
Journal of Medical Genetics 1986, 23, 131-144

Familial polyposis coli: growth characteristics of
karyotypically variable cultured fibroblasts,
response to epidermal growth factor and the tumour
promoter 12-0-tetradecanoyl phorbol-13-acetate
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JOY D A DELHANTY
From the Department of Genetics and Biometry, The Galton Laboratory, University College London,
Wolfson House, 4 Stephenson Way, London NWJ 2HE.

SUMMARY Growth in low serum and cell saturation density was investigated in 20 skin fibroblast
cultures from 17 patients with the autosomal dominant cancer prone condition, familial polyposis
coli (FPC). Compared with non-fetal control cultures, the grouped FPC cultures showed
significantly better growth in low serum and approximately 30% increase in saturation density.
Neither of these properties was correlated with high tetraploidy or clonal rearrangement of the
chromosomes. No difference in response to epidermal growth factor was demonstrable between
cultures from normal and affected subjects. The tumour promoter, 12-0-tetradecanoyl
phorbol-13-acetate (TPA), had no differential effect on growth in high and low density cultures
of FPC and normal cells in short term experiments; both cell types displayed a biphasic response
to the agent at low cell density. However, in long term experiments FPC skin cultures showed
growth stimulation and greater resistance to the toxic effects of TPA than normal cells. Cells
from both fetal and non-fetal controls as well as from FPC subjects displayed anchorage
independent growth after treatment with TPA, but in general FPC cultures from skin and colon
responded to a greater extent than non-fetal controls. Marked change in tetraploidy after
treatment was evident only in those FPC and control cultures which were highly chromosomally
abnormal. Both groups showed a slight increase in stable and unstable chromosome
rearrangements with treatment but one FPC culture became totally chromosomally abnormal
and cloned in agar with high efficiency, as did one of the treated fetal controls which, however,
had normal chromosomes.

Human cancer is due to an interaction of genetic and
environmental factors. The genetic component in
neoplasia is clearly evident in families with an
inherited predisposition to the development of
malignancy. 1-3 Familial polyposis coli is an autosom-
al dominant syndrome with a marked predisposition
to cancer. Affected persons develop between a
hundred and a few thousand adenomatous polyps in
the colon and rectum, one or more of which, if
untreated, would progress to malignancy.4 Subjects
with FPC not only have a high incidence of
colorectal cancer but also of other primary tumours,
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such as endocrine neoplasms,5 osteosarcomas,b lipo-
sarcomas, and stomach cancer.7
Although FPC accounts for a small fraction of

intestinal cancer in the general population it pro-
vides a useful model for the study of multistep
carcinogenesis. In vitro cultures from an affected
person might in principle be expected to differ from
normal cells. It has already been demonstrated that
FPC cells from skin, blood, and colon differ from
normal cultures in displaying a greater degree of
spontaneous chromosome instability.8 9 Skin fibro-
blasts from FPC subjects were also rep'orted to
behave as if they were transformed when placed in
some of the selective assays used to recover SV40
transformants,'1 but a careful study by Heim" failed
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to confirm this for serum requirement and cell
density.

According to the mouse skin model, malignant
transformation is a multistep process initiated by
carcinogens bringing about a mutation, after which
the influence of promoters increases the probability
of expression of the malignant phenotype.'2 The
naturally occurring phorbol esters are a class of
tumour promoters, of which TPA is one of the most
potent. "It has been reported that treatment of FPC
skin fibroblasts with TPA without a previous initiat-
ing carcinogen resulted in their transformation, as
determined by the ability to form colonies in soft
agar.14 This observation gave rise to the view that
FPC cells exist in an initiated state. The aim of the
present study has been to extend these cell culture
studies to a larger number of FPC patients and to
compare the results obtained from karyotypically
normal cultures with those from cultures with a
spontaneously high level of chromosome abnormali-
ties. In some cases, chromosomally normal and
abnormal cultures were available from the same
affected person. Chromosome changes induced by
long term TPA treatment were also monitored.

Materials and methods

With the exception of a skin biopsy from one patient
(FPC 13) all the material from polyposis patients
was obtained from St Mark's Hospital. Details have
been described previously.9 Briefly, patients FPC 2,
5, 10, 11, and 15 have extracolonic lesions; FPC 2

TABLE 1 Cell litnes with spontanteous clonal chromosome i

Patient or Pacssage 'so No oft' cells

control atitd culture analt.-sed

FPC 2

FPC 3

FPC 4

FPC 5

FPC 8

FPC 9

FPC 15

FPC 16

FPC 311

72LO

3A
2A

12A
16D

12'F
4A

9D

14F

3D

3C

9D

2F

9B

IID

311

311

311
311

27

311

311

311

311

3(0

311
311

311

3

4

()

11

and 11 are brothers, FPC 7 and 9 are brothers, sons
of FPC 12, who is a cousin of FPC 15. Patients' ages
ranged from 13 to 67 years. Control cultures were
from normal subjects, age range 4 months to 50
years, with the exception of 84LO and MII which
were fetal. Unusual karyotypic features of the cell
lines before treatment are shown in table 1.

