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SUMMARY
Cultured human cells were established from
various organs of a congenitally abnormal fetus.
The life span of lung cells was equivalent to 62
population doublings, but those of cells from
skin, liver, bone marrow, and kidney were very
- short, Chromosome analysis of cells derived
from the lung and skin showed few aberrations,
but aneuploid cells and chromosomal aberrations
were frequent in the kidney cells. There was no
difference in ultraviolet (UV) sensitivity between
lung cells and kidney cells; both were about twice
as sensifive as normal human fibroblasts. In this
study, we did not find a correlation between the
UV sensitivity and the length of Life span in vitro,
the amount of chromosomal aberrations, or
tissue origin of the cells.

INTRODUCTION

Hayflick and Moorhead"? first reported that
normal diploid cells obtained from the lungs of
human fetuses have a limited life span in culture.
Martin et al® found that the in vitro life span of
skin fibroblasts has an inverse correlation to the
age of the donor. It is widely believed that the
limited growth potential or life span of cultured
diploid human cells reflects an aging phenomenon,
Cells obtained from patients with certain types
of autosomal recessive hereditary diseases are
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highly sensitive to radiation or chemical
carcinogens. For example, cells obtained from
patients with xeroderma pigmentosum® and
ataxia telangiectasia® are sensitive to UV rays and
ionizing radiation, respectively. Cells from
patients with Fanconi’s anemia are highly
sensitive to mitomycin-C.% These hyper-
sensitivities appear to be related to decreased or
defective repair of DNA damage. The defective
DNA repair systems may play a role in turn in
the high cancer susceptibility of patients with
these diseases.

The hypothesis that aging may be attributable to
the accumulation of DNA damage is especially
interesting,” but reports supporting this
hypothesis are few.*? Rather, the predominant
view is that there is no relationship between aging
and repairability of DNA damage.!071%

In the current study, fresh tissue samples were
taken from the skin, lung, liver, kidney, and bone
marrow of a congenitally malformed fetus
(MM42) that came to autopsy and proliferating
cells were established in culture. Cell survival
rates were observed by the colony formation
method after exposure to UV. Cells obtained
from the fetus (MM42) were approximately
twice as sensitive to UV as normal cells.
Furthermore, the in viiro life sapn of the cells
obtained from this case varied according to the
organ of their origin. The life span of celis
derived from the lung was approximately eight
times as long as that of cells derived from the
kidney. However, they were alike in UV
sensitivity. Chromosome analysis of cells derived
from the lung, skin, and kidney revealed some
cells with aberrations in every cell population.
Especially in kidney cells, polyploid cells and
chromosome aberrations were frequently en-
countered.

MATERIALS AND METHODS

Culture Medium. Eagle’s MEM (Nissui Seiyaku
Co., Tokyo) supplemented with 10% fetal calf
serum (FCS, Flow Laboratories, Australia) was
used as culture medium for subcultivation and
maintenance of the’ cells, and 15% FCS was
added to the Eagle’s MEM for use in the colony
formation-cell survival assays. No antibiotics
were added.

Origin of Cells. All cells for this study were
established in our laboratory. The samples were
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obtained from the fetal body (MM42) which was
referred from the Hiroshima Communications
Hospital to our laboratory for autopsy. Small
sections of tissues (0.5-2 cm®) were separated
from the lung, liver, kidney, breast skin, and
femoral bone marrow within 15 hours of death.

All of the tissue sections were washed well with a
buffer solution to which 500 pg/ml of
streptomycin and 500 Ufml of penicillin were
added. They were cut into small pieces less
than 1 mm?® in size in a plastic tissue culture
plate containing a2 small volume of growth
medium. These were put in Eagle’s MEM culture
medium .containing 20%-30% FCS and cultured
at 37°C in a 5% CO0,-95% air atmosphere.
After 3-10 days, the culture solution was replaced
with Eagle’s MEM culture medium containing
10% ECS.

In the UV sensitivity studies, cells established
from other lung specimens were used as controls.
These specimens were obtained from bodies of
four children 0-4 years of age and one male 66
years old, autopsied at the Department of
Pathology, Hiroshima Atomic Bomb Hospital
and our laboratory, and which showed no
abnormalities of the lungs.

