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SUMMARY

This study was undertaken to investigate the
sensitivity to mitomycin-C (MMC) of skin
fibroblasts derived from patients with adeno-
matosis coli (AC), especially familial colon
polyposis. The sensitivity to X rays and ultra-
violet rays of AC cells cultured at RERF was
similar to that of normal human diploid cells.
However, there were large individual differences
in sensitivity to MMC. DNA elongation in cells
sensitive to MMC was found to be inhibited after
MMC treatment. Sites highly sensitive to MMC
were considered to be involved in the initial
stages of DNA synthesis.

INTRODUCTION

Organisms have mechanisms to repair DNA
damage which thereby act to reduce hereditary
toxicity. Repair mechanisms are genetically
controlled and many mutants deficient in such
DNA repair have been detected. A representative
case is xeroderma pigmentosum.1 Cocayne’s
syndrome,z’s ataxia tela.ngiectasia,“ Fanconi’s
anemia,® and Bloom’s syndrome® are also
strongly suspected of being cancer-prone
hereditary diseases associated with DNA repair
deficiency. [Each of these hereditary diseases
shows a pattern of autosomal recessive
hereditary.
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While much is known about the autosomal
recessive hereditary diseases associated with DNA
repair deficiency, little is known about the
mechanism involved in the increased carcinogenic
potential associated with dominant hereditary
diseases., Weichselbaum et al™® reported that
skin fibroblast derived from patients with
D-deletion type (13q—) retinoblastoma is highly
sensitive to X rays. This report is important
because it shows that genes associated with DNA
damage repair apparently are located on the
deleted region of the long arm of chromosome
13. However, insofar as results contradicting
this report have also been reported,”!® further
follow-up studies are deemed necessary.

AC is a disease in which diffuse adenomas
develop extensively throughout the large
intestine. It is classified into familial colon
polyposis, Gardner’s syndrome, and Turcot’s
syndrome, according to the presence or absence
of concomitant Iesions.!! Familial colon
polyposis and Gardner’s syndrome,'? both of
which are autosomal dominant hereditary
diseases, are characterized by development of
cancer of the large intestine with high frequency
and also by being accompanied by other
concomitant neoplastic lesions.!*  Turcot’s
syndrome, a rare disease, is an autosomal
recessively inherited trait.!*> Little et al'® and
others’>'® have reported that skin fibroblasts
derived from patients with familial colon
polyposis and Gardner’s syndrome are highly
sensitive to X rays, ultraviolet (UV) rays, MMC,
and alkylating agents. Together, these reports
suggest the involvement of DNA repair and
carcinogenicity at the cellular level in dominant
hereditary disease also.

By isolating skin tissue fragments from patients
with familial colon polyposis, fibroblasts (CP-S
cells) were cultured. When survival rates, based
on the colony formation assay method following
exposure to X rays and UV rays were compared,
CP-S cells showed the same sensitivity as normal
human diploid cells, However, there were large
individual differences in the sensitivity to MMC.
Normal cells were labeled with *H-thymidine
(®*H-TdR), a 10-minute process, and then placed
at regular time intervals on a membrane filter,
and lysed. Short DNA fragments in the earlier
stages of DNA synthesis were eluted through a
filter, but- DNA of large molecular weight
remained on the filter (membrane elution

HEipEatdS Rt DNA EERRRER I
HNT, BERIER T 51T 5 BRI O BT 4 <
HhoTnir., Weichselbaum 5 78 {3 D-deletion
type (13q—) OAMEE AEFOK BEHEF MR X 7
EERRHEARTILERELA. TOREIIIBEE
HEBHORBLIZ, DNABEEEIIHT SRETD
BEEFRLTVAATHEDTHETHS. LaL,
CORSLEHTIBBLRETATVINT,
LBOBAFIVETHSI.

