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The nuclear DNA content of 44 pituitary, 49 thyroid,
54 parathyroid, and 17 adrenal adenomas was analyzed
from paraffin-embedded tissue with flow cytometry.
Interpretable histograms of good quality (CV < 7%,
mean CV, 4%) were obtained in 96% of the cases. Un-
equivocal evidence of DNA aneuploidy was found in
29% of pituitary, 25% of thyroid, 35% of parathyroid,
and in 53% of adrenal adenomas. Excluding the multi-
ploid (N = 2) and tetraploid adenomas (N = 5), the
DNA indices of aneuploid adenomas were generally
small (mean, 1.34). Patients with a diploid thyroid or

parathyroid adenoma had a lower mean age at diagno-
sis than patients with a nondiploid adenoma. None of
the adenomas gave rise to metastases after conservative
surgery. It is concluded that DNA aneuploidy is com-
mon in endocrine adenomas and that the presence of
DNA aneuploidy is not incompatible with a benign
histologic diagnosis. The usefulness of DNA aneu-
ploidy as a conclusive sign of malignancy in clinical
practice is questioned. (Am ] Pathol 1988, 132:
145-151)

WITH FLOW CYTOMETRY the nuclear DNA con-
tent of thousands of cells can be measured in less than
1 minute. Because DNA aneuploidy (abnormal
nuclear DNA content) has been suggested to be a con-
clusive,' most common malignancy-specific’ marker
of malignancy, and DNA aneuploidy is present in the
majority of human cancers,' flow cytometry appeared
to be a method for rapid and objective distinction be-
tween benign and malignant tumors. Furthermore, in
several types of human cancer the presence of DNA
aneuploidy is associated with poor prognosis.>*

After finding aneuploidy in histologically benign
tumors, some authors have reexamined their histo-
logic sections and changed the diagnosis from benign
to malignant.’ DNA aneuploidy also has been used to
confirm the presence of malignancy in histologically
equivocal cases.® However, DNA aneuploidy has been
reported to be present both in premalignant and histo-
logically benign diseases.’ "¢

Large and systematic studies on the occurrence of
DNA aneuploidy in histologically benign diseases are
few. This study reports the result of DNA content
analysis of a series of 164 endocrine adenomas and 41
control samples. The analysis was done from paraffin-
embedded material, because for archival material a
long follow-up is often available and the nature of the
tissue analyzed can be verified easily. Good quality
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histograms, well suited for the detection of aneu-
ploidy, can be obtained from formalin-fixed and para-
fin-embedded tissue.'” The result of the present study
indicate that DNA aneuploidy may be present in both
histologically and clinically benign endocrine ade-
nomas.

Material and Methods
Patients

The formalin-fixed and paraffin-embedded tissue
blocks of 44 pituitary, 49 thyroid, 54 parathyroid, and
17 adrenal adenomas, treated from 1977 to 1985 were
selected at random from the archives of the Depart-
ment of Pathology, Turku University Central Hospi-
tal. In addition, paraffin blocks thought to contain
normal thyroid tissue (N = 33, obtained from 21 pa-
tients), normal adrenal gland (N = 3), or benign
lymph node (N = 5) were analyzed as controls. The
original histologic diagnoses of the 205 cases were re-
viewed by 1 author (P. K.), but in none of the cases
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was the diagnosis of adenoma changed to carcinoma.
The medical records of the patients were reviewed.
The mean age of the 164 patients with adenoma was
51 years (range, 2-78 years) and 30% were male.

The histologic typing of the tumors was done ac-
cording to the WHO.!® Thyroid adenomas were sub-
classified according to Meissner and Warren."”
Twelve of the pituitary adenomas were eosinophilic,
6 basophilic, and 26 chromophobic. The parathyroid
adenomas were single except in 1 case. One patient
with a parathyroid adenoma was known to have a
multiple endocrine neoplasia (MEN) syndrome.

The adenomas were treated usually with conserva-
tive surgery. In thyroid and parathyroid adenomas the
extent of surgery was described by the surgeon as ““ex-
tirpation,” “‘enucleation,” or ‘“subtotal lobectomy.”
Thyroidectomy was done in 2 cases with a concomi-
tant papillary carcinoma. Pituitary adenomas were re-
moved either in craniotomy or transsphenoidally,
adrenal adenomas by adrenalectomy.

