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Abstract-Concentrations ofpolyamines, DN.4 and oestrogen receptor (ER) binding sites hate 
been estimated in 23 malignant and 2 benign breast turnours. Polyamine and DK.1 concentrations. 
expressed per unit wet weight of tissue, were sign$cant& higher in ER-poor (< IO fmol/mg 

+osol protein) than in ER-rich turnours. Spermidineispermine ratios were similar in ER-poor 
and ER-rich turnours. There waJ a relationship between po[yamine and L>~V~~I 14s and u,hen 
polyamine concentrations were expressed per unit weight of DNA those in ER-poor tumours did 
not diff from those in ER-rich tumours. Possible reasons jbr these ,jindingJ are discussed. 

INTRODUCTION 
ALTHOUGH their mode of action remains to bc 
elucidated, polyamincs appear to bc involved in cell 
proliferation [ 1, 21. Evidcncc has been prcscntcd 
that inhibition of ornithinc dccarboxylase, the 
enzyme which initiates the biosynthesis of these 
substances, can rcducc the chemical induction [3-61 
or growth [7] f 0’ rodent breast tumours and the 
oestrogen-stimulated growth of human breast 
cancer cells in culture [8]. Exposure to ocstradiol 
of cultured cells increased ODC activity [9] and 
polyamine concentrations [lo] and the antioe- 
strogen tamoxifen decreased ODC activity as well 
as proliferation [9]. 

A recent report has presented evidence that the 
polyamine concentrations in human breast tumour 
tissues may be related to histological type and grade, 
time to recurrence of the disease and ocstrogcn 
rrceptor (ER) binding site concentration, and it 
was concluded that high lcvcls of polyamines were 
associated with tumour aggrcssivcncss [l 11. We 
have analysed breast tumour tissues from 25 pati- 
ents for polyamines, oestrogen receptor binding sites 
and dcoxyribonuclcic acid (DNA) and have found 
a close relationship between concentrations of these 
components. 
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MATERIALS AND METHODS 

Tissues 
Samples of tumours wcrc taken from 25 patients; 

23 were found to bc malignant and 2 benign. 
Tissues wcrc frozen immediately in liquid nitrogen 
and stored in liquid nitrogen until assay. 

Chemicals 
Putrescine dihydrochloride (PUT.HCl), spermi- 

dine trihydrochloride (SPD.HCl), spermine tetra- 
hydrochloride (SPE.HCI), 1,6_diaminohexane 
(DAH), 1,8-diaminooctanc (DAO), trichloracetic 
acid (,4CS reagent), calf thymus deoxyribonucleic 
acid (highly polymerized, sodium salt), activated 
charcoal (hydrochloric acid washed and untreated 
powder), high purity 3,5_diaminobenzoic acid 

(DABA), Tris(hydroxymethyl)aminomethane 
(Tris), monothioglycerol and diethylstilboestrol 
(DES) were from Sigma Chemical Co. (Poole, 
Dorset, U.K.); analytical grade sodium dihydrogen- 
phosphate, ethylene diaminotetra-acetic acid 
(EDTA) and glycerol were from BDH Ltd (Poole, 
Dorset, U.K.); dextran T70 was from Pharmacia 
A.B. (Uppsala, Sweden); [2,4,6,7-“Hloestradiol 
(sp. act. 85-l 10 Ci/mmol) was from Amersham 
International plc (Amersham, Bucks.); diethyl 
ether, water (HPLC grade), methanol (HPLC 
grade) and all inorganic chemicals were from 
Fisons (Loughborough, Leicestershire, U.K.); ben- 
zoyl chloride (gold label) was from Aldrich Chemi- 
cal Co. (Gillingham, Dorset, U.K.); ethanol (ana- 
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lyticai reagent) was from James Burrough (Witham, 
Essex, U.K.). 

