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A b s t r a c t  We studied a wide range thyroid tumours and 
non-neoplastic conditions (total 463 cases) immuno- 
histochemically to evaluate the possible diagnostic po- 
tential of HBME-1 and CD15 antibodies. HBME-1 
monoclonal antibody recognizes a biochemically un- 
known epitope present in mesothelioma and variably 
present in some adenocarcinomas. CD15 antibodies rec- 
ognize a sugar epitope also included in Lewis X blood 
group antigen. All papillary (145/145) and follicular car- 
cinomas (27/27) were HBME-1 positive, usually in the 
the majority of tumour cells. In contrast, cases of nodular 
goitre and papillary hyperplasia either showed no reac- 
tivity or were focally positive (in a third of cases). The 
patterns of CD15 reactivity were generally similar, al- 
though smaller numbers of tumour cells were positive in 
papillary carcinomas, and only 50% of follicular carcino- 
mas were positive. Because fetal thyroid also showed 
CD 15 reactivity, this antigen appears to behave as an on- 
cofetal antigen in relation to thyroid tissue. Anaplastic 
carcinomas were negative with both antibodies, indicat- 
ing the loss of these epitopes upon high grade malignant 
transformation. We conclude that HBME-1 and CD15 
immunohistochemistry may be helpful in the histological 
differential diagnosis between benign lesions and differ- 
entiated thyroid carcinomas, especially papillary tu- 
mours. Although the biochemical basis of HBME- 1 reac- 
tivity is unknown, increased CD15 reactivity in malig- 
nant thyroid tumours probably reflects changes in thy- 
roid follicular epithelial glycoconjugates related to ma- 
lignant transformation. 
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Introduction 

The differential diagnosis of thyroid tumours is often dif- 
ficult because of the wide histological spectrum of both 
non-neoplastic thyroid tissue and thyroid carcinomas. 
Although immunohistochemistry is helpful in tumour 
typing, the differential diagnosis of benign and malig- 
nant conditions is essentially based on cytohistological 
features [6, 35]. In particular, the differential diagnosis 
between papillary thyroid carcinoma and papillary hy- 
perplasia may be difficult when papillary carcinomas 
lack typical cytological features, such as nuclear grooves 
and optically clear nuclei [19, 26, 34]. It is also true that 
the nuclear grooves are not specific for papillary carcino- 
ma, but may be present in benign thyroid lesions includ- 
ing nodular goitre and follicular adenoma [30]. Follow- 
ing our initial observation that HBME-1 and CDI5 
monoclonal antibodies reacted with papillary thyroid 
cancers but not with benign thyroid epithelium, we stud- 
ied a large series of thyroid tumours and non-neoplastic 
lesions immunohistochemically in order to evaluate the 
biological significance and potential diagnostic value of 
these findings. 

HBME-1 monoclonal antibody was raised by Battif- 
ora to cultured mesothelioma cells. The target antigen of 
the HBME-1 is a yet unknown membrane antigen of me- 
sothelioma cells, as the antibody neither immunoblots 
nor immunoprecipitates [32] (H. Battifora, personal 
communication, November 1994). However, HBME-1 
antibody has been found useful in the differential diag- 
nosis between mesothelioma vs. adenocarcinoma, as the 
former is positive and the latter typically negative [20, 
32]. 

CD15, a cluster antigen of myeloid cells, contains a 
sugar sequence similar to that of Lewis X (LeX) blood 
group antigen and stage specific embryonic antigen 
(SSEA) [1]. CD15 immunoreactivity is widely used as a 
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diagnostic marker of Hodgkin's cells [5, 7, 11, 12, 14, 
24, 36]. Because many adenocarcinomas are CD15 posi- 
tive but mesotheliomas are negative, CD15 is also com- 
monly used in the differential diagnostic panel for evalu- 
ation of possible mesothelioma [22, 23, 31, 32, 37, 39, 
40]. The presence of CD15 (LeuM1) reactivity has been 
suggested as an unfavourable prognostic sign in thyroid 
medullary and papillary carcinoma [17, 21, 28, 29]. 
However, no comparative evaluation of benign and ma- 
lignant thyroid tissue has been reported. 

