
00339.fm  Page 211  Thursday, March 4, 2004  10:34 AM
Unique characteristics of rectal carcinoma cell lines 
derived from invasive carcinomas in ulcerative colitis 
patients
Kazuya Yamashita,1, 2 Shuichi Yasuda,3 Tatsuru Kuba,1, 2 Yoshimasa Otani,4 Mutsunori Fujiwara5 and Isao 
Okayasu1, 2, 6

1Department of Pathology, Kitasato University East Hospital, 2-1-1 Asamizodai, Sagamihara, Kanagawa 228-8520; Departments of 2Pathology and 4Surgery 
and 3Experimental Animal Center, Kitasato University School of Medicine, 1-15-1 Kitasato, Sagamihara, Kanagawa 228-8555; and 5Department of Clinical 
Pathology, Japanese Red Cross Medical Center, 4-1-22 Hiroo, Shibuya-ku, Tokyo 150-8935

(Received November 6, 2003/Revised December 31, 2003/Accepted January 8, 2004)

To identify the characteristics of ulcerative colitis (UC)-associated
carcinomas, 8 lesions, high-grade dysplasias and invasive carcino-
mas, were implanted into severely combined immunodeficient
(SCID) mice and/or cultured in vitro. Intramucosal neoplasias con-
sisting of high-grade dysplasia showed extremely slow prolifera-
tion after implantation (2/3 cases) and in vitro culture failed (4
cases). However, invasive carcinomas demonstrated rapid growth
both after SCID mouse implantation and in vitro (4/4 cases). From
two cases of invasive carcinomas, 6 cell lines were established,
and these are the first to be described in the literature. In addi-
tion to variation in immunohistochemically determined pheno-
typic expression regarding αααα-fetoprotein, chromogranin A and
estrogen receptors, the established cell lines showed varying dif-
ferentiation (moderately or poorly differentiated adenocarci-
noma, adenosquamous carcinoma and poorly differentiated
adenocarcinoma with multinuclear giant cells and bone forma-
tion). The results are in contrast with findings for sporadic colo-
rectal carcinomas. Although the prevalence of DNA alterations is
not frequent, loss of heterozygosity (17p and 18q) and deletion
of exons 8 to 11 in DPC-4 were revealed in all of 6 cell lines, sug-
gesting relatively high genetic instability. We found loss or trans-
location of many chromosomes (#3, 5, 6, 8, 10, 11, 13, 16, 17, 18
and 19) other than chromosomes 1, 5, 8, 11, 13, 17 and 18, which
are frequently involved in sporadic colorectal carcinoma cell lines.
Thus, the established cell lines may be good models of tumori-
genesis and progression in the chronic inflammation-carcinoma
sequence. (Cancer Sci 2004; 95: 211–217)

n patients with long-standing ulcerative colitis (UC), colorec-
tal dysplasias and carcinomas frequently develop, and a

chronic inflammation-carcinoma sequence has been noted.1–5)

UC-associated tumors have several characteristics, including
multiplicity and varying gross appearance of flat, depressed or
villous intramucosal lesions with no clear border.4, 6) Regarding
genetic alterations, although p53 alteration occurs rather often
with loss of heterozygosity (LOH), a low prevalence of APC
and ras mutations in UC-associated tumors has been described,
along with a high LOH frequency of chromosomes 3 and 18
and p16, compared to sporadic colorectal carcinomas.7–10) Es-
tablishment of cell lines of UC-associated tumors should facili-
tate assessment of differences from the adenoma-carcinoma
sequence or the de novo cancer pathway. In the present study,
UC-associated dysplasias and invasive carcinomas were im-
planted into severely combined immunodeficient (SCID) mice
and cultured in vitro. Genetic and histopathological features of
the established cell lines were then compared with those of spo-
radic colorectal carcinomas, previously generated in our labora-
tory.

Materials and Methods

Source of tumor cells. Neoplastic lesions, including 4 high-
grade dysplasias and 4 invasive carcinomas were obtained from
surgically resected rectal tissue in 8 cases (21–73 years old; 5
males, 3 females) with UC (Table 1). Total duration of illness
was 6 to 18 years. For comparison, cell lines KE-43, KE-43C4
(subclone of KE43) and KE-24, which were established from
invasive sporadic carcinoma lesions (ascending and sigmoid
colons; 76-year-old male and 54-year-old female, respectively)
in our laboratory were used (Table 1). This work was conducted
after receiving the standard informed consent from patients and
was approved by our Medical School and University Hospital
Ethics Committee (No. B01-20).

Implantation of tumor cells into SCID mice and in vitro cell culture.
After sterilization of surgically obtained tissue with Isogen
(Meiji Seika, Tokyo), tumor tissues were cut and used for im-
plantation under the backskin of 6-week-old, female SCID mice
(CB-17/ICR-SCID, Nippon Clea, Osaka) and for the primary
culture system.

For primary culture, the tumor tissues were minced in ES
medium (Nissui, Tokyo) with sharp scissors, treated with 1000
pronase units/ml dispase for 1 h at 37°C, filtered through a 0.1
mm mesh, and centrifuged at 1000 rpm for 10 min. Cell sedi-
ments were resuspended in ES medium, containing 15% fetal
bovine serum (FBS, Nichirei, Tokyo) and incubated in a culture
bottle at 37°C in a CO2 incubator supplied with humidified 5%
CO2. For subculture, cells were resuspended in 0.02% EDTA,
0.25% trypsin solution and then transferred at a 1:10 dilution
into a new culture bottle.

Establishment of cell lines and characterization. With the soft
agar colony formation method, 1×102, 103 and 104 cells were
incubated in 25 cm2 dishes containing 0.33% Seaplaq agarose
gel for 12 weeks. Then, colonies formed were counted. For
transplantation into SCID mice, 2×107 incubated carcinoma
cells were implanted into the subcutis of the back. Implants
were examined for histopathology, ultrastructure and chromo-
some alteration.