Free DAH and DA0 were trcatcd with hydro- 
chloric acid to convert them to dihydrochloridcs 
(DAH.HCI and DAO.HCI) and recrystallized from 
ethanol; stock solutions (10 mM in HPLC grade 
water) of polyamine and internal standard hydro- 
chlorides wcrc stored at -20°C. Stock solutions of 
DNA (1 mg/ml in 50 mM potassium chloride) were 
stored at 4°C up to 4 weeks; working standards 
(50 kg/ml) were prcparcd immediately bcforc USC. 
DABA was purified by treating a 1 M aqueous 
solution with hydrochloric acid-washed charcoal 
(2% w/v), shaking the suspension on a vortex mixer 
every minute for 10 min, centrifuging (1000 g) for 
5 min, decanting the supcrnatant solution, rcpeat- 
ing the treatment once more and filtering through 
Whatman 2 pm filter paper. Ether was redistilled 
within 24 h of use. 

Equipmenl 
A Polytron PT 10-35 homogenizer (Northern 

Media Supply Ltd, North Humbcrsidc) was used 
for preparation of tumour samples for polyamine 
and DNA analysis. A ‘Mikro-Dismcmbrator’ 
(Braun, Melsungen, F.R.G.) was used to prepare 
tumour samples for assay of ER binding site conccn- 
trations. 

A Dri-Block DB-3 Heater (Tcchne (Cambridge) 
Ltd, Duxford, Cambridge, U.K.) was used for 
drying DNA precipitates. 

For separation of benzoyl derivatives of poly- 
amines a methyl octyl silyl Hypersil analytical col- 

umn, 10 cm long, diameter 5 mm (Shandon Sou- 
thern Products Ltd, Runcorn, Cheshire, U.K.) and 
a Waters Guard-PAK prccolumn module charged 
with a Resolve CN insert (Millipore U.K. Ltd, 
Harrow, Middlescx, U.K.) were fitted into a Model 
5000 HPLC system (Varian Associates, Walton- 
on-Thames, Surrey, U.K.) connected to a Varian 
UV-100 Detector set at 235 nm and a Varian 4270 
Integrator. Samples were injected via a Rheodyne 
7125 syringe loading injector fitted with a 50 l.~l 
sample loop. 

A Model 3000 Fluorescence Spectrophotometer 
(Perkin Elmer Ltd, Beaconsfield, Buckinghamshire, 
U.K.) was used for DNA analysis using a quartz cell 
of 1 ml capacity, excitation slit 10 nm, excitation 
wavelength 400 nm, emission slit 5 nm and 
emission wavelength 504 nm. 

All glass tubes and plastic ware used for the 
polyamine assay were rinsed with methanol before 
use. 

Polyamine assay 
The method used is based on that described by 

Redmond and Tseng [ 121. Frozen tumour samples 
were thawed and dissected at 4°C. After removal 

of fat and necrotic tissue, replicate (2-5) picccs 
(15-50 mg) were homogenized (Polytron setting 
7) in 2.5 ml phosphate buffer (1 mM, pH 7.4) 
containing internal standards (1 nmol DAH.HCl 
and 5 nmol DAO.HCI). Careful homogenization 
(three times 5 s alternated with cooling in ice for 
30 s) minimized local heating. Homogcnatcs were 
trcatcd with 250 p.1 TCA ( 100% w/v) and the 
mixtures cooled at 4°C for 30 min, ccntrifugcd 
(2500 g) for 40 min and the supcrnatant solutions 
transfcrrcd to glass-stoppercd test-tubes. The prc- 
cipitatcs were kept at 4°C for subsequent DNA 
assay. The solutions containing polyamincs were 
washed three times with redistilled ether (5 ml) 
followed by ccntrifugation (1000 g, 5 min) to scpar- 
ate the two layers and aspiration of the cthcr phase. 
Any cthcr remaining in the tubes after the last wash 
was removed under a gentle stream of nitrogen at 
room temperature. 

