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Abstract The expression of proliferative cell nuclear an-
tigen (PCNA) in follicular tumours of the thyroid was
examined by immunohistochemistry. Both usual nonoxy-
philic cell follicular tumours (non-OCT) and oxyphilic
cell tumours (OCT) were subdivided into benign, inde-
terminate, encapsulated carcinoma, and widely invasive
carcinoma types. Among non-OCT the percentages of
PCNA-positive cells in benign tumours, encapsulated
carcinomas, and widely invasive carcinomas was
2.5%-8.6%, 11.8%-39.1%, and 18.6%-20.0%, respec-
tively. There was a statistically significant difference be-
tween benign tumours and encapsulated or widely inva-
sive carcinomas, as in previous studies. A value of 10%
was appropriate to distinguish benign from malignant le-
sions. PCNA-positive cells in indeterminate-type non-
OCT were not significantly different from those in be-
nign tumours, ranging from 4.3%-19.6%, and occurring
at more than 10% in three of six tuours. Among OCT the
positivity was less than 10% in benign tumours
(4.5%~7.8%) and more than 10% in malignant tumours
(14.1%-35.9%) and all the eight indeterminate tumours
(12.5%-27.3%), with a statistically significant differ-
ences between the benign tumour and each of the latter
types. These results indicate that the examination of
PCNA is valuable in diagnosis of thyroid follicular tu-
mours and that the use of similar diagnostic criteria may
be warranted in both non-OCT and OCT.
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Introduction

Histological diagnosis of follicular tumours of the thyroid
still poses a challenging problem. The criteria for malig-
nancy including the presence of capsular and/or vascular
invasion, have been well established, but may require
painstaking examination of the capsule and special stains
to identify blood vessels [8, 27]. Furthermore, the criteria
in oxyphilic (Hiirthle) cell tumours (OCT), whose cell
population is exclusively or predominantly made up of
oxyphilic cells [18], remains controversial [1, 5, 10, 11,
12, 25]. Recently, Carcangiu et al. [6] divided OCT into
three categories; malignant, indeterminate, and benign
types based on the degree of capsular and/or blood vessel
invasion, growth pattern, nuclear atypia, and necrosis.

Proliferative cell nuclear antigen (PCNA) appears in
the nucleus during the synthetic phase of the cell cycle
[2, 22]. Monoclonal antibodies to PCNA applicable for
routinely processed tissue have been produced and have
been shown to be useful in the evaluation of cellular pro-
liferation [17, 24]. Recently, a few reports have suggest-
ed that the percentage of PCNA-positive cells of follicu-
lar carcinoma is significantly higher than that of follicu-
lar adenoma [21, 23]. Although not exactly stated, these
studies seem to have included only ordinary (nonoxy-
philic cell) follicular tumours (non-OCT). In the present
study, using the similar immunohistochemical method,
we have confirmed this difference in non-OCT by more
detailed analysis and also analysed OCT.

Materials and methods

Thyroid tumour specimens with adequate fixation time were exam-
ined. They included 28 non-OCT and 24 OCT. Blocks of each tu-
mour had been fixed in 10% buffered formalin for an average of 24
h; a few non-OCT cases in which the fixation time had exceeded
48 h were excluded. Sections of paraffin-embedded tissues were
stained with haematoxylin and eosin and elastic-van Gieson. The
non-OCT were selected from the file of our pathology department,
which included cases from the affiliated hospitals as well as Na-
goya City University Hospital. The OCT were consecutive cases at
Nagoya City University Hospital between 1976 and 1990. The non-
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OCT and OCT were divided according to the criteria of World
Health Organization (WHO) [14] and also Carcangiu et al. [6] with
some modification; indeterminate categories were made in non-
OCT as well as in OCT. There were 19 benign tumours (10 non-
OCT and 9 OCT), 14 indeterminate tumours (6 non-OCT and 8
OCT), 16 encapsulated carcinomas (9 non-OCT and 7 OCT), and 3
widely invasive carcinomas (non-OCT only). Widely invasive car-
cinoma showed unequivocal invasion of the surrounding thyroid or
extrathyroid tissues. The encapsulated carcinoma showed obvious
(full-thickness) capsular invasion and/or obvious blood vessel inva-
sion although they were well-encapsulated macroscopically. The
indeterminate tumours exhibited partial (but not transcapsular) in-
vasion or tumour cell nests in the fibrous capsule. The benign tu-
mours lacked the histological features described above. Growth
patterns (solid/trabecular or follicular) were variable and did not
differ in the four groups. No significant necrosis was found in tu-
mours in any group in the present series.

