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Establishment and Characterization of a Cell Line Derived
from Human Uterine Cervical Adenocarcinoma and Its
Chemosensitivity to Anticancer Drugs

Osamu HAYAKAWA, Ryuichi KuDo, Motoiki Koizumi, Osamu YAMAUCHI
Hiroyuki YAMAMOTO and Masaki TAKEHARA
Department of Obstetrics and Gynecology, Sapporo Medical College
(Chief : Prof. M. Hashimoto)

ABSTRAT A new cell line of a human uterine cervical adenocarcinoma, designated as CAC-1, was
established from a moderately differentiated adenocarcinoma of the uterine cervix. CAC-1 was sub-
cultivated more than 150 times during 36 month period. The population doubling time was 31 hours.
The number of chromosomes in the majority of cells was hypertriploidy with a mode of 75 at passage 51.
In the eytoplasm, alcian blue, PAS and CEA staining positive substances could be seen. The cells
produced CA-125, hCG and TPA in cultured media. The tumor obtained from nude mice inoculated with
CAC-1 cells was a moderately differentiated adenocarcinoma histologically, closely resembling the
original human tumeor.

CAC-1 was studied for chemosensitivity against 12 anticancer drugs by in vitro colony forming
assay. In vitro sensitivity was defined as a 70% or greater inhibition of colony formation when
compared to controls. Etoposide, mitomyein C and cisplatin showed sensitivity at peak plasma concen-
trations for I hour exposure. The 8 drugs, which showed sensitivity at 1/10 peak plasma concentration
for 24 hour exposure, were aclacinomycin, actinomycin D, mitomycin C, etoposide, adriamycin, vin-
cristine, vinblastine and cisplatin. (Received September 13, 1988 and accepted September 26, 1988)

Key Words: Established cell line, Uterine cervical adenocarcinoma, CA-125, Chemosensitivity,
In vitro colony forming assay
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2.1 HEEMHE

FEGIE 1985 4F 7 A 5 HicF 2SR b Moz
TIRYUE T B £ MR & T Shic 32 o ATH 5.
BEERHIREE Sh e FEEEE AR ORI L.
HY O BBFERZE TP SEE SR NS R RE T
-1 (Fig. 1. M4 alcian blue, diastase ¥
1% PAS 0 & 4125t T, peroxidase-antiperox-
idase (PAP) #:1Z X % carcinoembryonic antigen

(CEA: DAKO #h) DR ZFUHERESBIETH -7

Fig. 1 Histology of the original tumor revealed moder-
ately differentiated adenocarcinoma (en-

uterine cervix.

X 95)

docervical type) of the
(hematoxylin-eosin stain
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B L oS A Y L, dispase type I (&
RS 1000 PU/m/ T 30 4 el OB R B R 12 BBl 0=
AR L CHifa T, Il REER THEE S
¥ T 60 mm £ plastic dish (Corning #) 12 5% 10° {i
DA A REIA S, 37°C +5%CO, D&M T THIERE
L7, B#E¥i 3 Eagle’s minimal essential medium
(MEM : = v 24 )iz penicilline 100U/m/-streptomy-
cin 100pxg/m! (GIBCO #) & & Pafrmis (FBS:
GIBCO #) % 20%EE THIM L7 b D& A L. #
REEFE T 0.25%trypsin (GIBCO #) & 0.02%EDTA
O U CHIBIAREEL, 12 7k 4split TT»
g
2-3 JEREFHVERE

FEFE MY E Papanicolaou ¥t & alcian blue, dia-
stase H{bt% PAS i 4ta, PAP ik % CEA B
FIRERE LT CHETHET L L &b, BT
X DEEITEHEDY OFFEICH » CEBEESH(TEM)
B I OEERER (SEM) THBIZEL.
2.4 HEEMROMER