Four standard mixtures containing PUT.HCI 
(0.5, 1.0, 2.0 and 4.0 nmol), SPD.HCI (1.5, 3.0, 
6.0 and 12.0 nmol) and SPE.HCl (2.5, 5.0, 10.0 
and 20.0 nmol) in 2.5 ml phosphate buffer were set 
up at this stage and internal standards (DAH.HCI, 
1 nmol, and DAO.HCI, 5 nmol in 50 ~1) added, 
followed by 2.5 ml NaOH (1 M). After careful 
mixing, bcnzoyl chloride (10 pl) was added to all 
samples and standards and the solutions shaken on 
a vortex mixer for 10 s and allowed to stand for 
5 min. A further 5 ~1 benzoyl chloride was added 
followed by shaking. The tubes were then placed in 
a water-bath at 25”C, mixed as before every 10 min 
for 30 min, and allowed to stand for another 
30 min. Saturated sodium chloride solution (35 g/ 
100 ml water, 3 ml) was added and the solutions 
mixed on a vortex mixer followed by extraction of 
the bcnzoylatcd derivatives with redistilled ether 
(3 ml) and ccntrifugation. The ether extracts were 
transfcrrcd to clean tubes, taking care not to pick 
up any aqueous phase, and the ether removed under 
nitrogen at room temperature. The rcsiducs were 
dissolved in 150 ~1 of HPLC solvent (methanol : 
water, 55 : 45) and left, with tubes tightly capped, 
at room temperature for 12-24 h prior to injection. 

Twenty-five microlitres (or more or less, depend- 
ing on polyamine concentration) of samples and 
standard mixtures were injected every 25 min, the 
HPLC solvent, sonicated before use, being run at a 
rate of 1 ml/min. This produced clean separations 
of polyamincs and internal standards (Fig. 1). Suc- 
cessful application of this method requires attention 
to detail and extreme cleanliness. Results were 
cxprcssed per unit wet weight of tissue or per unit 
weight of DNA. 

DNA assay 
The method used is an adaptation of that of 

Kissane and Robins [ 131. The TCA precipitates 
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Fig. 1. HPLC tracingr from two turnours. (A) rvpiral tracing q/ 
benqvlated deriuatices. On!v P’l .T, 9’1) and WE were measurable. (B) 
Tracin,ys,fbr a minorilv qftumours thou, an additional peak. I, injection; 

1, PI’T: 2, l&W 3. SPD: 4, DAO; 5, SPE. 

wcrc shaken with ethanol (0.5 ml) on a vortex mixer 
and a further 1 ml ethanol was added to wash down 
any precipitate adhering to the sides of the tubes. 
The tubes were hcatcd at 60°C on a Dri-Block for 
15-20 min, cooled, centrifuged (2500 g, 30 min) 
and the alcohol wash discarded. TCA (5% w/v, 
1 ml) was added to each tube. 

A blank and standards containing 2.5, 5.0, 10.0 
and 20.0 p.g DNA were made up to 500 ~1 with 
water and TCA (10% w/v, 500 JJJ) was added. 
Samples and standards were heated at 90°C for 
30 min, during which time the precipitate was 
broken up by drawing up and down a clean glass 
Pasteur pipette. 

The solutions were washed twice with ether 
(4 ml) followed by centrifugation to separate the 
two phases. Any remaining ether was allowed to 
evaporate overnight at room temperature. Two 

hundred microlitrcs (one-fifth) ofcach standard and 
aliquots corresponding to 1 mg of tissue wcrr dried 
in a vacuum oven at 55°C for approximately 1 h. 
Purified DABA solution (100 p.1) was added to each 
tube, the solutions mixed and the tubes hcatcd in 
the DriBlock at 60°C for 30 min. Hydrochloric acid 
(1 M, 750 ~1) was added, the tubes shaken and the 
Buorcsccncc mcasurcd within 10 nun of adding the 
acid. 

ilss~~ oj’oestrogen receplor binding siles 
A single saturating dose, dcxtran-coated charcoal 

technique [14] was used. The protein content of 
tumour supcrnatants was cstimatcd by the method 
of Lowry et al. [ 15J. Concentrations of ER binding 
sites wcrc cxprcsscd as fmol/mg protein. 