In this study we show that HBME-1 and CD15 anti- 
bodies react with most differentiated thyroid carcinomas, 
especially papillary carcinomas, but do not react signifi- 
cantly with benign tumours suggesting, that these anti- 
bodies may be useful in the differential diagnosis of thy- 
roid lesions, especially papillary lesions. 

Materials and methods 

Representative thyroid tumours and non-neoplastic lesions (total 
463 cases) were obtained from the files of the two institutions 
(Department of Pathology and Cell biology, Jefferson Medical 
College of Thomas Jefferson University, and Department of Pa- 
thology, University of Helsinki). Normal thyroid was obtained 
from surgical specimens, and 15-week fetal thyroid was obtained 
from a surgical specimen (intranterine fetal death). The tissues had 
been fixed in phosphate-buffered formaldehyde (8 to 72 h) and 
embedded in paraffin. The tumour diagnoses were based on pub- 
lished criteria [2, 6, 26]. Previously frozen tissue was avoided, as 
it showed reduced immunoreactivity for HBME-1 and markedly 
reduced reactivity for CD15. Follow-up information of selected 
cases was obtained from local tumour registries. Htirthle cell le- 
sions were excluded from the study; they showed weak to moder- 
ate diffuse background-like staining most probably attributable to 
endogenous biotin/avidin binding; in addition, the staining pat- 
terns were similar in metaplastic and neoplastic Htirthle cells. 

The primary mouse monoclonal antibodies HBME-1 (Dako- 
parts Carpinteria, Calif.) and CD15 (LeuM1, Beckton-Dickinson, 

Mt View, Calif.) were used at dilutions of 1:40-1:50. HBME-1 
mouse IgM hybridoma antibody was raised by Battifora to a sus- 
pension of cultured human mesothelioma cells, and it reacts with 
an incompletely characterized membrane component of mesotheli- 
oma cells [20, 21]. Based on our experiments, pepsin digestion 
[0.05% crude preparation of pepsin (Merck, Darmstadt, Germany) 
in HC1, pH 2.0 for 20-30 min at +37°C] was used prior to the im- 
munostaining for both antibodies; we found nonenzymatic micro- 
wave antigen retrieval or no pretreatment often ineffective for opti- 
mal immunostaining for both of these antibodies. The primary an- 
tibody was incubated overnight at +4°C, followed by secondary 
and tertiary reagents (Vectastain Elite, Vector Laboratories, Bur- 
lingame, Calif.) in an automatic immunostainer (Shandon Caden- 
za, Pittsburgh, Pa.). The secondary antibody was a goat anti- 
mouse IgM-specific antiserum (1:200) applied for 30 min, since 
both of the primary antibodies are of IgM isotype. The secondary 
antibody was followed by avidin combined with biotinylated per- 
oxidase (both 1:500) for 30 min, and diaminobenzidine (1 mg/ml), 
with hydrogen peroxide (three consecutive 100 gl applications, 
5 min each). A haematoxylin counterstain was used. In the nega- 
tive control the primary antibody was omitted. Normal lung or a 
mesothelioma was used as positive control for HBME-I, and nor- 
mal tonsil for CD15. 

Results 

All results are summarized in Table 1. 
Normal thyroid follicular epithelium in adults was 

typically negative for both HBME-1 and CD15. Howev- 
er, in a 15-week fetus about 50% of the thyroid follicles 
showed intense CD15 reactivity in a luminal and cyto- 
plasmic pattern, and there was focal HBME-1 positivity 
in fetal thyroid showing a similar distribution. In adult 
thyroid, HBME-1 also reacted with scattered histiocytes 
and CD15 with granulocytes, most of the latter being 
present intravascularly. Crushed tissue and surgical mar- 
gins were often diffusely CD15 positive, presumably be- 
cause of antigen released from granulocytes; such areas 
were not evaluated. 