ABBEERZXBOABCRENTEAECRE
THEREAT, HEFREOFEICIOEEEBRY
HF— ¥ A, Gardner E{E#, Turcot EEHIIFH
sha M EkiEkBRY £— 3 2R Gardner
R SR EETIERERATHY, AT
ERICKBERAEET I L, EEMHEEREY
BET I L IIERSH B Tercot ERFITHED
T2ZHLEBT, FREFESERERIAEZRT
ZEHFBWS P ICEhTw 3. Little 5 RUMHO
PR 1k, FEEKBARYHR— A KU Gardner
FERBEORAE P SBON-ENSMEFARIXE
4L (UV) #8, MMC RU'7 A3 Afbflicn LTS
HABVZEEREL A ZhiIEERERERIC
HTH, DNABELEEHIMELTVIEN D
BEELTEBEELTVS.

THEEABHEY AR -V A BWEshBE»PSEK
MR 4 B L, BEFME(CP-SHM) £3E%
B L. XERUUVERHBOTU--EBRE
CHEETFREEET 3L, CP-SAROKENER
E#e b Eh#iliozhiEBLCtdso2 LAL,
MMCiIzxt 5 2B EHc R ks 2BAEZEFHo L,
E¥#ias H-73 ¥ (°H-TdR ) TL05 & L,
ERmMICElE Ay TLY - 7 My — Rl
Mifa % AT L. DNAABBMEE &4y, v DNA
ER7a vy -2 BB T2, FTFROKEN
DNARZ7 45— E12H % (membrane elution ).
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TABLE 1 SOURCES OF ADENOMATOSIS COLI CELLS
#£1 KBREEEMBEOSHR

Donor IR{#EH

Cell Strains R s
% emarks
i inél%:irs* R Sex if
CP-S3 37 Female Patient has two younger sisters and one younger brother, none of whom
4 have a history of the disease. Her mother (CP-56) and maternal aunt
have familial colon polyposis. Her grandmother died of rectal cancer.
CADKRE—ADBRNG LN, WTFRbLEFE L. BE(CP-56) LREBAEHR
B H— D A, HEEEES TS,
CP-54 46 Female Eldest of three sisters. One of her two sisters has familial colon polyposis
% and the other, Gardner’s syndrome.
SO SE. CAOKEE, TAFREREABHEYA— A L Gardner E1EH.
CP-85 48 Female Second eldest of seven brothers and sisters, Two younger brothers have
% familial colon polyposis, the eldest sister, rectal cancer.
EARBO &, TAQOBMINTHELEAMA Y H— P AL BT EBE
CP-S6 55 Female Mother of CP-83. Her elder brother has no history of the disease. One
% of her two younger sisters has familial colon polyposis.

CP-$3 OE#. MNFRHEL. ZAOENI S, I AGFRERBAHY HN—-FR

*Age at the time of donation of skin tissues. BWHESHRHKEL - : 0 EM.

method). This method was used to compare the
elongation pattern of DNA in MMC-reated
normal cells, as well as in CP-8 cells. DNA
elongation was inhibited both in MMC-=sensitive
cells and in normal cells by MMC at concentra-
tions of more than 0.1 pg/ml. However, MMC-
sensitive cells recovered much later than normal
cells from DNA elongation inhibition.

MATERIALS AND METHODS

Tissue and Cells

Patients with AC underwent surgery at the
Second Department of Surgery, Hiroshima
University School of Medicine, and they were all
diagnosed as having familial colon polyposis.
Skin tissue was collected from the abdomen at
operation with the consent of the patient. Table
1 shows the sources from which the cells
were derived. For control material, lung
fibroblast (LU235) cells were cultured from a
7-month-o0ld infant (male} who died accidentally.
Karyotype analysis of the LU235 cells revealed a
normal diploid number and no chromosomal
aberrations (normal human diploid cells). All
cells were subcultured according to a method
described previously 17"

Culture Solution
Alpha minimum essential medium (aMEM,

ZoF®Ickn, MMCUOEBEOHMEN DNA &
Ny— A EE#BREVCP-S#MIT> W TR
L. MMCERZHMARRVESFMROVTII
BWTH, BE0Iug/m Ll Ed MMC iz &9 DNA
@nfErAEsLs. UL, MMC BB 2T
O DNAGMENEH > soRBIZERHERD 2 LI
BRTHELLBRAZ D M HD o2,