STOCK CULTURES OF SKIN FIBROBLASTS

Cultures of FPC and normal control fibroblasts were
grown from biopsies obtained from the anterior
surface of the forearm as previously described.9
Stock cultures of skin fibroblasts were maintained in
Eagle's MEM supplemented with 10% fetal bovine
serum (FBS) and glutamine (2 mmol/l), all from
Gibco, with 10 mmol/l HEPES buffer (Hopkins and
Williams), penicillin (100 IU/ml), and streptomycin
(100 stg/ml). Care was taken to ensure that the same
batches of FBS and culture medium were used for
FPC patients and controls within each experimental
design.

Confluent cultures were subcultured, using 02%
trypsin/EDTA in Hank's Balanced Salts, in a 1:2
split into 75 cm2 flasks (Nunclon). All cultures were
used between the 5th and 16th passage and were
routinely checked for mycoplasma contamination.

STOCK CULTURES OF COLON CULTURES

Cultures from colectomy specimens of polyps and
intervening mucosa were obtained as previously
described. These cultures were maintained in the
same way as the skin fibroblast cultures except that

rearranigementts or tetraploidy' above 30% before treatment.
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FPC 30B was derived from the colon; all other lines were from skin fibrobltsts. Where more thatnl onec culture was uscd from the sautc patient thesc wcre from

independent primary cultures. Nomettlaturc used is ISCN (1978).
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the culture medium used was Ham's F12 (Gibco).
Of the two FPC 30 colon mucosa cell lines under
investigation, line A had an epithelial-like morphol-
ogy and line B was predominantly fibroblastic.

GROWTH IN LOW SERUM
Confluent skin fibroblast cultures were brought into
suspension and cells counted on a Coulter Counter.
Cells were seeded in 10% FBS/MEM at a plating
density of 40 cells/mm2 into 50 mm petri dishes
(Nunclon). Three identical sets, A, B, and C, were
set up each comprising three to five replica dishes.
Set A was harvested on day 1 and the cells counted
to establish the plating efficiency. The remaining
sets of dishes had the medium changed on day 1, set
B was fed with 10% FBS/MEM, and set C with 1%
FBS/MEM. Sets B and C were harvested on day 6
and cell counts were carried out.

EFFECT OF EPIDERMAL GROWTH FACTOR (EGF)
Skin fibroblast cultures were plated out as described
above and fed 24 hours after plating with either 1%
FBS/MEM containing EGF (Collaborative Re-
search) to a final concentration of 5 ng/ml and
hydrocortisone (HC) 100 ng/ml or 10% FBS/MEM
supplemented with EGF and HC in the same way.
The cells were fed twice weekly for 14 days before
counting in triplicate.

SATURATION DENSITY
Initially, skin fibroblasts were seeded at a density of
40 cells/mm2 into 30 mm petri dishes (Nunclon), fed
twice weekly with 10% FBS/MEM, and counted on
day 14. This experiment was then repeated to
include a larger number of control cultures and the
time period extended to assess the actual saturation
density, that is, the highest cell number attainable.
Cells were seeded at 40 cells/mm2 into 50 mm petri
dishes. They were initially fed twice weekly and then
more frequently if required. Between days 14 and
34, at seven convenient intervals, three to five
replica dishes were harvested and the cells counted
(three replicas for harvests 1 to 4 and five replicas
for harvests 5 to 7). Growth curves were then
plotted of cells/mm2 vs time in days. The value at
which the growth curve reached a maximum plateau
was designated the saturation density.

ANCHORAGE INDEPENDENT GROWTH
This was assessed by growth in soft agar. Base layers
of 0*92% nutrient agar (Difco) supplemented with
10% FBS/MEM were prepared in 50 mm petri
dishes. Then 1 x 105 cells were seeded over the base
layer in a 0-46% nutrient agar suspension sup-
plemented with 10% FBS/MEM. The dishes which
were set up in triplicate were then incubated at 37°C

in a humidified 1-5% CO2 atmosphere and were fed
after two weeks with 2-5 ml 10% FBS/MEM.
Colonies greater than 100 tm diameter were scored
after a further two weeks' incubation.

EFFECT OF TETRADECANOYL PHORBOL ACETATE
(TPA)
TPA (Sigma) was dissolved in ethanol and stored in
the dark at 4°C. Cells were seeded at an initial
plating density of 45 cells/mm2 into 75 cm2 flasks.
For each culture two flasks were set up as controls
where the culture medium (10% FBS/MEM) was
supplemented with ethanol (0.1%). The four ex-
perimental flasks were treated twice weekly with
TPA at 100 ng/ml over a period of 15 weeks if they
survived. Each time confluence was reached cells
were trypsinised and used to re-establish cultures for
further treatment and for the following procedures.

(1) Transformation efficiency: all flasks were
examined at least once a week for transformed foci
and altered cell morphology.

