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Polyploidy in non-neoplastic tissues
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Abstract
Aim-To investigate the prevalence and
amount of polyploidy in fine needle aspi-
ration specimens of the liver, urinary
cytospin preparations, and cytospin
preparations from pleural and peritoneal
fluid.
Methods-Celis from 44 liver smears, 48
urine specimens, and 46 pleural and
peritoneal aspirations were examined.
After Feulgen restaining the DNA con-

tent of 100 randomly selected nuclei was

determined using a TAS-plus image
analysis system, combined with an auto-
mated microscope.
Results-Polyploidy was observed up to
16c in the liver, and up to 8c in urothe-
lium and mesothelium. Sixty eight per

cent of the liver aspirates contained poly-
ploid nuclei. The rate in urothelium was

20'8% and in mesothelium 6-5%.
Conclusions-Polyploidy in the liver may
be interpreted as being associated with
tissue differentiation, but the findings in
urothelium and mesothelium remain of
unknown importance.

(3 Clin Pathol 1994;47:38-42)

Although human cells mostly have diploid
chromosomes, polyploid cells with regularly
dividing chromosomes are not uncommon.'
Their occurrence stems from the irreversible
transformation of an individual cell from a

diploid to a polyploid state2 and may arise in
different cell cycle phases' 34: in G2/M phase

("endoreduplication"), prophase ("endomito-
sis"), and metaphase ("metaphase block-
age"). In cases of endoreduplication the cell
does not enter mitosis at all. Endomitosis has
been explained by non-dissolution of the
nuclear membrane, and metaphase blockage
by impediment of the spindle apparatus after
separation of the chromosomes.4 Polyploidy
can be confirmed by the cytogenetic finding
of four, eight, or even higher powers of the
normal diploid chromosomal set which corre-

spond to additional peaks in a DNA his-
togram at 4c, 8c... accompanied by some

cells with the respective S phase values. Until
now, however, cytogenetic analyses have
almost exclusively been focused on neoplastic
lesions.

Since the early 1950s polyploidy in hepato-
cytes, heart muscle cells, and megakaryocytes
has been investigated systematically.' The
highest ploidy levels were 64c in liver cells,7
32c in heart muscle cells,8 and 1 28c in
megakaryocytes.9 Various amounts of poly-
ploidy have been observed in cerebellar
glia,""'1 neuronal tissue,'2 comeal endothe-
lium of the eye,"3 oral squamous epithelium
affected by lichen planus,'4 thyroid follicle
cells,7 endocrine cells of the pancreas,"
endometrial cells showing an Arias-Stella
reaction,'6 granulosa lutein cells of the
ovary,'7 cytotrophoblastic cells, '8 seminal vesi-
cle epithelium,'9 lymphocytes in HIV positive
patients,20 smooth muscle cells of arteries,2'
and mesothelium22 (table). These data under-
line that polyploidy, although occurring
mostly in a low percentage of cells, is quite
common in non-neoplastic human tissues.

Polyploidy in benign tissues

Organ Cell type Condition Method Polyploidy up to Remarks Authors

Brain Cerebellar glia Normal C, 50 10/10 8c 8c nuclei O-1% Mann and Yates 19731011
Brain Neurons, nucleus dentatus Normal newborn infant S, 110 1/1 8c 8c nuclei are rare Miller 196212
Eye Corneal endothelium Normal C, 300 21/31 8c 8c nuclei in 2 cases Ikebe et al, 1984"3
Oral cavity Squamous epithelium Lichen planus C, 100 25/29 8c >8c nuclei in 5 cases Biesterfeld et al, 199114
Thyroid gland Follicle cells Normal, goitre C 51/51 128c 16c common, 128c in 1 case Heide 19827
Heart Muscle cells Normal, hypertrophy S, 30 59/59 32c 32c nuclei 5-8% Kompmann et al, 1966'
Liver Hepatocytes Normal C 48/48 64c 64c nuclei in 1 case Heide 19827
Pancreas Islets cells Normal S, 30 7/7 8c 2c:4c:8c = 75:20:5 Ehrie and Swartz 197415
Uterus Endometrial cells Arias-Stella reaction S, 100 5/5 16c 16c nuclei in 4 cases Wagner and Richart 196817
Ovary Granulosa lutein cells Pregnancy S, 100 3/3 8c Stangel et al, 1970"8
Placenta Cytotrophoblast Normal C, 250 73/80 16c Kropffet al, 1993"9
Seminal vesicle Epithelial cells Normal S /77 64c 32c common, 64c rare Miller et al, 197320
Urinary bladder Urothelium Normal C, 100 10/48 8c Biesterfeld et al, 1993