Immunohistochemistry. Immunohistochemical analysis was
performed using the standard labeled streptavidin-biotin-perox-
idase complex (LSAB kit, DAKO, Carpinteria, CA) method.
Briefly, after routine deparaffinization, 4-µm-thick sections
were incubated overnight at 4°C with optimal dilutions of pri-
mary antibodies. The antibodies used are listed in Table 2.
Counterstaining of nuclei was achieved with methyl green. For
antigen retrieval, sections were heated in a 10 mmol/liter cit-
rate buffer (pH 6.0) for 20 min, using a microwave oven. Ki-67
labeling indices were determined as percentages by counting at
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least 1000 cells in randomly selected high-power fields (×400).
Only nuclei with strong diffuse staining were considered posi-
tive.

Electron microscopic analysis. Fresh tumor tissues after implan-
tation and proliferation in SCID mice were fixed in 2.5% glut-
araldehyde and postfixed in 2.0% osmium tetroxide. Ultrathin
Epon sections were stained with 5% uranyl acetate and 0.5%
lead citrate and examined under a transmission electron micro-
scope (Akashi, Nippon Denshi, Tokyo).

Analysis of DNA alterations. Fresh samples of tumor tissues or
cancer cells were lysed in SDS-lysis buffer and DNA was ex-
tracted with phenol-chloroform following ethanol precipitation

for PCR.11) PCR-SSCP and direct sequencing of ras (exons 1,
2), p53 (exons 5–9),12) DCC (exons 7, 29), BAX,13) TGF-βRII14)

and DPC-4 (exons 8–11) as well as LOH analysis15) were per-
formed by the reported methods. Five markers (BAT-25, BAT-
26, D2S123, D5S346 and D17S250) for MSI in colorectal can-
cers recommended by NCI16) were tested in established cell
lines. TP-53, D17S578, D17S831 and Mfd-41 were selected for
chromosome 17, and D18S34, D18S535 and D18S851 for
chromosome 18. A total of 10 markers, D18S51, D5S818,
D13S317, D7S820, Amelogenin, D8S1179, D21S11, D3S1358,
vWA and FGA, were tested for linkage analysis between the
original samples and established cell lines.

Table 1. Analysis of UC-associated lesions

Dysplasia Invasive carcinoma (Dukes C type)

Case No. 1 2 3 4 5 6 7 8 
Age (years old) at operation 43 46 71 35 30 73 33 21
Sex M M M M M F F F
Duration of UC (years) 18 12 12 16 17 15 11 6 
Location of UC left total left left total left total total
Primary tumor (original)

Histology HGD HGD HGD HGD Ad. Ad. Ad. Ad.
Differentiation well moderately moderately poorly
Tumor size 2.0×2.0 3.2×1.8 1.7×1.7 2.0×1.0 9.0×8.0 8.0×7.0 10.5×6.5 7.5×6.0

Implanted tumor in SCID
Observation time  1 y 6 m ND 7 m 2 y 6 m 2 m 2 m 2 m
Tumor size Tumor (–) ND 0.06 cm3 0.13 cm3 2.0 cm3 3.0 cm3 5.7 cm3 7.5 cm3

In vitro cell culture
Growth no no no no yes yes yes yes
Passage NA NA NA NA continued continued yes yes
Cloning NA NA NA NA ND ND 5 clones NA

Proliferative activity in original
Ki-67 LI 28.8% 29.4% 20.2% 17.5% 57.9% 52.6% 47.0% 55.4%

Gene analyses
p53 gene mutation wild wild wild exon 7  wild exon 7 wild exon 7

codon 234 codon 244 to 245 codon 248
TAC/TGC 6-bp insertion CGG/TGG
Tyr/Lys (CGCGGT) Arg/Try

TP-53 locus LOH stable stable LOH LOH MSI LOH LOH LOH
DPC4 gene (exons 8 to 11) wild wild wild wild wild wild Del Del
LOH score (19 markers)1) 0 0 4 2 7 5 10 7

HGD, high-grade dysplasia; Ad., adenocarcinoma; LOH, loss of heterozygosity; ND, not done; LI, labeling index; NA, not available; Del, deletion.
1) LOH analyses markers: D2S123, D3S1358, D5S346, D5S818, D7S820, D8S1179, D13S317, TP53, D17S578, D17S831, D17S831, D18S535, D18S851,
D18S51, D18S34, D21S11, vWA, FGA and Amelogenin.

Table 2. Antibodies used in the present study

Antibody Type Dilution Methods Source

CEA Mono 1:1000 LSAB TaKaRa Schuzo, Shiga, Japan
CA19-9 Mono 1:5 LSAB CIS Bio International, Cedex, France
Chromogranin A Mono 1:1 LSAB Lipshaw, PA, USA
AFP Poly 1:400 LSAB DAKO, CA, USA
Vimentin Mono 1:1000 LSAB AR DAKO, CA, USA
Placental alkaline phosphatase Poly 1:80 LSAB DAKO, CA, USA
Neuron specific enorase Poly 1:400 LSAB DAKO, CA, USA
Bcl-2 Mono 1:100 LSAB AR DAKO, CA, USA
SCLC Mono 1:1 LSAB Zymed, CA, USA
CD44 Mono 1:500 LSAB Seikagaku Co, Tokyo, Japan
DCC gene products Mono 1:600 LSAB Nichirei, Tokyo, Japan
Estrogen receptor Mono 1:1 LSAB Nichirei, Tokyo, Japan
c-erbB2 Mono 1:1 LSAB Nichirei, Tokyo, Japan
c-Myc Mono 1:1 LSAB AR Nichirei, Tokyo, Japan
p53 gene products Mono 1:500 LSAB AR Novocastra, Newcastle upon Tyne, UK.