HERUTHE

M % R

KBRS ERAE LR AFEESE AR CERHE
2, wFhbEEERBRVF— 2 LB Sh
Zo. ENMBIAZSORELR/T, FHNBICHEE
AoigmEhs BlaodkE LITRT. WEER
2k, BECTECLATABORYRE (B) O
Ao ERRESEMI R (LU 235) %58 L TR, LU235
MEOBNAHTE, REREKRIEZL(BBLAT,
FEfEEE#EL Tnk. i ~<TtLao
HEic kDR T

R _
FHRECRHWETATOMMBB O LRI,
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GIBCO, USA) culture solution supplemented
with 10% fetal bovine serum (FBS, Hy-Clone
Co., USA) was used for the maintenance and
subculture of all the cells used in this study.
During the experiments, cells were grown in
oMEM culture medium containing 15% FBS.

X ray Exposure

Cells were exposed to X rays (40 kVp, 5 mA,
0.2 Al filter, and 0.23 mm Al half-value layer)
generated by a soft X-ray machine (CMBW-2
Model, Softex Co., Tokyo). The exposure dose
rate, determined with a Keithley Condenser
Chamber (Keithley Co., USA, sensitivity: 0.937),
was 200 R/min, Cells were X-irradiated ina 1 ml
cell suspension (1x10°% cells/ml) uniformly dis-
persed on 5 c¢m diameter plastic petri dishes
{Falcon Co., USA, Cat, No. 3002) without a
cover. After exposure, an appropriate number
of cells were inoculated in dishes and cultured at
37°C in a 5% CO, incubator. After a 2-week
incubation period, counts were made for each
colony and dose-survival response was assessed.

Exposure to Ultraviolet Rays

Petri dishes (5 cm) were inoculated with an
appropriate number of cells, so that after taking
into account cell plating efficiency and cell
killing following UV ray treatment, a few of the
cells would survive to grow into macroscopic
colonies. Culture medium was removed and
0.25 ml of negative phosphate buffer saline
(PBS(—)) solution was added to prevent the
cells from drying and followed with UV ray
exposure (Toshiba GL15, Toshiba, Tokyo). The
exposure dose rate was determined with a
Topcon UV radiometer (UVR254, Topcon Co.,
Tokyo). The exposures were made at dose rates
of 2 J/m?-sec or 3 J/m®-sec, with no differences
being noted between the two by dose rate.
After exposure, 5 ml of culture solution (eMEM,
15% FBS8) was added to the dishes. Dose-
survival relationship was evaluated by the colony
formation assay method.

Cytotoxicity of Mitomycin-C

A suitable number of cells to form distinct
colonies after treatment were added to the
petri dishes (5 cm), and 18-20 hours later the
culture medium (¢MEM, 15% FBS) was removed.
Then oMEM culture solution (containing no
serum) with various concentrations of MMC
(P-L Biochemicals, Inc., USA) was added to the
dishes and the cells were cultured at 37°C in

10% o 4 i 1M 7% (Hy-Clone #:, XE) 2 HFEML
«MEM (GIBCO 4, XE) E#BEAwL. +5TO
EEBITIE, oMEM EhIZ15%O4 51 & % B L .

X R8s

XX 53 % (CMBW -2 Model, Softex #, HH)
5%+ 5 X (40kVp, 5 mA, 0.2A1 7 4 ¥ —,
0.23mm Al /8 ) # Mz W4 L /. Keithley
Condenser Chamber (Keithley 4, sk, %6£0.937)
THIE L A EREIZ200R /min TH-72. Iml @
Bk (1 X10%# /ul) 2 EFE S5 73X F
# 2} YL (Faleon %, 3@, Cat.No 3002) ictg—iz
SR, AEROBVTXHEEEML £ BRE,
EL A e < YILICHEREL, 37°C, 5% CO,
SUHTCHAELE HEZAMBII TO=—¥%
AL, BR-ETFERMFEERDL.