(2) Anchorage independent growth: soft agar
plates were prepared as above. In addition TPA
(100 ng/ml) was either included or omitted from the
nutrient agar media used in preparation of base
layers and cell suspensions for the TPA treated
cultures.

(3) Chromosome preparations: wherever possible,
chromosome preparations were made by standard
methods after two to three weeks and again after 15
weeks' treatment. For each culture, 30 cells were
fully analysed for unstable, non-clonal, and clonal
rearrangements (a clone is a minimum of three cells
with the same rearrangement). The level of poly-
ploidy was scored in 200 cells per culture.

EFFECT OF TPA ON THE COLON CULTURES FROM
FPC PATIENTS
The effect of TPA on colon cultures from FPC
patients was also examined. The experimental
protocol was similar to the skin fibroblast cultures
except that the cells were seeded at 90 cells/mm2
into the flasks, and the culture medium used
throughout was 10% FBS/F12. The agar concentra-
tion used was 0.6% for base layers and 0-3% for cell
suspension layers.

TO ESTABLISH WHETHER SKIN FIBROBLAST
CULTURES SHOW A BIPHASIC DOSE RESPONSE
TO TPA
In the low density experiments cells were seeded in
multiwell trays (Nunclon) at a density of 1x 104 cells
per well (20 mm2) in 2 ml 10% FBS/MEM. For
each culture examined seven sets of five replica
wells were set up. Cultures were incubated for 24
hours after plating at which time there were approx-
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FIG 1 Growth ofcontrol (normal) and FPCskin fibroblast cultures in low serum medium.

cell density at day 6
Density ratio = y

cell density at day]1. x-=group mean+±SE.

imately 1-04x104 cells/well. The medium was then
replaced with 2-0 ml of fresh 10% FBS/MEM and
the appropriate concentration of TPA (0-5 to 100
ng/ml) or ethanol. Three days later the cells were

counted. In the high density experiment the cultures
were seeded at 2 x104 cells/well and incubated for
one week without medium chan e after which a

mean cell density of 4-09x 10 cells/well was

reached. The medium was then replaced with fresh
10% FBS/MEM containing TPA or its vehicle alone
and cells were counted four days later.

Results

GROWTH IN LOW SERUM

The ability to grow in medium containing low serum

was expressed as the proportionate increase in cell
number after six days' growth in 1% FBS/MEM.
The results are shown in fig 1. With the exception of
the two fetal lines, almost all cultures showed an

increase in cell number. However, the FPC group
as a whole proliferated to a greater extent and the
difference between the FPC and non-fetal control
group was found to be significant (control group
1-67±SE 0-11; FPC group mean 2-41±SE 0-14.
Student's t test analysis: t30=3-646, p=0-001). The
proportionate increase in cell number in 1% serum

compared with 10% serum was 0-32 for non-fetal
controls and 0-38 for FPC cultures. It is interesting
to note the variation observed between different
cultures derived from a single FPC patient. This is
illustrated by FPC 3 where three karyotypically
different (table 1) independently derived cell lines,
A, D and F, were examined. Line A which had
been previously shown to be 65% tetraploid
showed a high growth in 1% FBS/MEM, line D
which comprised a small abnormal clone showed a

low level of growth in 1% FBS/MEM, and line F

which was composed almost entirely of cells with a
5;17 translocation was intermediate in its ability to
grow in 1% FBS/MEM. However, the three inde-
pendent lines of FPC 5, all with low tetraploidy,
showed a more homogeneous response, despite the
fact that FPC SF had 60% of cells with a 20p- clone.

RESPONSE TO EGF
The effect of EGF on growth of FPC and control
skin fibroblast cultures was expressed as the pro-
portionate increase in cell number in low serum
medium (1% FBS/MEM) containing EGF (5 ng/ml).
The results are shown in table 2 and represent the
average of two separate experiments. Cultures
showed considerable variation in their response to
EGF. Five FPC cultures derived from four different
persons showed the expected marked increase in cell

TABLE 2 Response of FPC and control skin fibroblast
cultures to EGF, as determined by increase in cell density
after 6 days' growth in low serum medium (1% FBSIMEM)
incorporating EGF (5 nglml). Results are expressed as cell
density ratio.

Culture Cell density ratio
I+EGFII-EGF

Controls 72LO 1-00 x = 1-48
48BR 1-74 O,n1 = 0-42
54BR 1-71
69LO (Fetal) 1-90

FPC FPC 5 C 1.62
D 1-66

FPC 9 C 1-20
x 1-08 x = 1.58

Jn-1 = 0 46
FPC 10 2-18
FPC 11 D 115

H 2-26
FPC 12 1-17
FPC 13 1-87
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TABLE 3 Saturation densities of FPC and control skin
fibroblast cultures measured as cell density after growth in
10% FBSIMEM.