Estimation of Life Span in Vitro. Fibroblast-
like cells which propagated from the autopsy
fragments were cultured in 6 em petri dishes
(Falcon Plastics, Oxnard, California) according to
a method described previously.!®!® Cells were
subcultured as soon as they became confluent.
All of the cells were subcultured or fed with
fresh medium regutarly every 5-7 days. The cells
were harvested with a solution of 0.125% trypsin
plus 0.01% EDTA, resuspended in a fresh
medium, counted, and plated at 2X10° cells per
plate. As the age of the cells entered the latter
half of the life span, the monolayer cell density
pradually decreased. Thus, the number of cells
obtained at subculture became less than twice the
inoculum size (2.0 X 105¢ells/plate). From this
point of time, the cells were subcultured at 1:2
split ratio. Frequency of cell population doubl-
ing during each subculture was calculated based
on the number of cells obtained at each
subcultivation. When the cells lose their
monolayer forming activity, the cumulative
number of population doublings were summed
and used as the in vitro life span of the strain
(i.e., population doubling number, PDN),'5*
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Chromosome Analysis. Chromosome analysis
was made 2-4 weeks after the establishment of
cells derived from the lung, skin, and kidney.
The chromosome slides were prepared by the
usual flaming method, with hypotonic treatment
of the cells using 0.075 M KCI (2 volumes) + 1%
Na citrate (1 volume) buffer solution after one
hour colchicine treatment, Chromosome pre-
parations were made according to the conven-
tional method described by Awa et al.!”

UV Irradiation. Aliquots of proliferating cells
{5X10*) suspended in 0.5 ml phosphate buffer
saline (PBS} were placed into 6 cm plastic dishes.
The cell suspension was uniformly spread in the
dish with a pipet to leave a margin approximately
5 mm from the edge and were irradiated with
various doses of UV (15 W UV lamp, Toshiba
GL-15). The dose rate was 2J/m%fsec as
determined with a Topcon UV radiometer
(Tokyo Kogaku Co. Ltd., Tokyo).

RESULTS

Materials used in this experiment were obtained
from a multimalformed fetus (Table 1). Because
of sterility, the mother (26 years old) of this
fetus had been administered such ovulation
inducing drugs as progesterone, human chorionic
gonadotropin, human mesopanse gonadotropin,
etc., for one year and 10 months. She had no
particular abnormalities except mild diabetes
mellitus during her pregnancy.

The fetus was autopsied 15 hours after death.
At that time, approximately 0.5-2 cm®of tissue
sections were separated from the lung, kidney,
liver, femoral bone marrow, and breast skin to
establish cells which can be propagated in culture.
The in vitro life span of these cells is shown in
Table 2. The life span of the cells varies very
much by the organ of origin. In our culture
conditions, the in vitro life span of cells derived
from the lung was equivalent to 62 PDN, which
is consistent with the results previously reported
for cells obtained from normal human lung.ls
The life span of cells derived from the kidney,
liver, and bone marrow was very short. The life
span of cells derived from the skin was equivalent
to 18.9 PDN which was less than half the value
reported previously by us for normal diploid
cells.'* In this experiment many of the cells that
propagated from skin tissue sections were
epithelial-type cells, and subculture was begun
from the time few fibroblasts were seen
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TABLE 1 GROSS PATHOLOGICAL FINDINGS (MM42)

%1 MMA2OHEERER

Premature Stillborn Fetus:

Body weight 1500 g, body length 34 cm, gestational age 33 weeks.

Cervical Vertebrae: Spina bifida occulta with a shortening of the neck (Klippel-Feil syndrome)

Brain: Internal hydrocephalus.

Diaphragm: Left diaphragmatic hernia, herniation of small intestine, spleen, and part
of the left lobe of the liver.

Lungs: Marked hypoplasia of the right and left lungs, right 5 g, left 2 g.

Liver: Abnormal shape of the left lobe with diaphragmatic hernia.

Umbilical Artery: Single umbilical artery.

TABLE 2 IN VITRO LIFE SPAN OF FIBROBLASTS (FIBROBLAST-LIKE CELLS)
PROLIFERATING FROM TISSUE OF THE LUNG, BREAST SKIN,
FEMORAL BONE MARROW, KIDNEY, AND LIVER

#2 BEEE, Keupnc K, AEEEMH, WHAUHBOHMLIOMEL A

BHEF (R Bl RBENES
.. Culture Term
Cell Qrigin PDN i months
Lung 62.0 2.0
Breast skin 189 2.3
Femoral bone marrow 9.0 1.3
Kidney 7.8 . 1.0
Liver 13.1 3.0

Cell life span is expressed as population doubling number (PDN) of cell popula-
tion before the cells cease to proliferate. Culture term shows the period during
which subculture is possible. There are cells surviving for more than several
months even after they cease to divide if the culture solution is regularly changed.
Hifa#dnid, WROMBALES I TOMBEMOSREN(PDN )R+, HEmy
3, MAEREATES MM LR T. @ROSUFIEE -TH, TN ENS TR
LTehi, Wegr ANELETFL T 3 NS 3.