T a b l e  1 Immunohistochemical 
distribution of HBME- 1 and 
CD 15 reactivities in thyroid le- 
sions [ -  no positive cells found, 
+ positive cells found; for posi- 
tive staining: t race  (less than 
5% of positive cells); 1 + less 
than 10% of positive cells; 2+ 
10-50% of positive cells; 3+ 
more than 50% of positive 
cells; * papillary and follicular 
carcinoma components posi- 
tive, figures in parenthesis are 
percentages] 

Number of cases Quantification 
of positive staining 

+ Total Trace 1+ 2+ 3+ 

Nodular goitre - HBME 1 
Nodular goitre - CD 15 
Papillary hyperplasia (Graves) 
- HBMEI 
Papillary hyperplasia (Graves) 
- CD15 
Chronic thyroiditis - HBME 1 
Chronic thyroiditis - CD 15 
Follicular adenoma - HBMEI 
Follicular adenoma - CD 15 
Atypical adenoma -HBME 1 
Atypical adenoma - CD15 
Papillary carcinoma - HBME1 
Papillary carcinoma - CD15 
Follicular carcinoma - HBME1 
Follicular carcinoma -CD 15 
Medullary carcinoma - HBME1 
Medullary carcinoma - CD 15 
Anaplastic carcinoma - HBME1 
Anaplastic carcinoma - CD 15 

57 (63) 33 (37) 90 22 6 5 0 
75 (83) 15 (17) 90 15 0 0 0 

6 (55) 5 (45) 11 3 2 0 0 

11 (100) 0 (0) 11 0 0 0 0 

6 (15) 33 (85) 39 8 13 12 0 
29 (74) 10 (26) 39 4 5 1 0 
53(72) 21 (28) 74 6 5 4 6 
40 (87) 6 (13) 46 2 1 1 2 

2 (25) 6 (75) 8 1 0 1 4 
5 (63) 3 (37) 8 1 0 1 1 
0 (0) 145 (100) 145 4 4 16 121 
2 (1) 136 (99) 138 28 18 29 61 
0 (0) 27 (100) 27 1 2 4 20 
6 (32) 13 (68) 19 5 3 1 4 
9 (75) 3 (25) 12 1 1 1 0 
4 (57) 3 (43) 7 1 1 1 0 

19 (100) 0* (0) 19 0 0 0 0 
11 (100) 0* (0) 11 0 0 0 0 
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Fig. 1 Nodular goitre shows a small follicle with CD15-positive 
epithelial cells surrounded by focal lymphocytic infiltration (upper 
left centre). ABC immunoperoxidase with haematoxylin counter- 
stain, x360 
Fig. 2 Papillary thyroid hyperplasia is CD15 negative; this case 
was also HBME-1 negative. ABC immunoperoxidase with haema- 
toxylin counterstain, x180 

Nodular goitres were generally HBME-1 and CD15 
negative. However, HBME- 1- and CD 15-positive follicu- 
lar cells were seen in 37% and 17% of the cases, respec- 
tively. Both HBME-1 and CD15 reactivity was usually 
seen in connection with epithelial alterations, including 
loci of atrophic follicles, cysts or cystically dilated folli- 
cles, or foci of inflammation (Fig. 1). Only in 11 cases 
(12%) were there more than scattered HBME-l-posit ive 
cells, and in only 5 cases (6%) was there positivity in a 
cell population over 10%. In none of the nodular goitres 
did HBME-l-posi t ive cells account for more than 50% 
of all follicular cells. CD15 reactivity in goitres was al- 
ways limited to a few scattered cells. 

Papillary hyperplasia with Graves' disease was typi- 
cally HBME-1 negative. However, in nearly half of the 
cases (5/11, 45%) there were scattered HBME-l-posi t ive 
cells, but these never amounted more than 10% of the 
cellular population. None of the papillary hyperplasias 
with Graves' disease showed CD15 reactivity (Fig. 2). 
However, occasionally a few papillary foci in goitres 
were focally CD15 positive. 

There was a higher number of HBME-l-posi t ive fol- 
licular cells in chronic thyroiditis than in other benign 
thyroid lesions. Such positive cells were seen in atrophic 
follicles and clusters of them, and 30% of cases showed 
more than 10% of HBME-l-posi t ive follicular epithelial 
cells. CD15 reactivity in thyroiditis was more limited, 
being present in more than 10% of the cells in only 1/39 
cases. 