Cultures Cellslmm2 No (n) ann-I
(x+SE)

Experiment 1. 14 days Controls 216 17±33 96 5 84-89
Range 89-327

FPC 270-87±2796 14 108 57
Range 58-460

Experiment 2. 34 days Controls 538 71±50 71 14 196-90
Range 244-867

FPC 751-10±65 98 20 302-73
Range 291-1379

number in treated cultures. Two control cultures
and one normal fetal line showed a similar increase.
The remaining four FPC cultures from three diffe-
rent subjects and one control culture did not show
any marked increase in cell number. Statistical
analysis (Student's t test) did not reveal a significant
difference in response to EGF between FPC and
control cultures. Similar results were observed using
fibroblast cultures from colon mucosa and polyp
tissue; four cultures of differing origins responded
normally to EGF but the remaining four showed
little or no response (data not shown).

SATURATION DENSITY
Where the cell number was scored after 14 days'

E
E
vU
Z

growth, the FPC group had a higher mean satura-
tion density than controls but this difference was not
significant as assessed by Student's t test (table 3).
Extending the culture period allowed growth curves
to be plotted from day 14 to 34. However, a few
cultures still had not reached a plateau after 34 days'
growth. These cultures were of two types, those
where there was no sign of a plateau (A in fig 2), and
those where the growth rate was slowing down and
approaching a plateau (B in fig 2). In both these
cases the last value on the growth curve was taken as
the saturation density. Despite the variability within
both the FPC and control groups the grouped FPC
cultures had significantly higher saturation densities
than non-fetal controls. (Control group mean
538-71±SE 50-71, FPC group mean 751-10±SE
65-98. Student's t test t30=2-042, p=0-05) (table 3,
fig 2). No control culture attained a saturation
density above 1000 cells/mm2; in contrast three of
the 17 FPC cultures showed saturation densities in
excess of this, as did the fetal line MII. There is
again variation between cultures from a single
subject as illustrated by FPC 3. Here the A and F
cell lines have approximately equal saturation densi-
ty levels whereas the D line has a much higher value.

EFFECT OF TPA

Changes in cell morphology occurred after pro-
longed TPA treatment, in both skin fibroblast and
colon cultures from all FPC patients and a few

A

IFPCi1.1111oIII
FIG 2 Saturation densities ofcontrol (normal) and FPC skin fibroblast cultures after 34 days' growth. A =no plateau
reached, B=plateau approaching, x=group mean±SE.
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controls. Such changes involved both the morpho-
logy of individual cells and the orientation of cells in
culture. In some cases individual cells became so
enlarged that they could be seen macroscopically.
Generally, the cells became thinner, elongated,
and less flattened than untreated cells and often had
a multipolar appearance. Treated cells, and in
particular the FPC cells, also lost the normal parallel
orientation and showed more overlapping and 'criss-
cross' pattern.

CELL SURVIVAL

In general the control cultures were much more
sensitive to the long term toxic effects of TPA and
often underwent a 'crisis' where the cultures could
not be plated out in soft agar owing to the low cell
number. Cell survival data are given in fig 3. Four of
the eight controls studied had to be discontinued
owing to the toxic effect of TPA. In contrast, none
of the FPC skin cultures was discontinued, although
two of the four less viable colon FPC cultures were

79 LO 84 LO

[\0 0\\IQ\ / Discontinued
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FIG 3 Cell survival control (normal) and FPC cultures with long term TPA treatment.

(data not shown). Only one of the eight controls,
72LO, showed an increase in cell number with TPA
treatment over the untreated cultures, whereas 11 of
the 12 FPC cultures showed a higher cell number in
the treated cultures.

ANCHORAGE INDEPENDENT GROWTH

The number of colonies greater than 100 iim

diameter was determined after four weeks' growth
in soft agar. Results are shown in fig 4a, b, and c.

None of the untreated cultures showed any marked
growth in soft agar. A total of 12 cultures from eight
different affected subjects was treated; seven of
these lines showed a marked increase in colony
number above background levels (fig 4b). Of the
non-fetal controls, two of six lines responded
similarly (fig 4a). However, whereas four lines of
FPC cells formed at least 30 colonies per 105 cells,
only one non-fetal control did (64LO). Although
there was no clear distinction between control and
FPC skin fibroblasts, FPC cultures tended to show a

greater response to the effect of TPA treatment in

12 3/ 56789i0112

terms of anchorage independent growth. Three fetal
lines tested (two in these experiments and one in a

pilot experiment) responded to TPA to a similar
degree as the FPC cells.
Colony formation by the skin fibroblast cultures

appeared to be random in relation to subculture
number and was not progressive with the duration of
TPA treatment. However, the two colon cultures,
FPC 30A and B (fig 4c), did show a progressive
increase-in number of colonies with increased time
exposure. The karyotypically variable lines of FPC 3
all responded to TPA treatment to some extent, but
FPC 3F (clonally abnormal) showed the greatest
response.
The appearance of a large number of colonies in

the dishes (104 per 105 cells), as in the fetal line
84LO and FPC 7, was directly related to the
appearance of dense foci in the treated culture
flasks.