i FLBRER 5

AEFC 16, 29, 50 TR H D 1Xx10° B EE A Hkg % 35
mm £ plastic dish (Comning #) CHEIA A TS, BE%E
WS 2 [ AT\ 72 2N B 2 dishes O fffla i & &
L CHEFERRAR A TERL L, fEhnsfE & MRt fiE e %
Rtz = r == EZ 60 mm £ plastic dish &
£ 21x10%, 5x102, 1x10° {&ED B EEA MR 2 A,
2AMIBICE s B TVHIR CHRLE S = e
= — R AL L O TRL .
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&7 — 13K THEREERF 2 FRELT . A
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ﬁ - 7c.
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BrdU #if& (Bekton Dickinson #) # f\~Tavidin-
biotin peroxidase complex (ABC)&ic TR HIIAE
R B fT o fe. FEARZ L2 3000 L EoMaE » v
v LCRHBEOEIE R L BRI R TS S PiMifangl &
wEM L.
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WCABEEE 3 A BICABYUER L B I, fiivT
PUER 2T 5700 ) VEERE R T 3 [IZEL, T
BHIRSE BRI TR L. L
T 1 BREBCIEFIREMO= Y b r—1Dar=—
A8 MRAL bttt o T B 2 & R L ETF A
R AT 57, HaDwell Dar=—FKrEFELaV

be—nDar=—FLHE L. EBRITTXT dupli-

cate TIT\, MM 53 L 055 REDHIZFEML T
2 [EEE L1 (Fig. 2).

BT M A R L o BUIE 3 5-fluorouracil (5FU :
% 1 % B%), methotrexate (MTX: v & V) —),
bleomycin (BLM : HA&{L#), vincristine (VCR: ¥&
Bf $%), vinblastine (VLB : # ¥ %), etoposide
(VP-16: AAALZE), cisplatin (CDDP: HA&{L3),
adriamycin (ADM : #% #1 % %), aclacinomycin
(ACM: [z, actinomycin D (ACD: # 1 7)),
mitomycin C (MMC: % #1 ¥ E), cyclophos-
phamide D&% TH % 4-hydroperoxy cyclophos-
phamide (40487 S: ¥EEF) D 12 FIDF KA FTE D%
B EACTA L vy 7RI E L, MHEERNCEERE
BECEERTHFR L. 40487 S IIHMTBEZ L
B R R A BB TR L.

Fig. 2 In vitro chemosensitivity test by microcolonies
inhibition test.

In vitro W25 5 2 M I PUEFKI O TRINEE & B AkEE
A #Er 5 7coic, 4EIOEERTITEMIFEZ 1 K
& 24 BfE] o 2 BRIy, INBEEERE ShTwb
£ 2 OHIEF| ORI B TORS MIREEST & 3L 1
LT, 1 BEEMEcCRRSMNEEMM 0 1/
2EEL 1/10BED 3EE T, 24 BHEMBETIZ1/
2, 1/10, 1/50 #ED 3 EEICFHE L1z (Table D).
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Table 1 The highest drug concentration used in the
vitro chemosensitivity tests.
Drug concentrations were selected on the basis
of the known peak plasma levels in human
phavmacokinetic studies.

drugs ug/ml ug/ml
5-Fluorouracil (5FU)  10.0 | Cisplatin (CDDP) 2.0
Methotrexate (MTX) 3.0 | Adriamycin (ADM) 0.4
Bleomycin (BLM) 2.0 | Aclacinomycin (ACM) 0.6
Vincristine (VCR) 0.1 | Actinomycin D (ACD) 0.1
Vinblastine ~ (VLB) 0.1 | Mitomycin C (MMC) 1.0
Eiapisite VP16 30.0 Cyclophosphamide
) 1 (40487 S) 3.0
3 M &
31 FHBARORILIE B

1985 4 7 A 5 HICHIREEE LT » 7o, FIREEETI
fibroblast DR A 2% b O IIFEE TH Sy,
Z D fibroblast ©_FICERE U T fifas G # iciiE 2
Th b 7o 72 colonial cloning % 17\~ FEHI 2 5\ #H
RAOKRETER G, UBREELHEEERT TR D
36 237 iz 150 BILL BRI LT 5. Fhe, <
1275 RA=DHERIEONTIE<A 27 7 A<=GfiF v

P CKEARBIE) #HAvCECHAN TV 58
IR T,
3.2 fHBafAE

HEEMAEFIER D B\ 2B T N/C lasE <,
RIS 5 B S CERT5 (Fig. 3). Mg
v — AR THEES & R U < alcian blue, diastase 1
1Lt PAS #e@af5i©, CEA 1389 5% D Mifaciiic
»H -1 (Fig. b.