Flow Cytometry

The preparation of a single cell suspension from
paraffin-embedded tissue was done as described ear-
lier.'®% Two 50-u sections were cut. One or more 5-u
sections were cut between and immediately adjacent
to the 50-u sections, and were stained for light micros-
copy to confirm the nature of the tissue used for DNA
analysis. One 50-u section was deparaffinized with xy-
lene, rehydrated in a series of decreasing concentra-
tions of ethanol, washed, resuspended in a 0.5% pep-
sin solution for 60 minutes at 37 C, and stained with
propidium iodide,?' whereas the other 50-x section
was stored for possible reanalysis. The resulting sus-
pension was filtered through a silk mesh prior to flow
cytometry.

Flow cytometry was done with a FACStar flow cy-
tometer (Becton-Dickinson Immunocytometry Sys-
tems, Mountain View, CA). A 488 nm argon ion laser
line run at 600 mW was used for fluorescence excita-
tion. A 585 + 42 nm band-pass filter was used in front
of the red photomultiplier to block the laser light. For
each histogram 20,000 particles were analyzed.

Careful control systems were used. The samples
were run in batches of about 20. Before and after run-
ning each batch standard fluorescent beads were run,
and a coeflicient of variation (CV) of about 2% was
obtained consistently. After running all the samples of
the batch, the same samples were rerun in the reversed
order. With few exceptions practically identical histo-
grams were produced in both runs, thus reducing the
possibility of artifactual peaks. Further, a few samples
taken from histologically normal tissue were analyzed
with adenomas. In a few cases with uncertain histo-
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gram classification, a reanalysis was done from the
stored 50-u section, and again identical histograms
were usually obtained. Thus, all samples were run at
least twice, and a few blocks were analyzed 4 times.

Classification of Histograms

The conventional classification of histograms to
diploid, aneuploid, tetraploid, and multiploid was
considered insufficient for the full description of the
data, and therefore the “near diploid” and “diploid
with an increased G2/M peak” groups were intro-
duced. The rules for classification of the histograms
are given below:

Diploid (D)
One symmetrical GO/G1 peak is seen (Figure 1A).

Near diploid (ND)

An asymmetrical GO/G1 peak is repeatedly ob-
tained. Two GO/G1 peaks cannot be identified (Fig-
ure 1B).

Diploid with an increased G2/M peak (I)

One symmetrical GO/G1 peak, the percentage of
G2/M cells at 4N (tetraploid region, DI 1.95-2.05) ex-
ceeds 11% (mean + 3 SD of 37 nonneoplastic samples,
Figure 1C). A peak at 6N (indicating the presence of
triplets and hence, also the presence of doublets) is not
present. The G2/M% of these cases ranged from 11.1-
21.1% (mean, 14.6%) and the S% from 2-8.5%
(mean, 4.7%).

Tetraploid (T)

Both a peak at 4N (tetraploid region) and another
at 8N, indicating proliferative activity of cells with tet-
raploid DNA content, are present (Figure 1D). No
peak at 6N was allowed. The peak at 4N must include
>20% of the total number of cells. Similar cases with
<20% cells at 4N were classified either as diploid or to
increased G2/M group (N = 3, all adrenal adenomas,
G2/M 8.9-13.6%).

Aneuploid (A)

Two GO0/G1 peaks can be seen (Figure 1E), or an
asymmetrical GO/G1 peak with 2 corresponding and
clearly identifiable G2/M peaks are seen (N = 3).

Multiploid (M)

More than 1 aneuploid peak is seen (Figure 1F).

Unequivocal evidence of aneuploidy was consid-
ered to be present if the histogram was classified either
as tetraploid, aneuploid or multiploid (T + A + M).
Suggestive evidence of aneuploidy was considered to
be present in near diploid cases and in cases with an
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increased G2/M peak (ND + I). No evidence of aneu-
ploidy was present if the histogram was diploid (D).

When calculating the DNA index (DI), the modal
channel number of an aneuploid peak was divided by
the modal channel number of the diploid peak. The
peak with the least DNA content was taken as the dip-
loid peak. The percentage of S- and G2/M-phase cells
was calculated using the rectilinear method.?? The
height of the S-phase was measured near the G2/M
peak to avoid counting cell debris. The cell cycle anal-
ysis was not done if overlapping cell populations
(most aneuploid cases) or excessive cell debris (N
= 10) was present.