S/atislical me/hods 
Within-batch and within-tumour variances wcrc 

calculated from 

where R: is the number of turnours, II, is the number 
of replicates analyscd of the ith tumour sample, x,, 
is thcjth result for the ith tumour, and n, the total 
number of analyses, is n,. 

Mean values were compared using Student’s t 
test. 

RESULTS 

Eualualion of analylical lechniques 
Most tumours contained peaks corresponding to 

PUT, SPD and SPE only (Fig. 1 (;i\)), but a further 
peak (possibly cadavcrinc) was prcscnt in some 
(Fig. 1 (B)). This component, when present in 
appreciable quantity, could interfere with the csti- 
mation of putrcscinc giving rise to overestimates. 

A few tumour extracts contained an impurity 
which was clutcd just before DAH and could affect 
is peak height. Thcrcforc a second internal standard 
(DAO) was used. In most cases similar results were, 
however, obtained with DAH and DAO. 

Estimates of within-batch precision of polyamine 
assays, calculated from analyses of tumour homo- 
genates (Table 1) indicate considerable variation at 
low concentrations. Between-batch reproducibility 
was assessed by analysing samples from a pooled 
tumour homogenate in analytical batches over a 
period of 4 months. Coefficients of variation were 
39.2% for PUT, mean 0.48 nmol, 11.2% for SPD, 
mean 1.8 nmol, 13.3% for SPE, mean 3.1 nmol 
(N= lo), and 19.3% for DNA, mean 41 p.g 
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Table 1. Within-batch precision of polyamine assays. Replicate 
anabses (total number, II) peformed on N tunour homogenates. 
Results expressed as nmolpolyamine in sample analysed. Coeficient 

of variation (Cv) = 100 S.D./mean 

Polyamine Range Mean CV N n 

Putrescine 0.13-0.43 0.28 9.9 5 12 
0.48-8.8 2.7 6.6 5 17 

Spermidine 1.3-1.6 1.5 13.4 5 16 
1.7-21.0 9.9 8.0 5 13 

Spermine 1.7-2.9 2.3 14.8 5 15 
3.3-22.0 11.6 5.6 5 14 

Table 2. Recovery ofpolyamines added to tumour homogenates 

Tumour 
PUT 

nmol % 
SPD SPE 

nmol % nmol % 

1 2 86 6 81 10 84 
2 2 82 6 79 10 81 
3 1 90 3 90 5 95 
4 1 84 3 65 5 83 

Table 3. Within-tumour variation of polyamines and DNA 

Range Wan CV(%) N n 

Putrescine 
pmol/mg tissue 

pmol/pg DNA 

Spemidine 
pmol/mg tissue 

pmol/wg DNA 

Spewnine 
pmol/mg tissue 

pmol/mg DNA 

DNA 
pg/mg tissue 

5.4-33 18.5 35.4 25 81 
35-125 57.9 28.6 25 81 

4.4-14 10.0 31.3 25 81 
1640 24.6 20. I 25 81 

2&125 89.3 26.6 25 81 
135535 256 17.5 25 81 
2&62 54.5 15.9 25 81 
62-127 89.9 12.2 25 81 

20-289 I69 33.0 25 81 
29771042 491 18.0 25 81 
42-102 81.5 17.3 25 81 

105-215 152 12.6 25 81 

0.3-l .8 1.3 28.2 23 74 
1.9-14.5 4.8 24.0 23 74 

(N = 11). While the between-batch variations for 
SPD and SPE are consistent with within-batch 
data (Table I), excessive between-batch errors were 
obtained for PUT. 

Table 2 shows recoveries of polyamines added 
to four tumour homogenates. Recoveries of DNA 
ranged from 60 to 80%. 