Poly, polyclonal antibody; Mono, monoclonal antibody; LSAB, streptoavidin-biotin-peroxidase complex method;
AR, antigen retrieval method.
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Analysis of polymorphic typing was performed using short
tandem repeat (STR) markers,17) an AmpFLSTR Profiler Plus
PCR Amplification Kit (PE Applied Biosystems, Foster City,
CA) and an ABI PRISM 310 Genetic Analyzer (PE Applied
Biosystems).

Analysis of chromosome alterations. Fresh original or implanted
tumor tissues were examined with the methods described else-
where.18) Briefly, after fine mincing without collagenase in a
petri dish covered with 3 to 5 ml of RPMI 1640 medium, disag-
gregated cells were cultured in RPMI 1640 supplemented with
10% FBS plus antibiotics and antimycotics for 1 to 30 days.
Metaphase cells arrested by exposure overnight to Colcemid
(0.01 mg/ml) were treated with 0.075 M KCl hypotonic solu-
tion for 30 min at 37°C and then fixed in a 3:1 mixture of meth-
anol:acetic acid. Chromosomes were analyzed using the Q-
band technique. Chromosome identification and karyotype des-
ignation were performed in accordance with the International
System for Human Cytogenetic Nomenclature.19) After 10 or
more metaphase cells were analyzed, chromosome alterations
were finally determined.

Statistical analysis. Statistical comparisons between two
groups were performed with the nonparametric Mann Whitney
U test.

Results

Primary tumors in UC for analysis. Clinicopathological and ge-
netic features of the primary tumors used for implantation and/
or in vitro cell culture are summarized in Table 1. Ki-67 label-
ing indices were significantly lower (P<0.0209) in high-grade
dysplasias (mean±SD, 24.0±6.0%) than in invasive carcinomas
(53.2±4.7%). K-ras gene was wild type in all of 8 tumors, but
the p53 gene (exon 7) was mutant in 3. DPC4/Smad (exons 8–
11) was deleted in 2 invasive carcinomas. LOH for TP-53 was
positive in 5 tumors and microsatellite instability was evident
in one. TGF-βRII was microsatellite-stable in all of 8 tumors.
LOH in other markers was more frequent in invasive carcinoma
(mean±SD, 7.3±2.1 in 19 markers) than in dysplasia (1.5±1.9),
the difference being significant (P=0.0209).

Implantation of UC-associated tumors into SCID mice and in vitro
cell culture. After implantation, tumors were detected with 2
high-grade dysplasias and 4 invasive carcinomas (Dukes C) and

lacking in 1 case of high-grade dysplasia (1 case, not im-
planted), after 2–24 months. However, the growth of implanted
tumors in 2 cases of high-grade dysplasia was too slow for
gross identification (7 and 24 months; tumor size, 0.06 and 0.13
cm3). Rapid growth with 4 cases of invasive carcinomas was
confirmed in a relatively short time (2, 2, 2 and 6 months; tu-
mor size, 2.0, 3.0, 5.7 and 7.5 cm3) after implantation. The im-
planted tumors in these cases were further transplanted into
new SCID mice.

With in vitro cell culture, cell growth was not evident with
any of the 4 cases of high-grade dysplasia. In contrast, carci-
noma cells from all invasive carcinomas proliferated and could
be serially subcultured. Further, carcinoma cell lines were es-
tablished in cases 7 and 8 after serial subculture for 3 and 4
years, respectively.

Carcinoma cell lines (Table 3). In case 7, cancer cells adhered to
the surface of the culture bottle 24 h after primary culture, and
cell proliferation was confirmed 7 days later. Implantation of
primary culture cells in SCID mice resulted in tumors after 8
weeks (tumor take, 4/4, 100%). Carcinoma cell proliferation
became stable after 7 passages. In the 10th passage culture, 5
clones (UCCA-21, 22, 23, 24, 25) were separated by the single
cell cloning method with soft agar colony formation.

In case 8, primary culture failed to generate carcinoma cell
proliferation due to bacterial and fungal infection. However,
growth of implants was detected in SCID mice 8 weeks after
implantation (tumor take, 2/4, 50%), and in vitro culture of the
lesions resulted in stable growth of the UCCA-3 line. Passage
of carcinoma cells to SCID mice was also stable.

Doubling times of incubated carcinoma cells were assessed
by the trypan blue dye exclusion method, counting every day
for 14 days after incubation of 2×106 cells. Doubling times
were 63.6, 43.8, 44.4, 37.3, 40.5 and 56.9 h for UCCA-21, 22,
23, 24, 25 and UCCA-3, respectively.

Characterization of established cell lines (Tables 3–5)
Histological features. Examination of histologic sections of im-

planted tumors in SCID mice revealed adenocarcinomas, hav-
ing tubular or microtubular structures, in the UCCA-21
(moderately differentiated adenocarcinoma), 22 (poorly differ-
entiated adenocarcinoma), 23 (adenosquamous carcinoma), 24
(poorly differentiated adenocarcinoma) and 25 (adenosquamous

Fig. 1. Morphological features of implanted cell lines on hematoxylin-eosin staining (A, D and E), immunostaining (B and C) and electron micro-
scopic sections (F–H). A, Paneth cells (arrows) in an implanted tumor of the UCCA-21 cell line. B, p53-positive cells in implanted UCCA-21 cells. C,
Scattered distribution of chromogranin A-positive cells in implanted UCCA-21 cells. D, Adenosquamous carcinoma with keratinization in implanted
UCCA-25 cells. E, Implanted UCCA-3 cells forming giant cells and bone (Bar represents 50 µm). F, Adenocarcinoma differentiation of UCCA-21 in-
cluding rootlets (arrowhead), microvilli (arrow), desmosome structures (double arrows) and a glycocalceal body (double arrowheads). G, Tonofila-
ment-desmosome complex (arrows) indicating keratinization in UCCA-25. H, Intracytoplasmic lumen (asterisk) indicating adenocarcinoma
differentiation in UCCA-3 (Bar represents 0.5 µm).
Yamashita et al. Cancer Sci | March 2004 | vol. 95 | no. 3 | 213
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carcinoma, focally with keratinization). In UCCA-21, differen-
tiation into Paneth cells, enterochromaffin cells and goblet cells
was seen. UCCA-3 exhibited features of poorly differentiated
adenocarcinoma, with mixed giant cells and bone formation,
microtubular structures and medullary growth, also found
partly in the primary tumor (case 8) (Fig. 1) (Table 3).