CHROMOSOME STUDIES
The results of chromosome analysis after long term

FPC 13

* : *'e\.-E-H v
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_FPC 30A FPC 30B

0 1 2 3 4 5 6 7 8 980 11 0 1
Subculture no

FIG 4 Effect of TPA on colony forming ability in soft agar of cultures from control (normal) and FPC subjects.
A =untreated cells plated in agar (- TPA). B-- TPA treated cells plated in agar (- TPA). C= TPA treated cells plated in agar
(+ TPA). (a) Control skin fibroblasts (MII and 84LO, fetal). (b) FPC skin fibroblasts. (c) FPC colon cultures; FPC 30A,
epithelial-like; FPC 30B fibroblastic.

TPA treatment are given in table 4. Because the
control cells were more susceptible to the toxic
effects of TPA there are fewer chromosome results
for these. TPA treatment appears to induce a greater
change in polyploid levels in the FPC cultures than
in controls, but this may be connected with the
initially higher number of chromosomally abnormal
cells in the FPC cultures; the control culture
showing the greatest increase in polyploidy was
clonally abnormal (72LO, passage 21). Increased
chromosome rearrangement following TPA treat-
ment occurred markedly only in FPC 7, which
became totally abnormal after 15 weeks' treatment
(fig 5). The unstable nature of the rearrangements
presumably accounts for the poor survival of this
culture (fig 3). Both FPC and control cultures with
chromosomally abnormal clones at the start of the
experiment maintained the clones at the same or an
increased level during treatment. The exception was
FPC 3F which at passage 21 had almost lost the
clone in untreated cells; parallel cultures derived
from this same primary culture also showed loss of
the clone with passaging, so retention of clone cells
with prolonged TPA treatment may be a selective
event.

BIPHASIC DOSE RESPONSE TO TPA
As shown in fig 6 treatment of high density cultures
of both FPC and control skin fibroblasts with TPA
resulted in a dose dependent stimulation of cell
proliferation over the range tested.

In contrast, addition of TPA to low density
cultures produced a biphasic dose response curve.

Maximum inhibition was found to occuI between 0.5
and 10 ng/ml with the exception of 71LO which
showed a different response with maximum inhibi-
tion at a TPA level of 50 ng/ml. These results were
observed in both FPC and control skin fibroblast
cultures. It is of interest to note that the control skin
fibroblasts did not appear to suffer from the toxic
effect of TPA in this short exposure, unlike the long
term exposure experiments.

Discussion

Three of the parameters which characterise in vitro
transformed fibroblasts are diminished serum re-
quirement, increased cell saturation density, and
anchorage independent growth. It appears from our
results and those of others that FPC fibroblasts have
an increased tendency to display all three character-
istics. In this investigation the grouped FPC cultures
showed a diminished serum requirement for growth.
The control group, with the exception of the two
fetal lines, also proliferated in low serum medium,
but to a significantly lower level. This is in agree-
ment with the findings of Kopelovich'5 and Danes et
al, 16 but in contrast to those of Heim. "l It thus
appears that enhanced ability to proliferate in low
serum may be a general property of FPC skin
fibroblasts.

Cells transformed by certain retroviruses have
been reported to possess fewer receptors for EGF
than untransformed cells with the result that expo-
sure to EGF does not stimulate growth.'7 We have
found no difference in response to EGF between
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141Familial polyposis coli

TABLE 4 Chromosome analysis following TPA treatment.

Patient or Passage No TPA No of cells Cells with Cells with Clone Tetraploidy Change in
control and culture +1- analrsed unstable non-clotial cells (%) tetraploidv

rearran,gemeients stable levels 1%)
rearrangements

Patients
FPC 1 13F - 30 2 3 0 70

+ 30 1 2 90( +2
23F - 30 1 5 0 71

+ 30 2 6 0 6b6 -0-5

FPC 3 12A - 30 0 2 7 37 1
+ 30 0 0 13 518 +14 7

16D - 30 1 0 13 1-5
+ 30 0 () 19 8 0 +6±5

24D - 30 0 0 12 3*6
+ 30 0 3 20 28 -0.8

12F - 30 0 0 28 2-0
+ 30 0 0 26 48 +2-8

21F - 3(0 0 0 1 5 5
+ 30 0 1 17 82 +2 7

FPC 5 9D - 3(0 1 2 13 9.()
+ 30 1 2 15 3 5 -5.5

18D - 15 0 0 12
+ 31) 0 1 26 5()

14F _ 30 () 2 24 2-5
+ 30 2 2 26 115 +9

FPC 7 17C - 30 1 0 0 3-0
+ 3(1 13 3 0 375 +34.5

26C - 30 2 0 0 1680
+ 30 30 6+ 0 97 0 +81()

FPC 9 15C - 30 0 3 0 680
+ 3(0 0 3 0 13 3 +73

25C - 30 0 2 0 46
+ 15 0 3 () 19 5 +14.9

FPC 10 15D - 30 () 0 0 11.3
+ 3(0 0 2 0 113 0

25D - 3(0 0 0 0 4 0
+ 30 0 1 0 50 +1()