Polyamine, DNA and ER concentrations in tumour tissues Ratios ofSPD to SPE were similar in ER-poor and 
Polyamines wet-c estimated in 23 malignant and ER-rich malignant tumours. For ER < 10 fmol/mg 

2 benign tumours, and DNA was estimated in 19 protein the mean SPD/SPE ratio was 0.64 * 0.18 

malignant and 2 benign tumours. Within-turnour 
variations of polyamincs and DNA wcrc studied 
by analysing rcplicatc (2-5) samples in the same 
analytical batch (Table 3). For polyaminc concen- 
trations cxprcssed per unit weight of tissue the 
cocfficicnts of variation were well in cxccss of those 

due to analytical errors (Table 1) and were grcatcr 
than those cxpresscd per unit weight of DNA. A 
relationship bctwecn DNA and polyaminc concen- 
trations cxprcsscd per unit weight of tissue is sug- 

gested by the data shown in Figs 2 and 3. For 
patient O’H. correlation cocfficicnts for PUT, SPD 
and SPE (0.936, 0.912 and 0.975, rcspcctively) 
wcrc significantly different from zero (P < 0.01, 
P < 0.02 and P < 0.001). 

For patient W. no significant correlation was 
found for PUT. Correlation coefficients for SPD 
and SPE (0.894 and 0.984, rcspectivcly) were sig- 
nificantly different from zero (P < 0.02 and 
P < 0.001). 

The highest concentrations of polyamines and 
DNA, expressed per unit weight of tissue, were 
found in ocstrogcn receptor-poor tumours (Figs 
4-7). A benign fibroadcnoma contained 1.9 p.g 
DNA/mg tissue and ER binding sites of 4 fmol/ 
mg protein. Corresponding figures for a benign 
mammary dysplasia tissue wcrc 0.6 pmol/mg and 
11 fmol/mg protein. For malignant tumours with 
ER < 10 fmol/mg cytosol protein mean concen- 
trations + S.D. of PUT, SPD, SPE and total poly- 
amines were 57 + 31, 281 k 142, 481 -+ 294 and 
820 k 437 pmol/mg tissue respectively (N = 10) 
and for ER > 10 fmol/mg protein corresponding 
mean concentrations were 27 +- 16, 116 * 54, 
230 k 119 and 374 + 168 pmol/mg tissue 
(N = 13). Mean concentrations of DNA were 
5.0 r+_ 4.6 p,g/ml tissue in malignant tumours con- 
taining ER < 10 fmol/mg protein (N = 10) and 
1.7 + 0.9 kg/mg tissue in those containing ER 
> 10 fmol/mg protein (N = 11). The diffcrcnccs 
between ER-poor and ER-rich tumours were stat- 
istically significant (P <: 0.01 for PUT, P < 0.001 
for SPD, P < 0.02 for SPE, P < 0.001 for total 
polyamines and P < 0.05 for DNA, Student’s t 
test). 

When polyamine concentrations were expressed 
per unit weight DNA, no significant differences were 
found between ER-poor and ER-rich malignant 
tumours. PUT, SPD, SPE and total polyamines 
were 17 + 10, 74 k 27, 117 + 37 and 208 + 65 
pmol/pg DNA, respectively, for malignant turnouts 
with ER < 10 fmol/mg protein (N = 10) and 
18 + 9.5, 71 + 27, 130t61 and 219+81 
pmol/Fg DNA when ER was > 10 fmol/mg protein 
(N= 11). 
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Fig. 3. Within-tumour relationships betweenpolyamine and DNA concen- 
trations. Replicate samples of tumourfrom patient O’H. (20, 21, 23, 25 
and 29 mg) andpatient w: (18, 18, 19, 24 and 33 mg) were analysed 
and the results expressed per mg wet weight of tissue. Both tumours were 

malignant. 

(A’ = 10) and for ER > 10 fmol/mg protein it was 
0.61 2 0.31 (N= 13). 

