Virchows Archiv A Pathol Anat (1991) 419:131-135

Virchows Archiv A

Pathological Anatomy
and Histopathology
© Springer-Verlag 1991

Alcian blue and epithelial membrane antigen
are useful markers in differentiating benign
from malignant papillae in thyroid lesions
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Summary. Immunohistochemistry for epithelial mem-
brane antigen (EMA) and histochemistry for alciano-
philic substances were performed in 17 cases of papillary
thyroid carcinoma (PTC) and 11 cases of benign thyroid
lesions showing papillary changes (7 diffuse hyperplastic
goitres-Graves’disease; 4 colloid cystic goitres). In all
PTCs the glycocalix of the cells lining the papillary struc-
tures was stronly positive with anti-EMA antiserum. Al-
cian blue pH 2.5 stain (AB 2.5) was also positive in 15
of these cases. In contrast, no cases of benign thyroid
lesions showed AB 2.5 positivity in the cells lining the
papillary structures and the positivity with anti-EMA
antiserum, present in only 5 out the 11 cases, was focal
and very weak. These results indicate that the presence
and distribution of EMA and alcianophilic substances
may be useful in distinguishing benign from malignant
thyroid lesions containing papillae.
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Introduction

Papillary structures, the hallmark of papillary carcinoma
of thyroid, are occasionally seen within benign lesions
such as colloid and hyperplastic goitres. When present
in these benign conditions they may cause diagnostic
difficulties and lead to confusion with papillary carcino-
ma (Rosai and Carcangiu 1987). Several histological cri-
teria have been proposed in order to distinguish papil-
lary structures of papillary thyroid carcinoma (PTC)
from the papillary fronds seen in benign conditions (Li-
Volsi 1990; Rosai 1989). Alcian blue (AB) content and
the epithelial membrane antigen (EMA) localization
have been investigated in 11 benign lesions of the thyroid
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showing papillary structures and 17 PTCs, with the aim
of identifying additional criteria in the differential diag-
nosis between the two types of papillary structures.

Materials and methods

Eleven benign lesions of the thyroid (4 colloid cystic goitres with
papillae and 7 diffuse hyperplastic goitres-Graves’disease) and 17
PTCs (11 of the classic and 6 of the mixed — follicular and papillary
— variants) were selected from the files of the Institute of Pathology
of the University of Bologna. Tissues were immediately fixed in
10% buffered formalin, embedded in paraffin and stained with
haematoxylin- and eosin (H & E).

The following histochemical techniques for mucosubstances
were performed: alcian blue pH 2.5 (AB 2.5); alcian blue pH 1
(AB 1); AB 2.5 combined with periodic acid-Schiff reaction with
diastase pre-digestion (AB 2.5-PASd).

For immunohistochemistry all cases were stained with EMA
monoclonal antibody diluted 1:6000 (kindly provided by J.P.
Sloane, London), using the streptavidin-biotin-peroxidase complex
technique (Hsu et al. 1981). The antibody used has been well char-
acterized, as recently shown (Imrie et al. 1990).

Results

Data for the 11 benign lesions are shown in Table 1.
In 7 of the 11 cases the thyroid tissue showed typical
features of diffuse hyperplastic goitre microscopically
and was almost entirely constituted by prominent papil-
lary structures abutting in irregular follicular spaces,
mostly devoid of colloid. All these cases underwent sub-
total thyroidectomy because of a long-standing history
of thyroid hyperfunction resistant to medical therapy.
In the remaining 4 cases, most of the tissue was com-
posed of large cystic follicles lined by flattened epitheli-
um and focally showing papillary fronds (colloid cystic
goitres with papillae). In all cases the papillary structures
appeared to be composed of a central core of delicate
fibrovascular tissue, sometimes myxomatous in appear-
ance, lined by one layer of epithelial cells with basally
located nuclei (Figs. 1, 2). Cells were cuboidal or colum-
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Table 1. Benign lesions

