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Seminal polyamines as agents of cervical
carcinoma: Production of aneuploidy in squamous
epithelium

S Fletcher, W A Neill, M Norval

Abstract
The effects ofseveral polyamines found in
seminal fluid on the cell cycle and ploidy
of three cervical cell lines and of
primary epithelial cells cultured from
cervical biopsy specimens were moni-
tored by fluorescent flow cytometry. The
rate of cell growth did not change but
there were indications of either hypo-
diploidy or hyperdiploidy in some

cultures at certain concentrations of
spermine and spermidine. An inter-
action of exogenous polyamines with the
DNA of cervical cells was shown to
occur, leading to changes in ploidy with,
perhaps, the potential to induce or

promote dysplasia.
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The cause of cervical squamous carcinoma is
unlikely to be unique and may contain com-

ponents which are both intrinsic and extrinsic
to the cervix. The pubertal metamorphosis of
the cervix provides the best known intrinsic
component-the ectopy of columnar glan-
dular epithelium with the emergence of a new

type of squamous epithelium.' The squamous

replacement arises focally in the columnar and
glandular ectopy by basal reserve cell
proliferation and creates the transformation
zone which is significantly prone to future
malignancy.2 Malignancy in the transfor-
mational squamous epithelium, however,
cannot be explained entirely by an intrinsic
epithelial instability, and epidemiological and
other evidence indicate that extrinsic events
play a part. The epidemiological findings
favour an agent transmitted sexually from
male to female but are unable to specify its
exact nature.3 Human papillomavirus (HPV)
types, in particular, have been much studied
and have established interesting and useful
correlations with cervical neoplasia, but with-
out defining a causal role.4 Less attention,
however, has been paid to the possibility of
transferable chemical agents acting either as

carcinogens or as adjuvants to other agents.
The known growth promoting activities of

plant and animal polyamines make them pos-
sible candidates.5 Seminal fluid contains
several polyamines, particularly spermine, in
concentrations (0 5-3 5 mg/ml) exceeding
those used in demonstrating their effects in
vitro.' Polyamines are essential for cell
growth, and raised concentrations of them and
their limiting synthetic enzyme, ornithine

decarboxylase, which produces the parent
molecule putrescine, accompany periods of
enhanced growth and differentiation in
embryos and of regeneration in rat liver.7 The
specific inhibitor of ornithine decarboxylase,
2-difluoromethyl ornithine, lowers polyamine
concentrations and inhibits cell growth in vivo
in animal tumours' and in cell cultures of
malignant cell type.9 The stimulation of cell
growth and especially the prospect of an
exogenous activation encouraged us to study
the effects of the polyamines found in seminal
fluid on cultured cervical squamous epithelium
from the transitional zone and also on certain
laboratory cell lines.

Methods
POLYAMINES
Spermine, spermidine, and 1 ,3-propan-
ediamine were purchased from Sigma (Poole,
Dorset). They were dissolved in 0 1 N HC1 at a
concentration of 1 mg per ml and diluted
appropriately in medium just before use.

CELL LINES
SiHa and CaSki cell lines were obtained from
Dr H Cubie, and HeLa and Vero from Gibco
Ltd (Paisley, Scotland). They were cultured as
monolayers in Eagle's medium supplemented
with 2 mM L-glutamine, 100 IU/ml penicillin,
200 jg/ml streptomycin and 5% pooled inac-
tivated human serum. After trypsinisation the
cells were subcultured into wells of tissue
culture plates (Sterilin UK), 2 ml containing
1 x I05 cells per ml in each well. The plates
were incubated at 37 °C in 5% carbon dioxide
in air, and one day later polyamines at various
concentrations were added for up to 72 hours.
Control cultures contained no polyamines.