The chi-square test, Fisher’s exact test and Stu-
dent’s t-test were used in statistical calculations.

Results

The summary of the results of DNA content analy-
sisis shown in Table 1. Unequivocal evidence of DNA
aneuploidy was found in 29% of pituitary, 25% of thy-
roid, 35% of parathyroid, and 53% of adrenal adeno-

mas, and no evidence of aneuploidy in 71%, 56%,
50%, and 18% of the cases, respectively. Two cases
were clearly multiploid (DIs 1.44 and 2.70, and 1.35
and 1.96, Figure 1).

The DIs of aneuploid tumors (N = 44) were gener-
ally small (mean, 1.34; range, 1.08-1.92). The mean
DIs of aneuploid pituitary, thyroid, parathyroid, and
adrenocortical adenomas were 1.38, 1.27, 1.42, and

Table 1—DNA Ploidy in Human Endocrine Adenomas

Pituitary
adenomas  Thyroid  Parathyroid Adrenal

Ploidy* N (%) N (%) N (%) N (%)
Diploid 27 (71%) 27 (56%) 27 (50%) 3(18%)
Near diploid — 8(17%) 4(7%) 1(6%)
Increased G2% — 1(2%) 4(7%) 4(24%)
Tetraploid —_ —_ 5 (9%) —
Aneuploid 11(29%) 12 (25%) 13 (24%) 8(47%)
Multiploid — — 1(2%) 1(6%)

Total 38(100%)t 48(100%)t  54(100%) 17 (100%)

* For classification of histograms see Materials and Methods and Fig-
ure 1.
1 The total of 7 histograms were not classified.
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1.27, respectively. In addition to the tetraploid and
multiploid adenomas only 1 pituitary, 2 thyroid, 4
parathyroid, and 1 adrenal adenoma had a DI > 1.50.

Pituitary Adenomas

Aneuploid tumors tended to be more common in
males (8/19) than in females (3/19, P = 0.07). The
mean age of the patients with an aneuploid adenoma
(49 years) did not differ from that of the patients with
a diploid adenoma (54 years). Four of the 12 eosino-
philic, 2 of the 6 basophilic, and 5 of the 20 chromo-
phobic adenomas were aneuploid (NS). One of the 5
adenomas considered to be intrasellar was aneuploid.
Complete blood hormone analyses were usually not
done before surgery, but 10 adenomas were known
to secrete prolactin, and 6 of these were aneuploid.
Further, in 2 of the remaining 4 diploid cases plasma
prolactin level was only marginally elevated. Two of
the S patients with an elevated plasma growth hor-
mone level were aneuploid.

Thyroid Adenomas

The patients with a diploid thyroid adenoma (N
= 27) had a lower mean age at diagnosis (42 years)
than the patients with a nondiploid adenoma (N = 21,
mean, 48 years, P = 0.04). The difference in the mean
age was not significant if the patients with an unequiv-
ocally aneuploid adenoma were compared with the
rest of the patients. The occurrence of DNA aneu-
ploidy was not associated with sex. All 3 Hiirthle cell
and the only clear cell adenoma were aneuploid, but
no association of aneuploidy could be found with the
simple, fetal or embryonal types. The largest diameter
of adenoma was stated in the surgical report in 25
cases (16 D, 11,4 ND, and 4 A). Seven of the diploid,
2 near diploid and 2 aneuploid adenomas were 3.0 cm
or larger in diameter. The mean largest diameter of
the diploid adenomas was 3.0 cm, and that of the 4
aneuploid adenomas 3.4 cm.

Parathyroid adenomas

The mean age at diagnosis of the patients with a
diploid parathyroid adenoma (N = 27) was lower than
that of the patients with a nondiploid adenoma (N
=27, 52 vs. 59 years, P = 0.01). Again, the difference
in the mean age was not significant if the patients with
an unequivocally aneuploid adenoma were compared
with the rest of the patients. DNA aneuploidy was not
associated with sex. The size of the adenoma was indi-
cated in the surgical report in 52 cases (28 D, 3 ND, 3
I,5T, 12 A, and 1 M). The mean largest diameter of
the 28 diploid adenomas was 1.8 cm, and that of the
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12 aneuploid adenomas 1.7 cm. The mean largest di-
ameter of the adenomas with unequivocal evidence of
aneuploidy was 1.9 cm.