Table 2. Classic papillary carcinomas

Cases EMA PASd AB 25 Cases EMA PASd AB25S
Pap. Foll. Pap. Foll. Pap. Foll. Pap. Foll. Pap. Foll. Pap. Foll.
Colloid Goitres 12 gly N N N gly N
1 gly gly N co N N +++D +F
+F +F +D 13 gly N N N gly N
2 gly gly N co N N +++D ++D
+F +F +D 14 gly N N N gly N
3 N gly N co N N ++D +D
+F +D 15 gly N N N gly N
4 N N N co N N +++D +b
+F 16 gly N co N gly co N
D D D +D
Hyperplastic Goitres 17 “: T N * N t tAD N
gly co gly
5 N gly N N N N +++F +F +F
+F
18 gly gly co N co gly N
6 N N N e N N Y++D ++F +F +F  F+F
19 1 N N N 1 N
7 N co N co N N &b or
+F +F
i I 20 gly gly N co gly gly
8 gly ely N co N co Y4+4D 44D +F +D +D
+F +D +F +F 2 ! | N | |
gly gly co co gly gly
? gly N N co N N ++F  +F +F +F +F +F
+F +F 22 1 1 N t N
gly gly co gy
10 N gly N co N N “D *F +F 4+F
+D +F
1 gly N N co N N Pap, papillae; Foll, neoplastic follicles; gly, glycocalix; co, colloid
+F +F positivity: +, weak; + 4, medium; + + -+, strong; N, negative;

AB, Alcian blue; EMA, epithelial membrane antigen; PASd, peri-
odic acid Schiff (diastase); Pap, papillae; Foll, follicles; gly, glyco-
calix; co, colloid positivity: +, weak; + +, medium; + + +,
strong; N, negative F, focal; D, diffuse

nar in hyperplastic lesions. In 3 of these cases the nuclei
were large and irregular.

Histochemically the epithelial cells lining the fibro-
vascular core of the papillae were not stained by the
AB methods. A PAS-positive basal lamina was evident
in all cases.

The colloid within the follicles appeared PASd-posi-
tive in 10 of the 11 cases of benign lesions studied (4
colloid-cystic goitres with papillae and 6 hyperplastic
goitres). PASd positivity was diffuse in 3 cases and focal
in 7 cases. In 1 case of hyperplastic goitre a focal colloid
AB 2.5 positivity was seen.

Immunohistochemically the outer surface (glycocalix)
of most of epithelial cells was negative with anti-EMA
antiserum (Fig. 3). A weak positivity was seen in the
follicular component of 6 and in the papillary compo-
nent of 5 cases. In 1 case colloid was also immunoreac-
tive with anti-EMA antiserum. This positivity was pres-
ent in a very limited number of follicles. No cytoplasmic
positivity with anti-EMA antiserum was found.

The 17 PTCs examined were considered to be of class-
ic type when most of the tumour appeared composed
of papillary structures (11 cases), and as mixed (follicular
and papillary) type when the presence of neoplastic folli-
cle-like structure was prominent (6 cases). The neoplastic

F, focal; D, diffuse

several papillary projections abutting into irregular follicular
spaces. H & E, x 100

papillae in all cases were composed of a central core
of fibrovascular tissue lined by one or several layers of
cells showing crowded nuclei with a ground-glass ap-
pearance and occasional intranuclear cytoplasmic invag-
inations and groovings (Fig. 4). The follicular compo-
nent in the mixed PTCs showed cytological features su-
perimposable on those of the papillary structures.
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Fig. 2. Case 6: typical papillary structures showing a fibrovascular
core. The cuboidal lining cells have round nuclei, H & E, x 250

Fig. 3. Case 6: deeper level of sectioning. The fluffy glycocalix ap-
pears unstained by anti-epithelial membrane antigen (EMA) antise-
rum. Streptavidin-biotin-peroxidase, x 250

Fig. 4. Case 12: in this case of papillary carcinoma the fibrovascu-
lar core is sclero-hyaline. A psammoma body is present (arrow).
Inset: Cells with clear nuclei are visible. H & E, x 100; inser x 350
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Fig. 5. Case 13: a definite rim of alcian blue (AB)-positive material
outlines the neoplastic cells. AB 2.5, x 350

Fig. 6. Case 14: EMA is present on the glycocalix of cells lining
papillae. Neoplastic follicles are devoid of EMA. Streptavidin-bio-
tin-peroxidase, x 250

Fig. 7. Case 15: the neoplastic cells are strongly outlined by anti-
EMA antiserum. Streptavidin-biotin-peroxidase x 350
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Table 3. Mixed papillary carcinomas

Cases EMA PASd AB25
Pap. Foll. Pap. Foll. Pap. Foll.