CERVICAL CELL CULTURES
Cervical epithelium for culture came from
normal (hysterectomy) cervices within 30 min-
utes of removal from women between the ages
of 27 and 50 years (mean = 41 years). Under
the dissecting microscope the transformation
zone was identified and the ring ofpredominan-
tly squamous epithelium was incised around its
inner and outer borders. Anterior and posterior
sectors were then defined by two lateral radial
incisions. The sectors were lifted by forceps
and undercut by fine scissors as closely as
possible to the epithelium. Samples for his-
tological examination were taken to confirm
their origin and absence of cervical intraepith-
elial neoplasia, HPV infection, or other abnor-
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Figure I DNA
histograms of SiHa
cultures after 48 hours of
incubation: (A) control
cells showing normal GO/G,
and its corresponding G2M
peak; (B) with 0-4 pg/ml
spermidine showing an An
(aneuploid) peak at
aneuploid GOIG, with a
DNA index of 0 77 and a
corresponding aneuploid
G2M peak with a DNA
index of 1 55; (C) with
6 pug/ml spermidine
showing aneuploid peaks
with DNA indices of 0 78
and 1 65; (D) with 12 tg/
ml spermidine showing
aneuploid peaks with
DNA indices of 0 76 and
1.60.
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malities. The specimens were minced finely
with scissors and four to six pieces were grown
in wells of tissue culture plates (Sterilin UK)
under cover slips until epithelial outgrowth was
established, usually in two to three weeks. The
medium was RPMI 1640 containing the same
supplements as Eagle's medium above, and it
was changed weekly. Cultures were then
incubated for a further six days in the same
medium but with the addition ofpolyamines at
various concentrations. Control cultures con-
tained no polyamines.

Pooled human serum was used in the culture
medium throughout the study to avoid the
action ofamine oxidase. The enzyme is present
in bovine serum, even after inactivation at
56 °C for 30 minutes, and converts spermine
and spermidine to cytotoxic aldehydic
products. '

DNA ANALYSIS
At the end of the incubation period cultures
were harvested by trypsinisation and further
processed forDNA analysis by flow cytometry

Figure 2 DNA
histograms ofHeLa
cultures after incubation
for 48 hours: (A) control
cells; (B) with 6 pg/ml
spermidine; (C) with
12 pg/ml spermidine; (D)
with 25 pg/ml spermidine
showing a hyperdiploid
peak at An GOIG, with
DNA index of 1 23 and a
corresponding G2M peak
with a DNA index of
228.
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Figure 3 DNA
histograms of Vero
cultures: (A) control
cells; (B) after incubation
for 48 hours with 10 pg/ml
spermidine showing a
hyperdiploid peak at An
GOIG with DNA index of
1*19.
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using the technique of Vindelov et al." A
minimum of 10000 nuclei of each sample were
analysed for DNA content after staining with
propidium iodide. The flow cytometer used in
this study was a Coulter EPICS C operating at
a laser output of 150 mW at a wavelength of
488 nm. Red fluorescent signals (RFL) were
collected in linear mode on 256 or 1024 channel
histograms. Analysis of cell cycle compart-
ments was performed by the Coulter EASY-2
computer package incorporating "Cytologic"
software.

CELL SORTING
Cells harvested by trypsinisation were pelleted
by centrifugation at 500 x g for five minutes and
the pellets were resuspended in 100Ml
Rhodamine 123 (Sigma) at a concentration of
10 ,ug/ml.'2 Excess stain was removed by wash-
ing the cells in 0 01 M phosphate buffered
saline, pH 7 2. Cells were finally resuspended in
medium containing 10% serum at 106 per ml
and sorted on the basis of the log green
fluorescence (LGFL) signal collected on a one

parameter histogram. Gates were set to collect
viable and non-viable cells at a flow rate of 1000
cells per second. Both populations of cells were
then processed for DNA analysis as above.

Results
CELL LINES
HeLa, CaSki, and SiHa cell lines were chosen
for this study as they were all derived from
cervical carcinomas and contain HPV sequen-
ces. HeLa has 10-50 integrated copies ofHPV-
18 per cell with part of the genome from E2 to
L2 missing. CaSki contains greater than 500
copies ofHPV-16 per cell, all integrated, while
SiHa has about 10 copies per cell of HPV-16,
missing E2, E4, and some L sequences.
The three cell lines responded differently to

the polyamines spermine and spermidine, used
at concentrations of 0-450 jug/ml. In the case
of SiHa cells no changes in DNA profile were
seen at any concentration at 24 hours, but at 48
hours a hypodiploid peak was observed below
the GO/G1 peak labelled An (aneuploid) (fig 1).

