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Abstract Although considered a specific marker for
Ewing's sarcoma/peripheral neuroectodermal tumour,
the MIC2 gene product (CD99) has been immunolocal-
ised in a variety of human tumours. The present study
evaluated immunohistochemically the prevalence of
CD99 expression in a series of 68 neuroendocrine tu-
mours of different gastrointestinal and pulmonary sites.
We now report on membrane and/or granular cytoplas-
mic immunoreactivity in 25% of these tumours, indepen-
dent of their anatomical sites. In lung neuroendocrine tu-
mours, CD99 was preferentially confined to typical car-
cinoids (P=0.009). A statistically significant relationship
was observed between the number of CD99 positive
cells but not the immunostaining patterns and the pres-
ence of local invasion and/or distant metastases
(P<0.001). Moreover, there was a tendency for CD99-re-
active tumours to show a reduced proliferative activity
expressed by aKi67 index of 2% (P=0.119). The number
of CD99 immunoreactive cells or patterns of immunore-
activity did not correlate with the presence of associated
clinical syndrome or particular hormonal immunostain-
ing. Although the molecular basis underlying CD99 ex-
pression in neuroendocrine tumours is still poorly under-
stood, our data suggest that CD99 may be involved in
cell-to-cell adhesion of neuroendocrine tumour cells and
in downregulation of their proliferative activity.
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Introduction

The cell surface antigen CD99, defined by the cluster of
differentiation, is a transmembrane glycoprotein encoded
by the MIC2 gene and has a relative mass of 30,000
—32,000 kDa. The MIC2 gene has been mapped to both
chromosomes X and Y [29]. The specific biological
function of CD99 is still debated because it has been
considered to be either an adhesion molecule or a media-
tor of the action of insulin growth factor (IGF)-1, insulin
and human growth hormone on cellular proliferation
[29]. Although originally considered a specific marker
for Ewing's sarcoma/peripheral neuroectodermal tumour
(PNET) [2, 33], CD99 expression has now been demon-
strated in a broader range of normal and neoplastic hu-
man tissues [10, 13, 14, 19, 27, 29], including a few car-
cinoids [29]. However, the actual prevalence of CD99
immunoreactivity has not been documented thus far in a
large series of neuroendocrine tumours in different ana-
tomical sites.

In the last 20 years, many immunohistochemical
markers have been investigated for highlighting neuroen-
docrine differentiation, especially when it is barely evi-
dent on morphological grounds. Classically, these mark-
ers are cytosolic (NSE, PGP9.5) or associated with
small, clear vesicles (synaptophysin) or secretory neuro-
endocrine granules (chromogranins, Leu7, 7B2) [3, 4, 6,
30]. Howeuver, there is still a need for identifying mark-
ers with prognostic significance and/or suitable for dis-
tinguishing between different types of neuroendocrine
tumours, especially when encountered in metastatic sites
[1,5,7,8,11, 17, 21, 22, 24, 26, 34].

We evaluated the prevalence of CD99 immunoreac-
tivity in a variety of neuroendocrine tumours at different
gastrointestinal and pulmonary sites and explored their
diagnostic, biological and prognostic implications.



Materials and methods
Tissues

We have investigated 68 neuroendocrine tumours, 56 well-differ-
entiated and 12 poorly-differentiated [6]. These included five neo-
plasms of the stomach (four carcinoids and one high-grade neuro-
endocrine carcinoma), eight of the ileum (all carcinoids), six of
the appendix (all carcinoids), four of the large bowel (all carcino-
ids), eight of the pancreas (one benign insulinoma, five non-func-
tioning low-grade malignant tumours, and two |ow-grade neuroen-
docrine carcinomas), one atypical carcinoid of the thymus, and 31
of the lung (18 carcinoids, 2 atypical carcinoids, 11 large-cell neu-
roendocrine carcinomas). The remaining five cases were liver me-
tastases from unknown primary sites. For each case, archival hae-
matoxylin and eosin sections and paraffin blocks were retrieved.
The diagnosis of neuroendocrine tumour was made on the basis of
morphological and immunohistochemical findings [immunoreac-
tivity for synaptophysin, chromogranin A, neuron-specific enolase
(NSE), and avariety of hormones, including serotonin, gastrin, in-
sulin, glucagon, somatostatin, pancreatic polypeptide, calcitonin
and vasoactive intestina polypeptide]. Histologica typing was
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performed according to previously refined pathological criteria
[25, 28, 31, 32].