(this study)
Lymph node Lymphocytes HIV infection C, 100 3/8 8c 8c nuclei in 2 cases Auffermann et al, 198621
Artery Smooth muscle cells Normal S, 200 9/9 32c 16c and 32c nuclei <1% Barrett et al, 198322
Mesothelium Mesothelial cells Non-malignant diseases C, 100 8/14 16c Isoda and Hamamoto 198523
Blood Megakaryocytes Normal C, 100 10/10 64c 64c nuclei in rare cases Pfitzer et al, 19839

Megakaryocytes Paraneoplastic syndrome C, 100 30/30 128c 128c nuclei in rare cases Pfitzer et al, 19839

C = measurements on cytological specimens; S = measurement on sections.

38

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.47.1.38 on 1 January 1994. D
ow

nloaded from
 

http://jcp.bmj.com/


Polyploidy in non-neoplastic tissues

Reports on polyploid conditions in known
or putative precancerous lesions and in
lesions of uncertain neoplastic potential have
not been considered, as the occurrence of
polyploidy might be the consequence of
malignant transformation. This concerns, for
example, squamous epithelium of the uterine
cervix infected with human papillomavirus,
dysplastic lesions of the vocal cord epithe-
lium, atypical ductal hyperplasia in the breast,
renal oncocytoma, pheochromocytoma,
parathyroid or adrenal adenoma, and thyroid
Hurthle cell oncocytoma.

In this study polyploidy was analysed in
three tissue types which are often encoun-
tered in daily routine histopathological and
cytopathological investigations. Urothelium,
which had been shown to be polyploid in
mice,2324 was investigated in humans for the
first time. Mesothelium was chosen as previ-
ous results had been contradictory,222526 and
liver cells were studied because they are a well
known standard.

Methods
One hundred and thirty nine cytological spec-
imens from 80 men (mean age 61 years) and
59 women (mean age 63 years) were investi-
gated. There were 45 smears from fine needle
aspiration biopsy specimens of the liver, 48
urinary cytospin preparations, and 46
cytospin preparations from pleural and peri-
toneal fluid.
The 93 specimens from liver and urine

were fixed in alcohol and Papanicolaou
stained; the 46 specimens from pleural and
peritoneal fluid were air dried and stained
with May-Grunwald-Giemsa. None of the
specimens contained tumour cells. During a
clinical follow up period of at least two years
the patients showed no evidence of a malig-
nant tumour.
The conventionally stained routine speci-

mens were washed in xylene and restained
with the Feulgen stain. The staining proce-
dure was performed in a modified Shandon
staining machine (Varistain-24) as described

in detail before.27 Briefly, acid hydrolysis (4N
HCl at 27-5 °C for 55 minutes) was followed
by a 60 minute incubation with periodic acid
Schiff at room temperature.
The DNA content of 100 randomly

selected nuclei was determined using an
image analysis system (TAS-plus, Leitz,
Wetzlar, Germany), combined with an auto-
mated microscope.2829 Only well preserved
and individual nuclei were chosen; overlap-
ping and clumped nuclei were not measured.
The median DNA content of 30 epithelial
cells served as an internal standard for the
normal 2c value in each case.

Each measurement was represented in a
DNA histogram (class width 0 25c). The
DNA stemline ploidy was defined as the
mean arithmetic DNA value of the nuclei
with a DNA content around +/- 12-5% of
the modal value. A DNA stemline at 20c
(Gd/Gi phase), a distinct number of nuclei
with DNA values between 2c and 4c (S
phase), and a small peak around 4c (G2/M
phase) represented a diploid DNA distribu-
tion. Ploidy levels between 5c and 8c were
interpreted as indicators for polyploidy up to
8c, ploidy levels above 8c for polyploidy up to
16c.