TEM CRBIBEOTREZBA L ~T vy r<F VD
BENHZEIN, MRECIHARNENEE T 4IC

Fig. 3 CAC-1 cells were polygonal and columnar in
shape and revealed neoplastic and pleomorphic
features. (Papanicolaou stain x190)
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Golgi BF3F63E LTk 0 A H I R 23 7e. B
4% fifafidicit. desmosome 5 & A A b, microvil-
li 2332 Ui/ NRREOTU VR S hte. T b DBIE
A B3 EE o TEM % & 8l L <\ 7=(Fig. 5,6, 7.

SEM CiE M I ERE L Tk b REIZK/NAE
@ microvilli TEbI T\t BOFAET S5 TH
FaFRE AW L T BT RAVBIZ S hic (Fig. 8).
3-3 fERakkEDMEIR

B 16, 29, 50 1% B OB MO I BRI HER
U THeR 44 48 BEfElo lag phase %% TR BETEHAC
Ab, BE#SHABBEEEHCELRL (Fig. 9. 29

Fig. 4 CAC-1 cells were CEA positive by immunoper-
£ B CUIERE R R D B H LRSI fEiidy 31 BefE T, oxidase staining. (PAP method x190)

MR EIRIEEEE 12 3.1X10° cells/cm?, == =—JZREIL

68%TH - 1e.

Fig. 7 Transmission electron micrograph of CAC-1 cells.
The cytoplasm contained secretory granules and
Golgi apparatus. The adjacent cells were linked by
desmosomal junctions. (X5400) OAC- cells,

Fig. 8 Scanning electron micrograph of

(X2000)
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Fig. 9 Growth curves of CAC-1 at passage 16, 29 and
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Fig. 10 Distribution of the chromosomal number in

CAC-1 at passage 14 and 51.

3.4 FBEDR
BREEIHR Y RETE— A2 BV T8 ATE
3 f5AD BIK 4 R L T e, 51RE T
T— FH75 A TE 3 fERFEEICEH LT e (Fig. 10).
1% ® 45 #7 C 1 submetacentric & acrocentric ® < —
h =gtk niZld b avic (Fig. 1D, iz X 468
oA DI Tehs - 1.
35 EfEfsiE
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Fig. 11 G-band karyotype of CAC-1 cell at passage
51, with 78 chromosomes.
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Fig. 12 Histology of the tumor produced by heter-
otransplantation of CAC-1 cells revealed mod-
erately differentiated adenocarcinoma and
resembled the original tumor. (hematoxylin
-eosin stain X 95)

Az 2 — F = AW FMIcER 1.5 cm DfERE A
B L 7. fERRRIES & [F U < alcian blue, diastase
M b PAS $efats X O CEA B ik tafitt orh
SEESLEIRIE T H - 7o (Fig. 12).
3.6 EERPICHHINDIERY—H—DBIEE S HA
fREDRE

avie— At LUERLCERERTOERE~—» —
HRE L2, TRTUMERELDTTh -7 #R20
R ECEERPCEE~ —» —ORHARDSRID
13, CA-125, hCG, TPA o 3fEHETH 7. hCG

& TPA ORI CHIRE 1 X 10° BB b, FhE

#3.1mlIU/48h, 139.7U/48hTH b, EHEIATIL.3
mlU/48 h, 123.2 U/48 h icd4d L. CA-125 xZh
Fn7.2U0/48h, 10.1U/48h ThCG, TPA id¥ic
EWTHEN L. hoEE~—H»—F=aviae—n
L RABRICEIERRE LT THh - 7= (Table 2).