FPC 13 13F - 30 0 0 0 3-5
+ 30 0 2 0 5-3 +18

23F - 30 0 1 0 3 5
+ 3(1 0 1 0 2 0 -1 5

FPC 30 15A - 30 1 1 0 150
+ 20 () 2 0 7 2 -7-8

21A - 311 7 0 0 6b6
+ 30 2 () 85 +1 9

17B - 3(0 1 2 22 27 5
+ 3(0 3 0 27 33(0 +6()

27B - 3(0 2 0 23 76()
+ 30 7 2 30 53-0 -23-(

Controls
54BR 11 - 3(0 ( 1 0 4-8

+ 3(0 1 1 0 3 8 -1-0

54LO 16A - 3(0 0 0 0 11 5
+ 3(0 0 () 0 12 3 +0-8

64LO 14C - 3(0 1 () () 05
+ 3(0 1 2 0 1-5 +1()

72LO IID - 30) 1 2 7 11()
+ 311 2 2 6 1119 -01

21D - 25 0 1 5 13 7
+ 25 1 0 4 270 +143

79LO 14C - 311 0 0 0 4-5
+ 3(0 0 0 0 8-4 +3-9

25C - 3(0 0 1 0 3()
+ 3(0 0 1 0 5-0 +2(1

84LO 9C - 311 0 3 0 2-5
+ 3(0 1 4 0 1-0 -1-5

MIl 6A - 3(0 () 2 0 1.5
+ 3(0 1 () 0 1-5 0

Lower passage numbers were after 2 to 3 weeks' treatment, higher passage numbers after 12 to 15 weeks' treatment, where analysis was possible.
*Insufficient mitoses to score.
+Minimum number, chromosomes too abniormal for accurate analysis.
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FIG 5 Typical chromosome spread from FPC 7 after 15 weeks' treatment with TPA.
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Familial polyposis coli

FPC and normal fibroblasts, in agreement with
others. 18 There is thus no evidence for a reduction in
the number of EGF receptors in FPC cells.
Normal fibroblasts are blocked in the Gi stage of

cell division when in close contact with each other.'9
This density dependent inhibition of cell division
controls cell saturation density. Kopelovich'5 and
Pfeffer et a120 reported that FPC skin fibroblasts
showed a 20 to 40% increase in saturation density
compared with normal fibroblasts. However, Danes
and co-workers'6 and Heim" failed to confirm this.
Our study, comparing 20 skin fibroblast cultures
from FPC patients with 14 non-fetal controls,
showed the saturation density of the FPC group to
be raised on average by approximately 30% above
the grouped non-fetal controls after an extended
period of growth. Many factors may affect cell
saturation density, even when growth conditions
and serum batch are controlled. For example, the
three independent lines of FPC 3 illustrate the
variation which may be observed between cultures
from the same person and even from the same
biopsy (FPC 3D and F). However, there is no
definite correlation between chromosome constitu-
tion and saturation density or growth in low serum
in FPC cultures. Although some cultures with a high
level of karyotypic abnormality (FPC 3F, FPC 15) or
tetraploidy above 30% (FPC 2, FPC 3A, and FPC 4)
appeared to have lower saturation densities than the
karyotypically normal lines, this was not universally
true and two of the lines with high tetraploidy (FPC
2 and FPC 3A) did well in 1% serum.
A biphasic dose response to TPA in low density

cultures of FPC and normal fibroblasts has been
observed by Gansler and Kopelovich,"' although
the latter were found to be more sensitive to TPA
toxicity. They also noted a dose dependent stimula-
tion in high density cultures of FPC cells but saw no
apparent stimulation in dense cultures of normal
cells. In our experiments the biphasic dose response
at low cell density and dose dependent stimulation
at high cell density were universal events not limited
to FPC cultures. However, in the long term experi-
ments, the FPC cells were much less sensitive to the
toxic effects of TPA than normal cells, in agreement
with the findings of Kopelovich and Gardner.21

Anchorage independent growth is the cell culture
characteristic most highly correlated with malignant
transformation of fibroblasts.22 Kopelovich et al'4
compared three FPC and three normal skin fibro-
blast cultures and found a clear difference; without
previous initiating carcinogen treatment but with
repeated TPA application all the FPC cultures
formed a low number of colonies in agar whereas
none of the controls did. This was consistent with his
hypothesis that FPC cells exist in an initiated state.