Immunocytochemistry

CD99 was immunolocalised on 4-um-thick paraffin sections using
the mouse monoclonal antibody HO36-1.1 (Novocastra, Newcas-
tle upon Tyne, UK). After blocking endogenous peroxidase activi-
ty with hydrogen peroxide and the microwave antigen-retrieval
procedure, the sections were reacted overnight at 4°C with the pri-
mary antibody diluted 1:500 in tris-buffered saline (TBS) and then
incubated with a commercially available detection kit (Dako En-
Vision Plus-HRP, Dakopatts, Glostrup, Denmark) following the
manufacturer’s instructions. Peroxidase activity was developed
with 3-3'-diaminobenzidine (Sigma Chemical Co, St Louis, Mo.),
and the sections were eventually counterstained with Harris' hae-
matoxylin. The specificity of the staining was checked by replac-
ing the primary antibody with a non-related mouse immunoglobu-
lin at a comparable dilution. Paraffin sections of normal thymus
and a case of Ewing's sarcoma were stained in parallel as external
positive controls. All cases were evaluated independently and
blindly by two observers (GP and FF) without knowledge of the

Table 1 Distribution of 68

neuroendocrine tUMours ac- Site Histology CD99+ cases (%) Symptoms (no. of cases)
cording to their anatomical site,
histology, immunoreactivity for ~ Stomach ‘1‘ (N:L (1) 100% mo
CD99 and clinical symptoms. GC (100%) o
o . Ileum 8CT 2 (25%) Carcinoid syndrome (3*)

CT carcinoid tumour; NHGC i K
neuroendocrine high-grade car- ~ APPendix 6CT 2 (33%) No

: . . ’ Large bowel 4CT 3 (75%) No
cinoma; NFLGMT non-func o | . d
tioning low-grade malignant tu- Pancreas 1INS 1 (100%) Hypoglycaemic syndrome
mour; NFLGC non-functioning 2 NFLSEAT 8 No
low-grade carcinoma; INS SNFL ) No
isulinoma; AC atypical carci- Lung 8CT 8 (44,5%) No
noid; LCNEC large-cell neuro- 2AC 0 No
endocrine carcinoma; MUPS Thymus 1} !&%N EC 8 mg
metastases from unknown pri- Others 5 MUPS 0 No

mary site

*Of these threeileal carcinoids with clinical syndrome, none showed CD99-positive cells

Table 2 Results of CD99 immunostaining. M membrane; G granular cytoplasmic; + 5-30% of cells immunostained; ++ 31-60% of

cells immunostained; +++ 61-100% of cellsimmunostained

Site Hormone Staining Local invasion CD99 Ki-67
immunoreactivity pattern or metastasis score immunostaining (%)
Stomach None* M Yes + 60
Pancreas (insulinoma) Insulin** G/IM No +++ 2
Appendix None* G/IM No +++ 1
Appendix None* M No +++ 1
Ileum Serotonin** G Yes + 1
lleum Serotonin** G Yes + 5
Large bowel None* M No +++ 2
Large bowel None* G/M No ++ 2
Large bowel None* G No +++ 1
Lung None* M Yes + 10
Lung Calcitonin** G Yes + 5
Lung Calcitonin** G No ++ 1
Lung None* G/IM No ++ 4
Lung None* G/M No ++ 1
Lung Calcitonin** G/IM No +++ 5
Lung None* G No +++ 1
Lung None* M No +++ 3

*In these cases, no immunostaining was found in tumour cells for
serotonin, gastrin, insulin, glucagon, somatostatin, pancreatic
polypeptide, calcitonin, and vasoactive intestinal polypeptide