Figure 4 Vero cells 48
hours after incubation with
10 jg/ml spermidine,
stained with Rhodamine
123 and sorted into: (A)
non-viable (2 49% viable
cells); (B) viable cell
population (88 8% viable
cells). The vertical line
represents the cut-offpoint
between viable and non-
viable cells calculated on
the basis of a background
of autofluorescence. (C)
DNA histogram of non-
viable cells. (D) DNA
histogram of viable cells
showing hyperdiploid peak
with DNA index of 1 15.
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a~~~~~~~~~~~

Figure 5 Cervical cells after 15 days in vitro showing epithelial outgrowth from an

explant.

The DNA index of this peak was shown to be
less than 1-0 by incorporation of an external
control (chicken red blood cells). There was
also an equivalent hypotetraploid G2M peak.
The paired hypoploidy occurred at all the
polyamine concentrations, but by 72 hours the
double peaks had disappeared and the only
important change was in the percentage of cells
in the G2M fraction of the cell cycle. This
reduced from 10-2% in the control to a mean of
5-5% in cultures with added spermine and
1-2% with spermidine.
For CaSki cells, no changes were seen at 24

hours, but at 48 hours a hyperdiploid peak with
a DNA index greater than 1-0 was observed in
cultures receiving 5 Mg/ml spermine or sper-
midine, or greater. These changes persisted at
72 hours. A similar picture was found for HeLa
cells except the paired hyperploid peaks were

only seen at relatively high concentrations of
polyamines (25-50 ug/ml). Analysis of the cell
cycle compartments did not show any sig-
nificant differences at the lower concentrations
of polyamines. Examples of HeLa cells harves-
ted at 48 hours are shown in fig 2.
The hyperploid peaks were unexpected and

further studies were done using Vero cells as

these cells also showed a consistent hyperdi-
ploid and hypertetraploid peak 48 hours after
incubation with 10 jg/ml spermidine (fig 3A
and B). The Vero cell line is fibroblastic and
derived from the kidney of a normal African
green monkey. It was decided to separate the
cell population into viable and non-viable cells

on the basis of uptake of rhodamine by the
mitochondria of viable cells.'2 Non-viable cells
exhibit a weak, diffuse, green immunofluores-
cence. The cells were therefore stained and
separated into non-viable and viable popula-
tions (fig 4A and B). The DNA stain was then
carried out on each population. Figure 4D
shows that the DNA from the viable cell
population contained the hyperdiploid peak
(seen as a "step" on the descending limb of Go/
GI), while the DNA from the non-viable cells
did not (fig 4C).

CERVICAL CELLS
Great care was taken to remove only the
transformation zone of the hysterectomy
specimens and 18 biopsy specimens were suc-

cessfully cultured yielding squamous epithelial
cell outgrowths, an example of which is shown
in fig 5. The cultures were incubated in the
presence of spermine, spermidine, or 1,
3-propanediamine at concentrations ranging
from 0-2-50 jg/ml, and the cell cycle analysed.
There was no significant difference within the
cell cycle compartments, even at the highest
polyamine concentration (table). On occasion,
however, both spermine and spermidine at
5 ,ug/ml or higher gave rise to histograms which
exhibited aneuploidy with a DNA index of less
than 1 0 (fig 6). These samples have been
excluded from the table. The aneuploidy was

found in two samples with spermine at 5 ,ug/ml
and four at 50 jug/ml, and in three samples with
spermidine at 5 sg/ml and seven at 50 ,ug/ml.
Only some cultures showing aneuploidy at
5 pg/ml were also aneuploid at 50 ,ug/ml. Aneu-
ploidy was not seen with 1,3-propanediamine
at any concentration.

Discussion
Most studies on polyamines have concentrated
on the effects of their depletion in cells using
inhibitors affecting their synthetic pathways.
We wished to find out what happened to the
DNA during the cell cycle of cervical cells
when exogenous polyamines were present in
the culture medium at or below the concentra-
tions found in seminal fluid. The existence of a
polyamine transport system has been shown in
eukaryotic cells.'3 Polyamines therefore
accumulate intracellularly and are partially
interconverted inside the cells.
Although the functions of polyamines in

mammalian cells remain obscure, they seem to
be essential for cell growth.5 The precise
mechanisms of growth stimulation are difficult
to define but include promoting or accelerating
effects on all the major processes of prolifera-

Proportion of nuclei in primary cervical cells in various phases of cell cycle after culturing with polyamines