In contrast, we found that in repeated experiments
both fetal and non-fetal control lines produced
colonies in agar after TPA treatment. The number
of colonies produced by TPA treated cultures in our
study was far higher than in the study by Kopelovich
et al,'4 but this is probably a function both of serum
and agar batches.23 In both studies, the ability to
clone in agar was transient, suggesting it was not a
heritable change. However, despite the lack of clear
cut difference between FPC and controls in our
material, it is evident that the FPC cells have a
greater propensity to grow in suspension following
TPA treatment than non-fetal controls. This was not
found to be so by Antecol and Mukherjee,24 but
they investigated only one FPC culture. In some of
the FPC cultures growth in soft agar after treatment
seems to be correlated with chromosome rearrange-
ment; the FPC 3F line (composed of a clone with a
5;17 translocation) produced a greater number of
colonies than either the A or D line. FPC 7, which
formed foci in the flasks and a very high number of
agar colonies, had unstable rearrangements in 100%
of cells after 15 weeks' treatment. The precise effect
of chromosome rearrangement will obviously de-
pend on the constitution of the genome around the
breakpoints involved and whether genes concerned
in growth regulation or transformation are located
in these regions. However, the fact that the fetal line
which grew well in agar after treatment with the
tumour promoter was not chromosomally abnormal
suggests that growth in suspension is not necessarily
closely connected with chromosome rearrangement.
However, the reaction of fetal cells to TPA treat-
ment is in line with the general idea that they
resemble transformed cells in many ways.2927
Three of our cultures of FPC skin fibroblasts

(FPC 5, 6 and 7) were tested independently for
susceptibility to transformation by TPA. Fibroblasts
from FPC 6 and 7 displayed a low frequency of large
(> 0-5 mm) colonies in methyl-cellulose after
treatment. 8 However, Gainer et a128 found that
none of the expanded colonies produced tumours
when injected subcutaneously into nude mice, in
contrast to the results obtained by Kopelovich and
colleagues14 when employing an immune privileged
site, the eye.

It might be expected from the work of Hennings et
a129 that progression to complete malignancy would
involve mutagenesis and would not be achieved by
promoters alone, but in the case of familial polypo-
sis coli there is the added factor of karyotypic
instability. Combined with enhanced growth poten-
tial this may increase the chance of complete
transformation following exposure to promoters or
carcinogens possibly by means of genomic transposi-
tion coupled with gene amplification.30 31 However,
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since benign adenomatous polyps in both sporadic
cases and FPC patients have been shown to have a

high level of chromosomally abnormal cells,32 33 it is

perhaps more likely that the anchorage independ-
ence induced in FPC cultured cells corresponds to
an early stage in the adenoma-carcinoma sequence.

We wish to thank the following people: Drs B C
Morson and H J R Bussey of St Mark's Hospital for
providing material from FPC patients; Mr J Atwood
for technical help and efficient laboratory organisa-
tion; Mrs Jean Barrie for help of all kinds; Dr J
Parrington for critical reading of the manuscript;
and Tina Tsang for typing. This work was supported
by the Medical Research Council and the Cancer
Research Campaigni of the UK.

References

Anderson DE, Romsdahl MM. Family history: i criterion for
selective screening. In: Mulvihill J, Miller R. Fraumeni JR Jr.
eds. Genetics of humnan canicer. New York: Raven Press. 1977:
357-62.

2 Fraumeni JR Jr. Clinical pattcrn of familial cancer. In:
Mulvihill J, Miller R, Fraumeni JR Jr, eds. Genetics of hunati
cancer. New York: Raven Press, 1977:223-35.

3 Lynch HT, Harris RE. Lynch PM. Guirgis IIA. Lynch JP.
Bardaiwill WA. Role of hereditv iln multiplc primary cancers.

Canc-er 1977;40:1845-59.
4 Muto T, Bussey HJR. Morson BC. The evolution of cancer of

the colon and rectunm. Caticer 1977;36:2251-7(0.
5 Schneider NR, Cubilla AL. Chaganti RSK. Association of

endocrine neoplasia with mtultiplc polyposis of the colon. Cancer
1983;51:1171-5.

6 Utsunomiya J. Nakaimura T. The occult ostcomiiatous changes in

the mandible in patients with familial polyposis coli. Br J Surg

1975;2:45-5 1.

7 Utsunomiya J. Maki T. Iwama T. Gastric Iesion of familial
polyposis coli. Cancer 1974;34:745-54.
Gardner EJ. Rogers SW, Woodwaird S. Numer-ica l and structtu-
ral chromosome aherrations in cultured lymphocytes ind
cutancous fibrohlasts of patients with multiple adenomas of the
colo-rectum. Cancer 1 98';49: 1413-9.
Delhatnty JDA. Davis MB. Wood J. Chromosotilc instahility ill
lymphocytes, fibrohlatsts and colon cpithclill-likc cclls from
paticnts with familial polyposis coli. Cancer Genet (C'togenct
1983;8:27-5(0.
Pollack RE, Kopclovich L. The cytoskelctoti in cultured cells:
co-ordinatc in vitr-o regulation of cell growth and shapc.
Method.s Achier Lx/) Patltol 1979;9:20)7-3(0.
Heim S. In vitro growth charactcristics of skin fibh-ohlatsts fr-onm
patients with adenomatosis of the colon and rectuLm ind their
rclatives. Clitt GenCet 1983:23:41-8.