From sporadic colorectal carcinomas, all of 3 cell lines im-
planted in SCID mice were well or poorly differentiated adeno-
carcinomas without squamous cell differentiation (KE-24, KE-
43 and KE-43C4).

Immunohistochemistry. Diffuse or scattered expression of
CEA, CA19-9, α-fetoprotein, CD44 and p53 was common in
all 5 cell lines derived from case 7 (Fig. 1). Scattered expres-
sion of chromogranin A (Fig. 1), estrogen receptors and DCC
was seen only in UCCA-21. Bcl-2 expression was evident in
UCCA-21 and 25 but not in the original tumor. Weak expres-
sion of c-myc was seen in all cell lines except for UCCA-21.
Diffuse or scattered expression of CEA, CA19-9, chromogranin
A, c-myc and p53 was found for UCCA-3 (Fig. 1) (Table 3).

In comparison, cell lines from sporadic colorectal carcinomas
had no expression of the above markers, except for diffuse or
strong expression of CEA, CA19-9 and c-Myc.

Ultrastructural features. Ultrastructurally, desmosome struc-
tures were confirmed in all cell lines, indicating an epithelial
cell origin. UCCA-21, 22, 23, 24, 25 and UCCA-3 (Fig. 1) all
showed adenocarcinoma differentiation, including rootlets, mi-
crovilli, glycocalceal bodies and mucin as typical features. Gly-
cogen, tonofilaments and tonofilament-desmosome complexes
(only in UCCA-25) were also seen in UCCA-23 and 25, as
squamous cell features.

DNA alterations. Basically, DNA alterations in established cell
lines were the same as in the original tumors (UCCA-21-25
from case 7 and UCCA-3 from case 8) (Table 4). LOH in
17p13 (TP-53) was seen in all the cell lines (6/6) established
from UC-associated tumors, as well as the primaries. LOH in
D17S831 was detected in cell lines, UCCA-21-25. LOH in

18q21 (D18S535, D18S851 and D18S51) was also often found
in cell lines from UC-associated tumors. LOH in other markers
was more frequent in UC-associated carcinoma cell lines
(mean±SD, 2.0±0.0 in 9 markers) than in sporadic colorectal
carcinoma cell lines (0.0±0.0), the difference being significant
(P=0.0201). A point mutation in p53 exon 7 (codon 248 CGG/
TGG) was evident in UCCA-3, as well as in the original tumor
in case 8. One base deletion of BAX was revealed only in
UCCA-21. A DPC-4 gene deletion (exons 8 to 11) was found
in all 6 cell lines (Table 4). Ki-ras mutations were not found in
any primary UC-associated tumors and cell lines, although all
cell lines from sporadic colon cancers showed mutations.

Chromosome alterations. All of the established cell lines ex-
hibited human chromosome types. The chromosomal make-up
of the primary and a metastatic tumor in the lymph nodes in
case 7 is shown in Table 5. Common alterations were
der(3)t(3;8)(p12;q11), –5, –6, del(9)(p12), –18, –19, +mar1,
+mar2, +mar3, +mar4, indicating an intimate relation between
the lesions. UCCA-21, 22, 23, 24, 25 obtained by cloning of
the metastatic tumor had common features as follows: chromo-
some number, 41–44; sex chromosome, XX; common alter-
ations, add(3)(p25), der(3)t(3;8)(p2;q11), –4, –5, –6, –8,
del(9)(p12), –10, add(11)(q23), –16, –18, –19, +20, –22,
+mar1, +mar2, +mar3, +mar4, showing a high similarity to
those of the original metastatic tumor in the lymph node. With
clone UCCA-21, the chromosome pattern was the same as for
clone UCCA-22. Chromosome-13 was seen in clones UCCA-
21, -22, -23, -24. The add(15)(q26) was detected only in
UCCA-25.

In case 8, chromosome analysis of the primary tumor was not
performed because of bacterial contamination at surgery. The
implanted tumor in SCID mouse had chromosome number, 40;
sex chromosome, XX;–4, add(4)(p16), del(8)p11,
add(11)(p11), –14, –15, –16, –17, –18, –22, +r1. The estab-
lished cell line (Fig. 1B), UCCA-3, had the same alteration,
add(11)(p11), as the implanted tumor.

Table 3. Histological characteristics of cell lines established from UC-associated carcinomas and comparison with sporadic colorectal carcino-
mas

UC-associated carcinomas Sporadic colorectal carcinomas

Histology Differenti-
ation

(Case 7) 
Adenocarcinoma 

moderately

(Case 8)
 Adenocarcinoma 

poorly
Adenocarcinoma 

poorly
Adenocarcinoma 

well
Cell line name UCCA-21 UCCA-22 UCCA-23 UCCA-24 UCCA-25 UCCA-3 KE-24 KE-43 KE-43C4

Histology Differenti-
ation

Ad. 
moderately

Ad. 
poorly

Adeno-
squamous

Ad. 
poorly

Adeno-
squamous

Ad. 
poorly

Ad. 
poorly

Ad.
well  poorly

Doubling time 63.6 43.8 44.4 37.3 40.5 56.9 32.4 33.6 63.6
Chromosome (mode) 41–42, XX 41, XX 41–42, XX 40–43, XX 41–44, XX 69–74, XX 46, XY 42, XX 41, XX
PAS staining + + + + + + + + +
Alcian blue staining + – – – – + + + +