DISCUSSION 
The published analytical techniques used for this 

study do not appear to have been assessed rigorously 
with respect to their accuracy when applied to 

tissues. Using a difkrcnt method for polyaminc 
assay Mcsscri el al. [ 171 rcportcd intra- and intcr- 
assay coefficients of variation of 5.6 and 7.7%, 
respectively, but did not state to what conccn- 
trations or which polyamincs thcsc parameters 
apply or from how many assays they wcrc dcrivcd. 
Our prrcision of the polyaminc analyses was satis- 
factory when samples assayed contained more than 
0.5 nmol PUT, 2 nmol SPD and 3 nmol SPE. The 
error dcrivcd from bctwccn-batch assays for PU’I 
seems cxccssivc and could bc due to variable overlap 
ofsmall amountsofthc additional component clutcd 
close to PUT (Fig. 1) (B)). The latter, which may 
play a precursor role only, contributes a relatively 
small proportion to estimates of total polyamincs. 
Bccausc of lower results or shortage of tissues, nine 
estimates of PUT (two for non-malignant and scvcn 
for malignant tumours), six cstimatcs of SPD (one 
for a non-malignant and five for malignant turnours) 
and five estimates of SPD (one for a non-malignant 
and four for malignant tumours) fell into thr ranges 
at which CL’s of 10% or more wcrc obtained. 
However, all results shown in Figs 4-6 arc means 
of three or more estimates so that the CVs for thcsc 
values of PUT, SPD and SPE arc reduced to at 
most 6, 8 and Y%, rcspcctivcly, on the basis of 
within-batch errors or 23, 7 and 8% on the basis 
of bctwcen-batch variation. Rccovcrirs of added 
polyamincs wcrc acceptable, although Lsalucs ncarcr 
100% would be cxpectcd for assays using internal 
standards. In our expcricncc losses of the added 
DAH and DA0 and of PUT, SPD and SPE were 
not identical, and this may account for recovcrics 
short of 100%. For other studies of polyaminc 
content of human breast tumour tissurs [ 11, 181 no 
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assessment ofanalytical reliability or within-tumour total polyamine levels of 336 and 232 pmol/mg 
variation was presented, and the contaminant of tissue in ER-poor and ER-rich tumours, respectively 
PUT (Fig. 1 (B)) noted in a small proportion of [ 111, and 250 pmol/mg in further samples studied 
tumours was not detected. [ 181, while our values are 820 and 374 pmol/mg 

Our results for polyamines are higher than those tissue in ER-poor and ER-rich tumours, respect- 
reported by Kingsnorth et al. [ 11, 181. For ER-poor ively. It is possible that methodological losses 
tumours our values for PUT, SPD and SPE were incurred by the Scottish investigators were greater 
approximately twice theirs and for ER-rich tumours than those of our technique. While their results 
only those for SPE were higher. They reported mean showed significant differences only between esti- 
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mates of total polyamines in ER-poor and ER-rich 
tumours [ 1 I], we found highly significant differ- 
ences for the three individual as well as total poly- 
amines. We thus confirm the claims that, when 
expressed per unit net weight of tumour, ER-poor 
tumours contain greater levels of polyamines than 
those with higher concentrations of ER binding 
sites. However, within-tumour variations of poly- 
amine content thus expressed [ 11, 181 were con- 
siderable and it seems unlikely that such estimates 

can provide satisfactory prognostic indicators. 
Recoveries of added DNA were lower than those 

reported by other investigators using similar 
fluorimetric assays [ 19, 201, and with our technique 
losses were probably incurred at the washing and 
extraction stages. The between-batch CV was high. 
Although others have reported CVs of 6% or less for 
similar methods [20-221, they did not investigate 
between-batch variance using quality control prep- 
arations and may have incurred greater errors than 
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they realized. The reliability of other methods used 
in studies of DNA concentrations in human breast 
tumour tissues [23, 241 has not been asscsscd. 