**Hormone immunoreactivity was detectable in at least 20% of
tumour cells (range 20-100%)
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Fig. 1 CD99 immunostaining
showing a strong immunolabel -
ling distributed along the entire
cell membrane of aimost all
neoplastic cells (Dako EnVi-
sion Plus-HRP technique, weak
haematoxylin counterstain,
x400)

Fig. 2 A moderate to strong
granular immunostaining for
CD99 is observed in the cyto-
plasm of tumour cells (Dako
EnVision Plus-HRP technique,
weak haematoxylin counter-
stain, x400)

patients' identity or stage of disease. Tumours were considered
immunoreactive for CD99 if cell membrane staining or granular
intracytoplasmic dotting were observed. Immunoreactivity was
evaluated semi-quantitatively on a scale from negative to 3+. Tu-
mours were considered negative if staining was either completely
absent or observed in less than 5% of neoplastic cells. Cases that
showed immunoreactivity in 5-30%, 31-60%, or more than 60%
of neoplastic cells were considered 1+, 2+, or 3+, respectively. Ki-
67 antigen were immunolocalised on paraffin sections as de-
scribed elsewhere in detail [22, 23].

Results

Results are summarised in Table 1 and Table 2. Overall,
CD99 immunoreactivity was detected in 17 of 68 (25%)
cases. The immunostained tumours were 8 of 18 (45%)
typical carcinoids of the lung, 1 of 1 high-grade neuro-

endocrine carcinoma of the stomach, 1 of 8 neuroendo-
crine tumours of the pancreas (one insulinoma), 2 of
8 carcinoids of the ileum, 2 of 6 carcinoids of the ap-
pendix, and 3 of 4 neuroendocrine tumours of the large
intestine. None of the atypical carcinoids or large cell
neuroendocrine carcinomas of the lung were immun-
oreactitive for CD99 (P=0.009). Likewise, none of the
five liver metastases from an unknown primary site ex-
hibited any CD99 immunoreactivity. An exclusively
membrane-associated staining (Fig. 1) was observed in
five cases (two from the lung and one each from the
stomach, appendix and large bowel, respectively). A
granular faint-to-strong cytoplasmic staining (Fig. 2)
was seen in six cases (three from the lung, two from the
ileum, and one from the large bowel), and a mixed gran-
ular membrane labelling was seen in six cases (three



from the lung and one each from the large bowel, the
appendix and the pancreas).

Independent of their anatomical site, CD99-immuno-
reactive tumours showed a heterogeneous percentage of
stained cells. In five cases, immunoreactivity was re-
stricted to less than 30% neoplastic cells (score 1+). In
four cases, immunoreactivity ranged from 31% to 60%
neoplastic cells (score 2+). In the remaining eight cases,
immunoreactivity was higher than 60% (score 3+).

A dstatistically significant relationship was observed
between the number of CD99-positive cells (scores
2+/3+) and the occurrence of local invasion and/or dis-
tant metastases (P<0.001), whereas there was a tendency
for strongly CD99-reactive tumours (scores 2+/3+) to
show alow proliferative activity expressed by aKi67 in-
dex of 2% (cut-off corresponding to median value).
However, this was not statistically significant (P=0.119).
No statistically significant associations were found be-
tween the percentage of CD99-immunoreactive cells, the
pattern of immunoreactivity and the presence of associ-
ated clinical syndrome, or particular hormona immuno-
staining. In fact, out of four neuroendocrine tumours as-
sociated with clinical syndrome (three ilea carcinoids
and one pancreatic insulinoma), only the pancreatic insu-
linoma was reactive for CD99 (Table 1).

Discussion

The MIC2 gene is ubiquitously expressed in awide vari-
ety of human normal tissues, with the highest expression
in cortical thymocytes, pancreatic islets, granulosa cells
of the ovary, Sertoli’s cells and ependymal cells. Weaker
immunostaining is found in fibroblasts, endothelial cells,
some smooth muscle cells, and respiratory and female
genital tract epithelium [29, 33]. Typically, CD99 immu-
noreactivity decorates cell membranes, although a pecu-
liar staining in the form of multiple intracellular globules
or dots has also been reported [29]. Although initially
thought to be specific for Ewing's sarcoma/PNET, CD99
immunoreactivity has also been documented in a variety
of other tumours, including sex cord tumour of the testis
and ovary [13, 19], synovia sarcoma [10, 33] and chon-
drosarcoma [14]. In a handful of cases and with some
discrepancies, CD99 has also been localised in carcino-
ids and other neuroendocrine tumours, including small
cell lung carcinomas and pancreatic endocrine tumours
[2,9, 15, 18, 29, 33].

