
Comparative studies of nuclear DNA content in benign and

malignant thyroid lesions

Liliana Konarska1½, Janusz Skierski2, Aleksandra Ellert1 , Justyna Steinbrich1,

Agnieszka WoŸniak1 and Miros³aw Ka³czak3

1Department of Biochemistry and Clinical Chemistry, University Medical School of Warsaw,

Warszawa, Poland; 2Flow Cytometry Laboratory, Drug Institute, Warszawa, Poland;
3Department of Pathomorphology, MSWiA Hospital, Warszawa, Poland

Received: 29 July, 2001; revised: 23 August, 2001; accepted: 5 September, 2001

Key words: DNA content, DNA index, ploidy, proliferative index, flow cytometry,

paraffin-embedded tissue, thyroid

Currently available data suggest that DNA aneuploidy is associated with aggressive

behavior of and unfavorable prognosis in several malignant human tumors as com-

pared with diploid malignancies. However, the diagnostic and prognostic importance

of flow cytometric DNA measurements in the case of thyroid neoplasms remains con-

troversial. Therefore, the aim of our study was to evaluate utility of DNA index (DI)

and proliferative index (PI) in distinguishing benign from malignant thyroid lesions

taking into account the possible influence of intra-tumor heterogeneity and tissue

preparation mode on DNA flow-cytometry measurements.

A retrospective study was performed on 71 paraffin-embedded specimens from 57

patients with benign and malignant thyroid pathologies: 13 colloid goitres, 12

parenchymatous goitres, 19 adenomas and 13 carcinomas. In 14 of 57 cases two sepa-

rate specimens taken from different areas of the same lesion were analysed and DNA

parameters were compared. Additionally, flow cytometry DNA analysis was parallelly

performed on 3 adjacent but differently processed tissue sections (fresh, forma-

lin-fixed and paraffin-embedded) taken from each of 26 surgically excised thyroid le-

sions. DNA content was also analysed in both fresh and formalin-fixed twin specimens

of normal pig thyroid glands (N = 6).

We demonstrated that all tumors diagnosed as thyroid carcinomas were associated

with abnormal nuclear DNA content although aneuploidy was not found specific to

malignant thyroid tumors. Aneuploid samples of benign thyroid lesions exhibited

higher proliferative activity, expressed as mean PI values, than diploid ones. In carci-

nomas the mean PI values were significantly higher than in benign lesions, independ-

ently whether they concerned aneuploid or diploid tissues. Considering intra-tumor

heterogeneity, the flow cytometric DNA parameters can be assumed as reproducible

despite differences in the mode of tissue fixation and preparation for analysis.
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Numerous cytogenetic studies have demon-

strated abnormal nuclear DNA content (an-

euploidy) and increased number of cells in the

S-phase in the majority of human malignant

tumors [1–5]. Flow cytometric DNA studies of

fresh tissue samples and retrospective analy-

sis of paraffin-embedded specimens have

shown aneuploidy to be associated with ag-

gressive tumor behavior and poor prognosis

in ovarian [2, 6], breast [3], colorectal [7],

prostatic [8], non-small-cell lung [9] and gas-

tric [1] cancers. Some authors have shown a

correlation between flow cytometric parame-

ters (such as fraction of cells in the S-phase

and ploidy level) and the tumor malignancy as

well as the tumor differentiation grade in a se-

quence from benign neoplasms to aggressive

malignant cancers [5, 10, 11].

Nevertheless, clinical importance of this

method is still controversial [12, 13]. The

prognostic value of flow cytometric DNA anal-

ysis is considered to be useful only in the early

period of a disease [2, 4, 8, 12, 14]. In the ad-

vanced stage of ovarian [6] or breast [13] can-

cers the measurement of DNA content and mi-

totic cycle analysis in tumor cells are believed

to be of low diagnostic value.