CEA diffuse diffuse diffuse diffuse diffuse diffuse, weak diffuse diffuse diffuse
CA19-9 focal, 

weak
focal, 
weak

focal, 
weak

focal, 
weak

focal, 
weak

diffuse, weak diffuse diffuse diffuse

α-Fetoprotein scattered diffuse diffuse diffuse, 
weak

diffuse — — — —

Chromogranin A scattered — — — — scattered — — —
Vimentin scattered scattered scattered — scattered — — — —
Bcl-2 (original, nega-
tive)

scattered — — — scattered — — — —

CD44 scattered diffuse diffuse diffuse focal — — — —
Estrogen receptor diffuse — — — — — — — —
DCC focal — — — — — — — —
c-Myc — weak weak weak weak strong strong — strong
p53 diffuse diffuse diffuse diffuse diffuse diffuse scattered — —

Ad., adenocarcinoma.
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Table 4. Genetic characteristics of cell lines established from UC-associated carcinomas and comparison with sporadic colorectal carcinomas

UC-associated carcinomas Sporadic colorectal carcinomas

UCCA-21 UCCA-22 UCCA-23 UCCA-24 UCCA-25 UCCA-3 KE-24 KE-43 KE-43C4

Ki-RAS exons 1 to 2 wild wild wild wild wild wild codon 61 
CAA/CGA

codons 12 
GGT/GTT

Ha-RAS exons 1 to 2 wild wild wild wild wild wild wild codon 67 
ATG/ACG

p53 exons 5 to 9 wild wild wild wild wild codon 248 
CGG/TGG

wild wild

DPC-4 exons 8 to 11 exons 8–11 del. exons 8–11 del. wild exons 8–11 del.
DCC exon P & 29 wild wild wild wild wild wild wild del./del.
BAX gene 1 oligo del. stable stable stable stable stable 1 oligo del. stable stable
TGFβRII stable stable stable stable stable stable 1 oligo add. stable stable
BAT-25∗ MSI stable stable stable stable MSI MSI stable stable
BAT-26∗ stable stable stable stable stable stable stable stable stable
BAT-40 stable stable stable stable stable stable del. stable stable
D2S123∗ stable stable LOH stable MSI stable stable stable stable
D5S346∗ stable stable MSI stable stable stable LOH stable stable
D17S250∗ stable stable stable MSI MSI stable stable stable stable
TP-53 LOH LOH LOH LOH LOH LOH MSI stable stable
D17S578 stable stable stable stable stable stable MSI stable stable
D17S831 LOH LOH LOH LOH LOH stable stable stable stable
D18S535 LOH LOH LOH LOH LOH LOH LOH LOH
D18S851 stable LOH LOH LOH LOH LOH MSI del.
D18S51 del. LOH LOH LOH LOH LOH stable del.
D5S818 LOH LOH LOH LOH LOH, MIS stable stable stable stable
D13S317 LOH LOH LOH LOH LOH stable stable MSI MSI
LOH score (9 markers)1) 2 2 2 2 2 2 0 0 0

oligo, oligonucleotide; del., deletion; add., added; MSI, microsatellite instability; LOH, loss of heterozygosity.
∗ NCI recommended markers: BAT-25, BAT-26, D2S123, D5S346, D17S250.
1) LOH analyses markers: Mfd-41, D18S34, D7S820, D8S1179, D21S11, D3S1358, vWA, FGA and Amelogenin.

Table 5. Chromosome analysis of cell lines established from UC-associated carcinomas

Case 7
 Primary tumor 39, X, –X, der (3)t(3;8)(p12; q11), –5, –6, –8, del(9)(p12), –10, add(11)(q23), –12, –13, 

i(13)(q10), add(14)(p13), –16, –17, –17, –18, –19, +mar1, +mar2, +mar3, +mar4, 
+mar5

 Metastatic timor 42, XX, add(3)(p25), der(3)t(3;8)(p12;q11), –4, –5, –6, +7, –8, del(9)(p12), –10, add(11)(q23), 
–13, –16, –18, –19, +20, –22, +mar1, +mar2, +mar3, +mar4, +mar5

 Cell line
UCCA 21 41–42, XX, add(3)(p25), der(3)t(3;8)(p12;q11), –4, –5, –6, –8, del(9)(p12), –10, add(11)(q23), 

–13, –16, –18, –19, +20, –22, +mar1, +mar2, +mar3, +mar4
UCCA 22 41, XX, add(3)(p25), der(3)t(3;8)(p12;q11), –4, –5, –6, –8, del(9)(p12), –10, add(11)(q23), 

–13, –16, –18, –19, +20, –22, +mar1, +mar2, +mar3, +mar4
UCCA 23 41–42, XX, add(3)(p25), der(3)t(3;8)(p12;q11), –4, –5, –6, –8, del(9)(p12), –10, add(11)(q23), 

–13, –16, –18, –19, +20, –22, +mar1, +mar2, +mar3, +mar4[cp6]/41, idem, –13, 
+mar5[cp4]

UCCA 24 40–43, XX, add(3)(p25), der(3)t(3;8)(p12;q11), –4, –5, –6, –8, del(9)(p12), –10, add(11)(q23), 
–13, –16, –18, –19, +20, –22, +mar1, +mar2, +mar3, +mar4[cp6]/41–42, idem, 
add(11)(p15), +21[cp4]

UCCA 25 41–44, XX, add(3)(p25), der(3)t(3;8)(p12;q11), –4, –5, –6, +7, –8, del(9)(p12), –10, add(11)(q23), 
add(15)(q26), –16, –18, –19, +20, –22, +mar1, +mar2, +mar3, +mar4

Case 8
Implanted tumor 40, XX, –4, add(4)(p16), del(8)(p11), add(11)(p11), –14, –15, –16, –17, –18, –22, +r 1[10]
 Cell line