(Figure 1). However, as the subculture was
continued, the cells gradually changed their
morphology to become fibroblast-like cells. The
“culture term” in Table 2 is the time required
for the cells to no longer form a monolayer and
not the time needed for all the cells to die.
Even after they have lost their ability to divide,
if the medium is changed regularly, the cells will
remain attached to the dish and continue their
metabolic activity for more than two months
thereafter.

Distribution in the number of chromosomes in
cells obtained from the lung, kidney, and skin is

ZOREM A SRR R EMBL A LL, #i
BE#EZHRITWCILE, AROBRBICHEHEERE
M Eh T R 2ZhOEFMUIL, W
PEFHMEBRL 22 3ETILELAENT
H9, FTNTOHRIFERT 22 CIET 31EMT
Fzv. fflafoHEhie-2%y, HAMC
BitxkELTohid, laEEc2zr»A0EE
Yr—Lil oftTRSTEY, RBEGLIT-
Twn3,
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Figure 1. Phase microscopic photograph of epithelial-cells proliferating
from skin tissue section (X400). Proliferation of epithelial-cells stops
soon and proliferation of fibroblasts begins from the outer edge.
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Figure 2. A case with three chromatid exchanges found in a hyper-
tetraploid cell derived from the kidney. These chromatid exchanges
occur between B group chromosomes, C group chromosomes, and D
group chromosomes.*’

2 %IEHE RO hypertetraploid #ifa TR 24 - 2 3{ED chromatid exchange
%8 1. &4 chromatid exchange (3B ¥V — 7ie@aikR, C7/ -7
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TABLE 3 CHROMOSOME NUMBERS IN CELLS DERIVED FROM
THE LUNG, SKIN, AND KIDNEY

F3 WlikE, R RCTRARMIZIZ VT ORERT

Chromosome Counts

ceorgn NS

45 46 47 70+
vl 50 1 45 2
Skin 50 i g ; ’
Kidney 50 B 37 ; :

TABLE 4 CHROMOSOME ABERRATIONS IN CELLS WITH 44-47 CHROMOSOMES
#4 M—ATERORERE LRIV TORAERE

Aberrant Cells

Cell Origin ~ Metaphases Single Chromatid Isochromatid
Gaps Breaks  Deletions Breaks
Lung 48 1 (Bqg) 0 0 0
Skin 48 1 (Bq) 1 (Cp) 1
Kidney 43 8 0 0 6
Position of aberration in parentheses.
shown in Table 3. Over 90% of lung cells and 2. WA R O AR TI290%L) A6 E D

skin cells had 46 chromosomes, but a large
proportion of kidney cells were hypoploid
(45 chromosomes) and hyperploid (70-120
chromosomes). Table 4 shows data from
analysis in the type of chromosome aberrations
m the cells with 4447 chromosomes shown in
Table 3. In kidney cells, there were 8 metaphase
cells with a total of 9 gaps and 6 metaphase cells
with one isochromatid break. Further, among
the 7 hyperploidy cells, there was one which had
3 chromatid exchanges (Figure 2). The
chromatid exchanges occurred between B group
chromosomes, C group chromosomes, and
D group chromosomes.

The dose-survival response of cells derived from
the lung and kidney after irradiation with various
doses of UV was determined by the colony
formation method (Figure 3). The plating
efficiencies of unirradiated cells were 4.1% to
16.2% for lung cells and 3.1% to 3.2% for
kidney cells. There were no differences between

PR g & oA, TN T hypoploid (453 {f )
Y hyperploid ( 70—120 e A (K ) O B & A7 12

#Z3IDM—-TEOEEEHE L oMME
FEERFOAEASNLONRLITHS.
TalfgTid, 8Mas A h g i 9D gap
AH Y, 6O FEhEEIEIC 1+ 2" isochromatid
break #°% /72 Wiz, 7D ZEFHMlaoH, 3 #
@ chromatid exchanges % G4 — 2 O ML A & - 7~
(2 ). chromatid exchanges (IB 7L —7[[+, C
FN—T7Rt, DZ¥V—FR+TOMTT 2T 5.

£ hiaids.