Immunohistochemical staining for PCNA was performed on
paraffin sections by the streptavidin-biotin imunoperoxidase meth-
od [9] using the IMMU-MARK immunostaining kits (ICN Immu-
noBiologicals, Lisle, Ill., USA) and monoclonal anti-PCNA anti-
body PC10 (dilution, 1: 100) (Novocastra Laboratories, Burling-
ham, La., USA). The peroxidase activity was visualized with dia-
minobenzidine, followed by counterstaining with methyl green. As
negative controls, normal mouse 1gG was substituted for the pri-
mary antibodies. The percentage of PCNA-positive cells was de-
termined by counting at least 1000 tumour cells in randomly se-
lected fields using a high-resolution colour video camera (Ikega-
mi, model MKC-385, Tokyo, Japan) and a tablet measure unit
(Olympus, model VM-30, Tokyo, Japan). Two of us (H.T. and Y-

P.Y.) assessed the judgment of the positivity by viewing the high-
resolution display and counting the positive cells independently of
the histological diagnosis of the tumours.

Student’s #-test was used for statistical analysis. The difference
was considered to be significant when the P value was less than
0.05.

Results

The clinical data of the patients are summarized in Tables
1 and 2. The follow-up data of all patients, except for a
few patients with non-OCT, were available extending
from 1 year to 12 years, with a median of 5 years. One
patient (case 27) with widely invasive non-OCT carcino-
ma was alive with a lung metastasis. All the other patients
were alive with no evidence of tumour, although one pa-
tient with indeterminate OCT (case 39) had a past history
of thyroidectomy 24 years before (the pathological diag-
nosis was not available).

Tumour cells positive for PCNA showed nuclear
staining with a granular or diffuse pattern with variable
degrees of intensity (Figs. 1-3); all identifiable staining
was regarded as positive. Positive staining for PCNA was
also seen in the nuclei of proliferating cells in germinal

Table 1 Nonoxyphilic cell follicutar tumours (ron-OCT, PCNA proliferative cell nuclear antigen, M male, F female, NED, no evidence

of disease)
Case number Age Sex Operation PCNA (%) Follow-up
Benign non-OCT (follicular adenoma)
1 27 F Lobectomy 2.7 Lost to follow-up
2 25 F Enucleation 52 Lost to follow-up
3 50 F Lobectomy 8.6 Alive NED after 11 years
4 38 F Lobectomy 4.0 Alive NED after 10 years
5 49 M Lobectomy 45 Alive NED after 10 years
6 31 F Lobectomy 2.5 Alive NED after 3 years
7 61 M Lobectomy 6.8 Alive NED after 2 years
8 45 M Lobectomy 52 Alive NED after 1 year
9 47 M Lobectomy 6.8 Alive NED after 1 year
10 45 F Lobectomy 3.9 Alive NED after 1 year
Indeterminate non-OCT
1 22 F Lobectomy 6.9 Alive NED after 4 years
12 26 F Lobectomy 5.2 Alive NED after 4 years
13 58 F Lobectomy 4.3 Alive NED after 4 years
14 30 F Lobectomy 19.6 Alive NED after 10 years
15 34 F Lobectomy 12.9 Alive NED after 4 years
16 38 M Lobectomy 16.2 Alive NED after 4 years
Malignant non-OCT (encapsulated follicular carcinoma)
17 67 F Lobectomy 24.6 Lost to follow-up
18 66 F Lobectomy 14.6 Alive NED after 6 years
19 44 F Lobectomy 12.1 Alive NED after 5 years
20 36 F Lobectomy 19.7 Alive NED after 1 year
21 63 F Lobectomy 16.4 Alive NED after 1 year
22 34 F Lobectomy 36.9 Alive NED after 1 year
23 40 F Lobectomy 11.8 Alive NED after 1 year
24 64 F Lobectomy 39.1 Alive NED after 1 year
25 29 F Lobectomy 29.3 Alive NED after 1 year
Malignant non-OCT (widely invasive follicular carcinoma)
26 41 F Lobectomy 19.3 Lost to follow-up
27 57 F Total 20.0 Alive with distant
thyroidectomy metastasis after 5 years
28 72 F Lobectomy 18.6 Alive NED after 5 years




Table 2 Oxyphilic cell tumours (OCT)