The HBME-1 reactivity in thyroid neoplasms is sum- 
marized in Table 1. Follicular adenomas were typically 
HBME-1 and CD15 negative, similar to the surrounding 
normal thyroid tissue. However, a few adenomas (13%) 
showed significant HBME-1 reactivity (more than 10% 

of tumour cells); the surrounding thyroid in these cases 
was HBME-1 negative. The HBME-l-posit ive tumours 
had a benign course during follow up without evidence 
of later metastases (median follow up 12 years). Similar- 
ly significant CD15 reactivity was found only8% of the 
adenomas; generally the CD15-positive cases were also 
HBME-1 positive. 

Atypical adenomas showing cytological atypia, in- 
creased cellularity and inconclusive evidence of vascular 
invasion showed more HBME-1 and CD15 reactivity 
than ordinary adenomas; in fact, the reactivity in these 
cases approached that seen in follicular carcinomas. 
However, follow up of these cases did not show evidence 
of malignant evolution. 

In this study, papillary carcinoma was defined as a tu- 
mour composed of larger than normal cells with en- 
larged, overlapping, often grooved nuclei showing either 
focal or diffuse papillary pattern with one-cell layer cov- 
ering the papillae. Cases with entirely follicular pattern 
with the cytological features of papillary carcinoma were 
always classified as papillary carcinoma. Most cases of 
papillary carcinoma showed strong and widespread 
HBME-1 reactivity, and 97% of cases had more than 
10% of tumour cells positive. All but one showed CD-15 
positive cells, and 67% of the cases had more than 10% 
tumour cells that were CD15 positive. Both HBME-1 
and CD15 reactivity often appeared as luminal staining, 
but in many cases the lateral cell membranes were also 
stained. In some cases, there was general cytoplasmic re- 
activity for HBME-I and CD15. The HBME-1 and 
CD15 reactivity was in contrast to the surrounding nor- 
mal thyroid tissue, which was typically negative (Figs. 
3-6). Follicular variants showed reactivity similar to that 
of the tumours with a papillary appearance. Lymph node 
metastases (7 cases) generally showed strong HBME-1 
and CD15 reactivity similar to that of primary tumours. 
In many cases, minimal satellite lesions outside of the 
main tumour mass were highlighted with HBME-1 and 
CD15 immunostaining (Figs. 3, 5). Three incidental tu- 
mours (5 mm in diameter) that were studied were all in- 
tensely HBME-1 positive, whereas 20-40% of tumour 
cells were CD15 positive. Previously frozen tissue 



216 

Fig. 3 Thyroid papillary carcinoma is strongly CD15-positive 
(about 80% of tumour cells positive). ABC immunoperoxidase 
with haematoxylin counterstain, x 180 

Fig. 4 Thyroid papillary carcinoma of follicular type is strongly 
HBME-1 positive, whereas the surrounding thyroid tissue is nega- 
tive. ABC immunoperoxidase with haematoxylin counterstain, 
x180 

Fig. 5 Three follicular structures representing a small satellite le- 
sion of thyroid papillary carcinoma with follicular pattern are 
strongly HBME-1 positive. The surrounding thyroid is negative, 
but scattered histiocytes are positive. ABC immunoperoxidase 
with haematoxylin counterstain, x 180 

Fig. 6 Satellite lesion of thyroid papillary carcinoma is CDI5- 
positive, in sharp contrast to the surrounding thyroid tissue, which 
is negative. A few granulocytes are also positive. ABC immuno- 
peroxidase with haematoxylin counterstain, x 180 

Fig. 7 The vascular invasion elements of thyroid follicular carci- 
noma show strong HBME-1 reactivity. ABC immunoperoxidase 
with haematoxylin counterstain, x90 

Fig. 8 In contrast to follicular carcinomas, most follicular adeno- 
mas are HBME-1 negative. ABC immunoperoxidase with haema- 
toxylin counterstain, x 180 
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showed reduced HBME-1 and markedly reduced CD15 
immuno-reactivity, although granulocytes remained 
CD15 positive, apparently illustrating partial antigen loss 
in such tissues. Therefore, previously frozen tissue was 
excluded from scoring of the results. 