UCCA 3 69–74, XX, del(1)(p36), del(3)(p13), add(6)(q27), add(11)(p11), add(14)(p11), add(15)(p11), 
+mar1 x2, +mar2 x2, +mar3 x2, +mar4 x2, +3–9mar, inc[cp10]

Sporadic colorectal carcinomas
KE-24 46, XY, t(1; ?)(q42;?), del(6)(p23), add(14)(q32)

47, XY, t(1; ?)(q42;?), del(6)(p23), +7, add(14)(q32)
46, XY, add(1)(q42), t(6; 14)(p23; q32)

KE-43 41, X, –X, add(1)(p36), +2, –3, –4, +6, i(6)(p25), add(6)(q23), –8, –10, add(11)(q25), 
del(12)(p12), –13, –15, -17, –18, –21, –22, –22, +mar1, +mar2, +mar3, +mar4, 
+mar5

KE43C4 42, XX, add(1)(p36), del(3)(q25), –4, del(5)(q35), add(6)(q23), –10, –11, del(12)(p12), –13, 
add(14)(q32), –15, –16, –17, –18, –18, +20, –22, +mar1, +mar2, +mar3, +mar4, 
+mar5
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Discussion

Tumor growth in SCID mice was confirmed for 6 of 7 UC-as-
sociated neoplasms. Invasive carcinomas in all of 4 cases
showed rapid growth both in SCID mice and in vitro culture, in
line with the aggressive infiltration of the original tumors.
However, the growth of high-grade dysplasias in SCID mice
was extremely slow in 2 cases, indicating very slow prolifera-
tive activity for intramucosal neoplastic lesions. Clinically, all
patients with high-grade dysplasia were alive 8 months to 7
years after surgical resection. Conversely, the patients died
within 1 year after surgery in 3 of the 4 cases with invasive car-
cinoma. Therefore, growth features in SCID mice and in vitro
culture coincide with those of the original tumors (Ki-67 label-
ing indices).

Histological features of the implanted cell lines were moder-
ate or poor differentiation, with adenosquamous elements in
some cases and bone formation. In particular, cell lines from
UC-associated tumors expressed proteins, such as α-fetopro-
tein, chromogranin A, CD44 and estrogen receptor (UCCA-21)
as well as CEA and CA19-9, generally not found in cell lines
from sporadic colorectal carcinomas. Consequently, UC-associ-
ated carcinomas may have greater potential for anomalous dif-
ferentiation. Several cases of teratoma,20) carcinoid 21) and
hepatoid adenocarcinoma 22) have been described in UC cases,
again suggesting a potential for differentiation towards various
kinds of cells.

Most established cell lines in previous reports exhibited simi-
lar histopathological features to the original tumors, like our
cell lines from sporadic colorectal tumors. In the present study,
the established cell lines showed considerable differences from
the original UC-associated carcinomas. The possibility of con-
tamination with other cell lines or transformed cells derived
from SCID mice could be ruled out as follows. With polymor-
phic typing, genotypes of 10 markers for linkage analysis dem-
onstrated complete identity between established cell lines and
original tumors in cases 7 and 8. Frequent LOH in established
cell lines was confirmed in 5 (D18S51, D5S818, D13S317,
D3S1358 and vWA) of 10 markers, identical to the original tu-
mors.

Further, characteristic alterations of chromosomes were con-
firmed in primary tumors, implanted SCID mice and cell lines.

These chromosome alteration patterns were rather different
from the frequent involvement of chromosomes 1, 5, 8, 11, 13,
17 and 18 in reported cell lines of sporadic colorectal carcino-
mas, where our sporadic colon cancer cell lines KE-43, KE-
43C4 and KE-24 also showed alterations (Table 5).23, 24)

There have been many reports indicating relatively low mu-
tation frequencies in UC-associated tumors: 6% for APC, 3 to
50% for ras, 35 to 50% for p53 and 25% for DPC-4.25–32) Posi-
tive results with LOH analysis were 33 to 43% for APC (5q),
33 to 85% for p53 (17p) and 78% for DPC-4 (18q).33–35) Fogt et
al., 19988) proposed that LOH of p16 (9q) and p53 (17p), re-
lated to DNA repair systems, might trigger further LOH of
APC (5q) and DCC (18q), as characteristic features of UC-as-
sociated tumorigenesis. In the present study, while mutations or
LOH of ras, DCC, BAX and TGF-βRII36) were low or absent,
LOH of 17p and 18q were frequent in our cell lines of UC-as-
sociated cancers, consistent with the original tumors, and in
line with high epithelial and stromal genetic instability of chro-
mosome 17 in UC-associated carcinogenesis in our recent re-
port.37) In particular, it is interesting that homo-deletion of the
DPC-4 gene was seen in all of 6 established cell lines, suggest-
ing dysregulation of the TGFβ-Smad4/DPC-4 signaling system
which regulates cell proliferation.28, 36, 38, 39) Therefore, alter-
ations of 17p and 18q genes may be strongly related to tumor-
development and progression in UC-associated tumorigenesis.
In addition, LOH in D5S818, D13S317 and other markers was
relatively frequently seen in UC-associated carcinoma cell
lines, compared to sporadic colorectal carcinoma cell lines, in-
dicating more genome-wide alterations in the former. The
above genetic alterations might be related to UC-associated car-
cinogenesis, but further study is needed to establish this.

In conclusion, our novel cell lines, established from UC-as-
sociated tumors, may be good models for analysis of tumori-
genesis and progression in the chronic inflammation-carcinoma
sequence.

This work was partly supported by Grants-in-Aid for Scientific Re-
search from Kitasato University Postgraduate School of Medical Sci-
ences; Kitasato East Hospital; the Japan Society of the Promotion of
Science (No 14570160); and Uehara Memorial Foundation.