%72, ZhERERIC BrdU 2T S fifilao s %
BHLch, SEOEIELIT 36.2%, EHIAT27.3%T
% - T
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Table. 2 The number of tumor markers produced in 2
days by 1x 105 CAC-1 cells and % S phase

population.
exponential stationary

control "p e phase
AFP (ng/m{) < 5.0 <5.0 <5.0
CEA (ng/ml) < 1.0 <1.0 <1.0
hCG (mlIU/mi) < 4 3.1 1.3
TPA /b <30.0 139.7 123.2
CA-125 (U/mi) <8 7.2 10.1
CA-19-9 (U/m) <5 <5 <5
9% S phase population 36.2 27.3

3.7 HERIRE AR

BEAR 53 R A ds X 055 LB oAk - T 2 @

EEE L 725Y, REMILIEE A FERTED bR
fotodd, T 2 EOEROFHELRD THE « DRZE
& Ui,

1 BB c o v = — R E 0% A EIE Licit
EEEEMEEHY S I OED 1/2 BE T VP-16
£ MMC o 2 %17, CDDP »¥&& e &< 70% L4 E
DR R L7 (Fig. 13).

24 BRAEEAREE CIR R PRI & b | RERIERAREE X D
o e = —HEEE L MEIX e, 90% L Lol 2R
L3RS mERED 1/2 © ACD, ACM, VP-16,
CDDP, MMC, ADM, VCR. 1/10 ¥ B < ACD,
ACM, MMC, ADM, VP-16. 1/50 #E<MMC ¢

& 1h exposure»

Survival
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- fi FLIBRER RS

Bote. flic 70% L EoME 2R LR 1/2 BET
VLB, 1/10 & & < VCR, VLB, CDDP, 1/50 & E
T VLB tH -7z (Fig.13).
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chEce P FEEERROEEMRETSEIRE
ThTWBRREAEVRFELEEEERRTHY, BE
B3k #k iz HeLa, OMC-4 @ 2 Bk E 23D HIBE
U, 1952 4Rz Gey 23R4S L7c HeLa BRixRVCBEITESE
MERSE Rk B LB NEA S TERS, 1971
7 Jonen et al.® DL h BIIFREERETH -
oz EAVHER L7=. HeLa ¥RiXA R sE TS B M0
BIBELLIBEELTHY, BEREBEEOEEYED
BEREL TV B8RS, HIRE oMLY
SRS in vitro THFE S 5 Ic DL R BIRET
FEEOWRKEY L oo b L EEEL T 5 Mk 4 60 H
THZENRDLETHS.

Yamada et al 2T L7 OMC-4 BRiZ® — F =
ABHEEE 2 b HREE LT VB S hic o LSRR
BHERTH LY. R— N~y ABEBEEYEH L TE
Lhi-fifarkoBe, ~v AEROMES Y 4 v AD
RATHERE DS, 4HEE L L L CAC-1
HIIEEE v BE i vitro TESEL CE L - Hlgkk
ThHY, trESoMENRATAREER . &
7o, MFHE T Hela AT D P o7z Z & 037D T
BATAEREDS 7oL,

«24h exposure®
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Fig. 13 Survival curves for CAC-1 cells exposed to anticancer drugs at various concentrations for

1 hour and 24 hours.
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—RRICEE D ORISR A AR T WE
MMz R R X OYE B IEF s LI
(HRAET 5. i fibroblast ORZEARERERISZICEEL
CRIFEE 7555, 4 [EE punch biopsy 12 X 58 k4 H
WTFHRERYITOBSICEE LD, 0.25%
trypsin, dispase 2 X %5 BB EE AR
7o, ZORR LMo EN %, fibroblast DR
ADMR Y DI 5 T Db dispase ThH 7z, FDFdE])
REEFE ORI dispase B L 72 & fibroblast @
EADE Z D cloning 7MAE & fr- 7. cloning DFH
12.0.25%trypsin 2B X7k fibroblast & 9 Rz
RO 2 v = — R EhCT { e Bl AL, &
B ICREERIIC fibroblast OB HIHIT % Z L Tabh
TS HAEYE D cephalothin 100 xg/mi %48 HARIR
T 5Tk » CHEBWAS ICEMIE% cloning 1%
ZEDTET

4 A U 7e CAC-1 B REB R o FEEIR
FBRCHHZ LR BT ABRIITREOBY Th 5.

D AEEMEBE I EREE L A BB IREL
THEDH, 150 B EofizRI LT 5,

2) EBRMHIEYRI TR B CEREEEY
AL, MREFRCHRENERLEY 2T RERE Y
HLT5.