Results
LIVER
In 44 of the 45 cases a diploid DNA distribu-
tion was observed (fig 1). Thirty (68-2%) had
polyploid nuclei above the G2/M level of 4c.
Twenty nine biopsy specimens had single
cells or small peaks around 8c. In one case
one single nucleus with a DNA content of
15 5c was found. When sum histograms of
three groups of patients with different ages
(under 40, 40-60 and over 60 years) were
compared using the Kolmogorov-Smirnov
test, no significant differences were found.
One case (fig 2) showed a quite peculiar

and unexpected DNA distribution with three
distinct peaks at 2c, 4c, and 8c; there were
more nuclei in the tetraploid region than
in the diploid one. The highest value was
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Figure 1 Sum histogram ofDNA measurements on
44 Feulgen stained non-neoplastic fine needle aspiration
specimens of the liver. Polyploidy wasfound
in 30 cases (68-0%). Highest ploidy level: 15S5c.

Figure 2 Histogram of a DNA measurement on a fine
needle aspiration specimen of the liver in a case offocal
nodular hyperplasia. Occurrence of distinct peaks at 2c,
4c, 8c, 1 6c. Highest ploidy level, not shown in the figure:
32c.
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measured at 32c. The biopsy specimen had
been performed because of a sonographically
diagnosed sharply delineated lesion 2 cm in
diameter. Surgical treatment resulted in the
histopathological diagnosis of focal nodular
hyperplasia.

UROTHELIUM
A diploid DNA distribution pattern was
found in all 48 cases (fig 3). Ten (20 8%)
cases had single cells or small peaks around
8c. As most patients (42 of 48, or 87 5%)
were older than 60, no comparison of differ-
ent age groups was performed.

MESOTHELIUM
In all 46 cases a diploid DNA distribution
pattern was observed (fig 4). Single nuclei
between 5c and 8c were seen in only three
cases (6&5%). When sum histograms of differ-
ent age groups (under 40, 40-60 years, over
60 years) were compared using the
Kolmogorov-Smirnov test, no significant dif-
ferences in the DNA distribution patterns
were found.

Discussion
With the exception of megakaryocytes, which
show polyploidy under normal conditions
( 64c) and in paraneoplastic syndromes
( 128c) as an effect of cell maturation,930
polyploidy in non-neoplastic tissues is an inci-
dental finding. It has been described in more
than 20 tissue types (table). Its occurrence
can be partly interpreted as a function of tis-
sue differentiation or of functional adapta-
tion.

POLYPLOIDY ASSOCIATED WITH TISSUE
DIFFERENTIATION
A well investigated example for the associa-
tion between polyploidy and tissue differenti-
ation is the human liver. It contains only
diploid nuclei in newborns; in childhood,
single tetraploid nuclei occur; in adolescence
tetraploid peaks may be observed, accompa-
nied by rare octoploid nuclei. Octoploid
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peaks and a few 16c nuclei have been found
only in adults. These findings were correlated
with increasing liver weight as a consequence
of tissue growth during childhood and adoles-
cence.31 In our experience no different DNA
distribution patterns may be expected in
adults. Similarly, in contrast to the normal
hearts of newborns or young children,6 small
polyploid peaks of less than 5% of cells at the
16c level are present in the normal hearts of
adults.8 Smooth muscle cells in artery walls
analogously reveal age dependent polyploidy
of up to 32c.3

POLYPLOIDY ASSOCIATED WITH FUNCTIONAL
ADAPTATION
An association between polyploidy and the
functional state of cells has been recognised
since the early 1960s.32 To test this hypothe-
sis, comparative investigations of the same
cell type under normal conditions and under
activation, proliferation, or other circum-
stances are required.

Although polyploidy is apparently normal
in heart muscle cells as discussed above, its
degree may be additionally increased by the
functional state. Even in normal heart mus-
cles the left ventricle has higher ploidy levels
than the right ventricle, up to 16c,68 possibly
as an effect of its comparatively higher blood
pressure. In hypertrophic hearts polyploidy of
the left ventricular myocardium may be
increased up to 32c.6833 Atrophic hearts may
also reveal polyploid nuclei up to 32c, though
rarely. This was reported in a case of anorexia
nervosa in a 23 year old woman whose heart
weight was only 165 g. Presumably atrophic
hearts go through periods of deficiency,
inducing DNA synthesis, as do normal hearts
when they develop hypertrophy.34