Fasting serum calcium content was not elevated in
2 cases (1 D, 1 T). Fasting serum parathormone (fS-
PTH) content was measured in 28 patients with a dip-
loid and in 19 patients with a nondiploid parathyroid
adenoma (2 ND, 31,4 T, 9 A, 1 M), and was found
to be elevated in all but 2 patients with a diploid and
in 1 patient with an aneuploid adenoma. In 8 patients
fS-PTH was found to be >5 p/1, and 5 of these were
aneuploid.

The only adenoma known to be associated with a
MEN syndrome had an increased number of G2/M-
phase cells (11.9%).

Adrenal Adenomas (Table 2)

The mean largest diameter of the 9 aneuploid or
multiploid adenomas was 8.2 cm as compared with
only 2.9 cm in the rest of the cases. Five of the aneu-
ploid or multiploid adenomas were larger than 5 cm
in diameter, as compared with only 1 in the 8 remain-
ir;g cases (NS). The mean ages at diagnosis of these 2
groups did not differ significantly (45 vs. 50 years). A
large DI tended to be associated with a large adenoma
size.

Ploidy of the Control Samples

The 39 control samples with an interpretable histo-
gram were classified as diploid, except in 4 cases. In 1
case with aneuploidy a typical thyroid adenoma was
unexpectedly found in the control section. Another
patient, who was discovered, after review of her medi-
cal records, to suffer from Basedow’s disease had
>11% G2/M phase cells in repeated analyses from 2
different tissue blocks (11.5 and 11.8%). Finally, 1 his-
togram produced from a microscopically normal thy-
roid gland, and obtained from a patient with a con-
comitant papillary carcinoma with DI 1.68, was aneu-
ploid (DI 1.12) in repeated analyses (N = 4).

Quality of Histograms and Cell Cycle Analysis

Unclassifiable histograms were obtained in 5 cases
(3 pituitary adenomas and 2 control samples). All his-
tograms with CV >7% were excluded (3 pituitary and
1 thyroid adenoma, CV 7.5-8.7%). Thus, only 9 (4%)
of the total of 205 samples analyzed were excluded.
The mean CV was 4%.

The mean percentage of S phase cells (3.6%; SD,
1.6%; range, 1.1-8.8%; N = 87) and G2/M phase cells
(4.4%; SD, 2.0%; range, 1.3-9.5%) was low in diploid
and near diploid adenomas. The percentages of S and
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Table 2—DNA Ploidy in Adrenal Adenomas
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Case Sex/Age Function Size* Ploidy DI Follow-up
M.H. M/2 Virilizing 6cm Multiploid 2.70,1.44 Alive, 8 year
MM. F/64 Pheochromocytoma 8cm Aneuploid 1.67 Dead, 1 yeart
R.A. ‘M/52 Nonsecreting 30cm Aneuploid 1.35 Alive, 5 year
T.R. F/43 Virilizing 3cm Aneuploid 1.33 Alive, 6 year
K.M. F/32 Virilizing 11cm Aneuploid 1.18 Alive, 5 year
H.A. F/59 Nonsecreting 8cm Aneuploid 1.18 Alive, 2 year
S.K. M/72 Nonsecreting 3cm Aneuploid 1.18 Alive, 2 year
L.H. M/43 Conn's syndrome 2cm Aneuploid 1.12 Alive, 6 year
V.M. F/35 Conn’s syndrome 3cm Aneuploid 1.1 —
KK. F/a1 Cushing’s syndrome 2cm G219.4% 1.00 Alive, 11 year
M.P. F/37 Conn'’s syndrome 2cm G213.6% 1.00 Alive, 3 year
K.M. F/56 Cushing's syndrome 3cm G2 11.2% 1.00 Alive, 3 year
F.Y. M/59 Nonsecreting 2cm G211.1% 1.00 Alive, 2 year
N.P. F/28 Cushing's syndrome 4cm Near diploid 1.00 Alive, 2 year
L.L F/64 Cushing's syndrome 6cm Diploid 1.00 Alive, 3 year
L.E. F/66 Nonsecreting 3cm Diploid 1.00 Alive, 3 year
AA. M/46 Nonsecreting 1cm Diploid 1.00 Dead, 4 yeart

* The largest diameter given.

t Died from cerebral infarction.