Recently, DNA analysis by flow cytometry

has also been adapted for evaluation of vari-

ous thyroid hyperplastic changes. Neoplasms

of this gland seem to be attractive models for

studing molecular aspects of carcinogenesis,

as they represent a wide range of phenotypes

from benign goitres, through non-aggressive

colloid adenomas to invasive anaplastic can-

cers, associated with poor prognosis. On the

other hand, the conventional diagnostic tech-

niques are still insufficient for early differen-

tial diagnosis and/or prognosis of thyroid

gland pathologies [15]. Generally, distinguish-

ing benign from potentially malignant pri-

mary endocrine tumors is of great importance

from the clinical and therapeutic point of

view. However, it is claimed to be extremely

difficult to achieve it on the basis of

histomorphologic criteria, especially in cer-

tain thyroid pathologies, such as atypical ad-

enomatous and non-invasive follicular carci-

nomas [10, 16] or tumors of histologically be-

nign appearance but producing metastases

and referred to as “benign metastizing

goitres” [17]. A few published data on flow

cytometric analysis of DNA from fresh [18] or

fixed [10, 19–25] thyroid tissues are usually

limited to narrow histological groups and do

not permit to establish the value of this

method in differential diagnosis and evalua-

tion of thyroid lesions.

The aim of our study was, therefore, to as-

sess intra- and inter-tumor heterogeneity of

DNA flow cytometric parameters (DNA index,

proliferative index) in different types of thy-

roid gland pathologies and to evaluate the pos-

sible significance of such analysis in differen-

tiation of benign from malignant cases. Be-

sides, we tried to determine the influence of

tissue fixation and cell preparation proce-

dures on the reliability of DNA cytometric pa-

rameters.

METHODS

Flow cytometry DNA analysis was per-

formed on surgically excised fresh (N = 26)

and archival paraffin-embedded (N = 71) thy-

roid tissues obtained from pathomorphology

department of MSWiA Hospital in Warsaw.

Individual cases (N = 57) of benign and malig-

nant thyroid lesions were classified into four

groups, based on routine histopathologic typ-

ing: colloid goitres (N = 13), parenchymatous

goitres (N = 12), adenomas (N = 19) and carci-

nomas (N = 13). In 14 of 57 cases two separate

specimens were taken from different areas of

the same thyroid lesion, a central and an adja-

cent (further refered to as peripheral), for par-

affin blocks preparation and further histo-

pathologic typing and DNA analysis. Four sec-

tions were cut from each paraffin block and

two of them, the first and third (5 �m thick),

were submitted to routine histologic examina-

tion or verification. The second and fourth

sections (80 �m thick) were used for DNA
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analysis. In 26 cases, the cytometric DNA

analysis was additionally performed on 3 adja-

cent sections of the same thyroid lesion,

which were treated differently after the resec-

tion: used fresh (unfixed) or fixed with forma-

lin or formalin-fixed and paraffin-embedded.

Single-cell suspensions from paraf-

fin-embedded tissues were prepared as de-

scribed by Hedley et al. [26]. Briefly, two

80 �m sections were placed at 60�C for 10 min

and then were cleaned of paraffin in xylene

and rehydrated in a series of solutions with

decreasing concentrations of ethanol (100%,

95%, 70% and 50%) and finally in distilled wa-

ter at room temperature. The rehydrated

slices were suspended in 0.5% pepsin (Sigma

Chemical Co.) in 0.9% NaCl, pH 1.5, and incu-

bated at 37�C for 30 min with vortexing at

5-min intervals. The cell suspension was cen-

trifuged at 200 � g for 10 min at 4�C and the

pellet of cells was then washed and resuspend-

ed in 0.2 ml of phosphate-buffered saline

(PBS). Similarly to paraffin-embedded tis-

sues, fresh or formalin-fixed specimens were

subjected to pepsin proteolysis to form single

cell suspensions. Isolated cells were stored in

70% ethanol at 4�C. Prior to analysis the cell

suspension was filtered through a nylon mesh

to remove any debris and cell aggregates.

To establish the normal diploid DNA peak

position, purified human peripheral blood

lymphocytes were used as a reference. In addi-

tion, to compare the results of different tissue

preparations, DNA content was analysed both

in fresh or formalin-fixed specimens of nor-

mal pig thyroid glands (N = 6), using pig pe-

ripheral blood lymphocytes as a standard.