D BEHREEM TS WER, Golgi &, des
mosome FEE X IROIE LFEMIEERTH D = & 1HER
Eh, REEOBEMEGEELNL V5.

4 REEEIREECEELSSBL, B3 SEER
CE—VEBETDL, BESHCLRELRL~—2—
FEEIRDLND.

5) EEBREAFEE TR S e EE S ER
REZ L EULPEESLERETH Y, alcian
blue, PAS, CEA T+ 54AEELRBTHS.

Pl EofER4#E35 L CAC-1 ¥R EE O
TR L FETRMRERCh 2 2 L IBIHTH 5.

&5z, CAC-1#k1x CA-125, hCG, TPA %%
WHEAL, Ml CEA DRELREDLON = =~
7 T H B, CA-125 iX Bast ef al® »BHF L&
IR EREEE Y AEL (B bhice/ 72 —
FAFEORICHIR T, INERCERENE FAR
BERCELFIBEATCBS, ZoHfEOMI KT
LEAFBBIOWLURER TSP Ih T, &
El CAC-1 holEE < —» —E4& L Ml OEIHENE - D
B R R BB D 1o i MU & E I CIER ~ — A —
#HEEL, BrdU v S A0S & %R L.
ZDFER WCG & TPA 12 S RO L W EUEF#C

bt FEERIRER BRI OMT & £ o PEARZ H ORE 609

EinL, CA-125 i ERHcEmT 2@Em»4bh
7o, TPA 35 BB OE I MO MIEE, Him
BIHEELGWMEND EEZBR TR, S HfED
ik L IR AR ER & oBEE A VREE & k. CA-125
W0 TR N B R o 38 S IR B Bk © HTOAMY,
SHIN-3'2 2B\ UiRat L7ciE b h, HERBRER
@ lag phase THEM, XEWEL L, TEHTH
EENLTRY), BERELANSEORRERLAE
BThok., LL, CEAREDOEE~—H—D
B4 T LELHBRE D 5 138 <« DK X -
TESRBENRLD EORELH DD, KL
CEMERNLETH B,

—7, CAC-1#1z#ifc CEA 0BT TED 5L
BRI &bt Z0BHRO—E CAC-1
ko CEA BB/ 5% Tt o & 53—l
REB O# 20% 723 CEA BBt Th - fen B E m i
CEA i STk 53, CEA F4WMAIDTREM:HE
zbh5, 7t¥s, CAC-1#o CEA BiManE &
IR L BET L AT LT, 3
B HPLUAIEIL LA SR & 5 v i B AR BE (OMC-
DY SRR TS ED CEA RELETLR, Z0BE
MiFEF o CEA ZEETH 7. CEA DER, SWD
W23 % 12bic OMC-1 FRidmdl, CAC-1#
IR WEL L LCHIBcE ATRER D Y, SBRES
~ = — DOEEEF YT D BE SRR
BThBEEZLND.

In vitro ® #1j& ¥ & 5% % 35 12 Hamburger and
Salmon'® ® human tumor clonogenic assay
HTCABERTH 54, SEIORIL= = = -
ROEEEMERTH 575 HTCA + @iFE# K
reproductive death #¥|EECT& 5 Hk L LTHbAT
\»% Puck and Marcus'” ® 2 r = —JUREORE S
iz, LS OERR L EECRNTRT, L
b B TR 705 8 T B ILEF 5 @ microcolonies
inhibition test 1Z#E U TR Z T o7, ILEFLOREE
Rz 2RO ETH 5.

1) JE#1% 96 well microplate @8 LT\ % 23,
EEESNEL 2e =2 -2 MEEA LD, B
DA 24 well multidish 2 Ay 7.

2) RETEBEMROERAS - RRICHER 2
L T2 0 ERLE CHEAMEELZ T T B FEE
BB, T TERMIES well InftE LiEF b
T REOBERIC A 555 3 A B IcHuEEl A L
7.