535

Case number Age Sex Operation OCNA (%) Follow-up
Benign OCT (oxyphilic adenoma)
29 42 F Lobectomy 6.7 Alive NED after 10 years
30 28 F Lobectomy 7.7 Alive NED after 9 years
31 20 M Lobectomy 5.8 Alive NED after 9 years
32 24 F Lobectomy 4.7 Alive NED after 8 years
33 51 M Lobectomy 7.3 Alive NED after 8 years
34 58 M Lobectomy 7.3 Alive NED after 7 years
35 75 M Lobectomy 5.8 Alive NED after 4 years
36 49 F Lobectomy 4.5 Alive NED after 4 years
37 45 F Lobectomy 72 Alive NED after 3 years
Indeterminate OCT
38 75 F Lobectomy 14.8 Alive NED after 10 years
39 58 F Lobectomy 234 Alive NED after 9 years
40 48 F Lobectomy 12.5 Alive NED after 5 years
41 43 F Lobectomy 27.3 Alive NED after 4 years
42 69 F Lobectomy 19.0 Alive NED after 3 years
43 55 F Lobectomy 15.1 Alive NED after 3 years
44 15 F Lobectomy 135 Alive NED after 3 years
45 21 F Lobectomy 13.3 Alive NED after 2 years
Malignant OCT (encapsulated oxyphilic cell carcinoma)
52 F Lobectomy 14.1 Alive NED after 12 years
47 54 F Lobectomy 31.3 Alive NED after 9 years
48 43 F Lobectomy 28.4 Alive NED after 5 years
49 49 F Lobectomy 223 Alive NED after 4 years
50 21 F Lobectomy 19.8 Alive NED after 4 years
51 43 F Lobectomy 20.5 Alive NED after 3 years
52 74 F Lobectomy 359 Alive NED after 3 years
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Fig. 1 Benign oxyphilic cell tumour (case 35). A few nuclei of the tu-
mour cells stain positive for proliferative cell nuclear antigen (PCNA).
Streptavidin-biotin (SAB) method with methyl green counterstain, X250

centres of reactive lymphoid follicles which were some-
times present in and around the tumours.

The percentages of PCNA-positive tumour cells in
non-OCT types are shown in Table 1. The values in be-
nign non-OCT (follicular adenomas) ranged from 2.5%
to 8.6% (mean, 5.0%1.9%), all lower than 10%. Those in
encapsulated follicular carcinoma and widely invasive
follicular carcinoma ranged from 11.8% to 39.1% (mean,
22.7£10.3%) and 18.6% to 20.0% (mean, 19.330.7%),

Fig. 2 Encapsulated oxyphilic cell carcinoma (case 46). Many nu-
clei of tumor cells stain positively for PCNA. SAB method with
methyl green counterstain, X250

respectively; all were higher than 10%. The differences
in the values between follicular adenoma and encapsulat-
ed follicular carcinoma and between follicular adenoma
and widely invasive follicular carcinoma were statistical-
ly significant (P<0.001, P<0.001, respectively), while
that between encapsulated follicular carcinoma and
widely invasive follicular carcinoma was not. The values
in indeterminate non-OCT ranged from 4.3% to 19.6%
(mean, 10.816.3%), three tumours (cases 11, 12, 13) were
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Fig. 3 Indeterminate oxyphilic cell tumour (case 40). Many nuclei
of tumour cells stain positive for PCNA. SAB method with methyl
green counterstain, x250

lower than 10% and another three (cases 14, 15, 16)
higher. Histologically, the capsule of the three tumours
in low-value group had a tendency to hyalinization
around the tumour cell nests, but exact distinctions be-
tween the two groups was difficult in the haematoxylin
and eosin stained sections. There was no significant dif-
ferences in the PCNA values between follicular adenoma
and indeterminate tumours as a whole.

The percentages of PCNA-positive tumour cells in
OCT are shown in Table 2. Like non-OCT, the values
were less than 10% in benign lesions (4.5%-7.8%, mean
6.3+1.2%; Fig. 1) and more than 10% in malignant OCT
(14.1%-35.9%, mean 23.717.4%; Fig. 2). There was sta-
tistically significant difference in the values between
these two types of tumours (P<0.001). All
indeterminate-type OCT showed percentages higher than
10% (12.5%-27.3%, mean 24.5+7.5%; Fig. 3) and there
was also statistically significant difference in the values
between benign-type and indeterminate-type tumours
(P<0.001). There was no significant difference in the
values between malignant-type and indeterminate-type
tumours.