’)L-\’(,

it B B M R R ok o MR I TR 4 o A Aty UV # R4
BOERELY, J0Z-HBRETHAEZDFIFEITH
5. WIRBHL LA M0 30 = —FlE,
Il R#MiaT4.1%—16.2%, THFEMIBTI.1%—
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Figure 3. Dose-survival response of MM42 cells after exposure to
various doses of UV. The bars indicate standard devigtion of the
meah for three independent experiments using cells derived from the
lung and of two independent experiments using cells derived from the
kidney. The curves are exponential with Dg =38 f/mz, n =10
Control experiment was made using cells obtained from normal lung
tissues. UV dose-survival response of control cells had no shoulder and
@Dy of 7.0 J/m?2.
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the results of three experiments using lung cells
and two experiments using kidney cells. These
cells showed a survival response with a shoulder
extrapolation number (n) of 1.0 and an
exponential slope (Dg) of 3.85 Jjm?. Control
experiments were undertaken using cells obtained
at autopsy from the lungs of four children 0-4
years old and one male 66 years old, The plating
efficiency of unirradiated celis was 8.1% to
20.7%. The mean values for the results of two or
more experiments for each cell type are shown
in the figure. The dose vs survival response of
control cells had no shoulder and a Dy of
7.0 Jjm?.

Dy =7.0]/m2%, n=1

CENEBREFOMIIERILE S, Dy, =3.85]/m?,
n=l00EHNHMERE-—EREHNFEFFS L
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DISCUSSION

In culture systems, normal human diploid cells
are in a state in which they repeatedly divide,
However, there is a limit to the ability of such
cells to divide, and proliferation eventually
stops.l’2 Of course, all cells in a population do
not necessarily have a fixed division potential, 52!
There are cells that lose their ability to divide and
drop out of the culture system immediately
after establishment of the cell strain. That is,
the frequency of division of a population can be
said fo be the mean value of the various division
potentials of the individual cells,?® In addition,
because the mean value is very stable, the
hypothesis that the life span of human diploid
cells can be determined by the frequency of
division of the cell population has been widely
accepted.

It is well known that mammalian cells which
have secured infinite proliferative ability in
culfure systems in general are aneuploid. How-
ever, diploidy is firmly maintained in most
normal human cells and it is difficult to
transform them by chemical or physical
means,?72% Indeed, it can be said that there is a
close relationship between securing infinite
proliferative ability in the culture system and
disappearance of diploidy.?

In the current study, however, it is of interest to
study the in vitro life span of cells with
aneuploidy but without infinite proliferative
capacity. The source of these cells (MM42),
encountered by chance among the autopsies
performed at RERF, was a premature stillborn
fetus with malformations in various organs.
The karyotypes, the proliferative life span, and
the UV sensitivity of fibroblasts and fibroblast-
like cells established from several organs were
studied. Analysis of cells derived from the lung,
skin, and kidney showed some chromoscme
aberrations, but particularly frequent in the
kidney cells. Only a few abnormalities were seen
in cells derived from the lung and skin, but there
was a large difference in the in vitro life span
between the two. We have reported that there
was liftle difference in life span between
fibroblasts from the lung and fibroblasts from

~ the skin of a normal human fetus."* The reason

is unknown why the life span of cells from the
skin was short in this experiment. It may be
because the cells having proliferated from all the
skin tissue sections in the first generation culture
were epithelial-type cells. That is, there may be
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a difference in origin between the previously
reported cells derived from the skin and those of
the present study. Or, the life span of the skin
cells may have been shortened due to chromosome
aberrations. :

The life span of fibroblastlike cells obtained
from the bone marrow, kidney, and liver was
shorter compared with that of cells derived
from the lung. The cause of this difference is
not clear, but may include:

The life span of cells is related to the extent
of chromosome aberrations.

Tissue specificity is involved in the life span of
cells.

Mutation has occurred in the bone marrow,
kidney, and liver, and this has shortened the
life span of cells derived from these organs.

There was no difference in dose-survival response
relationship between lung and kidney cells.
After irradiation with UV, both were ap-
proximately twice as sensitive as normal cells.
This suggests that the UV sensitivity does not
differ between the cells by the length of their
life span, extent of chromosome aberrations, or
origin. We have made 2 study using cells
obtained from patients with xeroderma
pigmentosum which show high sensitivity to UV,
ataxia telangiectasia which show high sensitivity
to gamma rays, and Werner’s syndrome which
show premature senility, and reported that the
UV sensitivity does not vary with aging in vitro.M
The present data are in accord with our
hypothesis.
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