23 gly gly N co N N
++F ++F +F

24 gly gly N co N gly
+D +D +D ++D

25 gly gly N co gly gly
++D  ++D +F  ++4D ++D

26 gly gly N co N N
++D  ++D +F

27 gly gly N co gly gly
++D 44D +F  +F +F

28 gly gly N co gly gly
++D  ++D +F 4D +D

Pap, papillae; Foll, neoplastic follicles; gly, glycocalix; co, colloid
positivity: +, weak; + +, medium; + + +, strong; N, negative;
F, focal; D, diffuse

Histochemically, in the 11 classic PTCs (Table 2) the
epithelial cells lining the papillary fronds showed a defi-
nite AB 2.5 positivity confined exclusively to the glyco-
calix in all of the 11 cases studied (Fig. 5). Positivity
was seen in most of the cells in 5 and limited to some
areas in 6 cases. Only 4 of the 11 cases showed a focal
PASd positivity in the colloid within follicular struc-
tures.

In mixed (papillary and follicular) PTCs (6 cases) (Ta-
ble 3) the glycocalix of the neoplastic cells was stained
by AB 2.5 in the follicular component in 4 cases (diffuse
in 3 cases and focal in 1) and in the papillary component
in 3 cases (diffuse in 2 cases and focal in 1). In 2 cases
no staining was visible in the epithelium lining the papil-
lae.

Colloid appeared diffusely positive with PASd in all
cases of mixed PTCs. No AB 2.5 — positive substances
were present within the cytoplasm of the neoplastic cells
of the classic, or the mixed PTCs. A PAS-positive basal
lamina was always observed in all cases of classic and
mixed PTCs.

In all cases of classic and mixed PTCs, the glycocalix
of the neoplastic cells lining the fibrovascular core of
the papillary structures was immunoreactive with anti-
EMA antiserum (Figs. 6, 7). Positivity was diffuse in
the papillary component of most of the cases of both
variants, while the follicular component appeared nega-
tive (7 cases) or only weakly positive (10 cases). No posit-
ivity was observed within the cytoplasm of the neoplastic
cells in any of the cases.

Residual non-neoplastic thyroid tissue was observ-
able in 14 of 17 cases of PTC. Twelve of these showed
PASd positivity in the colloid, while in 6 cases colloid
also appeared positive with AB 2.5. Benign thyroid fol-
licular cells were devoid of AB 2.5-positive substances
in all cases.

The glycocalix of normal thyroid cells appeared focal-
ly positive with anti-EMA antiserum in 7 cases. In 1
case (case 7) EMA positivity was also found in the cyto-

plasm of occasional thyroid cells. Colloid was weakly
EMA-immunoreactive in 10 cases.

The stromal tissue was weakly AB 2.5 positive in all
cases of benign and malignant lesions, as well as in the
residual normal thyroid tissue.

No positivity for AB 1 was observed in normal thy-
roid tissue, in benign lesions, or in papillary carcinomas.

Discussion

It is generally accepted that the observation of papillary
structures is not a reliable criterion to establish the diag-
nosis of papillary carcinoma of the thyroid, as in the
follicular variant of PTC papillae are not present (Rosai
1989). In addition, typical papillary structures or papil-
loid projections are seen in benign conditions such as
colloid and hyperplastic goitres (Rosai and Carcangiu
1987). Therefore it appears that it is important to distin-
guish papillary structures of PTC from those appearing
in benign conditions. Ground-glass nuclei and intranu-
clear invaginations of the cytoplasm are very useful cyto-
logical criteria characteristic of PTCs (LiVolsi 1990).
However, not all papillary carcinomas show optically
clear nuclei (Rosai 1989), and the presence of nuclear
pseudoinclusions has been recently described in hyaliniz-
ing trabecular adenomas (Carney et al. 1987). Papillary
fronds in PTC are short and have an irregular structure.
In contrast, the papillae present in benign conditions
are elongated, have a more organoid disposition and
tend to converge towards the centre of the lesion (Rosai
and Carcangiu 1987). Nevertheless, there are cases in
which confusion might arise, especially when atypical
nuclei, capsular and/or vascular and skeletal muscle in-
vasion are encountered in diffuse or nodular hyperplasia
(Rosai 1989).