1. Blackstone MO, Riddell RH, Rogers BH, Levin B. Dysplasia-associated le-
sion or mass (DALM) detected by colonoscopy in long-standing ulcerative
colitis: an indication for colectomy. Gastroenterology 1981; 80: 366–74.

2. Riddell RH, Goldman H, Ransohoff DF, Appelman HD, Fenoglio CM,
Haggitt RC, Ahren C, Correa P, Hamilton SR, Morson BC, Sommers SC,
Yardley JH. Dysplasia in inflammatory bowel disease: standardized classifi-
cation with provisional clinical applications. Hum Pathol 1983; 11: 931–68.

3. Lennard-Jones JE, Melville DM, Morson BC, Ritchie JK, Williams CB.
Precancer and cancer in extensive ulcerative colitis: findings among 401 pa-
tients over 22 years. Gut 1990; 31: 800–6.

4. Okayasu I, Fujiwara M, Takemura T, Toyoshima H, Nakamura K. Develop-
ment of colorectal cancer in ulcerative colitis: clinicopathological study of
347 patients and new concepts of cancer. Stomach and Intestine (Tokyo)
1993; 28: 171–9.

5. Okayasu I, Hana K, Yoshida T, Mikami T, Kanno J, Fujiwara M. Significant
increase of colonic mutated crypts in ulcerative colitis correlatively with du-
ration of illness. Cancer Res 2002; 62: 2236–8.

6. Cook MG, Goligher JC. Carcinoma and epithelial dysplasia complicating ul-
cerative colitis. Gastroenterology 1975; 68: 1127–36.

7. Greenwald BD, Harpaz N, Yin J, Huang Y, Tong Y, Brown VL, McDaniel T,
Newkirk C, Resau JH, Meltzer SJ. Loss of heterozygosity affecting the p53,
Rb, and mcc/apc tumor suppressor gene loci in dysplastic and cancerous ul-
cerative colitis. Cancer Res 1992; 52: 741–5.

8. Fogt F, Vortmeyer AO, Goldman H, Giordano TJ, Merino MJ, Zhuang Z.
Comparison of genetic alterations in colonic adenoma and ulcerative colitis-
associated dysplasia and carcinoma. Hum Pathol 1998; 29: 131–6.

9. Rabinovitch PS, Dziadon S, Brentnall TA, Emond MJ, Crispin DA, Haggitt
RC, Bronner MP. Pancolonic chromosomal instability precedes dysplasia

and cancer in ulcerative colitis. Cancer Res 1999; 59: 5148–53.
10. Yoshida T, Mikami T, Mitomi H, Okayasu I. Diverse p53 alterations in ulcer-

ative colitis-associated low-grade dysplasia: full-length gene sequencing in
microdissected single crypts. J Pathol 2003; 199: 166–75.

11. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning, a laboratory manual.
2nd ed. New York: Cold Spring Harbor Laboratory Press; 1987.

12. Yamashita K, Yoshida T, Shinoda H, Okayasu I. Novel method for simulta-
neous analysis of p53 and K-ras mutations and p53 protein expression in sin-
gle histologic sections. Arch Pathol Lab Med 2001; 125: 347–52.

13. Rampino N, Yamamoto H, Ionov Y, Li Y, Sawai H, Reed JC, Perucho M.
Somatic frameshift mutations in the BAX gene in colon cancers of the mic-
rosatellite mutator phenotype. Science 1997; 275: 967–9.

14. Markowitz S, Wang J, Myeroff L, Parsons R, Sun L, Lutterbaugh J, Fan RS,
Zborowska E, Kinzler KW, Vogelstein B, Brattain M, Willson J. Inactivation
of the type II TGF-B receptor in colon cancer cells with microsatellite insta-
bility. Science 1995; 268: 1336–8.

15. Thiagalingam S, Lengauer C, Leach FS, Schutte M, Hahn SA, Overhauser J,
Willson JK, Markowitz S, Hamilton SR, Kern SE, Kinzler KW, Vogelstein
B. Evaluation of candidate tumour suppressor genes on chromosome 18 in
colorectal cancers. Nat Genet 1996; 13: 343–6.

16. Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshleman JR, Burt
RW, Meltzer SJ, Rodriguez-Bigas MA, Fodde R, Ranzani GN, Srivastava S.
A National Institute Workshop on Microsatellite Instability for cancer detec-
tion and familial predisposition: development of international criteria for the
determination of microsatellite instability in colorectal cancer. Cancer Res
1998; 58: 5248–57.

17. Fregeau CJ, Fourney RM. DNA typing with fluorescently tagged short tan-
dem repeats: a sensitive and accurate approach to human identification.
216 Yamashita et al.



00339.fm  Page 217  Thursday, March 4, 2004  10:34 AM
Biotechniques 1993; 15: 100–19.
18. Miura I, Siegfried JM, Resau J, Keller SM, Zhou JY, Testa JR. Chromosome

alterations in 21 non-small cell lung carcinomas. Genes Chromosom Cancer
1990; 2: 328–38.

19. Hamden DG, Klinger HP. ISCN, an International System for Human Cytoge-
netic Nomenclature. Basel: S. Karger Co; 1985.

20. Zalatnai A, Dubecz S, Harka I, Banhidy F Jr. Malignant teratoma of the left
colon associated with chronic ulcerative colitis. Virchows Arch A Pathol
Anat Histopathol 1987; 411: 61–5.

21. Miller RR, Sumner HW. Argyrophilic cell hyperplasia and an atypical carci-
noid tumor in chronic ulcerative colitis. Cancer 1982; 50: 2920–5.

22. Lattes C, Carella R, Faggioli S, Gabusi E, Grigioni WF. Hepatoid adenocar-
cinoma of the rectum arising in ulcerative colitis: report of a case. Dis Colon
Rectum 2000; 43: 105–8.

23. Tsushimi T, Noshima S, Oga A, Esato K, Sasaki K. DNA amplification and
chromosomal translocations are accompanied by chromosomal instability:
analysis of seven human colon cancer cell lines by comparative genomic hy-
bridization and special karyotyping. Cancer Genet Cytogenet 2001; 126: 34–
8.