Tumour concentrations of DNA depend on ccllu- 
larity, ploidy and the proportion of cells in S and 
G2 phases of the cell cycle during which the DNA 
content of cells is grcatcr than after mitosis. Each of 
these may also be related to levels of ER binding 
sites. The greater the cellularity of ER-rich tumours 
the higher their ER content. Howcvcr, in a hctcro- 
geneous population ofER-rich and ER-poor tumour 
cells, the proportions of cell types as well as cellul- 
arity will obviously dctcrminc concentrations of ER 
binding sites. Two malignant tumours contained 
very low concentrations of DNA (0.3 and 0.6 kg/ 
mg tissue) and high lcvcls of ER binding sites (323 
and 199 fmol/mg protein, respectively). Thus high 
receptor content may be associated with poor ccllu- 
larity. The benign mammary dysplasia tissue, 
although apparently of low cellularity, contained 
a low bu’t measurable lcvcl of ER binding sites, 
suggesting that such tissues may bc responsive to 
ocstrogcn. 

specimens [39]. This would seem to be too low and 
may lead to classification as rcccptor ncgativc of 
tissues containing some intracellular ER binding 
sites but a low proportion of tumour cells. While a 
low ICVCI ofDNA indicates poor cellularity, conccn- 
trations considerably greater than 3 pg/mg suggest 
relatively high proportions of cells in S or M and 
G2 phases of the ccl1 cycle or of ancuploid cells. A 
combination oflow cellularity and high ploidy could 
result in ‘normal’ DNA concentrations, so that on 
theoretical grounds this parameter would bc of 
doubtful value in relation to prognostic indicators. 

Cytological examination suggests relationships 
bctwccn ER content and ploidy. A considerable 
proportion of breast tumours appear to bc ancuploid 
[25-341. Higher proportions of ER-poor than ER- 
rich tumours wcrc shown to contain ancuploid 
nuclei [27, 341 although this was not found in other 
studies [28, 321. The proportions of cells in S phase 
tend to be higher in ER-poor than in ER-rich 
tumours [28, 32, 35, 361, and this diffcrencc, 
togcthcr with the possibility of incrcascd ploidy, 
could lead to higher DNA concentrations in ER- 
poor tumours than in ER-rich ones. A significant 
diffcrcnce was indeed demonstrated by Lidcrcau el 
al. [24] and is confirmed by our results. Howcvcr, 
there is poor agreement with regard to estimates of 
breast tumour DNA content obtained by different 
analytical techniques. Deshpandc el al. [23], using 
the method of Burton [37], found average values 
between 2 and 3 pg/mg tissue for different patient 
subgroups while Lidereau el al. [24] using U.V. 
absorption reported means of 1.2 pg/mg tissue in 
ER-rich and 1.6 p,g/ml in ER-poor tumours. We 
found corresponding levels of 1.7 and 5.0 kg/mg, 
respectively, by means of a fluorimetric method, for 
which recoveries of added DNA wcrc examined. It 
is possible that pulverization, used to break up the 
tissues [24], has led to destruction of some nuclei 
and loss of DNA to the ‘cytosol’ fraction. 

It is not surprising, thcreforc, that estimation of 
tumour DNA lcvcls did not appear to scrvc a useful 
purpose from a clinical point of view [23]. In the 
present study tumour DNA concentrations ranged 
from less than 1 pg/mg to 12 pg/mg or more 
(Fig. 7), suggesting poor cellularity in some and 
high cellularity and ploidy in other tumours. All the 
ER-poor tumours contained 1.5 pg DNA/mg tissue 
or more, but if any of these tissues had a high 
proportion of high ploidy cells, ccllilarity could bc 
poor and cellular ER content higher than estimates 
led one to believe. Such tissues could constitute ‘ER- 
negative’ hormone responsive tumours. 

