomic hybridization. Cancer Genet Cytogenet.
2003;141:128-37.
Scharf JG, Dombrowski F, Ramadori G. The IGF axis and
hepatocarcinogenesis. Mol Pathol. 2001;54:138-44.
Shin EC, Ahn JM, Kim CH, Choi Y, Ahn YS, Kim H, et
al. IFN-gamma induces cell death in human hepatoma cells
through a TRAIL/death receptor-mediated apoptotic pathway.
Int J Cancer. 2001;93:262-8.
Shin EC, Shin JS, Park JH, Kim H, Kim SJ. Expression of
fas ligand in human hepatoma cell lines: role of hepatitis-B
virus X (HBX) in induction of Fas ligand. Int J Cancer. 1999;
82:587-91.
Shin EC, Shin WC, Choi Y, Kim H, Park JH, Kim SJ. Effect
of interferon-gamma on the susceptibility to Fas (CD95/
APO-1)-mediated cell death in human hepatoma cells. Cancer
Immunol Immunother. 2001;50:23-30.
Park SS, Eom YW, Kim EH, Lee JH, Min do S, Kim S,
et al. Involvement of c-Src kinase in the regulation of TGFbeta1-induced apoptosis. Oncogene. 2004;23:6272-81.
Baek WK, Kim D, Jung N, Yi YW, Kim JM, Cha SD, et
al. Increased expression of cyclin G1 in leiomyoma compared
with normal myometrium. Am J Obstet Gynecol. 2003;188:
634-9.
Foli A, Benvenuto F, Piccinini G, Bareggi A, Cossarizza A,
Lisziewicz J, et al. Direct analysis of mitochondrial toxicity
of antiretroviral drugs. Aids. 2001;15:1687-94.
Lee H, Lee SI, Cho J, Choi SU, Yang SI. Synthesis and in
vitro evaluation of 1,8-diazaanthraquinones bearing 3-dialkylaminomethyl or 3-(N-alkyl- or N-aryl)carbamoyloxymethyl
substituent. Eur J Med Chem. 2003;38:695-702.
Lee SW, Lee YM, Bae SK, Murakami S, Yun Y, Kim KW.
Human hepatitis B virus X protein is a possible mediator of
hypoxia-induced angiogenesis in hepatocarcinogenesis. Biochem Biophys Res Commun. 2000;268:456-61.

Ja-Lok Ku and Jae-Gahb Park：Biology of SNU Cell Lines 19
168. Ferber MJ, Montoya DP, Yu C, Aderca I, McGee A, Thorland
EC, et al. Integrations of the hepatitis B virus (HBV) and
human papillomavirus (HPV) into the human telomerase reverse transcriptase (hTERT) gene in liver and cervical cancers. Oncogene. 2003;22:3813-20.
169. Moon MS, Lee CJ, Um SJ, Park JS, Yang JM, Hwang ES.
Effect of BPV1 E2-mediated inhibition of E6/E7 expression
in HPV16-positive cervical carcinoma cells. Gynecol Oncol.
2001;80:168-75.
170. Baykal A, Rosen D, Zhou C, Liu J, Sahin AA. Telomerase
in breast cancer: a critical evaluation. Adv Anat Pathol. 2004;
11:262-8.
171. Zhou C, Smith JL, Liu J. Role of BRCA1 in cellular resistance to paclitaxel and ionizing radiation in an ovarian cancer cell line carrying a defective BRCA1. Oncogene. 2003;
22:2396-404.
172. Campbell M, Qu S, Wells S, Sugandha H, Jensen RA. An
adenoviral vector containing an arg-gly-asp (RGD) motif in
the fiber knob enhances protein product levels from transgenes refractory to expression. Cancer Gene Ther. 2003;10:
559-70.
173. Park SH, Park SY, Kim DW, Chun YH. Chromosomal aberrations in ovarian malignant brenner tumor cell line using
chromosome painting. Cancer Genet Cytogenet. 2000;118:
151-3.
174. Yu S, Lee M, Shin S, Park J. Apoptosis induced by progesterone in human ovarian cancer cell line SNU-840. J Cell
Biochem. 2001;82:445-51.
175. Chang SH, Kim SH, Lee WK, Kim HJ, Choi SH, Park JH,
et al. Cloning and analysis of the Epstein-Barr virus glycoprotein 350 genes. Mol Cells. 1998;8:585-93.
176. Kim HR, Jeong JA, Park CH, Lee SK, Lee WK, Jang YS.
A role for cell cycle proteins in the serum-starvation resistance of Epstein-Barr virus immortalized B lymphocytes. Biochem Cell Biol. 2002;80:407-13.
177. Lee W, Hwang YH, Lee SK, Subramanian C, Robertson ES.
An Epstein-Barr virus isolated from a lymphoblastoid cell line

has a 16-kilobase-pair deletion which includes gp350 and the
Epstein-Barr virus nuclear antigen 3A. J Virol. 2001;75:
8556-68.
178. Park CH, Kim HR, Kim J, Jang SH, Lee KY, Chung GH,
et al. Latent membrane protein 1 of Epstein-Barr virus plays
an important role in the serum starvation resistance of Epstein-Barr virus-immortalized B lymphocytes. J Cell Biochem. 2004;91:777-85.
179. Koh TY, Park SW, Park KH, Lee SG, Seol JG, Lee DW,
et al. Inhibitory effect of p27KIP1 gene transfer on head and
neck squamous cell carcinoma cell lines. Head Neck. 2003;
25:44-9.
180. Park SW, Lee SG, Song SH, Heo DS, Park BJ, et al. The
effect of nitric oxide on cyclooxygenase-2 (COX-2) overexpression in head and neck cancer cell lines. Int J Cancer.
2003;107:729-38.
181. Rhee CS, Sen M, Lu D, Wu C, Leoni L, Rubin J, et al. Wnt
and frizzled receptors as potential targets for immunotherapy
in head and neck squamous cell carcinomas. Oncogene. 2002;
21:6598-605.
182. Chung PS, Kim HG, Rhee CK, Saxton RE. Anticancer effect
of combined intratumor cisplatin injection and interstitial KTP
laser therapy on xenografted squamous cell carcinoma. J Clin
Laser Med Surg. 2003;21:23-7.
183. Sung MW, Roh JL, Park BJ, Park SW, Kwon TK, Lee SJ,
et al. Bile acid induces cyclo-oxygenase-2 expression in cultured human pharyngeal cells: a possible mechanism of carcinogenesis in the upper aerodigestive tract by laryngopharyngeal reflux. Laryngoscope. 2003;113:1059-63.
184. Kang YH, Lee E, Choi MK, Ku JL, Kim SH, Park YG, et
al. Role of reactive oxygen species in the induction of apoptosis by alpha-tocopheryl succinate. Int J Cancer. 2004;112:
385.
185. Hansel DE, Rahman A, Hidalgo M, Thuluvath PJ, Lillemoe
KD, Shulick R, et al. Identification of novel cellular targets
in biliary tract cancers using global gene expression technology. Am J Pathol. 2003;163:217-29.