AR A
MR RRIIHE & UV 084 1k 0> MIRTENR % 51 5
ART, Bo»rOMEFHRHEIT - IRE
FBLEI I, EAMOMBE A b U I (7 5 en)
BHELA~ MBEOEREE</2H120.25ml ¢ PBSH)
M S BRNEE, UV £ (Toshiba GL15, #, HIT)
#MUEHL 7. 2512 Topeon UV radiometer (UVR254,
Topeon #, M) THIEL . 2]/ m.sec X113/
m2-sec DI TR LA, HEOREEOM I
£ B WA, BRI (MEM, 15%
FBS)S5ml #~ P VMIcHINL 2. I 0 —HEK
& o> THRE—EFRMEEE RS 2.

T4 R A Y -COBREBYE

MEHRIZ TV —BIRHF T E REOE LMD
AN YM (% S5om) ICHEMAL, 18—~20FR % 10555
% (aMEM, 5% FBS) ¥ 6T 4. MADBED
MMC (P-L Biochemicals #, #([H) % & @ «MEM
HRU(WEEEF) £ T 0~ LY IEHENL,
MIEIC, 5% CO RATTHELA. LM



5% COy. One hour later, the cells were washed
twice in Eagle’s MEM (Nissui Pharmaceuticals,
Tokyo) solution containing no serum. After
adding 5 ml of the complete culture medium
(cMEM + 15% FBS), the concentration-survival
relationship of MMC was evaluated by the
colony formation assay method.

Evaluation of the Elongation Pattern of Newly
Synthesized DNA (Membrane Elution Method)
Plastic bottles (Corning Co., USA, Cat. No.
25100) having a cell growing surface area of
25 cm?® were plated with 2.5%10° cells and
cultured at 37°C. After 24 hours, the cells were
exposed for 6 howrs to medium containing
4 C-thymidine (**C-TdR, 0.02 uCi/ml, 22.8 uCi/
mmole, Amersham, UK). Eighteen hours later
they were exposed for 10 minufes to culfure
medium containing 3H-TdR (10 pCifml, 1.06
HCifmmole, Amersham, UK) for labeling. Then
the cells were harvested with 0.25% trypsin
(1:250, Difco, USA) + 0.02% EDTA sclution at
various times, and 5x 10° cells were placed on a
membrane filter (2.0 um pore size, Millipore Co.,
USA, Cat. No. BSWP02500) and washed with 10
ml of PBS(—) buffer solution, Three milliliters of
a cell-lysing solution (2% SDS+0.025 M H, -EDTA,
pH 10.0) was poured on the cells attached to the
filter. Upon efflux of the cell-lysing solution
from the filter, 2 ml of cell-lysing solution
containing proteinase K (0.5 mg/ml, Merck Co.,
USA) was slowly poured on the cells. After
efflux of the proteinase K solution, 3 ml of
washing solution (0.02 M Na;-EDTA, pH 10.0)
was poured on the filter. The cell-lysing solution,
proteinase K solution, and washing solution were
collected as eluate. Using 2 liquid scintillation
counter (Aloka LSC-670, USA), radioactivity
levels of the eluate and of the filter were
determined.

Evaluation of DNA Elongation Inhibition by
MMC

The same plating and culturing methods
described above were used. After 45 hours,
oMEM culture medium, without serum but
containing MMC at various concentrations, was
added to the cells for ! hour at 37°C in 5%
CO,. After two hours, cells were labeled with
3H-TdR for 10 minutes. The cells were then
detached at various time intervals and the degree
of DNA elongation of the newly synthesized
DNA was determined by the membrane elution
method described above.
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%, MiE% S 2 4%\ Eagle MEM (B ABIE, H3%)
T2 BB U . SEAHEHEME (MEM+ 15% FBS )
Sml Mk, 29z —FRETMMCoERE—
AR R R 2 '

FLLERELE DNABOWER/ N2 - OFE

(Membrane Elution &)

2.5X10° @Eofilas, HEREMBm? OTFAF 7

A b (Corning #f, #[E Cat. No. 25100 ) 1355 L

ITCTHEEL L, UBEMKRID, "C-F3I Y (MC
TdR, 0.02xCi/ml, 22.8,Ci/mmole, Amersham #f,

HE)*AUERBET oMM EEEL .