1 Died from histologically diagnosed renal cancer.
G2/M phase cells could be calculated only for 10 an- Discussion

euploid stemlines due to overlapping cell populations,
and they were not found to be different from those of
diploid and near diploid tumors (mean S phase, 4.4%;
SD, 1.6%; range, 2.9-7.7%; mean G2/M phase, 4.1%;
SD, 2.0%; range, 0.9-6.4%).

Follow-up

According to the hospital records, the patients with
an unequivocally aneuploid adenoma had been fol-
lowed up for the total of 195 years of life (mean, 3.8
years; range, 0-11 years). None of the adenomas was
known to have given rise to metastases. A question-
naire was posted to the local authorities for possible
death certificates in cases with unequivocal aneu-
ploidy and with incomplete follow-up data. Including
this additional information, 3 of the 51 patients with
unequivocally aneuploid adenoma had died during
the total of 281 years of life (mean, 5.5 years) follow-
ing surgery, but none from cancer.

Evidence of Clonal Heterogeneity

Three tissue blocks obtained from the same multi-
ploid adenoma (case M. H., Table 2) were analyzed.
In 2 analyses, only 1 aneuploid stemline with DI 2.70
was seen, whereas the histogram produced from the
third block revealed a large aneuploid stemline with
DI 1.44 in addition to the 2.70 stemline, indicating
clonal heterogeneity within the same adenoma. In the
analyses of 2 tissue blocks from a multiploid parathy-
roid adenoma (Figure 1F) the same stemlines with
DIs 1.35 and 1.96 were obtained.

Primary pituitary tumors seldom have a malignant
clinical course or give rise to metastases, and therefore
the presence of aneuploidy in many pituitary adeno-
mas is surprising. Anniko et al’ have studied pituitary
adenomas by flow cytometry, and found aneuploidy
in 49% (23/47). They also found that pituitary adeno-
mas with secretion of prolactine, alone or concomi-
tantly with growth hormone, often had an aneuploid
DNA pattern, which is in concordance with the pres-
ent results.

Unequivocal aneuploidy was found in 25% of fol-
licular thyroid adenomas, which is in agreement with
the literature review (Table 3).%!1-2324 Mattfeldt et
al'! studied 24-80 sections in each of their 6 aneu-
ploid cases, but saw no evidence of angioinvasion or
capsular penetration, which was compatible with the
benign histology. Similarly, in another study'® the an-
euploid thyroid adenomas were subserially sectioned,
but in none of the cases was invasive growth seen,

Table 3—DNA Aneuploidy in Follicular Adenomas of the Thyroid

Aneuploid

Author N N %
Johannessen et al, 1982 4 1 25
Greenebaum et al, 1985 19 7 37
Flint et al, 1985 1 - -
Kraemer et al, 1985 5 1 20
Christov, 1986 26 - -
Joensuu et al, 1986 67 18 27
Mattfeldt et al, 1987 13 6 46

TotaL 134 33 24

* Adenomas were reclassified as noninvasive low grade follicular carcino-
mas after finding DNA aneuploidy and after review of the histology.
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whereas Greenebaum et al’ reviewed the histologic di-
agnosis of 3 aneuploid adenomas, which led to the
modified diagnosis of noninvasive low grade follicular
cancer in all three.

The mean age of the patients with a diploid thyroid
adenoma was lower than that of the rest of the pa-
tients. The probability of DNA aneuploidy in differ-
entiated thyroid carcinoma increases with patient age
at diagnosis, and the increase is more rapid after the
age of 40.% Hence, in both benign and malignant thy-
roid neoplasms DNA aneuploidy appears to be associ-
ated with aging.