3)  PUEE L OB T 72~216 BT
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BB, PURFIORMEEELERBL T 1RKHEL 24 F
B 2 B3 B L A,

PR & OBERRBERTI o\ TR D HTCA o 1B
RS A 721303 cycle-phase specific i EMRA M DOR
WEEHI DR ICENEFM X W B ERESE , BT
RS AREER YD 5\ 320 1/10 BEORFSEM
THHELABENADNAEY, FHTAHEFDRE,
BRSO TIL in vive OITFIEE, HEEFEED
pharmacokinetics DRIEH D 5 7o bffi— L i FLBEIIRE
I h Ty, HTCA X 548 OME ClikE
MmARERE D 1/10, 1 EFRIEERE, T0%L LD == =
BEBEIE &\ 5 ez ds\ T, ERIRZDER & DAHEADS true
positive #60%, true negative #J 90% & D7 — £ 23E
BIhTW54, = 2 rSEa CAC-1 BRoFEHIR
T ot TAE, =r=—TERRIEE 70%
EARREEER b T IUE 1 RSREREME IR
e - VP-16, MMC, CDDP 7%, 1/2BE VP~
16, MMC #\EZ o » pEH LBt 52, 1/10
BE-CHETHRED HTCA OFEETCIRSHOH S
EHNTO L Ob T LT D, 24 BEREEREE T 1/
2 E v ACD, ACM, VP-16, CDDP, MMC,
ADM, VCR, VLB. 1/10# E © ACD, ACM,
MMC, ADM, VP-16, VCR, VLB, CDDP. 1/50
EECTMMC, VLB »YESZHEOH HIEF L FHH S h 2.
1 BEIZ X U024 Bl L 2 b8 5 L VCR, VLB
@ cycle-phase specific 7eER AT 1 BEE TS 7
L2 24 RERICLEREE S b LHIE X h, Fizcycle
nonspecific +E#|-cH %5 ACD, ACM, ADM T4 [
BIEREYTRLTW5, BRERLZRE CTHEEDER
EAMETT 50— REIRAITHBH, invitro TH
RIS AR s ERMERO LG DL TR
w¥|%E3 5 & cyclé-phase specific 7oZEHK 18/ NG X
hTLE S EREAEVC &S EOERN D b RE
Ihic. SHETEERMEHETOLPUEE O pharmaco-
kinetics #BF L, in vitro COFBHIRZ OB
H% in vitro DA, HEEAEE & £ OfFRRREICE
LRI L T S EABETHA .

CAC-1 (ko PRI OB RIBETH LD
OREBRMAKICHTHERTH Y, ThBTNTOTF
EERBECHTIRE L L 3E L LRV, BEEM
Jakk & AV e PUBEFIRSE R 13 70 < & BB OMRES
7, EEERNOFBRIRSIEA R T akma LT
BEADD ELEZOND, TEEHEREIER I
FERIP BRI T AR MEL, FHTREDETT
FERHRREMAEEE T BE LD L 5 nhufE

& - fib

FLIBRESE

@A N rRCICPELLEE . FEER
ISR E A OB A RS T2 &, Lo
BERFRZEIE OV E A ERFE IR T &
¥E2 5L, SEB L CAC-1 RodusFIRsits
BELABERAMECHRIDEELLRD. IHEIT
W 1 OB S i 2 oo RESE T EE IR
R (OMC-4, TMCC-1) iwouwThHEHl
R MR E % T % A, MMC, VP-16, ACM,
ADM, ACD k#@EORESERIREh, 4RI hbD
EHROERTOBRIAF S 520

Th, FERMIRRCREREORVEE~—» - 1%
HEFCTHEINTE LT, CAC-1HKERERE LT
Hitciv® /) 7 m—F AFEBIEE L, U - BE~D
IEREbRH P TH S, SEBII LI CAC-1 B iz
Vi N TEERRESEEMEROV L L LTEER
Rk l, EE~—-v—ELEYEL, SEIUEH
SRR OMERIZILDELT, BE~—»—
DELMF, €/ 70— F L PEOFR R S 0&
BH « BREPIECEBR T X 24 AlcMlatkchr s &
Zzbib.

Fa#zbehich, HEE - HKELXEBEHLD L
- BB A CBBEBCEEL BB LRHLT L LD,
KRB CREAZR G, BE~—» —oflE
TGN A  FRAF AT 4 AL RS
FY =B IOKET v 2 A TR OERCEREN L
) o

KL OEF I3 25 [ A ABRKERFSIAAE,
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