All follicular carcinomas evaluated in this study 
showed vascular (venous) invasion outside of the tumour. 
Most cases showed strong HBME-1 reactivity in the tu- 
mour cells, and metastases outside of the thyroid (soft 
tissue, bone, 7 cases) showed reactivity equal to that in 
the primary tumours. CD15 reactivity was variable, 
about half of the follicular carcinomas showing signifi- 
cant positivity; this was in contrast with most adenomas, 
which were negative (Figs. 7, 8). 

Medullary carcinomas were typically HBME-1 nega- 
tive. However, amyloid stroma was HBME-1 positive. In 
2 cases there were moderate numbers of HBME-l-posi- 
tive medullary carcinoma cells in tumours that also 
showed follicle formation. A varying degree of CD 15-re- 
activity was seen in 3 of 7 medullary carcinomas. 

The anaplastic giant-cell, epithelial-pleomorphic and 
sarcomatous components were consistently HBME-1 and 
CD15 negative. In 2 cases, HBME-l-positive residual 
papillary and follicular carcinoma components were 
identified in the background of anaplastic carcinoma, in- 
dicating that the anaplastic carcinomas had arisen in the 
background of papillary and follicular carcinomas; in 1 
of these cases some differentiated foci were CD15 posi- 
tive. 

Discussion 

In this study, we evaluated a large series of benign and 
malignant thyroid tumours for HBME-1 and CD15 im- 
munoreactivity that appeared preferentially in malignant 
tumours. Since the differential diagnosis between benign 
and malignant thyroid lesions is essentially based on 
cytohistological interpretation, immunohistochemical re- 
agents that help this distinction would be welcome. 
HBME-1 and CD15 antibodies therefore appear to have 
the potential to complement the histological diagnosis of 
thyroid tumours. 

HBME-1 monoclonal antibody was raised by Battif- 
ora to cultured mesothelioma cells, and it identifies an 
incompletely characterized mesothelioma cell membrane 
antigen [32]. This antibody shows reactivity with meso- 
thelioma, and adenocarcinomas react variably [20]. Al- 
though HBME-1 is not specific for mesothelioma, it is 
presently one of the few markers that can be used for a 
positive identification of mesothelioma in paraffin sec- 
tions, whereas most other differentiation markers are 
negative in mesothelioma and often positive in adenocar- 
cinoma [22, 32, 40]. 

The results indicate that benign tumours, such as nod- 
ular goitres and follicular adenomas, have very limited 
HBME-1 reactivity, whereas differentiated carcinomas of 
both papillary and follicular types are usually strongly 
positive. Remarkably, many reactive lesions that show 

papillary features and may resemble papillary carcino- 
ma, appear HBME-1 negative, while papillary carcino- 
mas, almost without exception, are strongly HMBE-1 
positive. Although the biological basis for HBME-1 re- 
activity is unknown, this antibody may be useful in the 
evaluation of thyroid lesions. 

Generally, the patterns of CD15 immunoreactivity ap- 
pear similar to those of HBME-1. Reactivity is present in 
differentiated thyroid carcinomas, especially the papil- 
lary ones, and absent in benign papillary lesions in a 
highly contrasting pattern. In follicular lesions, the ab- 
sence of CD15 in adenomas and presence of follicular 
carcinomas shows a less contrasting pattern, as only two 
thirds of the carcinomas are positive. Insofar as they 
show reactivity in many clinically benign follicular le- 
sions, both HBME-1 and CD15 appear less useful for the 
distinction between benign and malignant follicular le- 
sions; a greater contrast is observed between the reactivi- 
ties of benign and malignant papillary lesions. 

Although CD15 reactivity has been suggested as an 
unfavourable prognostic sign in thyroid papillary cancer 
[28], our results, showing marked CD15 reactivity in the 
majority of papillary carcinomas (44% of cases showing 
more than 50% of turnout cells positive, 67% of cases 
showing more than 10% of tumour cells positive) indi- 
cate the limited prognostic value of this finding. Pub- 
lished follow-up data referring to the majority of cases in 
the present series showed distant metastasis only in 5.5% 
of the cases and turnout-related death in 16% of the 
cases [16]; these figures are significantly lower than the 
frequency of marked CD15 positivity. The more frequent 
detection of CD15 in thyroid papillary carcinoma in our 
series may result from a higher immunohistochemical 
detection sensitivity. In our study, we optimized the im- 
munostaining by using protease digestion, and we also 
used IgM-specific secondary antibodies corresponding to 
the IgM isotype of the primary antibodies; this is known 
to increase the detection sensitivity of CD15 [18]. The 
previous study showing significant CD 15 reactivity only 
in in 32% of thyroid papillary carcinomas did not men- 
tion the use of enzyme digestion or the use of a second- 
ary antibody of IgM class [28]. 