1821z, *H-TdR{10xCi/ml, 1.06xCi/mmole,
Amersham 3, HE) # &R ¢104 WEER
U/ fRETE, 0.256% 1Y 773 2 (1: 250, Difco #,
FE) +0.02% EDTA 155835 T 815 1 10 H0 R & &0 2
L. X105 {loMpfas, A7 VL7405 —

(2.04m ©I., Millipore #, KE, Cat. Mo
BSWPO 2500) Liz#i+, PBS(H #E#H#10ml ¢ ks
L. 7 4 N — Lo#la 4 i BsRHE ( 2 % SDS
+0.025 M H, -EDTA, pH10.0)3ml #iEw». #iiE
BN 7 4 My —h oML, Yo7 57—+

K (0.5mg/ml, Merck #, X[E) % & trHfaRh A2 74

2ml Mo Bt zEwE, FOF e+ - FK

HIEDFLIS, PG (0.02 M Na,-EDTA, pH 10.0)

3ml 74y — RizidEng HBEEE, o7y

T Y KBERRCRSEEESTRBIE L LA, il
BPRUT 4Ny — LN EEEEE2EEY > F

V—¥a»#w sy — (Aloka LSC-670, kE) ¢
BEL .

MMC (- & 5 DNA S8R EE OFFE
BHEEVESHEINEOLEYCH 3. IERIOHEM
iz, 4 OBRED MMC &t «MEM 8537 (M i
REET)AEML, 37°C, 5% CO, £ TT 18
R L/~ 2% c#fEiE *H-TdR 105 M
BLA. LR, EHMCHRZHAEL, ko
membrane elution ¥E12&%, $TL{ &M &h 3 DNA
DI LHE, HBL L.
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RESULTS

Sensitivity to Radiation and MMC of Cells
Derived from Patients with Familial Colon
Polyposis

Figures 1-3 show the respective effects of
exposure to X rays, UV rays, and MMC on the
survival of CP-S cells, as determined by the
colony formation assay method. In each figure,
plating efficiencies by colony formation assay
were greater than 15% for nonirradiated and
non-MMC-treated cells, The means and standard
deviations from at least four experimental trials
are shown. X-ray sensitivity of CP-S cells and
normal human dipleid LU235 cells were similar.
The n value (value extrapolated from the linear
portion of the survival curve, Figure 1, to the
vertical axis) was 1.8 and the Dy (dose cor-
responding to the inverse of the slope determined
from the linear portion of the survival curve
resulting in 37% survival) was 117 R.

After UV ray exposure, LU235 cells and CP-54
cells both showed the same n values of 1.2 and
Dy values of 4.75 J, while CP-S3 cells and
CP-55 cells both showed the same n values of 1.2
and Dy values of 4.0 J, There appeared to be no
statistically significant differences between the
two groups.

However, large individual differences were
observed in MMC sensitivity of CP-S cells.
CP-84 cells showed the same MMC sensitivity as
1L.U235 cells, while CP-$5 cells were much more
sensitive. The CP-S3 cells sensitivity to MMC
was between normal and the CP-S5 cells
sensitivity. Also the CP-86 cells were slightly
more sensitive than the normal LU235 cells.

Elongation Pattern of Newly Synthesized DNA

The pattern of DNA elongation was assessed by
membrane elution method. Figure 4 shows the
results of two tests using LU235 cells. Because
the molecular weight of '*C-TdR-labeled DNA
is large, about 98% of the DNA molecules
remained on the filter. DNA labeled with
3H-TdR consisted of molecules in the process of
DNA synthesis and small synthesized DNA
fragments.  Fragments with small molecular
weight were easily eluted through the filter
(pore size: 2.0 um). LU235 cells in the 10th-
15th generation after establishing the culture,
proliferated with a doubling time of 20 to 24
hours. Immediately after 3H-TdR labeling,
65%-70% of the new DNA was eluted through