The flow cytometric studies on parathyroid and
adrenal adenomas are also few. Bowlby et al'? found
aneuploidy in 5% (3/56) of parathyroid adenomas,
and 21% (12/56) had >15% cells in the tetraploid re-
gion, whereas all their 16 adrenal cortical adenomas
were diploid.?* Several authors?-?® have suggested
that DNA aneuploidy correlates with malignant be-
haviour in adrenal neoplasms, and the presence of an-
euploidy has been used to confirm malignancy in a
case of adrenal neoplasm without capsular invasion
or clinical recurrence.®* DNA aneuploidy and large
DIs were associated with a large adenoma size (Table
2), but no evidence of malignant behaviour was ob-
tained.

One control sample containing microscopically
normal thyroid tissue was aneuploid with DI 1.12 in
repeated analyses. This patient had a concomitant an-
euploid papillary carcinoma. Barlogie et al'* found
DNA aneuploidy in 7 patients with a previously estab-
lished diagnosis of cancer among the group of 209 pa-
tients with normal histology or reactive changes. Reid
et al'’ reported aneuploidy in 1 patient with Barrett’s
esophagus in a sample containing specialized meta-
plastic epithelium, as did Hammarberg et al*° in histo-
logically normal mucosa from patients with ulcerative
colitis. In some cases DNA aneuploidy may be present
even if no abnormality is seen in light microscopy.

The quality of the histograms was good, strict cri-
teria were used for DNA aneuploidy, and precautions
were taken to exclude the possibility of artifactual
peaks. According to our experience, similar histo-
grams with the same DI are obtained both from fine-
needle aspiration biopsy material drawn before sur-
gery and from the corresponding paraffin-embedded
tissue.!®!” Small differences in the DNA content of
different types of normal cells®! do not explain the
present findings because only large (>8%) changes
were considered to be an unequivocal sign of aneu-
ploidy. Erroneous histologic diagnoses of low-grade
carcinoma as adenoma do not explain the result be-
cause the adenomas were selected at random, the di-
agnoses were reviewed by 1 of the authors, and none
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of the tumors had a clinical course compatible with
malignancy.

The number of stemlines with an abnormal DNA
content may be larger than now reported because
some of the ND peaks may be caused by aneuploid
stemlines with DI near the resolution limit of the
method, and some of the increased G2/M peaks may
be caused by tetraploid stemlines with a low prolifera-
tion rate. Chromosomal abnormalities can be demon-
strated by chromosome analysis in a considerable pro-
portion of diploid tumors in DNA flow cytometry.>?
Because clonal heterogeneity may occur in some ade-
nomas, more aneuploidy might have been found by
analyzing several sections of each block. Stenzinger et
al'? found clonal heterogeneity in 2 congenital mela-
nocytic nevi with flow cytometry.

Based on the present results, aneuploid endocrine
adenomas should be relatively common tumors in the
general population. For example, in the population of
Framingham the prevalence of thyroid nodules was
4.2%, and they were detected at a rate of about 0.1%
per year in the general population.>* Because thyroid
carcinomas are rare tumors, most aneuploid thyroid
tumors are expected to be histologically benign. In a
series of 187 consecutive patients with thyroid tu-
mors, 13 of the operated 63 tumors were aneuploid,
and 7 of the 13 aneuploid tumors were histologically
benign, although malignant thyroid tumors were
overrepresented in the material. >

The majority of the aneuploid adenomas had a DI
value in the hypotriploid range (mean DI, 1.34),
whereas many human carcinomas have a mean DI of
aneuploid tumors in the hypertriploid range.>* The
number of S phase cells was constantly low both in
diploid and nondiploid tumors. These findings are in
agreement with results obtained from fresh material,>*
the percentage of proliferative cells is often larger in
malignant thyroid neoplasms than in benign ones,
and the DIs larger in aneuploid follicular thyroid car-
cinomas than in adenomas.

It is concluded that DNA aneuploidy occurs com-
monly in several types of human endocrine adeno-
mas. The prognosis of aneuploid adenomas appears
to be as good as that of diploid ones after conservative
surgery, but little is known about their tendency to
progress into histologically and clinically malignant
neoplasms if left in place. In thyroid neoplasms, the
probability of a neoplasm, both histologically benign
and malignant, to be aneuploid increases with ad-
vancing age. The presence of DNA aneuploidy is
compatible with benign histology, and, from the clini-
cal point of view, its use as a definitive criterion for
malignancy is questioned.
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