The differential expression of CD15 in benign and 
malignant thyroid follicular epithelial cells apparently 
results from the different glycoconjugate patterns in be- 
nign and malignant follicular epithelial cells. Extensive 
biochemical studies by Hakomori et al. [9, 10] have sug- 
gested that CD15-related antigens might represent onco- 
fetal tumour antigens that in some organ systems, such 
as the gastrointestinal tract and the lung, are generally 
absent in normal adult tissue but are present in fetal tis- 
sue and are acquired by tumour cells by the process of 
abnormal glycosylation. Although the early data on tu- 
mour antigens were based on biochemical studies, im- 
munohistochemical studies have confirmed the sugges- 
tion that CD15 (Le X) is a tumour-associated antigen 
that has limited expression in normal colonic and lung 
alveolar epithelia and urothelium, but is widely ex- 
pressed in corresponding carcinomas and also corre- 
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sponding fetal epithelia [3, 13, 25]. Our results showing 
that CD15 is also present in fetal thyroid suggest that in 
the context of thyroid tissue CD15 behaves as an oncofe- 
tal antigen. 

Although HBME-1 and CD15 react with most cases 
of differentiated carcinomas, both of these epitopes are 
apparently lost in anaplastic carcinomas that are im- 
munohistochemically negative. Similarly, lack of 
HBME-1 reactivity in poorly differentiated and sarcoma- 
tous mesotheliomas, in contrast to well-differentiated 
ones, suggests that the recognized epitope may be lost 
upon high-grade malignant transformation [20]. 

The differences in cellular glycoconjugates can also 
be evaluated by lectins, animal or plant proteins that 
have antibody-like affinity with certain specific sugar se- 
quences [4]. Studies on binding patterns of some of the 
most commonly used lectins, such as WGA, SBA, DBA 
and RCA, in thyroid tissue yielded the conclusion that 
the lectin-binding patterns in benign and malignant thy- 
roid epithelia were not sufficiently different to be useful 
in the differential diagnosis [8, 27, 33]. However, one 
study suggested that thyroid cancer epithelium shows 
more intense binding of lectins from jack fruit, peanut 
and winged bean than does benign epithelium [38]. In- 
tensity-based differences, however, are difficult to stan- 
dardize in immunohistochemistry, and are less likely to 
be clinically useful. 

Other markers have also been suggested in the differ- 
ential evaluation of benign vs malignant thyroid tissue. 
Recently Xu et al. demonstrated immunoreactivity for 
galectin I and III, galactose residue binding proteins (en- 
dogenous lectins), in malignant but not in benign thyroid 
tissue [41]. The difference of expression was dramatic 
and it was suggested that it could of diagnostic value. 
Kotani et al. [15] in turn showed that antibodies to didep- 
tidyl aminopeptidase IV had a preferential immunoreac- 
tivity in thyroid papillary and follicular carcinoma vs fol- 
licular adenoma. However, 27% of follicular adenomas 
were also positive, limiting the potential diagnostic value 
of this finding. 

In conclusion, malignant thyroid tumours show sig- 
nificantly greater HBME-1 and CI)15 reactivity than be- 
nign lesions. These patterns may be useful in the evalua- 
tion of histologically difficult thyroid lesions, especially 
the papillary ones. However, caution must be exercised 
in the interpretation, because the results in benign (usual- 
ly negative) vs malignant (usually positive) lesions may 
overlap; these findings also await independent confirma- 
tion. Although the biochemical bases of HBME-1 and 
CD15 are different according to the different tissue dis- 
tribution patterns of immunoreactivity, these antibodies 
may highlight the changes in cellular glycoconjugates re- 
lated to malignant transformation. 
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