s R

Rt ABA Y K— S 2 BERTERORHBE
MMG (239 3 Bt

CP-S#lan X, UVHERU MMC I+ 57258
HERE, 20 -ERETHAEREEEAK]I -3
lnd. HEEICHEWT, BHESFERFERUT MMC
SRR OMAN T v - —HFWRBERISSBL ETH -
7. TNFHAENEOEREREOTY & EHEFEE
TH#ELA. CP-SHfOXHBEBMELe MEE 4
Mg (LUBS) Dz he2<RALTH 5. nil(E],
B ARy OB OSEE) 4°1.8, Do(37%EFH
P51 5EREF LA SROADEOWBTEL L
GEE) IR Th - .

UV 583 4 o> LU235 #fa B (f CP-S4 Mifad n &
1£1.2, Dyl 4.7%5) ©, CP-S3 #ifaRk U CP-85
HMfao n fi121.2, Dy i3 4.0JChoA. MEOMIZ
HEEEREILWLER bR S,

CP-SHifay MMC (o T 2B EREIZ IR A 2HA
EXFH o, CP-S4 i1 LUz L &< AL
BEEERTY, CP-S MR icmnBRE
kAL % CP-53 #faifE$#lia L CP-S5 #ifam
EEPHMOBRREEL L. CP-56 #ilat LU235
EHAflaL ) LM BRELRL .

FLLEBRENS DNADBENZ— >

DNA SO E /Y% — v % membrane elution 37 2 f
LA. LUZIS MFa 2w To 2 AN EREE 44
ZRT. “C-TdR CHE# ShADNA TR KA S
WaEBI, 74 M- & EBT B L%, DNA
SFOWBUST 4 My — IR 2. H-TIR T
EshiDNA L, DNABGRBORTE, 30
L DNA G RHBE O s ZHEFFPEEN5. T/
NP EBERFIR7 4 05— (2.0mOIL) 2EBI
WEB/L . T THWAE LU235 4150 13 B2 1 %
10—1544R BT, 5 INERM A 202418 M T 5 - 7.
SH-TAR BB #1213, 65%—70% D #F % DNA »°
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Figure 1. Dose-survival relationship of normal human
diploid LU235 cells and familial colon polyposis
patient-derived cells following exposure to various
X-ray doses. The bars indicate for each cell the mean
and standard devigtion of the results of four or more
tests. The value extrapolated onto the longitudinal axis
from the linear portion (n value) is 1.8, and the dose
based on the linear portion (Dg) corresponding to a
survival rate of 37% is 117 R.

1l Heof@oX@BEaiEo, e MEFIREMNR
FPEBEKIBHE Y H— Y ABE AR ERORE—ETR
M. BEAHEITowT, 4N LOERREEOTRE L
PHS R SR, ERSYOREMAOIHE( nfE) 1.8,
EES A0S ERHR L5 L A2HR(D)IXNTRTSH S .

Figure 2. Dose-survival relationship of normal cells
and familial colon polyposis patient-derived cells
following exposure to various UV ray doses. The bars
indicate for each cell the mean and standard deviation of
the results of four or more tests. The nvalue is 1.2 for
all of the four types of cells. Dy is 4.75 J for normal
cells and CP-S4 cells, and 4.0 J for CP-S3 and CP-§5
cells,