Tetraploid nuclei in acinar cells of the
breast are more common during lactation
(4-13%) than in normal conditions (1-2%).35
Endometrial gland cells show polyploidy up
to 16c during pregnancy, if the Arias-Stella
phenomenon is present,'6 but not during the
normal menstrual cycle.36 In lymph nodes of
patients with early stage HIV infection,
polyploid lymphocytes up to 8c may occur.20
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Figure 3 Sum histogram ofDNA measurements on 48
Feulgen stained non-neoplastic urinary cytospin
preparations. Polyploidy wasfound in 10 cases (20-8%).
Highest ploidy level: 8-75c.
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Figure 4 Sum histogram ofDNA measurements on 46
Feulgen stained non-neoplastic cytospin preparations from
pleural or peritonealfluid. Polyploidy was found in three
cases (6-5%). Highest ploidy level: 8-75c.
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Polyploidy in non-neoplastic tissues

POLYPLOIDY OF UNKNOWN IMPORTANCE

In some tissues-for example, urothelium
and mesothelium-polyploidy cannot be cat-

egorised according to tissue differentiation or

functional adaptation, and its possible biolog-
ical role remains unexplained.

It is well known from conventional urine
cytology that human urothelium has cells
with a normal nuclear:cytoplasmatic ratio and
enlarged, round, non-hyperchromatic nuclei.
The assumption that those nuclei could be
polyploid has not been investigated up to

now. We found polyploid urothelial nuclei up
to 8c; this has also been reported in mice in
sparse numbers only, and only in about 20%
of the cases.2324
Human mesothelial cells have already been

investigated, with contradictory results. In a

necropsy study increased ploidy levels up to

16c were reported in eight of 14 (57%)
tumour negative cases.22 In another two stud-
ies, however, ploidy levels higher than 4c
were not found at all in 59 cases.2526 This
contradiction may be partly explained by
some doubtful methodological aspects in the
first study: the frequent finding of non-

diploid DNA stemline ploidies in 13 (93%)
cases up to 3 5c indicates systematically
falsely high measured DNA values. From
Feulgen stained microphotographs presented
in that study it seems, however, that poly-
ploidy could have been confirmed in that
study for the first time,22 but that its degree
and frequency should not be finally estimated
from it. In our study all 46 cases presented
with a diploid DNA distribution pattern and
some tetraploid nuclei. Only three (6 5%)
cases had polyploid nuclei up to 8c, indicat-
ing that polyploidy in mesothelium occurs

only rarely and only in a small number of
cells.

In seminal vesicle epithelium the finding of
polyploid nuclei up to 64c was interpreted as

a function of aging,'9 as the occurrence of
polyploid nuclei is highly correlated with
increasing age. The relevance of this hypothe-
sis, however, is uncertain. Similar observa-
tions on heart muscle cells or liver cells,537
however, could as well be the effect of tissue
differentiation or functional adaptation, as

discussed above, so that the correlation with
higher age may be purely coincidental.
Polyploidy in corneal endothelium up to 8c,13
in oral squamous epithelium in cases of
lichen planus,14 and in some benign tumours

is also not explained by this.

IMPLICATIONS FOR INTERPRETING DNA

CYTOMETRIC DATA IN POLYPLOID TISSUES

DNA cytometric measurements are nowadays
acknowledged as a supplementary procedure
for grading malignancy. To avoid false posi-
tive interpretation, the effect of polyploidy on

DNA cytometric data has to be taken into
account, if diagnostic DNA cytometric mea-

surements are to be performed in polyploid
tissues.

In our series the DNA stemline, represent-
ing the GO/GI phase of the cell population,
remained constant at 2c in all 139 cases. This

means that non-diploid DNA stemlines in
polyploid tissues may be interpreted as aneu-
ploid and therefore as indicating neoplasia.

S phase fraction analysis has no practical
value for diagnosis of malignancy or grading
of malignancy, although in many malignant
tumours the fraction is increased. Several
non-malignant conditions-for example
inflammation-may initiate proliferation. In
our series no distinct increase in the S phase
fraction was observed.

In the single cell interpretation mode of
DNA cytometric measurements, the occur-
rence of nuclei with DNA contents above 5c
has been taken as a marker of neoplasia.38A0
This will be of limited value in polyploid
tissues as the number of those values must be
increased.
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