To the best of our knowledge, thisis the first compre-
hensive study of CD99 immunoreactivity in a large se-
ries of gastrointestinal and pulmonary neuroendocrine
tumours. We document that CD99 is detectable immuno-
histochemically in as much as 25% of neuroendocrine
tumours, thus increasing the spectrum of neoplasms fea-
turing CD99 expression. The number of immunostained
tumour cells and the patterns of membrane or cytoplas-
mic labelling are not correlated with the anatomical site
of the tumours, the occurrence of clinical syndrome, or
particular hormonal immunostaining. This finding sug-
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gests that this molecule is not involved in the mechanism
of hormone accumulation and/or secretion of neuroendo-
crine tumour cells. Our findings re-emphasise that CD99
is not a specific marker for a particular subset of human
neoplasms. Furthermore, because both gastrointestinal
and pulmonary neuroendocrine tumours share similar
rates of CD99 immunoreactivity, this marker is not effec-
tive for distinguishing the origin of metastatic neuroen-
docrine tumours from unknown primary sites.

We report about a prevalent CD99 expression in pul-
monary and gastrointestinal well-differentiated carcino-
ids, whereas only an individual case of high-grade neu-
roendocrine carcinoma was immunoreactive for it. None
of the atypical carcinoids or large cell neuroendocrine
carcinomas of the lung reacted for CD99. Thisis consis-
tent with the hypothesis that, at least for the neuroendo-
crine neoplasms of the lung, the CD99 molecule is pref-
erentially expressed by the well-differentiated tumours
and generally downregulated in the poorly differentiated
ones[2, 18, 29, 33].

Five (29%) of the immunoreactive cases showed a
membrane immunoreactivity, six (35%) cases showed
granular cytoplasmic immunostaining, and the remaining
six (35%) cases showed a mixed cytoplasmic and mem-
brane immunostaining. These findings are in keeping with
previous studies that report that membrane and granular
cytoplasmic CD99 are most common [29]. Although the
functiona correlation of this distribution still remains un-
settled, a role in cell-to-cell adhesion for CD99 has also
been proposed [12]. Interestingly, we found a statistically
significant relationship between the number but not immu-
nostaining patterns of CD99-positive tumour cells and the
presence of local invasion or distant metastases (P<0.001).
This finding favours the hypothesis that a CD99-positive
immunophenotype may be involved in cell-to-cell adhe-
sion in a fraction of these neuroendocrine tumours. It till
remains to be elucidated whether CD99 immunoreactivity
helps to identify subgroups of patients with lower risk of
metastatic spread, leading to a better prognosis.

There is evidence that CD99 may mediate the action of
IGF-I on cellular proliferation [16]. Because it has been
reported that most midgut carcinoids secrete IGF-I, and
about 40% of them also express the cognate receptors,
CD99 might play arole in the IGF-I pathway in the same
neuroendocrine tumours, thus regulating their growth po-
tential [20]. Our finding of a trend for strongly (scores
2+/3+) CD99-reactive tumours to show a reduced prolifer-
ative activity expressed by a Ki67 index of 2% — and thus
an inverse relationship between CD99 expression and pro-
liferative status of tumour — favours the hypothesis that
this molecule may actually be involved in the downregula
tion of cell growth in some neuroendocrine tumours.

Although a strong membrane expression of CD99 is
also detectable in some subsets of norma endocrine
cells, such asidlet cells, little is known about the genetic
alterations possibly underlying the expression of CD99
in neuroendocrine tumours. Whether CD99 immuno-
staining is related to peculiar molecular abnormalities in
these neoplasms remains to be elucidated.
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