Positive correlation between DNA and polyamine 
content in human breast tumours may result from 
variations in tissue cellularity, from polyamine func- 
tion in DNA synthesis, from chemical association 
of polyamines with DNA or from combinations of 
these. Tissue concentrations of PUT, SPD and SPE 
depend on both their production and catabolism 
and their action is rclatcd to cell proliferation and 
thus to DNA replication [ 1, 21. Polyamine depri- 
vation can result in tumour ccl1 arrest in Gl or 
G2 phases [40] and thus growth inhibition. While 
polyamine action can shorten the S phase of the cell 
cycle [41] and hcncc progression to mitosis, this 
may or may not bc associated with an increase in 
the growth fraction and thus high tumour DNA 
content. Therefore, polyaminc action per SC does 
not necessarily explain a relationship to DNA con- 
centrations. Chemical association bctwccn intra- 
cellular DNA and polyamines, on the other hand, 
could result in a positive correlation between tissue 
concentrations of these components. Tumours with 
high growth fractions and hence a high proportion 
of cells in S phase at any time would contain more 
PUT, SPD and SPE per unit wet weight as a result 
of higher DNA concentration than those with lower 
growth fractions. 

Bascrga [38] has estimated that 1 mg tissue con- In our study, estimates of DNA and polyamines 
tains roughly 5 X 10” cells and that a diploid were obtained from the same pieces of tissue, while 
somatic mammalian ccl1 contains 6 pg DNA. Using separate samples were used for assays ofER binding 
these figures one arrives at a tissue DNA concen- sites. In spite of this, highly significant differences 
tration of 3 pg/mg. Surprisingly, a limit of 0.5 pg/ were obtained for polyamine as well as DNA content 
mg tissue has been set for adequate cellularity between ER-rich and ER-poor tumours. Since the 
in the assay of hormone receptors in drill biopsy highest polyamine and DNA levels were associated 
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with low levels of ER binding sites, the relationship 
was not due to variations in tissue cellularity. The 
high polyamine and DNA contents of ER-poor 
tumours are unlikely to be a result of oestrogen 
stimulation. Hormone-independent production of 
growth factors by tumour cells [42] and autocrine 
or paracrine stimulatory action of these factors on 
polyamine synthesis and replication may result in 
higher levels of polyamincs and DNA than those 
achieved by hormonally controlled processes. 

High SPD/SPE ratios and a correlation bctwcen 
these and tumour growth rates have been reported 
for malignant liver tumours [43]. Since ER-poor 
breast tumours have been claimed to exhibit a poor 
prognosis [44] and may possibly proliferate faster 
than ER-rich tumours, concentrations of ER bind- 
ing sites and SPD/SPE ratios might show an inverse 
relationship. Howcvcr, mean SPD/SPE ratios wcrc 
similar in ER-rich and ER-poor tumour tissues, an 
observation which is in agrccmcnt with a rcccnt 
rrport [ 171. 

It would appear that in human breast tumours 
thcrc is a positive correlation bctwccn tissue content 
of DNA and all three polyamincs and an invcrsc 
relation bctwccn ER binding site concentrations 
and DNA, PUT, SPD, SPE and total polyaminc 
h~ls. In ER-poor tumours factors other than 

oestrogcn may raise polyamine as well as DNA 
content. Since only one-half or fewer ER-poor 
tumours had DNA and polyaminc lcvcls above 
the range for ER-rich tumours, it is possible that 
subgroups exist which differ with rcspcct to the 
nature of agents controlling DNA and polyaminc 
levels or to rcsponscs to a single agent. ER-rich 
tumours showed a wide variation in polyaminc and 
DNA levels. Although this must in part be due to 
variations in cellularity and ploidy, it may also 
indicate diffcrcnccs between tumours with regard 
to the presence of substances controlling both DNA 
and polyaminc Icvcls-such as ocstrogcn, other 

hormones or polypcptidc growth factors-or to 
rcsponsivcncss to these agents. 

In conclusion, while within-tumour cstimatrs of 

polyaminc and DNA concentrations appear to bc 
too variable to provide useful paramctcrs in rrlation 
to prognosis and clinical managcmcnt of breast 
cancer, elucidation of interrelationships bctwcen 
thcsc substances and the mechanisms by which 
their concentrations arc controllrd seems essential 
to an understanding of the bctwccn-patient vari- 
ations in the progression of the disease. 
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