Number of samples
suitable for % of nuclei in % of nuclei in % of nuclei in

Polyamines parametric analysis G0/G, phase (SD) S phase (SD) G2M phase (SD)

None 18 81 8 (10-8) 12 4 (8-7) 5 4 (2 9)
5 ug/ml spermine 16 82-3 (7-1) 11 1 (4-6) 4-3 (1 9)

50 pg/ml spermine 11 79-1 (8-4) 15 7 (6-8) 4-8 (2-1)
5 pg/ml spermidine I1 78 0 (9-5) 17 7 (10 3) 4 6 (2-0)

50 pg/ml spermidine 8 76-5 (10-8) 18-1 (9-7) 4-4 (1 7)
5 pg/ml 1,3-propanediamine 16 83-0 (7-3) 12-3 (3 9) 3 9 (1 8)

50 pg/ml 1,3-propanediamine 16 88-5 (6-3) 13-1 (4-1) 6 1 (3-6)
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Figure 6 DNA
histograms of cervical
cultures after incubation
for six days with spermine
at different concentrations:
(A) control cells; (B) 5
,ug/ml spermine; (C) 25
ig/ml spermine; (D) 50
pg/ml spermine; B, C, and
D show hypodiploid peaks
(An) with DNA indices of
0 71, 0 73, and 0 79,
respectively.

5

4

3

2

CIO
° 1
x

E
c

45

4

2

1

0 Red fluorescence 1024 Red fluorescence

tion-DNA replication and transcription,
mRNA translation, stability of mRNA and
tRNA, and post-translational modification of
proteins and enzymes.5 The growth effects of
polyamines do not seem to stem from a restric-
ted number of strong localised site-specific
actions on enzymes (other than those for their
synthesis and degradation), but from interac-
tions of a much more general nature with a
variety ofmacromolecules whose activities and
relations they modulate. Of relevance to this
study is the finding that in synchronised cells
the intrinsic polyamine content is highest at the
end of GO/GI phase and has been shown to
influence the initiation ofDNA synthesis in the
S phase.'4 15
Polyamines are known to change the confor-

mation ofDNA by affecting its condensation'6
and by inducing its transition from a right-
handed helix to a left-handed helix in suitable
base sequences.'7 Manning has proposed that
the polyamines are able to neutralise the
negatively charged phosphate groups on DNA
and, in high concentration, could cause
collapse, condensation, or compaction of the
DNA molecule by reducing their mutual repul-
sion.'8 Others think that the polyamines may
occupy the minor groove of DNA rather than
cover the phosphate groups"' and there is also
some evidence for site binding and inter-
molecular cross-linking,20 all of which would
influence the access of transcriptional enzymes
and the action of regulatory sequences.

In this study we have shown that exogenous
spermine and spermidine in some instances can
affect theDNA ofprimary cervical cells and cell
lines. There was no evidence that the
polyamines, even at high concentrations
(50 Mg/ml), were cytotoxic because the percen-
tage of cells undergoing mitosis did not change.

1024

Two unexpected effects, hypodiploidy and
hyperdiploidy, were noted. These were not due
to cell death as, in the case of hypodiploidy, an
appropriate G2M peak was seen at a channel
number twice that of the GO/GI (figs 1 and 2),
indicating that these cells are capable of div-
ision; in the case of hyperdiploidy cell sorting
showed that the cells were viable. It is also
possible that the polyamines had caused abnor-
mal condensation of DNA in some cells, or
perhaps had inhibited unwinding of the DNA
helix, thus preventing the propidium iodide
from intercalating and giving a false impression
of the DNA content. Whatever the mechan-
ism(s) it is clear that exogenous polyamines can
change the structure of cellular DNA, and
hence its function and regulation, and that they
do so without loss of viability or mitotic
potential. Thus the control of the cell may be
sufficiently changed to predispose to dysplastic
changes; further enhancement by other
interacting factors, such as concurrent HPV
infection, may be found. The protection affor-
ded by cervical mucus is of obvious importance
as it may prevent exogenous polyamines reach-
ing the epithelial cell surface. On the other
hand, high concentrations of nicotine21 22 have
been found in mucus and may well act as
adjuvants to prevailing concentrations of
endogenous and seminal polyamines. Changes
in cervical mucus with puberty, menstruation,
and oral contraception may also influence the
protection afforded.
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