12 Berenblum 1. Thcorctical and practical aspects of the two stage
mcchanism of carcinogenesis. In: Griffen Clark A. Shaw CR.
eds. Carcinogetts: idetttificationi an,d inechattisoszl of action. New
York: Raven Press. 1979:25-36.

13 Diamond L, O'Brien TG. Baird WM. Tumor promoters and the
mechanism of tumor promotion. Adv Canicer Re.s 1980(132:1-74.

4 Kopelovich L, Bias NE, Helson L. Tumor protnoter alonc
induecs neoplastic transformation of fibrohlasts from human
genetically predisposed to cancer. Nature 1979:282:619-21.

Kopelovich L. Phenotvpic imiarkers of huinman skin fibrohlasts as

possicbl diaignostic indices of hereditary adenomatosis of the
colon and r-cctum. Cattcer 1977;40:2534-41.

Ih Danes BS. Burlow S. Svendsen LB. Hiereditarv colon canccr
syndromics: an in vitro study. C/itt Gettet 198(1;18:128-36.

17 Todaro GJ. dc Larco JE. Cohen S. Transformationi hnmurine
and feline sarcoma viruses specifically blocks hinding of
epidermal growth factor to cells. Natulre 1976;264:26-31.
Ganisler T, Kopclovich L. Effects of 12-0-tetradecanoyl-
phorhol-13-acetate and cpidermal growth factor on the prolif-
eration of human mutant fibroblasts in vitro. Cantcer Lett
1981:,13:315-23.
Brooks RF. Regulation of the fibroblast cell cycle hy serum.
Nature 1976;260:248-50.

2" Pfeffer- L. Lipkin M, Stutmnan 0. Kopelovich L. Gr owth
ahnorma-lities of cultured human skin fibroblasts derivcd from
individuals with hereditary adenonmatosis of the colon and
rectum. J C'ell Plhs'siol 1976:89:29-38.

21 Kopelovich L. Gardner EJ. The use of tumor promoterl for the
detcction of individuals with Gardncr's syndromc. Cattcer
1983;51:7 1 -20).

-- Kakunaga T. The transformnation of human diploid cells by
chemical caircinogens. Proc Natl Acad Sci USA 1978;75:1334-8.
Meyer AL. In vitro transformation assays for chemlical carci-
nogens. Miutat Res 1983;115:323-38.

24 Antecol MIl. Mukhcrjec BB. Effccts of 12-0 tetradecatnoyl-
phorbol-13-acetate on fibrohlasts from individuals gcientically
disposed to cancer. Caticet Res 1982;42:387(1-9.

S Alexander P. Fetal intigcns in cancer. Nalture 1972;235:137-40.
-" Balinsky D. Cayanis E. Berscha 1. Isozymc studies of hulmail

liver and hepatoma with particular rcfcrence to kinictic prop-

erties of hcxokinase aind pyruvate kinatse. It: lso.zrtynes III.

Der,eloptmtettal biology. New York: Acadcmic Press. 1975:919.
27 Inwood M. Povey S, Dellhanty JDA. Coniparisomt of isozymes in

fetal, adult and transformed fibroblasts. Cell Bio!l Itt Rep
198(0;4:327-35.

2' Gaincr IHStC. Schor S. Kinsella AR. Susccptibility of skin
fibroblasts from individuals genetically disposcd to canrccr, to
transforma1tion by the tumor promotcr 12-0-tetradccatmoyl-
phorbol- 13-acetate. Ittt J Cattcer 1984;34:349-57.

2- Hennings 1-1 Shores R. Wenk ML. Spanglcr EF, Taronc R.
Yuspat S11. Malignant conversion of Ilmouse skin tumnors is

increased hy tumor initiators and unaftcctcd by tunior piomo-
ters. Nature 1983;304:67-9.

3" Miyaki M, Adamatsu N, Ono T. Tononmura A, Utsononliya J.
Morphologic transformation and chromiiosome changcs indiuced
hy chemical carcinogcns in skin fibrohlasts from paticnts with
familial polyposis coli. J Nat! Cattcer lttst 1982:68:563-71.
Barsoum J. Varshavskv A. Mitogenic hormioncs anid tumor
promotcrs grcatly increase the incidenlcc of colony fot ming cells
bcaring amplified dihydrofolatc gcnes. Proc Natl Acad Sci USA
1983 ;80:533(-4.

32 Mitclman F. Mark J. Nilsson PG. Denckcr H. Norryd C.
Transhcrg KG. Chromosome haniding paittern int humain colonic
polyps. Hereditas 1974:78:63-8.

- Rcichman A. Martin P. Levin B. Katvotypic findings in a
colonic villous adcnomra. Cattcer Gettet Cstogentet 1982;7:51-7.

Correspondence and requests for reprints to Dr
Joy D A Delhanty, Department of Genetics and
Biometry, The Galton Laboratory, University Col-
lege London, Wolfson House, 4 Stephenson Way,
London NW1 2HE.

144

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.23.2.131 on 1 A
pril 1986. D

ow
nloaded from

 

http://jmg.bmj.com/