Discussion

The recent WHO classification [14] defines follicular
adenoma as a tumour with well-defined fibrous capsule
and encapsulated follicular carcinoma as a grossly encap-
sulated tumour with histologically unequivocal vascular
invasion and/or capsular invasion that penetrates the full
thickness of the capsule. When the invasion is not distinct
or does not penetrate the full thickness of the capsule, the
tumour is diagnosed as follicular adenoma. Widely inva-
sive follicular carcinoma shows widespread infiltration of
blood vessels and/or adjacent thyroid tissue and often
lacks complete encapsulation. WHO specifies OCT as a
variant of non-OCT, using the same histological criteria

[14]. Howeyver, uncertainty exists as to the true nature of
OCT. Some authors regard all these tumours as potential-
ly malignant, since several patients with histologically
benign OCT died from their disease [25]. Carcangiu et al.
{6] described Hiirthle (oxyphilic) cell carcinomas as a
highly aggressive neoplasm when compared with non-
oxyphilic cell follicular carcinoma.

Recently, more objective methods have been tried in
the evaluation of thyroid follicular tumours. The useful-
ness of DNA histograms (flow cytometry) was limited
because DNA aneuploidy was observed in follicular
adenoma, follicular carcinoma, and OCT [4, 15]. The
immunohistochemical demonstration of PCNA, a 36 kDa
acidic nuclear protein essential for DNA synthesis, has
been very useful in estimating cell proliferation and ma-
lignant potential in certain tumours [2, 17, 22]. The
PC10 monoclonal anti-PCNA antibody is applicable for
formalin-fixed paraffin-embedded tissues, provided that
the fixation time is adequate [13, 24, 26]. The materials
used in this study were within appropriate conditions
[13]; reactive lymph follicles when present showed many
positive cells.

Only two studies using PCNA on thyroid tumours
have been reported [21, 23]. A statistically significant
difference of PCNA labelling index was shown between
follicular adenoma and follicular carcinoma, although
one report is in abstract form only [23] and neither de-
scribed indeterminate type tumours separately. More-
over, OCT are apparently not included in either series. In
this study the percentages of PCNA-positive cells in en-
capsulated or widely invasive follicular carcinomas of
non-OCT type were significantly higher than those in
follicular adenomas, in agreement with previous results
{21, 23]. Based on the ranges of PCNA counts in the car-
cinoma group and adenoma, a value of 10% was estimat-
ed to be appropriate for the separating line between be-
nign and malignant lesions. In our study, non-OCT with
partial capsular invasion or with tumour cell nests in the
capsule were designated as indeterminate tumours fol-
lowing Carcangiu et al.’s criteria [6] for OCT. Among six
indeterminate non-OCT, three showed PCNA indices
lower than 10% and another three higher than 10%.

Malignant tumours of OCT type likewise showed sig-
nificantly higher percentages of PCNA-positive cells than
benign tumours, with the cut-off level of 10%. In addi-
tion, all indeterminate OCT also showed values more
than 10%, significantly higher than those of benign OCT.
In view of the proliferative activity these indeterminate
tumours (half of non-OCT and all of OCT in this study)
may be carcinomas which cannot be distinguished from
adenomas in conventional histology. It is possible to con-
clude that the capsular invasion, even if not transcapsular,
may be an important histological feature suggesting ac-
tive proliferation, more so in OCT than in non-OCT.
In Carcangiu et al.’s series [6], all the OCT of benign
and indeterminate types behaved in a benign fashion
clinically; all our cases also showed a good clinical
course. However, a longer follow-up period may be
needed, since one of our cases had a past history of thy-



roidectomy 24 years before. In Evans’ series [7], three
patients with encapsulated follicular tumour showing
nests, cords, or nodules of tumour cells located within
the capsule died of the tumour.

This study, like previous reports, indicates that the in-
cidence of malignancy in OCT is higher than that in or-
dinary follicular tumours. A review of the files of Na-
goya City University Hospital from 1976 to 1990
showed that 7 (4.2%) of 165 non-OCT were carcinoma
(unpublished data), similar to the figures reported by
others; 2.3% by Schroder et al. [20] and 2.4% by Lang et
al. [16]. The incidence of malignancy in OCT ranges
from 18.3% to 62.3% in the literature [3, 5, 18], and in
the present series is 29% (7 of 24 OCT) during the same
period (1976-1990) at Nagoya City University Hospital.
The rate becomes 62.5% (15 of 24 OCT) when the inde-
terminate tumours with high PCNA index is considered
malignant. While this high incidence of malignancy may
explain previous concerns about OCT in general, the
present PCNA study supports the use of similar criteria
in the diagnosis of non-OCT and OCT.
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Addendum

Since submission of ths manuscript Ruschoff et al. [19] have re-
ported silver nucleolar organiser region (AgNOR) staining for thy-
roid follicular tumours; the AgNOR distribution score showed sig-
nificant difference between benign adenomas and malignant follic-
ular tumours. Their results, accord with ours although oxyphilic
cell tumours were not included.
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