H2 #Msopito UVgREke, EEMARE ¥EE
KIBEY R ARFHFMMOBR—EFRME. B
BRI T4 En T BRE R0 L Hilt{EE
AT, Afiofllasd o fil3l.2TH 3. Dy IRIEHMR
EUCP-54 Hifas'4.75J, CP-S3 {1y & CP-S5 #@Rs »°
4.0 C& 5. '
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Figure 3. Concentration-survival relationship of normal
cells and familial colon polyposis patient-derived cells
treated with MMC at various concentrations. The bars
i indicate for each cell the mean and standard deviation of
g the results of four or more tests. MMC was dissolved in
B a culture solution containing no serum, and the cells
5 were treated with this for one hour at 37°C.
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Figure 4. Percent radioactivity remaining on filter with time following 3H.TdR labeling and after the cells
were lysed and washed on the filter (2.0 um pore size). The cells were cultured in advance in a cuiture
solution containing Heorar (0.02 uCifml) for six hours. After 18 hours, the cells for labeling were
cultured in a culture solution containing >H-TdR (10 pCifml} for 10 minutes. The figure shows the results of
two tests using normal human diploid LU235 celis.
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the filter. After one hour, more than 90% of
the DNA remained on the filter. After two
hours, the percent radioactivity of *H-TdR on
the filter was identical with that of *C-TdR on
the filter.

Inhibition of DNA Elongation by MMC and
Recovery from Inhibition

After MMC treatment, DNA elongation of cells
differing in their sensitivity to MMC were
compared using the membrane elution method
(Figure 5). DNA elongation in normal (LU235
cells) and MMC sensitive cells (CP-S3 and CP-85
cells) was inhibited by MMC at concentrations
greater than 0.1 pg/ml. Inhibition of MMC-
sensitive cells was greater and its recovery much
slower compared to normal LU235 and CP-84
cells, Two hours after H-TdR labeling, DNA
synthesis of normal LU235 and CP-84 cells
treated with MMC at concenirations up to
10 ugfml was recovered the same as that in
nontreated cells. However, MMC-sensitive cells,
treated with MMC at a concentration of 10
Mgfml, continued to show DNA synthesis
inhibition.

Figure 6 compares DNA elongation of the 50
ugfml MMC-treated group shown in Figure 5
with the MMC-nontreated controls. Inhibition
by MMC of DNA clongation in normal LU235
and CP-S4 cells decreased rapidly with the
culturing time of the cells, The recovery
patterns of both cell types were identical: at
two hours after treatment, DNA synthesis
recovery was to about 80% of that for cells
not treated with MMC. However, MMC-sensitive
cells showed only slight recovery during the
first hour after the culture was initiated. After
two hours, there was only 40%-60% recovery
compared with the MMC-nontreated controls.

DISCUSSION

AC is a general term for diseases in which many
polyps of diffuse adenoma develop in the large
intestine.’! Such patients develop cancer of the
large intestine at a relatively high frequency. Of
the diseases listed as AC, the primary one is
familial colon polyposis, an autosomal dominant
hereditary diseases.'"?® Others include Gardner’s
syndrome (an autosomal dominant hereditary
disease) and Turcot’s syndrome (an autosomal
-recessive hereditary disease}). A number of
studies have reported on the frequency of AC.
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Figure 5. Percent radioactivity remaining on the filter when MMC-treated cells, allowed to incorporate
H-TdR, were lysed on the filter at certain time intervals. The cells were treated for one hour with MMC at

various concentrations, and two hours thereafter, labeled with

H-TAR (10 pCi/ml, culturing a 10-minute

process). The time given in the figures indicates culturing time between ° H-TdR labeling and cell detachment.
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Reed and Neel?' and Pierce®? reported the
frequency in the United States to be 1.21x107%
and 1.46X 10°*, respectively. While in England,
Veale?? reported an AC frequency of 0.42x 107*.
According to Murata et al,?* the frequency in
Japan is 5.74x 107°, and while indicating that the
number of cases was small, regional differences
in frequency in Japan were thought to be
virtually absent. A remarkably high frequency of
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AC has been observed in families of patients
participating in this study (Table 1), thus sup-
porting the assumption that it is a genetically
transmitted disease.

It is well known that ionizing radiation, UV
rays, and MMC induce different types of DNA

damage in exposed cells, X rays usually induce

DNA strand breaks and damage to the DNA
bases. UV radiation forms pyrimidine dimers
efficiently, particularly thymidine dimers. MMC
primarily induces cross-linking of DNA and
modification of the DNA bases. Examination of
lethal effects on cells from DNA damage should
provide useful information for studying DNA
metabolism in AC cells. CP-§ cells demonstrated
sensitivity to X rays (Figure 1) and UV rays
(Figure 2) quite identical with that of normal
cells. However, a large difference was observed
in the sensitivity of cells to MMC between
individuals (Figure 3): CP-84 cells (Table 1)
showed the same sensitivity to MMC as normal
cells, but CP-85 cells exhibited greater sensitivity
to MMC. The donors of CP-83 cells and CP-S6
cells were related (mother and child), and each
showed an elevated sensitivity to MMC.