In the present study, the different distribution of
EMA and AB 2.5 — positive substances was apparent
in benign and malignant lesions bearing papillary struc-
tures. Anti-EMA antiserum stained diffusely the glyco-
calix of the cells lining the papillary structures in all
cases of classic and mixed PTC. Similarly, all classic
PTCs and more than 50% of mixed PTCs displayed
AB 2.5-positive glycocalix of the epithelial cells consti-
tuting the papillae (Tables 2, 3). In contrast, the epitheli-
um lining the papillary fronds in the benign lesions did
not show any AB 2.5-posistive substance. In addition,
the expression of EMA in the same cases was only focal
and weak (Table 1). It appears therefore that the study
of the localization and distribution of these two markers
can be of additional help in the histological distinction
of benign from malignant papillary lesions of the thy-
roid.

EMA is usually expressed by most of the glandular
epithelia (Heyderman et al. 1979) and its presence in nor-
mal and neoplastic thyroid tissue has been previously
reported by Wilson et al. (1986), who studied 10 cases
of PTC. Their results differed somewhat from those re-
ported here since they found only a weak positivity for
EMA in their cases. Nevertheless this statement appears
contradicted by one illustration in the same paper where



a strong and diffuse staining of the glycocalix is clearly
evident. Therefore this discrepancy may be more appar-
ent than real and it is due to different evaluation of
the same results.

There are contrasting data in the literature concern-
ing the presence of mucosubstances in normal and neo-
plastic thyroid tissue. In current textbooks of pathology,
the production of mucins by primary thyroid tumours
is considered an extremely rare event, with the exception
of medullary carcinoma (LiVolsi 1990; Rosai 1989).
Nevertheless, recent studies revealed the presence of mu-
cosubstances in up to 50% of thyroid carcinomas (Mlyn-
ek etal. 1985; Rigaud and Bogolometz 1987) and in
up to 57% of metastatic PTCs (Chan and Tse 1988).
In addition, acid mucins have also been found in 18%
of normal thyroid glands (Harach 1985). Whether al-
cianophilic substances in thyroid have to be considered
as mucins or as products of degradation of thyroglobulin
is still a matter of discussion (Carcangiu et al. 1985;
Mendelsohn 1984; Rigaud and Bogolometz 1987). In
addition, the presence of AB 2.5-positive substances is
difficult to evaluate in thyroid tissue, as these are often
obscured by the presence of colloid (Rigaud and Bogolo-
metz 1987). In conclusion, the true nature of the AB 2.5-
positive substances in PTCs is difficult to ascertain and
for this purpose the standardization of the histochemical
techniques for detection of mucins in the thyroid seems
to be necessary. A novel approach was recently attempt-
ed by Vierbuchen et al. (1989), who employed two differ-
ent monoclonal antibodies directed against carbohy-
drate antigens. These same authors found results similar
to our own; immunoreactivity was seen in malignant
conditions only, while no staining was present in the
several benign lesions studied. It is pertinent to quote
their words: as “in well-differentiated papillary carcino-
mas the reaction product was concentrated in the apical
portion of the papillary structures”.

At the present time, the reason why EMA and alcian-
ophilic substances are not consistently seen to outline
the glycocalix of cells constituting the papillary fronds
in benign lesions as opposed to those in PTCs is not
clear. This might be the consequence of different func-
tional stages, the benign cells having different functional
activity from the malignant counterpart.

In conclusion, the purpose of this paper was to show
different patterns of distribution of AB 2.5- and EMA-
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positive substances in benign and malignant lesions of
the thyroid containing papillary structures and to sug-
gest that their evaluation might be useful in the differen-
tial diagnosis of these lesions.
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