All samples were analysed with FACS Van-

tage flow cytometer (Becton Dickinson),

equipped with an argon-ion laser, emitting ex-

citation light in visual and UV bands. Cells

were stained with 4�,6�-diamidino-2-phenyl-

indole (DAPI) (Polysciences Inc.) and

sulforhodamin (SR) (Molecular Probes Inc.)

as described earlier [27]. The cells were ex-

cited at 351 nm and fluorescence was mea-

sured at 460–520 nm (for DAPI) or at > 600

nm (for SR). At least 10000 cells were evalu-

ated from each tissue sample to construct an

individual DNA histogram.

The relative DNA content (ploidy level) was

expressed as DNA index (DI) calculated as a

ratio: G0–G1 peak of a sample/G0–G1 peak

of a reference cell population on a histogram.

For normal DNA content (diploidy) DI =

1.0 ± 0.1. Cells exhibiting DI � 1.0 ± 0.1 were

classified as aneuploid; hyperdiploid when DI

> 1.1 or hypodiploid when DI < 0.9. Samples

exhibiting a bimodal DNA content pattern on

histograms were referred to as multiploid.

Histogram analysis, cell cycle stage and the

percentage of tumor cells remaining in each

phase of the cell cycle were performed and es-

tablished using MacCycle computer program.

Tumor proliferative activity was expressed in

terms of calculated percentage of cells in

S-phase and proliferative index (PI = % of the

cells in S-phase + % of the cells in G2/M-

phase). The data were analysed statistically by

the Student’s t-test.

RESULTS

The DNA index values counted for 71 paraf-

fin-embedded thyroid specimens ranged from

0.39 to 1.66. Over 62% of all examined tissues

exhibited DI values below 0.9, corresponding

to hypodiploid DNA content, while 4% were

hyperdiploid (DI > 1.1), 13% multiploid (con-

taining two cell populations of different DI

values) and only 21% were diploid (DI = 1.0 ±

0.1). The distribution of DNA index values

and DNA ploidy in four histopathological

groups studied is reported in Fig. 1 and Ta-

ble 1, respectively.

In 16 samples of colloid goitre DI ranged

from 0.43 to 1.09 (mean 0.79 ± 0.15). The ma-

jority (69%) of the tissues was classified as

hypodiploid, 12% as multiploid and only 19%

as diploid. Similarly, in 15 sections of

parenchymatous goitres DI reached the mean

value of 0.81 ± 0.14 (range 0.68–1.09) and

73% of the samples showed hypodiploid DNA
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content, 7% was multiploid, whereas only 20%

exhibited DI value of 1.0 ± 0.1. In adenomas

DI ranged from 0.39 to 1.66 with an average of

0.86 ± 0.31. Diploidy was detected in 7 (32%)

of 22 specimens, 9 of which (41%) were hypo-

diploid, 1 (4%) hyperdiploid and 5 (23%)

multiploid. All 13 tumors diagnosed as thy-

roid carcinomas exhibited an abnormal DNA

content (detected at least in one section of a

tumor). In this group DI values ranged from

0.6 to 1.18 with an average of 0.82 ± 0.1. Thir-

teen (72%) of 18 analysed carcinoma samples

were hypodiploid, 2 (11%) were hyperdiploid

and one (6%) multiploid. Two of 5 cancers

from which two separate samples for DNA

analysis were taken from different tumor ar-

eas exhibited diploid amount of DNA in one of

two scanned samples (Fig. 2). These diploid

samples constituted only 11% of all analysed

carcinoma specimens.

In each of four histological groups of thyroid

lesions DNA multiploidy was detected (Ta-

ble 1). As it is depicted in Fig. 3, each of three

multiploid goitres (two colloid goitres and one

parenchymatous goitre) expressed two differ-

ent hypodiploid cell populations. Histograms

of five examined adenoma tissues also showed

a bimodal cell distribution pattern with at

least one aneuploid population in each case.

In carcinoma group one tumor showed a

multiploid pattern with two hypodiploid cell

populations.