11

RERF TR 17-83

Figure 6. Results of calculations based on Figure 5,
indicating the ratio of radicactivity of cells treated
with 50 ugfml MMC and remaining on the filter after
being lysed there, to that of MMC-nontreated cells.
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Using CP-8 celis and normal cells which differ in
their sensitivity to MMC, the elongation of newly
synthesized DNA after treatment with MMC was
compared by measuring the quantity of DNA,
which could be eluted through a 2.0 pm pore
filter, at wvarious time intervals after DNA
synthesis began (membrane elution method).
Although errors might occur because of pore
size differences between filters, such errors were
minimized by wusing filters from the same
manufacturer’s lot. In this study, DNA elonga-
tion patterns were examined, beginning two
hours after MMC treatment. When the DNA
clongation patterns were examined immediately
after MMC treatment, wide variations were
observed between trials. This variation probably
occurred either because the MMC treatment was
conducted in a culture solution containing no
serum, or because the cells were washed twice
after MMC treaiment. Preliminary experiments
showed that even if cells, exposed to '*C-TdR
(0.02 uCifml) for 5 hours beginning 24 hours
after plating, were treated with MMC at con-
centrations ranging from 0-50 pg/ml, more than
95% of the radioactivity remained on the filter
until the fourth hour after MMC treatment. In
other words, destruction of DNA was not
detected by the membrane elution method until
four hours after MMC treatment.

Both cells highly sensitive to MMC and normal
cells showed similar DNA elongation inhibition
when the concentration of MMC was more than
0.1 ug/ml (Figure 5). However, in the sensitive
cells, inhibition of DNA elongation was sub-
stantially greater at higher MMC concentrations
(Figures 5 and 6). The amount of DNA from
normal and CP-S4 cells remaining on the filter
increased with time after 3H-TdR labeling;
however, the recovery of DNA elongation in
MMC-sensitive cells was delayed (Figure 6). A
significant difference in lethal effects of MMC
was observed between CP-83 cells and CP-85
cells (Figure 3); although, there was no dif-
ference either in the pattern of DNA elongation
inhibition by MMC or in the pattern of recovery.
This may be because the degree of DNA elonga-
tion determined by the membrane -elution
method is based on whether DNA was small
enough to pass through 2.0 um size pores.
In contrast, many factors other than DNA
synthesis inhibition are considered to be
involved in the lethal effects of MMC.
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The membrane e¢lution method wused in this
study is an application of the alkaline elution
method developed by Kohn et al.?%% And this
is the first report in which the method is used as
a means of evaluating DNA elongation. This
method involves the important question of what
molecular weight of DNA is sufficient to cause
DNA to remain on the filter. Kohn et af*>*¢
and Suzuki et al®? reported that even small
DNA fragments generated by exposure to high
doses- of ionizing radiation (~1,000 R) are not
eluted through the filter in the process of cell
lysis and washing. That is, DNA eluted through
the filter by a pH 10.0 cell lysis solution,
profeinase K solution, and washing solution are
fragments of small molecular weight which have
just started DNA synthesis, Accordingly, itis
believed that in the case of cells which are
highly sensitive to MMC, such as those used in
this study, the DNA synthesis mechanism has
MMC-sensitive sites involved in the initial stages
of DNA synthesis.

AC is important as a2 model in studying the
inheritance of proneness to cancer. If the
cancer proneness of the disease is to be closely
related to somatic cell mutation, investigation of
primary cultures of skin fibroblasts from such
patients should be useful in the exploration of
various features of dominant tumor-forming
mutants in relation to the mechanism of
carcinogenesis.
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