24. Melcher R, Koehler S, Steinlein C, Schmid M, Mueller CR, Luehrs H,
Scheppach TM, Moerk H, Scheurlen M, Koehrle J, Al-Taie O. Spectral kary-
otype analysis of colon cancer cell lines of the tumor suppressor and mutator
pathway. Cytogenet Genome Res 2002; 98: 22–8.

25. Bell SM, Kelly SA, Hoyle JA, Lewis FA, Taylor GR, Thompson H, Dixon
MF, Quirke P. c-Ki-ras gene mutations in dysplasia and carcinomas compli-
cating ulcerative colitis. Br J Cancer 1991; 64: 174–8.

26. Burmer GC, Levine DS, Kulander BG, Haggitt RC, Rubin CE, Rabinovitch
PS. c-Ki-ras mutations in chronic ulcerative colitis and sporadic colon carci-
noma. Gastroentelogy 1990; 99: 416–20.

27. Chen J, Compton C, Cheng E, Fromowitz F, Viola MV. c-Ki-ras mutations in
dysplastic fields and cancers in ulcerative colitis. Gastroenterology 1992;
102: 1983–7.

28. Chiao PJ, Hunt KK, Grau AM, Abramian A, Fleming J, Zhang W, Breslin T,
Abbruzzese JL, Evans DB. Tumor suppressor gene Smad4/DPC4, its down-
stream target gene, and regulation of cell cycle. Ann N Y Acad Sci 1999; 880:
31–7.

29. Holzmann K, Klump B, Borchard F, Hsieh CJ, Kuhn A, Gaco V, Gregor M,
Porschen R. Comparative analysis of histology, DNA content, p53 and Ki-
ras mutations in colectomy specimens with long-standing ulcerative colitis.

Int J Cancer 1998; 76: 1–6.
30. Hussain SP, Amstad P, Raja K, Ambs S, Nagashima M, Bennett WP, Shields

PG, Ham AJ, Swenberg JA, Marrogi AJ, Harris CC. Increased p53 mutation
load in noncancerous colon tissue from ulcerative colitis: a cancer-prone
chronic inflammatory disease. Cancer Res 2000; 60: 3333–7.

31. Hoque AT, Hahn SA, Schutte M, Kern SE. DPC4 gene mutation in colitis-as-
sociated neoplasia. Gut 1997; 40: 120–2.

32. Tarmin L, Yin J, Harpaz N, Kozam M, Noordzij J, Antonio LB, Jiang HY,
Chan O, Cymes K, Meltzer SJ. Adenomatous polyposis coli gene mutations
in ulcerative colitis-associated dysplasias and cancers versus sporadic colon
neoplasms. Cancer Res 1995; 55: 2035–8.

33. Aust DE, Terdiman JP, Willenbucher RF, Chang CG, Molinaro-Clark A,
Baretton GB, Loehrs U, Waldman FM. The APC/beta-catenin pathway in ul-
cerative colitis-related colorectal carcinomas: a mutational analysis. Cancer
2002; 94: 1421–7.

34. Burmer GC, Rabinovitch PS, Haggitt RC, Crispin DA, Brentnall TA, Kolli
VR, Stevens AC, Rubin CE. Neoplastic progression in ulcerative colitis: his-
tology, DNA content, and loss of a p53 allele. Gastroenterology 1992; 103:
1602–10.

35. Odze RD, Brown CA, Hartmann CJ, Noffsinger AE, Fogt F. Genetic alter-
ations in chronic ulcerative colitis-associated adenoma-like DALMs are sim-
ilar to non-colitic sporadic adenomas. Am J Surg Pathol 2000; 24: 1209–16.

36. Grady WM, Myeroff LL, Swinler SE, Rajput A, Thiagalingam S,
Lutterbaugh JD, Neumann A, Brattain MG, Chang J, Kim SJ, Kinzler KW,
Vogelstein B, Willson JK, Markowitz S. Mutational inactivation of trans-
forming growth factor receptor type II in microsatellite stable colon cancers.
Cancer Res 1999; 59: 320–4.

37. Matsumoto N, Yoshida T, Okayasu I. High epithelial and stromal genetic in-
stability of chromosome 17 in ulcerative colitis-associated carcinogenesis.
Cancer Res 2003; 63: 6158–61.

38. Matsushita M, Matsuzaki K, Date M, Watanabe T, Shibano K, Nakagawa T,
Yanagitani S, Amoh Y, Takemoto H, Ogata N, Yamamoto C, Kubota Y, Seki
T, Inokuchi H, Nishizawa M, Takada H, Sawamura T, Okamura A, Inoue K.
Down-regulation of TGF-beta receptors in human colorectal cancer: implica-
tions for cancer development. Br J Cancer 1999; 80: 194–205.

39. Miyaki M, Iijima T, Konishi M, Sakai K, Ishii A, Yasuno M, Hishima T,
Koike M, Shitara N, Iwama T, Utsunomiya J, Kuroki T, Mori T. Higher fre-
quency of Smad4 gene mutation in human colorectal cancer with distant me-
tastasis. Oncogene 1999; 18: 3098–103.
Yamashita et al. Cancer Sci | March 2004 | vol. 95 | no. 3 | 217


	Unique characteristics of rectal carcinoma cell lines derived from invasive carcinomas in ulcerat...
	�Kazuya �Yamashita,1,�2 �Shuichi �Yasuda,3 �Tatsuru �Kuba,1,�2 �Yoshimasa �Otani,4 �Mutsunori �Fu...
	1Department of Pathology, Kitasato University East Hospital, 2-1-1 Asamizodai, Sagamihara, Kanaga...
	Materials and Methods
	Results
	Characterization of established cell lines (Tables 3�–�5)
	Discussion