In an attempt to further evaluate intra-tu-

mor heterogeneity, in 14 of 57 cases (3 colloid

and 3 parenchymatous goitres, 3 adenomas

and 5 carcinomas) two separate tissue sam-

ples isolated from different areas (central and

peripheral) of each tumor or goitre were used

for DNA analysis. Only 2 (66%) of colloid and

2 (66%) of parenchymatous goitres, 1 (33%) of

adenomas and 2 (40%) of carcinomas ap-

peared to be homogeneous since both of the

examined specimens of each tumor expressed

the same DNA ploidy, both diploid or both

hypodiploid (Fig. 2). Adenomas and carcino-

mas revealed more heterogeneous pattern of
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Figure 1. Distribution of DNA index values in four

groups of thyroid pathologies: colloid and paren-

chymatous goitres, adenomas and carcinomas.

Table 1. DNA ploidy distribution in different histopathological groups of benign and malignant thy-

roid lesions

Histopathological
groups

Total
DNA ploidy distribution

diploid hypodiploid hyperdiploid multiploid

Colloid goitre 16 3 (19%) 11 (69%) 0 2 (12%)

Parenchymatous goitre 15 3 (20%) 11 (73%) 0 1 (7%)

Adenoma 22 7 (32%) 9 (41%) 1 (4%) 5 (23%)

Carcinoma 18 2 (11%) 13 (72%) 2 (11%) 1 (6%)

Number of analysed samples (% of total) are given



cellular DNA content than colloid and paren-

chymatous goitres.

Based on the cell cycle analysis, the cell cycle

phase distribution and the values of

proliferative index (PI) were determined for

different thyroid lesions (Table 2). Aneuploid

tissue samples exhibited higher PI values than

diploid ones in all 3 pathomorphological

groups of benign thyroid lesions. In contrast,

carcinomas exhibited high PI values inde-

pendently whether they were aneuploid or

diploid.

The results of flow cytometric DNA analysis

were additionally evaluated in differently pro-

cessed tissue preparations. In 26 cases, DNA

ploidy was assessed in fresh, formalin-fixed

and paraffin-embedded specimens taken from

the same thyroid lesion. Aneuploid DNA pat-

tern was detected in 12 (46%) fresh speci-

mens, in 11 (42%) formalin-treated and 12

(46%) paraffin-embedded specimens. Fifty

percent of formalin-fixed and 50% of paraf-

fin-embedded tissues showed parallel DNA

ploidy when compared with fresh material. DI

similarity between formalin-fixed and paraf-

fin-embedded specimens of the same tissue

was observed in 61% of cases. The results of

DNA analysis and correlation between DI val-
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mor heterogeneity
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DNA index values

were determined in

two separate tissue
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Figure 3. Multiploidy of thyroid
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histopathological groups.
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DNA content (fraction 1 and frac-

tion 2) were detected on histogram

of each examined sample.



ues in differently processed samples of the

same lesion are depicted in Fig. 4.

Besides experiments with samples from hu-

man thyroid lesions, comparative measure-

ments of nuclear DNA content were carried

out on fresh or formalin-fixed specimens of

normal thyroids of 6 pigs (not shown). All ex-

amined tissues were diploid with DNA index

values ranging from 0.98 to 1.0 as determined

in both fresh and fixed samples.

DISCUSSION

The conventional methods used for diagno-

sis of most solid tumors are based on architec-
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Table 2. Proliferative index values (PI) of diploid and aneuploid cell fractions from benign and malig-

nant thyroid lesions

Histopathological groups
Diploid Aneuploid

N mean range N mean range

Colloid goitre 3 8.6 (3.5–17.7) 15 13.7* (3.3–23.5)

Parenchymatous goitre 3 3.7 (0–11.0) 13 6.7* (0–35.9)

Adenoma 11 8.4 (0–24.2) 16 10.2** (0–24.5)

Carcinoma 2 19.4 (8.5–30.3) 17 16.2 (3.1–52.1)

PI = %S + %G2/M. *P < 0.01; **P < 0.05 - significantly different from the diploid cell fraction
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Figure 4. Influence of tissue fixation and processing on DNA flow cytometric measurements.

Distribution of DNA index values determined in 3 differently prepared specimens from each of 26 surgically excised

thyroid tumors (A) and plots of correlation between DI values estimated in fresh (F), formalin-fixed (FF) and paraf-

fin-embedded (PE) specimens (B).



tural and cytological features of a tissue speci-

men. Therefore the evaluation of some poorly-

characterised types of tumors such as pri-

mary endocrine lesions is a challenge for

histopathological interpretation. Since reli-

able and rapid differentiation between benign

and malignant tumors is of importance for

therapeutic and prognostic reasons, the clini-

cal application of the DNA measurement and

cell cycle analysis has been under investiga-

tion for several years.

Currently available data suggest that in

most solid tumors aneuploidy and high

proliferative index may be of significant prog-

nostic value [1, 2, 7, 8, 26]. However, clinical

importance of DNA cytometric measurements

of thyroid neoplasms remains controversial

[18, 19, 21, 22, 24, 25]. Joensuu et al. [22]

have found DNA aneuploidy to be associated

with poor prognosis in papillary, follicular

and medullary carcinomas. Some investiga-

tors claim a strict correlation between

aneuploid DNA content in thyroid cells and tu-

mor stage and behavior [25, 26]. Alterations

in DNA ploidy have been observed in 40% of

the tumors infiltrating extrathyroidal tissues,

in contrast to non-invasive tumors that were

all diploid [28]. Intensive tumor growth was

observed rather in aneuploid than in diploid

tumors [29]. Studies on differentiated tumors

showed that the anaplastic transformation oc-

curred only in DNA-aneuploid group [10, 29].

Many authors have noticed aneuploidy to be

statistically more frequent in anaplastic carci-

nomas than in differentiated lesions [18, 25,

29]. Comparing the features of benign and po-

tentially lethal thyroid lesions Francia et al.

[18] have detected higher percentage of speci-

mens with improper DNA content in the

group of malignant tumors. From a variety of

examined thyroid lesions Salmon et al. [10] as-

sessed the sequence, in which incidence of dip-

loid cases decreased from multinodular

goitres through adenomas down to anaplastic

carcinomas. Furthermore, Hoestetter et al.

[21] have suggested that DNA index is of diag-

nostic value in distinguishing benign from

malignant pathological changes of the gland.

Other authors were less optimistic. Joensuu et

al. [23] determined DNA content in follicular

adenomas and adenomatous goitres. They

suggested that aneuploidy was a common fea-

ture in histologically benign thyroid lesions

and did not appear to be associated with ad-

verse prognosis. In studies by Cusick et al.

[19] and McLeod et al. [30] the frequency of

DNA aneuploidy in apparently benign and in

malignant thyroid neoplasms appeared to be

parallel. Moreover, these authors suggested

little clinical relevance of the cell cycle analy-

sis in distinguishing benign from malignant

tissues.

Our results indicate that DNA ploidy does

not seem to be useful in distinguishing benign

from malignant thyroid tumors, especially on

the basis of a single sample measurement.

Flow cytometric DNA analysis has been car-

ried out on 71 paraffin-embedded archival tis-

sues with histopathological appearance of

colloid goitres, parenchymatous goitres,

adenomas and carcinomas. Comparative anal-

ysis of DNA content in distinct pathomorpho-

logical conditions showed high dispersion of

DNA index values in both benign and malig-

nant groups of thyroid pathologies. Aneuplo-

idy was not found specific to any type of thy-

roid lesions and therefore could not be of clini-

cal value. However, all of the thyroid cancers,

of which two specimens were studied, ex-

pressed the aneuploid DNA pattern at least in

one of the two specimens. Therefore, as sug-

gested by Horii et al. [31], detection of abnor-

mal DNA content should incline further inves-

tigations in terms of growing probability of

malignant disease.

In our study diploid DNA content was found

only in 21% of all examined specimens. Major-

ity of the tissues (over 62%) were hypodiploid,

4% hyperdiploid and 13% multiploid. Com-

paring the frequency of aneuploidy in the

present and other flow cytometric studies we

have noticed a high percentage of hypodiploid

tissues. Such a ratio may have resulted from

differences in tissue processing and staining,
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the number of nuclei scanned and, first of all,

from differences in interpretation of individ-

ual DNA histograms [32]. The criteria for

aneuploidy determination are not uniform.

Thus, the observed additional or disfigured

G0/G1 peaks or significant increase in S- or

G2/M-phase fractions may imitate abnormal

DNA content. Histogram analysis may also be

complicated by overlaping of mitotic cycle

phases of distinct cell lines. It should be men-

tioned that majority of reported data referred

to a defined type of thyroid lesions [18–20, 22,

23, 30]. In our study flow cytometric DNA

analysis was applied to wide spectrum of the

most common thyroid pathologies.

Tumor heterogeneity is another important

diagnostic problem. Occurrence of more than

one cell population within the lesion may

cause misinterpretation of cytogenetic fea-

tures of the whole tumor [32]. In our studies 9

of analysed histograms presented bimodal

pattern of DNA content, indicating heteroge-

neous cell composition of a single tissue sam-

ple. Moreover, in 14 cases, chosen as exam-

ples of the four histopathological groups, DNA

analysis was performed on two independent

cell samples obtained from central and adja-

cent part of the same lesion. Only 7 (50%) of

examined tumors were considered as homoge-

neous as in these cases both samples exhib-

ited the same DNA ploidy; either both diploid

or both hypodiploid. The remaining analysed

tissues proved to be heterogeneous as they

comprised both aneuploid and diploid types of

cells. According to a general rule, these tu-

mors were classified as aneuploid. Tumors

classified as adenomas and carcinomas re-

vealed more heterogeneous pattern of cellular

DNA content than colloid and parenchyma-

tous goitres. This proved again that for reli-

able evaluation of a lesion the samples from

distinct parts of the tumor should be taken

and analysed separately [32].

The cell cycle phase distribution did not

show any correlation either with the percent-

age of cells in each phase of the cycle or

histological type of examined thyroid lesions.

However, in goitres and adenomas, the mean

values of proliferative index were signifi-

cantly higher in aneuploid cell populations

when compared with diploid ones. Increased

proliferative activity in tissues with abnormal

DNA content was also demonstrated by oth-

ers [20, 33, 34]. On the other hand, our results

indicated that in carcinomas the mean PI val-

ues were significantly higher than in groups

of benign thyroid lesions and were independ-

ent of DNA ploidy level.

The tissues collected and analysed in our

study represented a variety of thyroid lesions.

Moreover, some of the patients before thyreo-

dectomy had undergone intensive phar-

macotherapy with antithyroid medicines such

as Methimazole, which could affect pro-

liferative activity of thyroid cells [35]. For

those reasons the interpretation of the com-

piled results would be possible only after ex-

amination of an extended group of patients,

taking into account all parameters that could

affect DNA ploidy and cell cycle kinetics.

Retrospective studies on paraffin-embedded

tissues of all kinds of tumors are valuable.

Comparability of the results obtained inde-

pendently by different methods used in tissue

processing seems to be a very important as-

pect, especially in thyroid neoplasms showing

relatively low incidence. Kumar et al. [36] sug-

gest that PI as well as DNA ploidy estimated

in fixed tissue may not necessarily parallel the

data obtained from fresh tumor specimen. Ac-

cording to others [37, 38], the values of DNA

parameters seem to be comparable despite

differences in storage conditions or the

method of tissue preparation for analysis.

However, single cell suspension retrieved

from paraffin-embedded tissue may provide

less precise results due to generation of cell

degradation products (debris) and cell aggre-

gates affecting the histogram. DNA content

evaluation in paraffin-embedded tissues is

supposed to be unreliable unless the tissue is

properly fixed in 10% buffered solution of for-

malin, directly after resection [38]. According

to our DNA study carried out on 26 tissues be-
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fore and after their treatment with formalin

or paraffin, tissue processing seems not to

have crucial influence on reliability of mea-

surements performed on fixed material. The

observed differences between samples were

not significant and most probably resulted

from local heterogeneity of the tumor. This

was proved by low dispersion of DI values in 6

normal pig thyroid glands used as controls,

subjected to similar fixation and preparation

procedures. These results point to a possibil-

ity of using an archival material for flow

cytometric DNA measurements.
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